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SPENT NUCLEAR FUEL MULTI-CANISTER OVERPACK

DESIGN VERIFICATION SUMMARY

PURPOSE

The purpose of this document is to provide a summary of the design verification
activities that have been performed on the Spent Nuclear Fuel (SNF) Multi-
Canister Overpack (MCO) design and to identify the design verification methods
that will be used for design changes during fabrication.

BACKGROUND

Design of the MCO was initiated in the fall of 1995 and was completed in the
spring of 1999 after numerous revisions to the design criteria. Throughout this
period, various design verification methods, including Independent Review,
Alternate Calculations, and Qualification Testing were used to provide assurance
that the design complied with technical requirements. The technical baseline
requirements for the MCO are contained in HNF-S-0426, Performance
Specification for the SNF Multi-Canister Overpack.

Appendix A to this summary is a matrix listing the technical baseline
requirements from the MCO Performance Specification, corresponding
verification methods employed, and documentation to support the verification
activity.

VERIFICATION METHODS

The following three design verification methods were used:

3.1 Independent Review

Multiple independent design reviews were held as the MCO design progressed
from the Phase I (Conceptual) design through Phase II (Final) design. Subsequent
to Phase II design, the design was modified to accommodate changes to the
pressure rating, and additional independent reviews were held.

The design reviews conducted included representatives from all interfacing SNF
organizations (e.g., subproject Design Authorities, Nuclear Safety, Operations,
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Environmental, Radiological Protection, Quality assurance, welding engineers,
NDE, etc.) and representatives from the US Department of Energy, Richland
Operations {DOE-RL) together with their Technical Advisory Group. In addition
to these reviewers, an Independent Review Team was established to provide
expert review from qualified personnel outside of the SNF organization. These
independent reviewers included personnel with ASME Code, materials, and
structural engineering experience. At each design review, reviewers were
instructed to review the design media for conformance with the requirements in
the applicable revision of the MCO Performance Specification. Design features
that addressed functional criteria not quantified in the Pérformance Specification
were reviewed by the interfacing subproject design authorities and analysts to
determine their acceptability.

Independent Design Reviews were performed on the MCO design in accordance
with SNF procedure AP 6-027, which implements the verification requirements of
HNF-PRO-1819. Independent design reviews were held at the following design
stages:

Phase I - MCO 50% Design
Phase I - MCO 90% Design
Phase 11 - MCO 60% Design
Phase II —~ MCO 90% Design
Phase 1 — MCOQO 100% Design
450 psig Design Change
450/150 psig Design Change

Both the Phase I and Phase II design reviews included the fuel baskets which are
stacked inside the MCO. The baskets were not modified with the pressure rating
changes to the MCO.

Reviewers commented on various aspects of the design, and their comments
where recorded on Review Comment Records (RCRs). The Design Agent
dispositioned comments pertaining to the design documents while the MCO
Project Team provided dispositions for comments pertaining to the design
requirements. Dispositioned RCRs were then returned to the reviewers for
concurrence and approval signatures.

A compilation of the design review documentation is contained in HNF-5222,
MCO Design Review Completion Report.

3.2 OQualification Testing

As the MCO design evolved and prototypes were fabricated, numerous testing
activities were performed to demonstrate the MCO design’s compliance with
performance requirements. Test plans were issued identifying test methods,
procedures, and acceptance criteria, and test reports were issued to document test
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results. Most of the testing was completed at the 305/306 laboratories at the
Hanford site. Tests performed under the direction of the MCO Project include:

Prototype Fuel Basket Loading Tests

Mechanical Closure Prototype Tests

Shield Plug Threaded Components Torque/Gall Tests

Shield Plug C-seal Tests

Final Basket Stacking, Process Tube Insertion and Basket Removal
Tests

o Final Shield Plug Seal Leakage Test

In addition to MCO testing peformed by the MCO Project, a full scale proof of
performance (first article) test was conducted on the Cold Vacuum Drying (CVD)
process equipment. A prototype MCO was used in the test to determine the
MCO’s performance during the CVD process. Various other informal tests have
been conducted to verify the interface of the MCO with the transport cask, the
MCO Handling Machine, lifting grapples and fixtures, tooling, and leak test
fixtures.

33 Alternate Calculations

A significant number of analyses have been performed to demonstrate the
performance and safety of the loaded MCO during various lifecycle steps from
loading at K Basins through final sealed storage at the Canister Storage Building
(CSB). These analyses involve thermal modeling, gas composition determination,
drying performance evaluations, corrosion evaluations, pressure relief sizing, and
shielding evaluations. As these analyses were based on materials and
configurations of the MCO design, they serve as verification that the MCO will
perform adequately at K Basins, during transport, at the CVD, and at the CSB.

VERIFICATION OF DESIGN CHANGES

Whiie it is not anticipated that significant design changes will be made during
MCO fabrication, there may be minor modifications to accommodate fabrication
techniques or to incorporate improvements. The MCO Design Authority has
responsibility for ensuring that all design changes are compliant with technical
requirements and that design verification is performed in accordance with
governing procedures. Independent reviews of the design changes wiil be
performed and documented for modifications to the MCO Fabrication
Specification and MCO design drawings. Evidence of the independent review will
be documented on the Engineering Change Notice accompanying the changed
document or drawing. Consistent with earlier practice, any modifications that
have the potential to impact interfacing SNF subprojects will be presented to the
subproject’s Design Authority for review prior to implementation.
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Should a design change present a question regarding functional performance,
additional qualification testing will be performed as determined necessary by the
MCO Design Authority and MCO Project Manager.

CONCLUSION

Design verification methods applied to the MCO design included Independent
Review, Alternate Calculations, and Qualification Testing. Results of these
verification activities are documented in test reports, analyses, calculations,
assessments, and design review completion reports as listed in Appendix A. Any
future design changes will be verified by performing Independent Reviews and
Qualification Testing, as necessary.
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APPENDIX A

DESIGN VERIFICATION MATRIX
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