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October 22, 2007

E&L-034-07
Mr. Robert A. Nelson,
Chief
Licensing Section
Division of Spent Fuel Storage and Transportation
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

REFERENCES: (1) ENERGYSOLUTIONS QUALITY ASSURANCE PROGRAM, APPROVAL NUMBER

0935, ExPIREs DECEMBER 31,2016
(2) DURATEK QUALITY ASSURANCE PROGRAM, APPROVAL NUMBER 0496,

.EXPIRES MAY 31,2015

Dear Mr. Nelson:

SUBJECT: TRANSFER OF AND AMENDMENT TO US NUCLEAR REGULATORY COMMISSION

CERTIFICATE OF COMPLIANCE No. 9196 FOR THE MODEL No. UX-30
PACKAGE

EnergySolutions hereby requests that the subject certificate of compliance currently issued to
Duratek be issued to EnergySolutions. In addition, EnergySolutions respectfully submits the
attached amendment request for the Model No. UX-30 Safety Analysis Report. We request that
you approve our proposed Revision 1 to the SAR and revise the Certificate to reflect the changes
delineated below.

Transfer of Certificate
Duratek was acquired by EnergySolutions in 2006. We request that this certificate transfer be
made on or after October 31, 2007, which is after the effective date of implementation of the US
NRC approved EnergySolutions Quality Assurance Program (Reference 1).

We therefore request that Certificate No. 9196 be issued to:

EnergySolutions
140 Stoneridge Drive
Columbia, South Carolina 29210
Attention: Patrick L. Paquin

In accordance with this transfer, EnergySolutions accepts responsibility for the accuracy and
completeness of the statements and representations of the previous certificate holder, Duratek.
EnergySolutions also accepts responsibility for maintenance of the certificate and the Safety
Analysis Report for the package design in accordance with the requirements of 10 CFR 71.91(c).
EnergySolutions will maintain the records for this design in accordance with its Quality
Assurance Program. The records will be located at our offices in Columbia, South Carolina in

140 Stoneridge Drive - Columbia, South Carolina 29210
803.256.0450• www.energysolutions.comn
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the same location where these records are currently maintained by Duratek in accordance with its
Quality Assurance Program.

Safety Analysis Report Amendment
Currently, we have two versions of the SAR, one proprietary and one non-proprietary. These
versions are now being designated as Public (formerly non-proprietary) and Non-Public
(formerly proprietary). The changes being requested apply to both versions unless otherwise
noted. Our proposed revisions to the Safety Analysis Report (SAR) are as follows:

I. Contents
Chapter 1 of the SAR has been revised to include various types of UFl,, including
recycled UF 6,. all with a U-235 isotope concentration of not more than 5 weight percent.
Due to the inclusion of recycled UF6 and the resulting potential for content exceeding a
Type A quantity, the UX-30 package has been qualified as a Type B(U)F package.

2. Package Category
Chapter 2 of the SAR has been revised to identify the UX-30 as a Category 11 package.

3. Containment Requirements
Chapter 4 of the SAR has been revised to specify a leak rate criterion for shipment of
cylinders containing recycled UF 6. An annual test to demonstrate a leak rate of less than
I X 10-7 cm 3/sec at a test sensitivity of 5 x 10.8 cm 3/sec is required for 30B or 30C
cylinders used for recycled UF6.

4. Acceptance and Maintenance Requirements
Chapter 8 of the SAR has been revised to add an acceptance criterion for the 30B or 30C
cylinders used for recycled UF 6 of a leak rate of less than I x 10-7 cm 3/sec at a test
sensitivity of 5 x 10-8 cm 3/sec. Also, a maintenance requirement has been added to
specify annual testing of 30B or 30C cylinders used for recycled UF6. The test
acceptance criterion is a leak rate of less than I x 10-7 cm 3/sec at a test sensitivity of 5 x
10- cm3/sec.

5. Drawings
Drawing C-I I0-B-57922-0002, which is included in the public (formerly non-
proprietary) version of the SAR, is referenced in the CoC. The drawing has been revised to
change several notes and the title block from Duratek to EnergySolutions. In addition, two weld
symbols on sheet 2 (zones B/7 and C/7) were corrected to conform to the proprietary drawing.
These symbols were inadvertently omitted from the public drawing and have been added to
reflect the package as fabricated condition, i.e., in accordance with the proprietary drawing.
Proprietary Drawing C- 110-57922-0001, which was previously included in the proprietary
version of the SAR, is provided in the non-public version of the SAR (Attachment 3) as both
proprietary and security-related sensitive information. This drawing is not currently referenced in
the CoC and we request that this drawing continue to be treated in this manner. The drawing has
been revised to change the title block to EnergySolutions.

140 Stoneridge Drive Columbia, South Carolina 29210
803.256.0450 ° www.energysolutions.com
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6. Specification

The proprietary foam specification (provided in the non-public version of the SAR only) has been
changed from a Duratek to an EnergySolutions specification. No other changes to the
specification were made.

7. Cover and Table of Contents
The Cover and Table of Contents are revised to Revision I and to accommodate the
changes noted above. Added to the ToC is a Revision Control Sheet which identifies the
revision level of each page as the SAR is revised. This page will be updated for each
subsequent revision.

To allow a reasonable transition period to the new Identification Number and Certificate of
Compliance (CoC), we request the following transition period be approved: Packagings may be
marked with Package Identification Number USA91 96/AF-96 until two years after the date of
the approval of the certificate and must be marked with Package Identification Number
USA9196/B(U)F-96 after the date of the approval of the certificate plus two years and one day.
Any Package transporting recycled UF 6 must be marked with Package Identification Number
USA9196/B(U)F-96. Revision 22 of the CoC may be used until one year after the date of the
approval of the certificate.

The pages of the public SAR revised as a result of the requested changes noted above are
included as Attachment 1: The changes have been noted with margin bars identifying the
location of changes. A review version of the public SAR revision pages is also provided as
Attachment 2 in which new text has a double underline and deleted language is shown as
"strikeout". Please insert the Attachment I pages as replacements for the current public (non-
proprietary) SAR pages.

The pages of the non-public SAR revised as a result of the requested changes noted above are
included as Attachment 3. The changes have been noted with margin bars identifying the
location of changes. A review version of the non-public SAR revision pages is also provided as
Attachment 4, in which new text has a double underline and deleted language is shown as
"strikeout". Please insert the Attachment 3 pages as replacements for the current non-public
(formerly proprietary) SAR pages. Please treat Attachment 4 as proprietary and retain or destroy
in an appropriate manner after the review is complete.

Also included as Attachment 5 are suggested 'changes to the CoC. Finally, Attachment 6 is our
proprietary information affidavit for the proprietary drawing and specification.

The six attachments to this letter are listed below:

Attachment I Revised public SAR pages; please replace the current pages with the pages
in this attachment. Pages included are: cover, i-iv, 1-1 through 1-12 (entire
Chapter 1), Drawing C-1 lO-B-57922-0002, 2-23. 4-1 through 4-3 (entire
Chapter 4), and 8-1 through 8-5 (entire Chapter 8).

Attachment 2 Review copy of revised public SAR pages

140 Stoneridge Drive - Columbia, South Carolina 29210
803.256.0450 • www.energysolutions.com
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Attachment 3 Revised non-public SAR pages; please replace the current pages with the

pages in this attachment. Pages included are: cover, i-iv, 1-1 through 1-12
(entire Chapter 1), Drawing C-I 10-B-57922-0001, 2-23, 4-1 through 4-3
(entire Chapter 4), 8-1 through 8-5 (entire Chapter 8), and Specification
(Proprietary)

Attachment 4 Review copy of revised non-public SAR pages (Proprietary)

Attachment 5 Suggested changes to the CoC

Attachment 6 Proprietary Information Affidavit

Should you or members of your staff have questions about the requested SAR revision, please
contact Mark Whittaker at (803) 758-1898.

Sincerely,

Patrick L. Paquin
GMI - Engineering & Licensing

Attachments: As stated

140 Stoneridge Drive - Columbia, South Carolina 29210
803.256.0450 ° www.energysolutions.com
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1.0 GENERAL INFORMATION

1.1 Introduction

1.1.1 Purpose of Application

The analyses performed and testing documented in this Safety Analysis Report demonstrate that the

•UX-30j along with an ANSI N 14.5 compliant 30B or 30C cylinder meets the requirements for use

under I 0CFR71.17, "General License, NRC Approved Package," as a Type B(U)F package. The

UX-30 packaging has been developed to provide a safe and reliable container for transporting

standard 30-inch cylinders of uranium hexafluoride (UF 6) with a U-235 isotope concentration of

not more than 5 weight percent. It should be noted that the UX-30 was previously approved by the

US NRC under the provisions of I0CFR7I as a Type AF-96 Package. Throughout the SAR,

reference may be made to, or results presented of, previous testing performed on the UX-30

package. This testing was performed to the 10 CFR 71 requirements for a Type AF package.

However, since the tests and test acceptance criteria for a Type BF package are the same as for a

Type AF ,package, these tests are applicable and also demonstrate the UX-30 compliance to 10 CFR

71 Type BF requirements, regardless of their designation as Type AF tests.

1.1.2 Summary Information

The package consists of two elements: 1) A standard 30-inch cylinder (or equivalent), and 2) a UX-

30 overpack. The UX-30 is a replacement for the DOT 21PF-IB overpack. Considerable effort has

gone into the design of the UXL{30 overpack to eliminate operational and maintenance problems

associated with the older design (e.g. rusting and corrosion, open cell foam moisture absorption,

and protection of the valves on 30B cylinders). The UX-30 has been designed to meet the

requirements of 10 CFR 71.

In an effort to simplify the original review and evaluation process, in 1984 a full scale UX-30

prototype with a loaded 30 inch cylinder was subjected to a series of five (5) sequential drop tests,

well in excess of impact qualification requirements in 10 CFR 71. Three drops were from 30 feet

1-1
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and two were 40-inch drops onto a 6-inch diameter steel post. Throughout the full series of tests

the cylinder was so well protected that it experienced no deformations whatsoever. Subsequent

leak tests also demonstrated that the cylinder retained its full integrity.

A second series of tests were performed in 1995 to support the review and evaluation process for

upgrade of the UX-30 certification. These tests again demonstrated compliance with 10 CFR 71

requirements. The test sequence performed, which also utilized a full scale UX-30 with a loaded

30-inch cylinder, included five (5) drop tests followed by a fire test and an immersion test. The

drop tests included two 30-foot drops and two 40-inch drops onto a 6-inch diameter steel post. The

results of this series of tests also demonstrated the excellent protection -provided to the 30 inch

cylinder by the UIX-30 overpack. No deformations of the 30 inch cylinder were caused by the

testing; also, the fire test temperatures for the 30B cylinder surface were well within UF 6 and 30-

inch cylinder safe operational limits. An immersion test confirmed that 3,0-inch cylinder tested did

not allow water in leakage. Post-test leak testing demonstrated that the UX-30 provided the

necessary protection for the 30B cylinder.

Finally, a third series of testing was performed in 2001 on the UX-30 with a 30C Cylinder instead

of the standard 30-B cylinder previously used in

testing. The 30C Cylinder is identical in dimensions, 5" SCIA. 40

.PIPE CAP and configuration to the standard 30-B cylinder
(.5" WALL)

specified by ANSI NJ 4.1, except it is fitted with a
'/2"

Valve Protective Cover (VPC) that bolts over and

protects the cylinder valve during transport.

(Note that Addendum 2-2004 to ANSI N 14.1-2001,

which specifies the standard 30C cylinder, was

WPs /issued after the analyses and testing using a 30CASME

C•-/ WELo COUPLING cylinder as described in this Safety Analysis Report
1OR MI OF COVER FLANGE

was completed. The cylinder on which the analyses

and testing was conducted was named, at the time,
1/4" NPT TEST o

FORT PLUG the "CBC WatertightOm" cylinder. Since the CBC

Valve Protective Cover
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WatertightTM cylinder is identical in every respect to the cylinder that became the standard 30C

cylinder in Addendum 2-2004 to ANSI N14.1-2001, references in this Safety Analysis Report are to

the "30C," instead of to the "CBC Watertightvm'' cylinder.)

The purpose of this series of tests was to demonstrate the following:

1. That the 30C is at least equivalent to the standard 30-B cylinder in meeting the transport

regulations of 1OCFR71. This was demonstrated by successfully completing a series of

drop tests of a UX-30 package and a loaded 30C cylinder. Drops onto the comer of

package were conducted from 4' and 30', followed by a drop from 40" onto a steel post.

2. That the VPC on the 30C Cylinder assures protection of the cylinder valve during the

normal conditions of transport and hypothetical accident conditions of I OCFR7 1. The drop

testing resulted in no damage to the cylinder and none to the cylinder valve even though the

40" pin drop was conducted with the IJX-30 being dropped directly onto its end in the

region of the VPC. The inside wall of the UX-30 was deformed sufficiently to strike the

VPC, but the VPC was undamaged and protected the cylinder valve. This was evidenced

by the VPC successfully passing its post-test acceptance leak test of l x 10- std-cm 3/sec, and

by there being no damage to the cylinder valve upon examination after the VPC was

removed.

3. That the VPC assures protection against leakage of water into the cylinder during the-

normal conditions of transport and hypothetical accident conditions of I0CFR71. As

discussed above, the VPC protects the cylinder valve from damage and thus becoming a

path for leakage of water into the cylinder. In addition, testing was conducted that showed a

hole with a diameter that leaks 1 x 105 std-cm 3/sec, the maximum permitted leak rate of the

VPC, excludes water leakage when pressurized with water exceeding the equivalent

pressure of 15 meters feet of water specified in IOCFR71.73(c)(5).

4. In addition to the features of the standard 30B cylinder that protect against water in-leakage,

the VPC on the 30C Cylinder provides an additional level assurance. Because of this

additional assurance demonstrated by the testing, as well as the periodic and pre-shipment

leak testing performed on the VPC and cylinder, the 30C Cylinder qualifies for having the
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"special design features" of 1OCFR71.55(c) that ensure against water leakage into the

cylinder.

The testing conducted demonstrated that the VPC on the 30C cylinder provides an additional level

of protection for the cylinder valve over the standard 30-B cylinder, and protects against leakage of

water into the cylinder. This Safety Analysis Report will demonstrate that the additional level of

protection provided by the Valve Protective Cover allows authorization of a criticality safety index

of 0.0 (zero) for the 30C cylinder.

The following report will substantiate the ability of the UX-30 package to meet or exceed all the

requirements of 10 CFR 71.

Authorization is sought for shipment by cargo vessel, motor vehicle, and rail as a Fissile Material

package with a criticality safety index of:

Standard 30B cylinder 5.0

Standard 30C cylinder 0.0

1.2 Package Description

1.2.1 Packaging

The UJX-30 is designed to protect a standard ANSI N 14.1 30B cylinder (or its equivalent), hereafter

referred to as the cylinder. From Figure 1.2-1 it can be seen that the UX-30 is a horizontal right

circular cylinder, 96 inches long by 43.5 inches in diameter. A horizontal parting plane allows the

top half of the overpack to be removed, providing easy access to the cylinder.

All exposed surfaces of the UX-30 are fabricated from ASTM A240 304 stainless steel. The space
between the inner and outer overpack shells is filled with an energy-absorbing and insulating
closed-cell polyurethane foam material.
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The material, designated by EnergySolutions' Specification No. ES-M-170, is a rigid closed-cell

polyurethane foam with well-documented mechanical and thermal capabilities. Six inches of this

foam completely encases the UF 6 cylinder (See Appendix 8.3.1 for the polyurethane foam material

specification, ES-M-170).

UX-30
N

LONG

43.50

FIGURE 1.2-1
UX-30 Package Dimensions
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Design features that have been employed in the UX-30 design, include:

* Indexing pins with cross-locking 'ball lock' pins assure rapid high strength package

assembly.

* A 'step-down' closure design forces foreign material to travel against gravity and

then through a seal to reach the overpack interior.

" Nested placement of the lid half of the overpack assures its protection during all

handling operations.

The cylinder used in this safety analysis is defined by ANSI N14.1., American National Standard

for Packaging of Uranium Hexafluoride for Transport. Any equivalent 30-inch cylinder currently

used to transport UF 6 may also be used. See Figure 1.2-2. Typical filling and handling procedures

for these cylinders are described in detail in USEC-651, Uranium Hexafluoride: Handling

Procedures and Container Criteria. Essentially, liquefied UF 6 is introduced through a valve into the

cylinder, filling the cylinder approximately 3/4 full. The UF6 is allowed to cool, changing phase

and volume as it cools, until the UF6 occupies less than two-thirds of the available volume within

the cylinder, and has completely solidified.

This Safety Analysis Report also includes provision for transport of the 30C cylinder in the UX-30.

This cylinder is equivalent to the standard 30B cylinder specified in ANSI N 14.- 1, but also includes

a Valve Protective Cover to preclude water intrusion (see Figure 1.2-3).

1.2.1.1 Gross Weights

The package weights are summarized to account for variance in manufacture.

PACKAGE WEIGHTS

UF 6 maximum 5,020 lbs

UF6 Cylinder & UX-30 3,250 lbs.

Total max gross weight 8,270 lbs.
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1.2.1.2 Materials. of Construction

The UX-30 is fabricated from ASTM A240 Type 304, stainless steel, ASTM A36 carbon steel

(internal reinforcing), and closed-cell polyurethane foam.

1.2.1.3 Neutron Absorbers and Moderators

There are no neutron absorbers or moderators used in the UX-30 packaging.

1.2.1.4 Receptacles, Valves and Sampling Parts

There are no receptacles, valves, or sampling ports in the UX-30 overpack. The UF6 cylinder is

equipped with a 1-inch fill valve and a 1-inch plug.

1.2.1.5 Heat Dissipation Systems

The U.X-30 overpack is entirely passivelycooled. There are no coolants in the package desigh.

1.2.1.6 Protrusions

There are no inner protrusions on the UX-30 overpack. Light gauge lifting lugs extend from the

overpack on each end or on the sides near the closure interface.

1.2.1.7 Shielding

There is no shielding required for the intended payload of the UX-30.

1.2.1.8 Pressure Relief Systems

There are no pressure relief systems in the UX-30.
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1.2.2 Containment Boundary

The UX-30 package relies on the 30-inch cylinder to provide containment for the UF6 payload.

1.2.3 Contents of Packaging

The maximum quantity of material per package and fissile class of the UJX-30 with the 30B*

cylinder shall be as shown below. The maximum quantity of material for the 30C* cylinder is the

same as the 30B cylinder. The criticality safety index for the 30C cylinder is derived in Chapter 6.

* Designations per ANSI N 14.1 - 2000, "American National Standard for Nuclear Material -

Uranium Hexafluoride - Packaging for Transport

Contents

(1) Type and form of the material

Commercial Natural UF 6, Enriched Commercial Grade UF 6, Depleted UF 6, Derived

Enriched UF 6 or Reprocessed UF 6 in Standard ANSI N14.1 30B or 30C cylinders

(2) Maximum quantity of material per package

(i) Up to 5,020 pounds of UF 6 with a U-235 isotope concentration of not more than

5 weight percent

(ii) For Reprocessed UF 6: Fission Product Gamma Activity shall not exceed

4.4E+05 MeVBq/kgU (4.4E+05 MeV/sec kgU) and the transuranic Alpha

Activity shall be less than 3.3E+03 Bq/kgU (2.OE+05 dpm/kgU)

(iii) The maximum H/U atomic ratio for the UF6 is 0.088.
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Criticality Safety Index (CSI)

Criticality safety index for the UX-30 Overpack

containing a standard ANSI NI14.1 30B cylinder 5.0

Criticality safety index for the UX-30 Overpack

containing a standard ANSI N14.1 30C cylinder 0.0

1.2.4 Operational Features

The UX-30 is designed to replace the 21PF-IB standard DOT overpack and would be operated in

much the same way. Positive closure on the UX-30 however is provided by 10 ball-lock pins,

providing for quicker and easier loading and unloading operations. The closed-cell polyurethane

foam combined with sealed stainless steel inner and outer shells on the UX-30 prevents much of the

maintenance currently required for the 21 PF- 1, since water cannot penetrate either feature.

1.3 General Requirements for All Pack~ajes

Minimum Packaging Size

The UX-30 packaging overall dimensions are all much larger than the minimum 10 cm specified in

CFR 71.43(a). The minimum size is 43.5 inches.

Tamperproof Feature

The UX-30 package is installed with a tamper-indicating seal to discourage any unauthorized

opening. A tamper-indicating seal is also installed on the cylinder valve of the standard 30B

cylinder, and on the VPC for the 30C Cylinder.

Positive Closure

Positive closure is effected by 10 ball-lock pins through the guide pins. Inadvertent opening is

prevented by the design of the ball-lock pins, which require that the release button be pushed while

the pin is pulled. A tamper-indicating seal is installed to indicate any unauthorized opening.
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The UX-30, being constructed from stainless steel and closed-cell polyurethane foam, will be

unaffected by the temperature distribution predicted for it under normal conditions. Polyurethane

foams enclosed in light gauge steel have been used extensively on Type A and B packages with no

reported difficulties due to temperatures in this range.

2.6.2 Cold

A steady-state ambient temperature of -40'F will have no adverse effect on the UX-30. The

ductility of the austenitic stainless steel skin is unaffected by temperatures in this range.

The UF 6 cylinder is fabricated from ferritic ASTM A516, Grade 55, steel. Regulatory Guide 7.11,

"Fracture Toughness Criteria of Base Material for Ferritic Steel Shipping -Cask Containment

Vessels with a Maximum Wall Thickness of Four Inches (0.1m)" designates the criteria for

classifying payloads for various levels of safety against brittle fracture. Table 5 of Regulatory

Guide 7.11 shows that fracture toughness requirements for Category 11 packages may be met by

using steel made to 'Fine Grain Practice' or better in thicknesses up to 0.625". ASTM A516 steels

are made to fine grain practice. Therefore, the UF6 cylinder, which has a 0.5" wall, can be

considered safe from brittle -fracture failure considerations as a Category 11 package.
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4.0 CONTAINMENT

4.1 Description of Containment System

The UX-30 is designed for use in conjunction with a standard 30-inch UF6 cylinder such as the
models 30B or 30C described in ANSI N14.1, Packaging of Uranium Hexafluoride for
Transport. The cylinder provides the containment boundary for the package. See drawings of
the cylinders in Figure 1.2-2 and 1.2-3 or ANSI N14.1.

4.1.1 Containment Boundary

Containment Vessel

The design specifications for the UF 6 cylinder are given in ANSI N14.1, and as shown in Figure
1.2-2 for the 30B or 1.2-3 for the 30C, which are taken from ANSI N14.1. These documents list
the following design conditions for the cylinders:

Design Pressure: 22 psig external

200 psig internal

-40°F to 250°FDesign Temperature:

Containment Penetrations

The 30B and 30C cylinders are penetrated in two places: the fill valve on one end and a drain
plug on the other end. The performance specifications of these components are the same as for
the cylinder.

Note: The 30C cylinder has a Valve Protective Cover (VPC) to provide additional assurance
against water intrusion into the cylinder. However, the VPC is not part of the containment
boundary for the package.
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Seals and Welds

Welds on the containment vessel are as shown in Figure 1.2-2 for the 30B, and in Figure 1.2-3
for the 30C cylinder. Pipe thread seals are indicated around the valve and drain plug threads.
Performance specifications for all containment welds and threads are identical to those for the
cylinder.

Closure

The fill valve and drain plug are used as closure devices on the cylinder. They shall be installed
(as per the requirements of ANSI N14.1-2001) using 200 - 400 fl-lbs. oftorque. The valve shall
have 7 - 12 threads engaged, and the plug shall have 5 - 8 threads engaged.

4.2 Containment Under Normal Conditions of Transport

4.2.1 Containment of Radioactive Material

Recycled UF6 (produced from reprocessed spent fuel) contains uranium isotopes, primarily 235U
and 238U, which have unlimited A2 values, with traces of 232U, 234U, and 236U and also includes
small amounts of transuranics, principally Np and Pu, and fission products, primarily 144Ce,
134Cs, 137Cs, 95Nb, 103Ru, 116Ru, 99Tc and 95Zr and is often a Type B quantity. Using the
methodology of ANSI N 14.5-1997, a maximum allowable leak rate for a Type B shipment of
recycled UF 6 in a 30B or 30C cylinder can be determined. Irrespective of the actual calculated
leak rate, to preclude inleakage of moist air or water (the criticality safety of the package depends
on excluding water from the containment system), the cylinder must have a leak rate of less than
I x 10-7 cm 3/sec. The package evaluation in Section 2 shows that the cylinders are capable of
maintaining this condition under normal and hypothetical accident conditions.

4.2.2 Containment Vessel Pressure

Containment for the UX-30 is provided by the 30B or 30C cylinders. A cylinder is filled with
liquid UF 6 and cooled allowing the UF6 to solidify. The internal pressure of a cylinder, under
normal conditions of transport is less than II psia (see Section 3.4.2).

4.2.3 Containment Criteria

Containment of the radioactive contents depends on proper maintenance, periodic inspections,
and pre-shipment inspections of the packaging. For the leakage rate test of cylinders used for
recycled UF 6 , the cylinder must have a measured leak rate less than I x 10-7 cm 3/sec. The
leakage rate tests are performed per ANSI N 14.5-1997 using a leak test with a test sensitivity of
at least 5 x 10.8 ref-cm3/sec prior to first use of each cylinder, after maintenance, repair or
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replacement of components of the containment system, and periodically at intervals not to exceed
12 months. Pre-shipment leak tests must show no detectable leakage when performed using a
leak test with a sensitivity of at least I x 10-3 ref-cm 3/sec per ANSI N 14.5-1997.

4.3 Containment Under Hypothetical Accident Conditions

4.3.1 Containment of Radioactive Material

Using the methodology of ANSI N 14.5-1997, a maximum allowable leak rate for a Type B
shipment of UF6 in a 30B or 30C cylinder can be determined. However, to preclude inleakage of
moist air or water (criticality safety of the package depends on excluding water from the
containment system), the package must have a measured leak rate less than I X 107 cm 3/sec (see
Section 4.2.3).

4.3.2 Containment Vessel Pressure

Containment for the UX-30 is provided by the 30B or 30C cylinders. A cylinder is filled with
liquid UF 6 and cooled allowing the UF6 to solidify. The internal pressure of a cylinder, under
hypothetical accident conditions is dependant on the temperature of the UF 6 in the cylinder. The
thermal analysis (see Section 3.5.3) shows most of the UF 6 is at 11 7°F while a portion of the UF6
can be assumed to be 200'F or less. For the purposes of the leak rate evaluation, the UF 6

temperature will be assumed to be 200'F. The resulting internal pressure is 51 psia

4.4 None

ORNL/ENG/TM-5 1, "Correlation of the Thermophysical Properties of Uranium Hexafluoride over a Wide Range
of Temperature and Pressure", August 1994
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

ACCEPTANCE TESTS FOR THE 30B OR 30C CYLINDER:

* Acceptance Tests For The 30B Cylinder - Designed and Manufactured per ANSI N 14.1
(appropriate edition), "Uranium Hexafluoride - Packaging for Transport". Acceptance
tests for the 30B cylinder shall be in accordance with ANSI N14.1 (appropriate edition).

" Acceptance Tests For The 30B Cylinder- Designed and Manufactured per ANSI N14.1
1995, "Uranium Hexafluoride - Packaging for Transport" and ISO 7195:1993(F),
"Packaging of Uranium Hexafluoride (UF 6) for Transport". Acceptance tests for the 30B
cylinder shall be in accordance with ANSI N14.1 - 1995 and ISO 7195:1993(F).

" Acceptance Tests For The 30C Cylinder - Designed and manufactured .in accordance with
Addendum 2-2004 to ANSI N14.1-2001.

" Acceptance Tests For The 30B or 30C Cylinder Used For Reprocessed UF6 - in addition
to the tests listed above, the cylinder must have a measured leak rate less than I x 10-7

cm 3/sec. The leakage rate tests are performed per ANSI N 14.5-1997 using a leak test
with a test sensitivity of at least 5 x 10-8 ref-cm 3/sec.

ACCEPTANCE TESTS FOR THE UX-30:

The following acceptance tests are for the UX-30

8.1.1 Visual Inspectionsand Measurements

8.1.1.1 See Appendix 8.3.1 for acceptance criteria and inspections associated with
polyurethane foam manufacturing.

8.1.1.2 Prior to the first use of the package, the following inspection shall be performed:

Dimensional compliance with the drawings referenced in the Certificate of
Compliance.

Verify that the packaging -is free of cracks, pinholes, or defects that could reduce
the effectiveness of the package.

Verify that the packaging is marked in accordance with 10 CFR 71.85 (c).

8.1.2 Weld Examinations
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Prior to the first use of the package, a visual inspection of all welds to AWS D .1 shall be
performed.

8.1.3 Structural and Pressure Tests

None.

8.1.4 Leakage Tests

None.

8.1.5 Component and Material Tests

Prior to the first use of the package, an assembly test showing proper operation of closure
interface and all ball-lock pins shall be performed.

8.1.5 Shielding tests

None.

8.1.7 Thermal Tests

None.

8.2 Maintenance Program

MAINTENANCE PROGRAM FOR THE 30B OR 30C CYLINDER:

" Maintenance Program For The 30B Cylinders Manufactured per ANSI N14.1
(appropriate edition), "Uranium Hexafluoride - Packaging for Transport'.'.

* Maintenance of the 30B Cylinders shall be performed in accordance with ANSI
N14.1 (appropriate edition).

* Maintenance Program For The 30B Cylinders Manufactured In Accordance With ANSI
N14.1-1995, "Uranium Hexafluoride- Packaging for Transport" and 1SO 7195:1993(F),
"Packaging of Uranium Hexafluoride (UF6) for Transport".

* Maintenance of the 30B Cylinders shall be performed in accordance with ANSI
N14.1 - 1995 and ISO 7195:1993(F).



UX - 30 Consolidated SAR - Public Rev. 1, October 2007

* Maintenance Program for the 30C Cylinder.

* Maintenance of the 30C Cylinder shall be performed in accordance with
Addendum 2-2004 to ANSI N14.1-2001.

* Maintenance Program for 30B or 30C Cylinders Used For Reprocessed UF 6 -

* In addition to the maintenance requirements listed above, the cylinder must be
tested annually to demonstrate a measured leak rate less than I x 10-7 cm 3/sec.
The leakage rate tests are performed per ANSI N14.5-1997 using a leak test with a
test sensitivity of at least 5 x 10-8 ref-cm 3/sec.

MAINTENANCE PROGRAM FOR THE UX-30:

8.2.1 Structural and Pressure Tests

8.2.1.1 Visual inspection of all welds shall be carried out every 6 months.

8.2.1.2 Excessive accumulations of dirt, oil, and other debris shall be removed from the
inner and outer surfaces after each use.

8.2.1.3 The dust seal and all rubber pads shall be inspected every 6 months for wear.
The dust seal shall be replaced when excessive wear renders the seal ineffective.

8.2.1.4 Inner and outer surfaces shall be inspected for penetrations every 6 months. If
any skin failure is observed, these may be repaired using a suitable stainless
steel welding procedure. Care should be taken to avoid application of heat for
an excessive duration, causing the package to change shape.

8.2.2 Leakage Tests

None.

8.2.3 Component and Material Tests

None.

8.2.4 Thermal Tests

None.

8.2.5 Miscellaneous Tests

8.2.5.1 The following inspections shall be performed to verify acceptability of the foam:
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Plastic overpack foam-filling-hole plugs should be removed every 12 months to
allow inspection of foam condition for indications of foam deterioration (e.g.,
presence of solid foam on inside of plug). Verify tight fit of plug after
replacement (plug should not turn freely by hand).

Overpacks are to be weighed every 12 months to determine if water has leaked
into the overpack. A weight gain of more than 25 pounds per base or lid is
reason for rejection (per USEC-65 1, "Uranium Hexafluoride: A Manual of
Good Handling Practices", DOE Field Office, Oak Ridge).

8.2.5.2 In addition to the requirements of Section 7.1.1.3 to check the ball-lock pins
before each use, the pins shall also be checked for proper operation annually.

This annual check shall consist of at least:

I. Depressing the push button and verifying the ball locks operate properly and
that the push button retracts when it is released.

2. Inserting each pin into a receptacle on the UX-30 and verifying that it
properly locks into place

3. Cleaning each pin by wiping it down with a clean cloth and, if necessary,
lubricating it with a clean lightweight oil such as WD-40.

Malfunctioning ball-lock pins identified during this annual maintenance shall be
immediately removed from service.
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8.3 APPENDIX

8.3.1 Polyurethane Foam Specification ES-M- 170

(Proprietary)

8-5



UX - 30 Consolidated SAR - Public Rev. 1, October 2007

Appendix 8.3.1

Polyurethane Foam Specification ES-M-1 70

(Not Included in Public SAR)
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1.0 GENERAL INFORMATION

1.1 Introduction

Addendumf 2 2004 to ANSI N 14.1 200 1.. which specifies the standar-d 30C cylinder, was issue'

afier- the analyses and testing using 30C- as deseribed in !his SAR was comnpleted. The cylinider an

,which the analyse:; and testing was conducted was na~med., at the timne, the "CBC-.Watertight±

eylinder-. Sinee thie CBC WateftigWt cI ylinder is identical in ever-y re.ipect tothc cylinder thiat

.beeane~thc standarfd 30C cylinder- irf Addefndunm 2 200'l toANSI NI 1.1 2001, reeecin thi

SAtR arc to3 he "3G"isedof to the CCWitih '-yne

1.1.1 Purpose of Application

The analyses performed and testing reýA [documented in this SAR demonstratesSafety Analysis

Report demonstrate that the UX-30. along with an ANSI N14.5 comliant 30B or 30C cylinder

meets the requirements for use under I OCFR71.17, "General License, NRC Approved Package," as

a Type AF--LLD package. The UX-30 packaging has been developed to provide a safe and reliable

container for transporting .Standard 30-inch cylinders of enriehed-uranium hexafluofide (UF 6)-,-U( 6

enriched to 5% is,,ou;iney t..nsp.i.ed fr.m enyrchment facili.ties such as Oa. . Ridge.and Padueah

to fel fabFr.iatoer n... d resea.ch fac.lities aoun.. d the wor-ld) with a U-235 isotone concentration of

not more than 5 weight percent. It should be noted that the UX-30 was previously approved by the

US NRC under the provisions of I.CF.R7! as a Type AF-96 Package. Throughout the SAR.

reference may be made to, or results presented of. previous testing performed on the UX-30

package. This testing was performed to the 10 CFR 71 requirements for a Type AF package.

However, since the tests and test acceptance criteria for a Type BF package are the same as for a

Type A.F package, these tests are applicable and also demonstrate the UX,30 combliance to 10 CFR

71 Type BF requirements, regardless of their designation as Type AF tests.

1.1.2 Summary Information
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The packa gingioackage consists of two- elements: 1) -A standard 30-inch cylinder (or equivalent),

and 2) -a UX-30 overpack. The UX-30 hA;' been dccigne4d a, a replacement for the D..2..PF-

lB overpack developed over fifteen years ago. Bcenuse the existing 21PF 1B overpac

fabr-ieated from light gauge carben stci anid eipen eell fawn, nicst and meistur-e abserptien ha-s

icaed fe...n..maint•enc ........ a repla.emen.. Considerable effort has gone into the design of the

UX-30 overpack to eliminate operational and maintenance -problems associated with the older

design (e.g. rusting and corrosion, open cell foam moisture absorption, and protection of the valves

on 30B cylinders). The UX-30 has been designed to jneet the requirements of 10 CFR 71.

In an effort to simplify the original review and evaluation process, in 1984 a full scale UX-30

prototype with a loaded 30 inch cylinder was subjected to a series of five 5) sequential drop tests.

well in excess of impact qualification requirements in '10 CFR 71. Three drops were from 30 feet

and two were 40-inch drops onto a 6-inch diameter steel post. Throughout the full series of tests

the cylinder was so well protected that it experienced no deformations whatsoever. =Subsequent

leak tests also demonstrated that the cylinder retained its full integrity.

A second series of tests were performed in 1995 to support the review and evaluation process -for

upgrade of the UX-30 certification. These -tests again demonstrated compliance with 10 CFR 71

requirements. The tesi sequence -performed, -wh.ich also utilized a Pfull scale ,UX-30 with a .loaded

30-inch cylinder, included five _5) drop te'sts followed by a fire test and an.immersion test.. The

drop tests included two 30-foot drops and two 40-inch drops onto a 6-inch diameter steel post. The

results of this series of tests also demonstrated the excellent protection provided to the 30 inch

cylinder by the UX-30 overpack. No deformations of the 30 inch cylinder were, caused by the

testing; -also, the fire test temperatures for the 30B cylinder surface were well within UF 6 and 30-

inch cylinder safe operational limits. 4heAn immersion test confirmed that 30-inch cylinder tested

did not allow water in leakage, Post-test leak testing demonstrated that the UX-30 provided the

necessary protection for the 30B cylinder.
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Finlth ir

Finally, a third series of testing was

N~Ei D COUPLING
A F I V WLLDI N'
OF COVER FLANGE WELD CQUPLING

AFTER WELDING
OF COVER rLANGE

1
1/4" NPT TESi

PORT PLUG
- -- I

performed in 2001 on the UX-30 with tea 30C Cylinder instead of the standard 30-B cylinder

previously used in testing. The 30C Cylinder is identical in dimensions and configuration to the

standard 30-B cylinder specified by ANSI N 14. 1, except it is fitted with a Valve Protective Cover

(VPC) that bolts over and protects thecylinder valve duringtransport.

(Nnte tha! Addendum 2-2004 to ANSI N 14 1-2fl01 which zne.Cifie.i

Valve Protective Cover the standard 30C cylinder, was issued after the analyses and testing

usinga 30C cylinder as described in this Safety Analysis Report was completed. The cylinder on

which the analyses and testing was conducted was named, at the time, the "CBC WatertightTM''

cylinder. Since the CBC WatertightTM cylinder is identical in every respect'to the cylinder that

became the standard 30C cylinder in Addendum 2-2004 to ANSI N14.1-2001, references in this

Safely Analysis Report are to the "30 C," instead of to the "CBC WatertightlM'" cylinder.)

Valve Protective Cover

The purpose of this series of tests was to demonstrate the

following:
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1. That the 30C is at least equivalent to the standard 30-B cylinder in meeting the transport

regulations of IOCFR71. This was demonstrated by successfully completing a series of

drop tests of a UX-30 package and a loaded 30C cylinder. =Drops onto the comer of

package were conducted from 4' and 30', followed by a drop from 40" onto a steel post.

2. That the VPC on the 30C Cylinder assures protection of the cylinder valve during the

normal conditions of transport and hypothetical accident conditions of I OCFR71. The, drop

testing resulted in no damage to the cylinders and none to the cylinder valve even though the

40" pin drop was conducted with the UX-30 being dropped directly onto its end in the

region of the VPC. The inside wall of the UX-30 was deformed sufficiently to strike the

VPC, but the VPC was undamaged and protected the cylinder valve. This was evidenced

by the VPC successfully passing its post-test acceptance leak test of lx 105 std-cm 3/sec, and

by there being no damage to the cylinder valve upon examination after the VPC was

removed.

3. That the VPC assures protection against leakage of water into the cylinder during the

normal conditions of transport and hypothetical accident conditions of I0CFR7I. As

discussed above, the VPC protects the cylinder valve from damage and thus becoming a

path for leakage of water into the cylinder. In addition, testing was conducted that showed a

hole with a diameter that leaks 1x10. 5 std-cm 3/sec, the maximum permitted leak rate of the

VP.C, excludes water leakage when pressurized with water exceeding the equivalent

,pressure of 15 meters feet of water specified in I OCR71.73(c)(5).

4. In addition to the features of the standard 30B cylinder that protect against water in-leakage,

the VPC on the 30C Cylinder provides an additional level assurance. Because of this

additional assurance demonstrated by the testing, as well as the periodic and pre-shipment

leak testing performed on the VPC and cylinder, the 30C Cylinder qualifies for having the

"special design features" of IOCFR71.55(c) that ensure against water leakage into the

cylinder.

The testing conducted demonstrated that the VPC on the 30C cylinder provides an additional level

of protection for the cylinder valve over the standard 30-B cylinder, and protects against leakage of

water into the cylinder. This Safety Analysis Report will demonstrate that the additional level of
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protection provided by the Valve Protective Cover allows authorization of a criticality safety index

of 0.0 (zero) for the 30C cylinder.

The following report will substantiate the ability of the -UX-30 package to meet or exceed all the

requirements of 10 CFR 71-.

Authorization is sought for shipment by cargo vessel, motor vehicle, and rail as a Fissile Material

package with a criticality safety index of-:

Standard 30B cylinder 5.0

Standard 30C cylinder 0.0

1.2 Packane Description

1.2.1 Packaginp,

The UX-30 is designed to protect a standard ANSI N14.1 30B cylinder (or its equivalent), hereafter

referred to as the cylinder. From Figure 1.2-1 it can be seen that the UX-30 is a horizontal right

circular cylinder, 96 inches long by 43.5 inches in diameter. A horizontal parting plane allows the

top half of the overpack to be removed, providing easy access to the cylinder.

All exposed surfaces of the UX-30 are fabricated from ASTM A240 304 stainless steel. The space
between the inner and outer overpack shells is filled with an energy-absorbing and insulating
closed-cell polyurethane foam material. This foam. .. was d...'elped by Ncidle, r Pa.kaging, Ine.
seve'fal ycaf s age and has been sueeessfilly demonstfated for- use Aith sever-al existing liceensed
paekagcs, the most recent of which inc.lud,

j . T 3 Spent Fuel Container-, Cef~ifieaie of Compliance No. 9132-

2. N 55, Cefrtifeate of Comfplianee No. 9070.

OH4 142, Certificate of Compliance No. 9073.
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The material, designated by DHuratekEnergySolutions' Specification No. ES-M-170, is a rigid

closed-cell polyurethane foam with well-documented mechanical and thermal capabilities. Six

inches of this foam completely encases the UF 6 cylinder (See Appendix 8.3.1 for the polyurethane

foam material specification, -ES-M- 170).
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FIGURE 1.2-1
UX-30 Package Dimensions
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The design of the UX 30 parafll. in maiy w.ays the highly successful Padueg Tiger. The Paduea'.

Ge, ertificte of Compliance No. 6553, .ws developed by Nu.lear Pa.kaging, hin. pers.nnel f. r

tr-anspoit o~f the larger- 48 inch cylinderFs of cnriefied UF 6. Dozens'of these paekages arc in daily

sei-,4eeice taling mnillions of miles of safe and efficient transport. Since they arc almost exclusively

tratsphaved by mil, the general handlig environmenf is severe. Mlye of the desU- esign features

that have made the Padueah Tiger- se successful haNve been employed in the UX-30 design, siaeh

fsinclude:

* e- Indexing pins with cross-locking 'ball lock' pins assure rapid high strength

package assembly.

SE---A 'step-down' closure design forces foreign material to travel against -gravity

and then through a seal to reach the overpack interior.

0 o--- Nested placement of the lid half of the overpack assures its protection during

all handling operations.

The cylinder used in this safety analysis is defined by ANSI NI 4.1., American National Standard

for Packaging of Uranium Hexafluoride for Transport. Any equivalent 30-inch cylinder currently

used to transport UF6 may also be used. See Figure 1.2-2. Typical filling and handling procedures

for these cylinders are described in detail in USEC-651, Uranium Hexafluoride: Handling

Procedures and Container Criteria. Essentially, liquefied UF6 is introduced through a valve into the

cylinder, filling the cylinder approximately 3/4 full. The UF6 is allowed to cool, changing phase

and volume as it cools, until the UF6 occupies less than two-thirds of the available volume within

the cylinder, and has completely solidified.

This Safety Analysis Report also includes provision for transport of the 30C cylinder in the UX-30.

This cylinder is equivalent to the standard 30B cylinder specified in ANSI N14.-l, but also includes

a Valve Protective Cover to preclude water intrusion (see Figure 1.2-3).
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Figure 1.2 - 3
ANSI N14.1 30C Cylinder
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1.2.1.1 Gross Weights

The package weights are-

=summarized to account for

-variance in manufacture.

Paekage !AWeights

UY6 mx •5,020 lbs.

CyJl in er &.r. ..

UX 3•1 0 3,250 lbs.

Total max gess

weight . 8270 lbs.

PACKAGE

UF6 maximum

LIM6 Cylinder & UX-30

Total max gross weight

WEIGHTS

5.020 lbs

3.25 0 lbs._____ .

8.270 lbs.
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1.2.1.2 Materials of Construction

The UX-30 is fabricated from ASTM A240 Type 304, stainless steel, ASTM A36 carbon steel

(internal reinforcing), and closed-cell polyurethane foam.

1.2.1.3 Neutron Absorbers and Moderators

There are no neutron absorbers or moderators used in the LJX-30 packaging.

1.2.1.4 Recentacles. Valves and Samnline Parts

There are no receptacles, valves, or sampling ports in the -UX-30 overpack. The UF 6 cylinder is

equipped with a 1-inch fill valve and a I-inch plug.

1.2.1.5 Heat Dissipation Systems

The UX-30 overpack is entirely passively cooled. There are no coolants in the package design.

.1.2.1.6 Protrusions

There are no inner protrusions on the UX-30 overpack. Light gauge lifting lugs extend from the

overpack on each end or on the sides near the closure interface.

1.2.1.7 Shielding

There is no shielding required for the intended payload of the UX-30.

1.2.1.8 Pressure Relief Systems

There are no pressure relief systems in the UX-30.
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1.2.2 Containment Boundary

The UX-30 package relies on the 30-inch cylinder to provide containment for the UF 6 payload.

1.2.3 Contents of Packaging

The maximum quantity of material per package and fissile class of the UX-30 with the 30B*

cylinder shall be in a.c..rdanc it... h the lin.its of-, DOT sp..ification 2PF 1DB (49 ,FR 1 73.417,

...able 3, as shown in Table 1.2 -. beoQw. The maximum quantity of material for the 30C* cylinder

is the same as the 30B cylinder. The criticality safety index for the 30C cylinder is derived in

Chapter 6.
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Ta~ble 1.2 1

IJX 30 Material Quati~ties

1.
I nnn Mnximu NAWIAPA imimim

-Cylifidef- ~eight-ef4i4~ Ef,&iehffiefit

PQ R4. Annn 1- Annpntr L r 4 a I~n ag~'~ I H PX
till- \ , • , ,,]

30B* 5.020 5.0 5.0

30C* 5,020 5.0 0.0

* Designations per ANSI N14.1-,ANNSI! N14.4 - 2000, "American National Standard for Nuclear

Material - Uranium Hexafluoride - Packaging for Transport

C(ntent a

(1) Tvne and form of the material

Commercial Natural UFA. Enriched Commercial Grade UF. Depleted UF6. Derived

Enriched UF6 or ReDrocessed UF6 in Standard ANSI N 14.1 30B or 30C cylinders

(2) Maximum quantity of material per packae

(i) Up to 5,020 pounds of UF6 with a U-235 isotope concentration Of not more than

5 weight percent
(ii) For Reprocessed UF6 : Fission Product Garmma Activity shall not exceed

4.4E+05 MeVBq/kgU (4.4E+05 MeV/sec kgU) and the transuranic AlDha

Activity shall be less than 3.3E+03 Bq/kgU (2,OE+05 dpm/k2U)

(iii) The maximum H/U atomic ratio for the UF_6-LQ2 i M
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Criticality Safety Index (CSI)

Criticality safety index for the UX-30 Over.ack

containing a standard ANSI N 14.1 30B cylinder 5.0

Criticality safety index for the UX-30 Overpack

containing a standard ANSI N 14.1 30C cylinder 0.0

1.2.4 Operational Features

The UX-30 is designed to replace the 21PF-I B standard DOT overpack and would be operated in

much the same way. Positive closure on the UX-30 however is provided by 10 ball-lock pins,,

providing for quicker and easier loading and unloading operations. The closed-cell polyurethane

foam combined with sealed stainless steel inner and outer shells on the -UX-30 prevents much of

the maintenance currently required for the 21 PF- 1, since water cannot penetrate either feature.

1.3 General Requirements for All Packages

Minimum Packaging Size

The UX-30 packaging overall dimensions are all much larger than the minimum 10 cm specified in

CER 71.43(a). The mhinimhrn size is 43.5 tinches.

Tamperproof Feature

The UX-30 package is installed with a tamper-indicating seal to discourage any unauthorized

opening. A tamper-indicating seal is also installed on the cylinder valve of the standard 30B

cylinder, and on the VPC for the 30C Cylinder.

Positive Closure

1-18
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Positive closure is effected by 10 ball-lock pins through the guide pins. Inadvertent opening is

prevented by the design of the ball-lock pins, which require that the release button be pushed while

the pin is pulled. A tamper-indicating seal is installed to indicate any unauthorized opening.
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1.4 Appendix

1.4.1 UX-30 General Arrangement Drawing
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The UX-30, being constructed from stainless steel and closed-cell polyurethane foam, will be

unaffected by the temperature distribution predicted for it under normal conditions. Polyurethane

foams enclosed in light gauge steel have been used extensively on Type A and B packages with no

reported difficulties due to temperatures in this range.

2.6.2 Cold

A steady-state ambient temperature of -40'F will have no adverse effect on the UX-30. The

ductility of the austenitic stainless steel skin is unaffected by temperatures in this range.

The UF 6 cylinder is fabricated from ferritic ASTM A516, Grade 55, steel. The .dra4t Regulatory

Guide7 'Fr-aecur-e "Fracture Toughness Criteria of Base Material for Ferritic Steel Shipping

Cask Containment Vessels with a Maximum Wall Thickness of Four Inches (0.1l m)'"- e

use of ýnIJEg/rCR 1815 for evaluatine r .esistanee t. brittle f•r•ture at l03A, temper.atures, and

designates the criteria for classifying payloads for various levels of safety against brittle fracture.

Table 4-5of thaReulatort Guide 7.11, reproduced belo' as Table 2.6 a indicaes that

the payl.ad of a Category II paekage is less than 1111 A, , or 30,000 euries. Since there is

less than one cufie of uranium in the designated payload, and 1 OCFR7! does net limit quantities et

tfl-aljff efli-ihed to !Obs than 20%0, bý' either A1-OF-A., values, the J4 304is considered a Categor

I41 paek~aget-5shows that
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TABLE 2.6 1

Categorie anld ~Asseei t ed Radieaefivity

M IM r vv T= OR R lurn

CATEGORY V CATEGORY 1N CATEGORY IN

Applies if Applies if Applies if

quantity per- quantity per qluantity per

paelkage is: paekage is: package is:

gfeater than Of less than 3(1())4 less than 3GA2-afid

equ-al to 3 (10)1. anRd 3 (10)¼ A r E0A-e

or1/T3.•. 3(1 O•aAitb. *

•- -•14'), ci. geater than or equal Also appli es if

to 30A f-oA40 ci. contents .. e.

(\ l J+lspeeifie aetiiy mateias

eir, . (2) objects 'Arth fixed-

cntamination (not r"eadily

dispersible) ahd the total quatity pori

package is less thani 3 (10) 61,

6,iq) pa-ian 3 (10) Aj-ei-

•FFaewi-e-fracture toughness requirements for Category t1-lpackages may be met, -aeee.d4..g.,

NUREG/,CR 18 15, =by using steel made to Fine Grain Practice' or better in thicknesses uo to

0.625". ASTM A516 steels are made to fine grain practice. Therefore, the UF6 cylinder, which has

a 0.5" wall, can be considered safe from brittle fracture failure considerations as a Category II

Sak
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4.0 CONTAINMENT

4.1 Description of Containment System

The UX-30 is designed for use in conjunction with a standard 30-inch UF6 cylinder such as the
models 30B or 30C described in ANSI N14.1, Packaging of Uranium Hexafluoride for
Transport. The cylinder provides the containment boundary for the package. See drawings of
the cylinders in Figure 4-.41.2-24- and 41-41.2-3-2 or ANSI N14.1.

4.1.1 Containment Boundary

Containment Vessel

The design specifications for the UF6 cylinder are given in ANSI N14.1, and as shown in Figure
4.-1 412-2 for the 30B or 44-2.1.2-3 for the 30C, which are taken from ANSI N14.1. These
documents list the following design conditions for the cylinders:

Design Pressure: 22 psig external

200 psig internal

-400F to .250°FDesign Temperature:

Containment Penetrations

The 30B and 30C cylinders are penetrated in two places: the fill valve on one end and a drain
plug on the other end. The performance specifications of these components are the same as for
the cylinder.

Note: The 30C cylinder has a Valve Protective Cover'(VPC) to provide additional assurance
-against water intrusion into the cylinder. However, the VPC 'is not part of the containment
boundary for the package.
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Seals and Welds

Welds on the containment vessel are as shown in Figure 4--.1.2-4-2_for the 30B, and in Figure
44-1_.2-2-3_for the 30C cylinder. Pipe thread seals are indicated around the valve and drain plug
threads. Performance specifications for all containment welds and threads are identical to those
for the cylinder.

Closure

The fill valve and drain plug are used as closure devices on the cylinder. They shall be installed
(as per the requirements of ANSI N14.1-2001) using 200 - 400 ft-lbs. of torque. The valve shall
have 7 - 12 threads engaged, and the plug shall have 5 - 8 threads engaged.

4. 1.2 Speeial Reqitirmfnt. for. Plutenium

NotA-Applieable.

41.2 General Considcr-ntion~s

4.2.1 T-Ype A ;Fissile Paekages

4.2 Containment Under Normal Conditions of Transport

4.2.1 Containment of Radioactive Material

Recycled UF 6 (prodiuced from reprocessed spent fuel) contains uranium isotopes, primarily 2 35U
and 23U. which have unlimited A2 values, with traces of. 22U. 234U. and 36U and also includes
small' amounts of transuranics. principally Np and Pu, and fission products, primarily '4Ce.
134 137 9 103 106 99 95Cs , Cs. 5Nb. Ru, Ru, Tc and Zr and is often a Type B quantitv. Using the
methodologv of ANSI N 14.5-1997. a maximum allowable leak rate for a Tvoe B shipment of
recycled UF_ in a 30B or 30C cylinder can be determined. Irrespective of the actual calculated
-leak rate, to preclude inleaka.ge of moist air or water (the criticality safety of the package depends
on excluding water from the containment system), the cylinder must have a leak rate of less than
I x 10-7 cm 3/sec. The package evaluation in Section 2 shows that the cylinders are capable of
maintaining this condition under normal and hypothetical accident conditions.

4.2.2 Containment Vessel Pressure

Containment for the UX-30 is provided by the 30B or 30C cylinders. Fabrication, examination,
and tctn rgicm 9~Fr these cylinder-s are esiablishcd by the standar-d by whichl theyr

4-4-2
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designed and fabiceated. ANSI N! 4I.1. "Amdiefiekff Naltionfal Standarfd fOr- Nuclear- Material
Uranium. Hcxaflueride Packaging ýfr Transpoft7 Periedic and fre shipment leak fate testing
.ru. ;...nt. of the eylinder- are also •et by ANSI N14.I A cylinder is filled with liquid UFnd

cooled allowing the UF6 to solidify. The internal pressure of a cylinder, under normal conditions
of transport is less than 11 psia (see Section 3,4.2).

,4.2.2 Type B Packages

Noti A~pplic able.

1.2. 3 C .mbu.tible Gas Gener.ation

There are nc naierial used in the e.mity of +. e eylin-derc, that . an generate . .. bustiblc gas.es

4-4-3
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4.2.3 Containment Criteria

Containment of the radioactive contents depends on proper maintenance, periodic inspections.
and pre-shitpment inspections of the packaging. For the leakage rate test of cylinders used for
recycled UF_. the cylinder must have a measured leak rate less than 1 x 10-7 cm 3/sec. The
leakage rate tests are performed per ANSI N14,5-1997 using a leak test with a test sensitivity of
at least 5 x 108 ref-cm 3/sec prior to first use of each cylinder, after maintenance, repair or
replacement of components of the containment system, and periodically at intervals not to exceed
12 months. Pre-shipment leak tests must show no detectable leakage when performed using a
leak test with a sensitivity of at least I x 10-3 ref-cm 3/sec per ANSI N 14.5-1997.

FIGURE 4.1 1

Stafiafd•-4F- Cylinder. ANSI NI 1.1 30B
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Figure 4.1 - 2
ANSI N 14.1 30C Cylinder
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4.3 Containment Under Normal Conditions of Transport

4.3.1 C.n.ainment IDesign Criterion

~A' TI N '*1.1.4

4.3.2 Demonstration of Complianee with Containment Design Criter-ion

Sectoans 2.6 and 3.4 demenstfate that the containmnent vessel is uniAafected by Normal Conditionis
o4f Tansport. There will therefor-e be no dir-ect release of r-adioactive material fromi the cylder.

4.4 Containment Under Hypothetical Accident Conditions

4.4-.3.1 Containment Design Criterionof Radioactive Material

Contaifznent criteria for the Te 30B and 30C cylinders are the r-equirem.ents .f ANSI
N-44--Using the methodologv of ANSI N14,5-1997, a maximum allowable leak rate for a Type B
shipment of UF6 in a 30B or 30C cylinder can be determined. However, to preclude inleaka e of
moist air or water (criticality safety of the package depends on excluding water from the
containment system), the package must have a measured leak rate less than I x 10-7 cm 3/sec (see
Section 4.2.3).

4.-.2 Iefnenstr-atin of C ,ompliance withC.ontainment Design . •,-i4,. Vessel Pressure

Se•tfins 2.7 and 3.5, a•n•d Appendies 2• 10 md 3.6.3, indicate tha t the c•nt•:nme•t nessel is

be no releP, of radoaetive materials from these eventsontainment for the UX-30 is provided

by the 30B or 30C cylinders. A cylinder is filled with liquid UF 6 and cooled allowing the UFy6t
solidify, The internal pressure of a cylinder, under hypothetical accident conditions is dependant
on the temperature of the UF; in the cylinder, The thermal analysis (see Section 3.5.3) shows
most of the UF_ is at I I7°F while a portion of the UF6 can be assumed to be 200TF or less. For
the purposes of the leak rate evaluation, the UF_ temperature Will be assumed to be 2006F. The
resulting internal pressure is 51 psia

ORNL/ENG/TM-51. "Correlation of the Therniophysical Properties of Uranium Hexafluoride over a Wide Range
of Temoerature and Pressure". Au.ust 1994
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I .5% LeiiteRt et or Pfe1 aia

Not Applieable

4.4NAppendi

4.4 None
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

ACCEPTANCE TESTS FOR THE 30B OR 30C CYLINDER:

• Acceptance Tests For The 30B Cylinder - Designed and Manufactured per ANSI N14.1
(appropriate edition), "Uranium Hexafluoride - Packaging for Transport". Acceptance
tests for the 30B cylinder shall be in accordance with ANSI N14.1 (appropriate edition).

Acceptance Tests For The 30B Cylinder - Designed and Manufactured per ANSI N 14.1 -
1995, "Uranium Hexafluoride- Packaging for Transport" and 1SO 7195:1993(F),
"Packaging of Uranium Hexafluoride (UF 6) for Transport". Acceptance tests for the 30B
cylinder shall be in accordance with ANSI N 14.1 - 1995 and ISO 7195:1993(F).

*__Acceptance Tests For The 30C Cylinder - Designed and manufactured in accordance with
Addendum 2-2004 to ANSI N14.1-2001.

• Acceptance Tests For The 30B or 30C Cylinder Used For Reprocessed UF 6 - in addition
to the tests listed above, the cylinder must have a measured leak rate less than 1 x 10-7

cm 3/sec. The leakage rate tests are performed per ANSI N 14.5-1997 using a leak test
with a test sensitivity of at least 5 x 10-8 ref-cm 3/sec,

ACCEPTANCE TESTS FOR THE UX-30:

The following acceptance tests are for the UX-30

8.1.1 Visual Inspections and Measurements

8.1.1.1 See Appendix 8.3.1 for acceptance criteria and inspections associated with
polyurethane foam manufacturing.

8.1.1.2 Prior to the first useof the package, the following inspection shall be performed:

Dimensional compliance with the drawings referenced in the Certificate of
Compliance.

Verify that the packaging is free of cracks, pinholes, or defects that could reduce
the effectiveness of the package.

Verify that the packaging is marked in accordancewith 10 CFR 71.85 (c).

8.1.2 Weld Examinations

8-1
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Prior to the first use of the package, a visual inspection of all welds to AWS D 1.1 shall be
performed.

8.1.3 Structural and Pressure Tests

None.

8.1.4 Leakage Tests

None.

8.1.5 Component and Material Tests

Prior to the first use of the package, an assembly test showing proper operation of closure
interface and all ball-lock pins shall be performed.

8.1.5 Shielding tests

None.

8.1.7- Thermal Tests

None.

8.2 Maintenance Program

MAINTENANCE PROGRAM FOR THE 30B OR 30C CYLINDER:

"Maintenance Program For The 30B Cylinders Manufactured per ANSI N 14.1
(appropriate edition),"' Uranium Hexafluoride - Packaging for Transport".

* Maintenance of the 30B Cylinders shall be performed in accordance with ANSI
N14.1 (appropriate edition).

* Maintenance Program For The 30B Cylinders Manufactured In Accordance With ANSI
N14.1-1995, "Uranium Hexafluoride - Packaging for Transport" and ISO 7195:1993(F),
"Packaging of Uranium Hexafluoride (UF6) for Transport".

_ Maintenance of the 30B Cylinders shall be performed in accordance with ANSI
N14.1 - 1995 and ISO 7195:1993(F).

8-2
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: Maintenance Program for the 30C Cylinder.

*_Maintenance of the 30C Cylinder shall be performed in accordance with
Addendum 2-2004 to ANSI N14.1-2001.

* Maintenance Program for 30B or 30C Cylinders Used For Reprocessed UF6 -

* In addition to the maintenance requirements listed above, the cylinder must be
tested annually to demonstrate a measured leak rate less than ! x 10. cm 3/sec.
The leakage rate tests are performed per ANSI N14.5-1997 using a leak test with a
test sensitivity of at least 5 x 10-8 ref-cm 3/sec;.

MAINTENANCE PROGRAM FOR THE UX-30:

8.2.1 Structural and Pressure Tests

8.2.1.1 Visual inspection of all welds shall be carried out every 6 months.

8.2.1.2 Excessive accumulations of dirt, oil, and other debris shall be removed from the
inner and outer surfaces after each use.

8.2.1.3 The dust seal and all rubber pads shall be inspected every 6 months for wear.
The dust seal shall be replaced when excessive wear renders the seal ineffective.

8.2.1.4 Inner and outer surfaces shall be inspected for penetrations every 6 months. If
any skin failure is observed, these may be repaired using a suitable stainless
steel welding procedure. Care should be taken to avoid application of heat for
an excessive duration, causing the package to change shape.

8.2.2 Leakage Tests

None.

8.2.3 Component and Material Tests

None.

8.2.4 Thermal Tests

None.

8.2.5 Miscellaneous Tests

8.2.5.1 The following inspections shall be performed to verify acceptability of the foam:

8-3
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Plastic overpack foam-filling-hole plugs should be removed every 12 months to
allow inspection of foam condition for indications of foam deterioration (e.g.,
presence of solid foam on inside of plug). Verify tight fit of plug after
replacement (plug should not turn freely by hand).

Overpacks are to be weighed every 12 months to determine if water has leaked
into the overpack. A weight gain of more than 25 pounds per base or lid is
reason for rejection (per USEC-65 1, "Uranium Hexafluoride: A Manual of
Good Handling Practices", DOE Field Office, Oak Ridge).

8.2.5.2 In addition to the requirements of Section 7.1 .1.3 to check the ball-lock pins
before each use, the pins shall also be checked for proper operation annually.

This annual check shall consist of at least:

I. Depressing the push button and verifying the ball locks operate properly and
that the push button retracts when it is released.

2. Inserting each pin into a receptacle on the UX-30 and verifying that it
properly locks into place

3. Cleaning each pin by wiping it down with a clean cloth and, if necessary,
lubricating it with a clean lightweight oil such as WD-40.

Malfunctioning ball-lock pins identified during this annual maintenance shall be
immediately removed from service.

8-4



UA - )U 3mISI~dtI~rt\ - ruujiu \V I UM•Cv. 1, L,2•uItuoJ /. U/

8.3 APPENDIX

8.3.1 Polyurethane Foam Specification ES-M-170

(Proprietary)
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Appendix 8.3.1

Polyurethane Foam Specification ES-M-170

(Not Included in Public SAR)
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Attachment 5

Suggested Changes to the Certificate of Compliance #9196

5(a)(2) Description

Overpack for 30-inch efiiiehed uranium hexafluoride (UF 6) cylinders...

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

Commercial Natural UF 6, Enriched Commercial Grade UF 6, Depleted UF 6,
Derived Enriched UF 6 or Reprocessed UF6 in Standard ANSI N 14.1 30B or
30C cylinders

(2) Maximum quantity per package
5,020 pounds of UF 6 with a U-235 isotope concentration of not more than 5
weight percent. The maximum H/U atomic ratio for the UF 6 is 0.088. For
Reprocessed UF 6, the Fission Product Gamma Activity shall not exceed
4.4E+05 MeVBq/kgU (4.4E+05 MeV/sec kgU) and the transuranic Alpha
Activity shall be less than 3.3E+03 Bq/kgU (2.OE+05 dpm/kgU)

12. Packagings may be marked with Package Identification Number USA9196/AF-96
until [two years after date of approval of the certificate] and must be marked with
Package Identification Number USA9]96/B(U)F-96 after [two years plus one day
after the date of the approval of certificate]. Any Package transporting recycled
UF6 must be marked with Package Identification Number USA9196/B(U)F-96.

14. Revision 22 of the CoC may be used until (one year after the-date of the approval
of the certificate].
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EN ERGYSOLUTIONS

AFFIDAVIT
SUBMITTED BY ENERGYSOLUTIONS

CONCERNING CONFIDENTIAL INFORMATION AND TRADE SECRETS

STATE OF SOUTH CAROLINA ]
] ss.

COUNTY OF LEXINGTON

1, Patrick L. Paquin, depose and say that I am duly authorized to make this affidavit, and have reviewed or caused to have reviewed
the information which is identified below as proprietary. The following documents, which is included with our submittal letter
E&L-034-07, Transfer of and Amendment to US Nuclear Regulatory Commission Certificate of Compliance No. 9196 For the
Model No. UX-30 Package contains proprietary information that should be withheld from public disclosure:

Attachment 3: Revised non-public SAR pagcs
Attachment 4: Review copy of revised non-public SAR pages

I have personal knowledge of the criteria and procedures utilized by EnergySolutions in designating information as a trade secret or
as confidential information of a commercial or financial nature. The infonnation it ths Safety Analysis Report contains unique
information related to design and fabrication techniques and on the nature of the foam material used as part of the structure of the
package. Detailed information including certain certification data has always been held in confidence by Energy Solutions. The
packaging design and processes used in manufacturing certain components are considered confidential information that includes
Company trade secrets incorporated into such design processes, and the data contained in the proprietary information submitted to
the Commission contains the type of information EnergySolutions regards as protected and of the type not to be disclosed to
unauthorized persons.

The information designated here as proprietary is not available from public sources. Public disclosure of this information would
cause substantial harm to the competitive position of EnergySolutions. The Company has made substantial investments in salaries
and capital equipment and has committed to refine and improve EnergySolutionýs's radioactive waste management system.
Competitors of EnergySolutions would have great difficulty in duplicating the methods developed by EnergySolutions, due not
only to the financial investment of EnergySolutions, but also to the unique skills, talents, and expertise of EnergySolutions
employees who have developed these concepts. Disclosure of this information could cause EnergySolutions io lose the financial
opportunity and business associated with this and other projects similar in nature.

Patrick L. Paquin
General Manager, Engin tng & Licensing

STATE OF SOUTH CAROLINA
sS.

COUNTY OF LEXINGTON

On this 2 2 h day of October 2007, before ine, a Notary Public in and for the State of South Carolina, duly commissioned
and sworn, personally appeared Patrick Paquin, General Manager, Engineering & Licensing for EnergySolutions, and on oath
stated that he was authorized to make this affidavit on behalf of the corporation.

IN WITNESS WHEREOF, I have set my hand and affixed my official seal the day and year first above written.

Notary Public" State of SoutfCarolina 0

140 Stoncridge Drive -Columbia, South Carolina 29210 4 d '
803.256.0450 www.encrgysolutions.coin '?. { r9O


