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Abstract

This paper presents the concerns of the staff of the U.S. Nuclear Regulatory Commission (NRC) regarding vendor
and utility quality assurance (QA) oversight during the design and fabrication of spent fuel dry storage cask (DSC) systems.
Deficient QA and design control programmes have resulted in significant enforcement actions against both vendors and
utilities. In addition, the utilities, vendors, and NRC, have expended a considerable amount of resources on resolving these
problems. As a result, some utilities have been forced to explore other options for long-term storage of spent fuel, including
reracking the spent fuel pool and switching DSC vendors. Some vendors stopped fabricating DSCs until appropriate
corrective actions were implemented. This resulted in significant financial and operational burdens on both utilities and
vendors. In fiscal years 1996 and 1997, NRC reallocated resources from licensing activities to increased inspection and
enforcement activities, thus causing delays in the licensing of new DSC designs. It is imperative that vendors and utilities
learn from these mistakes and implement effective QA and DC programmes.

1. INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) began to identify declining trends in qualify
assurance (QA) and design control (DC) at several dry storage cask (DSC) vendors in the early 1990s.
Although, NRC inspections found that in most cases the vendors' QA programmes met NRC
requirements, inspectors noted that the vendors had not adequately implemented their QA programmes.
At that time, NRC issued generic information notices, specific letters to vendors, and conducted
meetings with the vendors and utilities in an effort to prevent further declines in performance.
However, problems continued.

Problems became so widespread that, in 1997, only two utilities could load spent fuel into dry
storage systems. Numerous QA and DC deficiencies that NRC identified during routine inspections of
DSC vendors and fabricators resulted in significant NRC enforcement actions which prohibited some
vendors from fabricating DSCs and some utilities from loading DSCs. In other instances, utilities
voluntarily stopped loading DSCs until the vendors and fabricators corrected the problems. It was not
until late Summer 1998 thatNRC allowed loading ofDSCs to resume.

A number of problems contributed to vendors' unacceptable QA and DC performance. The
problems can be grouped into four areas: 1) vendor failure to provide adequate QA during the design
process; 2) inadequate vendor oversight of fabrication contractors; 3) vendor failure to follow
regulatory processes to resolve both non-conformance and control design changes during fabrication;
and 4) failure of vendors to review non-conformance for generic implications and to promptly notify
system users of their findings. This paper presents NRC staff views on the root causes that led to the
decline in vendor QA and DC performance and the correcting actions taken by the vendors.

2. VENDOR FAILURE TO PROVIDE ADEQUATE QA DURING THE DESIGN PROCESS

The most safety-significant issues arose because vendors failed to implement effective QA
during the design process. In May 1996, an ignition of hydrogen gas occurred while a worker was
welding a closure lid on a DSC. The hydrogen was generated when the coating, used to protect the
carbon steel cask from the borated water in the spent fuel pool (SFP), reacted with the boric acid in the
pool. NRC later discovered that during the design process the vendor had not adequately assessed the
coating for this application. In another instance, as the result of NRC enforcement actions, a vendor
performed a design review and identified that the design calculations performed to support the safety
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analysis report (SAR) design basis, did not support the conclusions in the SAR. No DSCs of this design
were loaded until the vendorreanalyzed the design and made necessary modifications.

In December 1996, shortly after the welds were completed on a DSC, cracking was identified in
the cask closure welds. Further investigation revealed that over 20 percent of this type of DSC had
experienced some type of cracking during the welding of closure lids. The vendor found that the SAR
lacked sufficient detail on weld parameters to ensure the completed welds met the design basis. This
issue took over 18 months to resolve during which time no utilities were allowed to load DSCs of this
design.

3. INADEQUATE VENDOR OVERSIGHT OF FABRICATION CONTRACTORS

NRC identified a significant number of instances in which vendors did not perform appropriate
QA reviews of contractors during the fabrication of dry storage systems. As a result, it was later
discovered that some fabrication contractors had not fully complied with all design documents and
applicable industry codes during the fabrication process. For example:

• In 1994, a utility identified defects in the seam weld of a DSC containment boundary.
The utility discovered the defects while reviewing contractor radiographs, after the DSC
was loaded with spent fuel and placed in service. Had the vendor properly implemented
its QA programme, the defects would have been discovered and corrected before the
DSC was placed in service.

• In 1995, a DSC containing a seam weld that did not meet the minimum wall thickness
was placed in service. Had the vendor provided adequate oversight of the contractor's
fabrication process, this defect would have been discovered and corrected before the
DSC was placed in service.

• In 1996, NRC identified that concrete aggregate and paint used to fabricate DSCs did
not meet the design basis approved by NRC. In this case, design requirements set forth in
the licensing basis documents were not accurately transferred to fabrication documents
by fabrication contractors, and the vendor did not review the fabrication documents.
NRC discovered this problem before theDSC was placed in service.

Although none of these problems involved significant public health and safety concerns, these
and numerous other problems indicated an overall weak effort by the DSC industry to provide adequate
QA during the fabrication of DSCs. NRC determined it was prudent to take enforcement action to
preclude the recurrence of these problems. Subsequently, NRC issued two of the vendors Demands for
Information (Demand). A Demand is an enforcement tool NRC uses to request a vendor to show cause
as to why, in light of the facts set forth in the Demand, NRC should not Order the vendor to suspend
fabrication and/or design activities untilNRC's concerns are resolved.

4. INADEQUATE RESOLUTION OF NON CONFORMANCE AND DESIGN CHANGES DURING
FABRICATION

Another problem that NRC identified, involved inadequate vendor and utility evaluations of non
conformance identified during the review of design changes. All utilities have the authority to make
changes to the SAR, provided the changes do not affect license conditions or constitute safety questions
that NRC has not reviewed. Utilities and vendors routinely make changes to the DSC designs for
various reasons, including utility-specific needs and fabrication considerations. However, NRC has
identified numerous instances in which the proper regulatory processes for making changes were not
followed.

NRC regulation 10 CFR 72.48 provides a requirement and an evaluation process for utilities to
determine if design changes require NRC approval before implementation. Notwithstanding the
regulatory requirement, in many instances vendors and utilities would dispose of minor, one-time,
changes to drawings referenced in the SAR, without adhering to 10 CFR 72.48 requirements. During
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review and approval of a DSC design, NRC relies not only on the text of an SAR, but also on the
drawings referenced in the SAR. Material or dimensional changes to drawings that do not involve
changes to the text of the SAR may seem minor, but may have significant impacts on the design basis
and behaviour of the DSCs under both normal and accident conditions.

This problem became so widespread that NRC issued Information Notice 97-39, "Inadequate 10
CFR 72.48 Safety Evaluations of Independent Spent Fuel Storage Installations", dated 26 June 1997, to
alert the industry to the breadth of this concern. The Information Notice stated that DSC:

... "is a passive system in which its structural, criticality-control, thermal, and shielding
performances depend on the detailed drawings and descriptions provided as the design bases
in the SAR. It is important that the licensee perform an adequate 10 CFR 72.48 safety
evaluation of any modification in the independent spent fuel storage installation SAR or DSC
SAR, including any changes in dimensions, materials, and procedures. In addition, one-time
changes to the independent spent fuel storage installation (ISFSI) SAR or the DSC SAR
constitute a modification that also requires an adequate 10CFR 72.48 safety evaluation ".

In 1998, NRC identified two instances where, because of inadequate 10 CFR 72.48 safety
evaluations, utilities did not recognize they were required to seek license amendments from NRC. The
first instance involved a design deficiency that represented a malfunction of equipment important to
safety that had not previously been evaluated in the SAR. The second instance involved the loading of
core components, other than spent fuel, into a DSC. The loading of core components was not permitted
under the utility's license to operate its ISFSI. These issues concern NRC, because they represent
licensee failure to properly implement the requirements of 10 CFR 72.48 and therefore, to identify
safety-significant deviations from their licensing bases.

5. FAILURE TO REVIEW NON-CONFORMANCE FOR GENERIC IMPLICATIONS

NRC is concerned that vendors have not adequately reviewed non-conformance for generic
implications and notified all users of deficiencies in a timely manner. NRC has identified cases in
which non-conformance appear to be addressed on a case-by-case basis. Some vendors have not
notified NRC, nor utilities using the systems, of generic design and operational concerns. Examples of
generic issues that vendors did not properly evaluate nor communicate to the utilities are:

• A vendor did not communicate to user utilities discrepancies in the SAR associated with
the selection of concrete aggregate used to fabricateDSC concrete storage components;

• A vendor did not communicate that certain conditions contained in a DSC Certificate of
Compliance (COC) did not adequately bound SFP operating conditions at utilities using
the DSC. Further, the vendor failed to requestNRC for an amendment to the COC;

• A vendor did not identify the generic implications of welding problems associated with
DSC closure welds;

• A vendor did not address the generic implications of fabrication errors that resulted in a
utility using a DSC that did not meet the minimum wall-thickness requirements.

NRC is very concerned that vendors have failed to identify generic issues and communicate them
to DSC users. NRC expects vendors and utilities to identify problems and requires them to implement
appropriate corrective actions to resolve problems. If vendors are finding problems but not notifying
utilities of those problems, a utility cannot implement corrective actions. The result is that DSCs that do
not meet their design bases may inadvertently be placed in service.

6. ROOT CAUSE AND CORRECTIVE ACTIONS

Both vendors that received Demands from NRC contracted independent entities to perform
assessment of the effectiveness of their QA and corrective action (CA) programmes. The assessments
identified numerous problems throughout the vendors' QA and CA programmes. Although some of the

235



KOBETZ et al.

problems were specific to just one vendor, several problems were common to both. The following is a
sample of the most significant findings common to both vendors:

• Inexperience in implementing 10 CFR Part 72, "Licensing Requirements for the
Independent Storage of Spent Nuclear Fuel and High-Level RadioactiveWaste";

• Inadequate management attention to emerging issues and problems;
• Inadequate management attention to theQA and CA programmes;
• Inadequate staffing and training;
• Inadequate root cause analysis programme, including analysis of problems for generic

implications.

In response to these findings, both vendors receiving Demands initiated extensive recovery
programmes. The following are examples of corrective actions common to both programmes:

• Reorganizing and also replacing several senior managers;
• Hiring additional staff;
• Augmenting corrective action programmes to clearly define staff roles and

responsibilities;
• Establishing mechanisms to allow better vertical flow of information up to

senior managers and flow of management expectations to staff;
• Performing detailed design reviews to identify issues that may have been

previously missed.

7. CONCLUSION

Since 1992, the nuclear DSC industry has made progress in improving QA and CA programmes.
Utilities have become more involved in assuring the quality of the DSCs they are purchasing. Most
utilities have dedicated teams to oversee QA during DSC design and fabrication. Recently, utilities
have instituted the use of the Nuclear Utilities Procurement Issues Committee to perform independent
audits of the various DSC designers. Overall, NRC has seen improvements in the design and
fabrication ofDSCs.

However, these improvements have not been without a cost. Some vendors have declared
bankruptcy and been purchased by competitors. Utilities have had to delay loading of DSCs until
design and fabrication deficiencies were corrected. In some cases, as a result of not being able to load
DSCs, certain plant maintenance activities had to be delayed because there was insufficient room in the
SFP to completely unload fuel from the reactor core. Delays have occurred in licensing new DSC and
transportation applications because NRC staff had to temporarily be reallocated to the inspection of
DSC design and fabrication and the corresponding enforcement action that ensued.

It now appears that the industry has turned the corner in QA. However, vendors and utilities need
to be ever vigilant for problems to avoid further delays in the licensing, fabrication, and use oDSCs.
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