
November 2, 2004

 

Dr. K. P. Singh
President and CEO
Holtec International
555 Lincoln Drive West 
Marlton,  NJ 08053

SUBJECT: NRC INSPECTION REPORT NO. 72-1014/04-202

Dear Dr. Singh:

From September 27 through October 1, 2004, the U.S. Nuclear Regulatory Commission (NRC)
conducted an announced inspection at the Holtec International (Holtec) offices in Marlton, NJ.  
The purpose of the inspection was to examine design and quality assurance (QA) activities to
determine if they were performed in accordance with the requirements of 10 CFR Parts 21 and
72, the certificate of compliance, the applicable safety analysis report, and the NRC-approved
QA program.  Within these areas, the inspection consisted of selected examinations of
procedures and representative records, observations of activities, and interviews with
personnel.  The enclosed report presents the results of this inspection.

Overall, as a result of the inspection, the team assessed that design and QA activities were
adequate and met regulatory requirements.  However, a weakness was identified in Holtec’s
follow through on a recommendation contained in a Holtec research report.  The research was
conducted in response to an issue identified at Columbia Generating Station regarding
hydrogen generation from Boral used in Holtec canisters.  You are requested to provide the
NRC information concerning your decision to not implement the recommendation and to not
revise the Final Safety Analysis Report to reflect the new information.

Sincerely,
/RA/

Robert J. Lewis, Section Chief
Transportation and Storage Safety and
  Inspection Section
Spent Fuel Project Office
Office of Nuclear Material Safety
  and Safeguards

Docket No.  72-1014

Enclosure:  NRC Inspection Report No. 72-1014/04-202

cc:  J. Lipoti, New Jersey Department of Environmental Protection
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U.S. NUCLEAR REGULATORY COMMISSION
Office of Nuclear Material Safety and Safeguards

Spent Fuel Project Office

Inspection Report

Docket: 72-1014

Report: 72-1014/04-202

Certificate Holder: Holtec International
555 Lincoln Drive West
Marlton, NJ 08053

Date: September 27 through October 1, 2004

Inspection Team: Frank Jacobs, Team Leader, SFPO
James Pearson, Safety Inspector, SFPO
Antonio Dias, Technical Reviewer, SFPO
 

Approved by: Robert J. Lewis
Transportation and Storage Safety
  and Inspection Section
Spent Fuel Project Office
Office of Nuclear Material Safety
  and Safeguards



2

EXECUTIVE SUMMARY

Holtec International
NRC Inspection Report 72-1014/04-202

From September 27 through October 1, 2004, the U.S. Nuclear Regulatory Commission (NRC)
conducted an inspection at the Holtec International (Holtec) office located in Marlton, NJ.  The
team inspected Holtec’s activities associated with spent fuel storage to determine if they were
conducted in accordance with the requirements of 10 CFR Parts 21 and 72, and Holtec’s NRC-
approved quality assurance (QA) program.

Overall, as a result of the inspection, the team assessed that design and QA activities were
adequate and met regulatory requirements.  However, a weakness was identified in Holtec’s
follow through on a recommendation contained in a Holtec research report. 

In a previous inspection of Holtec in April 2003 regarding unexpected hydrogen generation
during cask loading activities at Columbia Generating Station, Holtec provided information to
the NRC concerning the source of the hydrogen generation.  This same information is currently
in the HI-STORM and HI-STAR Final Safety Analysis Reports (FSARs).  Subsequent to the
April 2003 inspection, Holtec laboratory research on Boral was completed and a proprietary
report was written that contained new information regarding the generation of hydrogen from
Boral and listed three specific recommendations.  This new information, developed by the same
Holtec staff that developed the initial information, is not reflected in the FSARs and one of the
recommendations has not been implemented.  Holtec did not provide the inspection team any
documented records regarding the evaluation and disposition of the report findings and
recommendations.  The lack of records documenting Holtec’s evaluation and resolution of the
differences between initial Boral information provided to the NRC and included in Final Safety
Analysis Reports (FSARs), and the final research information documented in Holtec Report
HI-20033067, indicated a weakness in Holtec’s nonconformance controls.

REPORT DETAILS

1.  Background

The NRC last performed a full programmatic QA inspection of Holtec in September 2001
(reference Inspection Report (IR) 72-1014/01-201 dated October 22, 2001).  That inspection
identified several concerns over Holtec’s QA program implementation, primarily in the areas of
adequacy of and compliance to procedures.  Five violations were cited in the Notice of Violation
(NOV) attached to IR 72-1014/01-201.  Subsequent to the issuance of IR 72-1014/01-201, a
followup inspection was performed May 6-9, 2002 (reference IR 72-1014/02-202 dated May 14,
2002) to assess the adequacy of Holtec’s corrective actions to the issues cited in the IR 72-
1014/01-201 NOV.  Based on that inspection, the NRC closed the open inspection findings
based on the actions taken and planned by Holtec.
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2.  Inspection Scope

The purpose of the current inspection was to assess Holtec’s compliance with 10 CFR Parts 21
and 72, and to verify that Holtec’s spent fuel storage casks comply with their associated NRC
Certificate of Compliance (CoC) requirements.  The focus of the inspection was to determine
whether Holtec’s management, design, and fabrication controls were in accordance with their
NRC-approved QA program, and the applicable safety analysis report and CoC for the
approved cask design that Holtec maintains.  The team reviewed procedures and instructions;
inspected selected documents, records, and drawings; verified personnel training and
qualifications; and interviewed personnel responsible for various activities.

2.1 Inspection Procedures Used

60851, “Design Control of ISFSI Components”
60857, “Review of 10 CFR 72.48 Evaluations”
NUREG/CR 6314, “Quality Assurance Inspections for Shipping and Storage Containers”

2.2 List of Acronyms Used

AVL Approved Vendor List
CFD Computational Fluid Dynamics
CFR Code of Federal Regulations
CoC Certificate of Compliance
DVC Design Verification Checklist
ECO Engineering Change Order
FSAR Final Safety Analysis Report
HQP Holtec Quality Procedure
HSP Holtec Standard Procedure
kW kilowatt
LAR Licensing Action Request
M&TE Measuring and Testing Equipment
MIC Material Inventory Control
MPC Multipurpose Canister
NCR Nonconformance Report
NIAC Nuclear Industry Assessment Committee
NJ BNE New Jersey Bureau of Nuclear Engineering
NOV Notice of Violation
NRC Nuclear Regulatory Commission
NUPIC Nuclear Procurement Issues Committee
PSEG Public Service Electric & Gas
QA quality assurance
QPV Quality Program Violation
QPVF Quality Program Violation Form
SCAQ Significant Condition Adverse to Quality
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2.3 Persons Contacted

The team held an entrance meeting with Holtec personnel on September 27, 2004, to present
the scope and objectives of the NRC inspection.  On October 1, 2004, the team held an exit
meeting with Holtec to present the preliminary results of the inspection.  The individuals present
at the entrance and exit meetings are listed below in Table 1.

Table 1
Entrance and Exit Meetings Attendance

NAME AFFILIATION ENTRANCE EXIT

Antonio Dias NRC X X

Frank Jacobs NRC X X

James Pearson NRC X X

Stefan Anton Holtec X

Pankaj Chaudhary Holtec X X

Bernard Gilligan Holtec X  

Eric Lewis Holtec X 

Indresh Rampall Holtec X

Everett Redmond Holtec X  

Evan Rosenbaum Holtec X X

Kris Singh Holtec X

Alan Soler Holtec X X

Mark Soler Holtec X X

David Kunsemiller PSEG X

Elliot Rosenfeld NJ BNE X X

Dennis Zannoni NJ BNE X

3.  Inspection Details
  
3.1  Management Controls

3.1.1  Scope

The inspection of management controls focused on the areas of QA policy (how Holtec
implements their NRC-approved QA program), nonconformance controls, documentation
controls, and audit program.   
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3.1.2  Observations and Findings

3.1.2.1  QA Policy

The inspector conducted reviews of Holtec’s quality manual, policies, plan, and procedures, and
discussed portions of the reviewed documents with selected employees to determine whether
activities subject to 10 CFR Part 72 were adequately controlled and implemented under
Holtec’s NRC-approved QA program.  The inspector also interviewed specific Holtec QA
personnel and assessed they had appropriate independence from cost, schedule, and
production activities.

The inspector reviewed procedures and documents regarding the dedication of materials and/or
services.  The inspector noted that procedures adequately controlled the dedication process,
and the purchase orders contained the appropriate detail and direction for the supplier.  The
inspector assessed from a sample review of purchase orders and associated documentation
that Holtec material dedications were acceptable.

The inspector reviewed procedures and documents regarding training, qualification, and
certification of personnel.  The inspector interviewed the QA Manager in regard to planned
training, implemented training and the dissemination of information to the necessary personnel
in a timely manner.  The inspector also questioned another manager, a project manager, and
an engineer as to what training they receive and how that training is communicated to them.  All
personnel interviewed described the same process for receiving annual training and how the
system used does not allow the respective personnel to access their respective procedures to
perform their work until the training activity is completed.     

3.1.2.2  Nonconformance Controls

The inspector reviewed Holtec Quality Procedure HQP-16.0, “Conditions Adverse to Quality
and Corrective Action,” Revision 12, the Quality Program Violation Form (QPVF) log, and
selected QPVFs.  The inspector observed that certain fields on the electronic QPVF form,
including the description of the violation and the Significant Condition Adverse to Quality
(SCAQ) evaluation, could be modified until the point at which the QA Manager initially signed
the form (electronically).  The original content of the QPVF was not retained as a record.  The
QA Manager explained the practice allowed the QA Manager to consult with the QPVF
originator or appropriate technical personnel if necessary to ensure the issue was clearly and
accurately characterized prior to evaluation for determination of corrective action.  This practice
was not contrary to Holtec quality procedures.

The inspector reviewed Holtec’s Quality Assurance Program Status reports for the year 2003
and midyear 2004.  The 2003 report noted a decrease of 11.6% in QPVs from the year 2002. 
The midyear 2004 report indicated there was no negative trend.  The status reports appeared
to adequately analyze data for deficiencies and trends.

The inspector reviewed HQP-15.1, “Reporting of Defects and Noncompliances per 10CFR21,”
Revision 9.  The inspector noted that the procedure contained a definition of “safety-related,”
but unlike other procedures, it did not contain a definition of “important to safety” or “safety-
significant” (a Holtec term encompassing both safety-related and important to safety).  The QA
Manager stated he would add the missing definitions to the next revision of the procedure. 
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During the inspection the inspector noted that a sample of Holtec purchase orders all contained
appropriate Part 21 requirements.

The inspector followed up a finding from an inspection at Holtec in April 2003, regarding
unexpected hydrogen bubbles being released during cask loading activities at Columbia
Generating Station.  During that inspection, Holtec provided information on research being
performed by Holtec’s scientist regarding the causes and variables associated with the
production of hydrogen in the Boral material used in Holtec’s dry cask storage canisters.  The
NRC inspection team concluded at that time that Holtec’s 72.48 process and other actions
regarding the Columbia loading were acceptable, but that Holtec had violated 10 CFR 72.146 in
that the use of Boral had not been tested under the most adverse design conditions.  Holtec
provided a response to the NRC regarding the Notice of Violation.  Subsequently, the final
results of Holtec’s research were documented in Holtec Report HI-20033067, “An Experimental
Investigation into the Behavior of Boral for Spent Fuel Storage Applications,” dated November
11, 2003.  The report listed three specific recommendations concerning (1) the length of time
the Multipurpose Canister (MPC) is immersed in the spent fuel pool, (2) the exhausting or
purging of combustible gases, and (3) a Boral qualifier test.

While the latter two recommendations were incorporated into Holtec’s processes, the inspector
noted that Holtec had not implemented the report’s first recommendation to modify operational
procedures to limit the length of time the MPC is immersed in the spent fuel pool.  Holtec did
not provide the inspector any documentation discussing or justifying that decision.  The QA
Manager, Dry Storage Program Manager, and Wet Storage Program Manager (who was the
Boral Project Manager at the time the report was issued) were interviewed about the decision. 
All stated they remembered discussing the issue and deciding not to implement the
recommendation, but could not recall any documentation regarding the decision.

Holtec also had not modified the HI-STAR and HI-STORM FSARs to reflect the findings of the
report with respect to the mechanisms for the generation of hydrogen.  The FSARs contained in
detail the description discussed at the April 2003 inspection and documented in Holtec’s
response to the Notice of Violation, but did not contain any of the relevant new research
information developed by the same Holtec scientist.  While the text of the FSAR may have not
excluded the possibility of other sources of hydrogen generation, a reader could infer that all
identified mechanisms had been discussed.

Regarding the recommendation concerning combustible gases, the HI-STAR and HI-STORM
FSARs were modified June 3, 2003, to require exhausting or purging of the space beneath the
MPC lid prior to and during applicable loading and unloading operations, in addition to an
existing FSAR requirement to monitor the area for combustible gases during those activities.

Regarding the recommendation concerning a Boral qualifier test, procured Boral was being
tested to Holtec Standard Procedure HSP-12, “Boral Testing Procedure for Dry Storage
Application,” currently at Revision 4, which satisfies the requirements of Chapter 5 of the report. 
The stated purpose of HSP-12 is to confirm acceptability of Boral for dry storage application. 
The procedure included a physical integrity test.  While the report HI-20033067 revealed a
material behavior “not encountered before,” it is presumed that the testing implemented by
Holtec in procedure HSP-12 for all procured Boral would identify any material exhibiting this
behavior.
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The information provided to the NRC during the inspection in April 2003 was preliminary as the
laboratory testing was still in progress.  In the response to the Notice of Violation, Holtec stated
that if the results of the testing revealed additional corrective actions should be taken to
address hydrogen generation from Boral or risk to the physical integrity of Boral while in
service, they would be implemented in a timely manner, consistent with their safety significance. 
The lack of records documenting Holtec’s evaluation and resolution of the differences between
the initial information provided by Holtec’s scientist and included in the FSARs, and the final
research information provided by the same person in Holtec Report HI-20033067, is assessed
to be a weakness in Holtec’s nonconformance controls.

3.1.2.3  Documentation Controls

The inspector reviewed procedures and documents regarding the control of documentation. 
The inspector toured the Holtec records storage facility and discussed the capture of records on
electronic media with Holtec personnel.  No concerns were identified and the inspector
assessed that Holtec’s document controls were adequate and being properly implemented.

3.1.2.4  Audit Program

The inspector reviewed internal and external audit packages which included audit checklists,
audit reports, and associated documentation evaluated during the audit activity.   The inspector
reviewed audit schedules and auditor qualifications for selected QA personnel, and reviewed
procedures and documents regarding internal and external audits.

The last two internal audit reports appeared to be in-depth and thorough.  One finding was
identified concerning incorrect drawing revision numbers in two Engineering Change Orders
(ECOs) .  The Nuclear Procurement Issues Committee (NUPIC) audit performed May 17-21,
2004, identified two audit findings, six areas for improvement, and one procedural
noncompliance.  The two findings concerned failure to issue a Nonconformance Report (NCR0
for Measuring and Testing Equipment (M&TE) found to be out of tolerance, and failure to audit
Holtec’s QA program in use at their research facility in Palm Harbor, Florida.  Both were
corrected and closed prior to issuance of the audit report.  The procedural noncompliance was
for not following procedure HQP 15.1 for reporting a potential Part 21 defect in Aalborg flow
meters.  The external audit of U.S. Tool & Die resulted in four QPVs concerning purchase order
content, quality plans, Material Inventory Control (MIC) number, and calibration frequencies.

The inspector reviewed two vendor audits for sources on Holtec’s AVL.  One vendor audit was
performed by Holtec and had one finding and one observation.  The finding was followed and
properly closed out.  The other audit was performed by a Nuclear Industry Assessment
Committee (NIAC) member with no findings.  Both audits used the NIAC audit checklist and
appeared to be in-depth and thorough.

The inspector assessed that Holtec’s audit program was adequate.

3.1.3  Conclusions

Overall, the team assessed that Holtec’s QA policy, nonconformance controls, document
controls, and audit program were adequate and properly implemented.
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The lack of records documenting Holtec’s evaluation and resolution of the differences between
initial Boral information provided to the NRC and included in the FSARs, and the final research
information documented in Holtec Report HI-20033067, indicated a weakness in Holtec’s
nonconformance controls.

3.2  Design Controls

3.2.1  Scope

The inspector reviewed Holtec’s procedures governing design controls and design change
controls, reviewed selected design change packages, and interviewed Holtec personnel
involved in the design control process.

3.2.2  Observations and Findings

3.2.2.1  Design Development
 
The inspector verified that design responsibilities were assigned appropriately and verified that
acceptable reviews were being performed by the responsible parties.  The inspector interviewed
personnel at the manager, project manager, and engineer levels.  These interviews provided a
basis for the acceptable determination by the inspector for the qualification of the personnel as
well as their ability to use the electronic system Holtec uses for document distribution, tracking,
and design development and control.  The interviews also provided the inspector with the
personal insight from the actual engineer performing design control activities.

3.2.2.2  Modifications

The inspector reviewed a draft of ECO 5014-89 in addition to the design documents noted
elsewhere in this report and a sample of Design Verification Checklists (DVCs) used during the
verification of new and modified design reviews.  The inspector noted that DVCs are used for
calculation and report verification of appropriate administrative, quality, and technical
perspectives and concerns.  The inspector determined that the DVCs are reviewed by a
principal reviewer after completion by the author. The inspector also noted that DVCs were not
required where the design would be tested by a qualification test.

The inspector examined samples of recent applications of 72.48 design changes, some of
which were “screening only” and others which required “full examination.”  The inspector
interviewed some engineering staff and concluded that the QA procedures were adequate and
being followed.  

The inspector reviewed supporting documents and interviewed two thermal engineers regarding
a discrepancy in allowable heat loads for vacuum drying between HI-STORM FSAR
Amendment 1 (CoC issued on July 15, 2002) and proposed Amendment 2.  The inspector
found the following:

In February 2002, QPVF 182 was issued with the proposal to replace the network resistance
analogy used to calculate effective conductivities for the wall/Boral/sheathing region by a finite
element approach using the ANSYS computer code.  The justification for the proposed change
was that the original method used in Amendment 0 contained a nonconservative embedded
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assumption, yielding upper-bounded conductivity values.  Additionally, the use of ANSYS
allowed a more automatic data generation procedure.  However, when License Amendment
Request (LAR) 1014-1 (Amendment 1) was developed, the Holtec engineers did not upgrade
the vacuum drying thermal models to use ANSYS.  Instead, the models were calculated using
the network resistance analogy data as was done in amendment 0.  In fact, the same FLUENT
input files used for Amendment 0 were applied for Amendment 1, with the exception of a higher
decay heat (from 22 kW to 28 kW).  The text of LAR 1014-1, however, indicated that an
ANSYS finite element approach was being applied.

As part of the modifications for LAR 1014-2 (Amendment 2), Holtec sought to migrate all its
calculations from FLUENT 4 (which did not allow fully coupled Computational Fluid Dynamics
(CFD) calculations) to FLUENT 6.  At that time, the vacuum drying models were rewritten,
including the use of finite-element generated wall/Boral/sheathing data.  The resulting
maximum decay heat limit for the vacuum drying option was then evaluated as 18 kW, which
was much lower than the 28.74 kW proposed in the already approved Amendment 1.

The discrepancy in allowable heat loads between Amendments 1 and 2 was documented by
Holtec in QPVF 296 in February, 2004.  Holtec initially attempted to use 10 CFR 72.48 to
evaluate changes to the model (removal of conservatism and different version of FLUENT) with
results that came out closer to the desirable heat load limits, but the client (Energy Northwest)
disagreed with that approach.  The investigation that followed revealed the error that had been
made when generating Amendment 1 (using the same vacuum drying methodology as in
Amendment 0 despite what the supporting text indicated) and Amendment 2 (switching to
FLUENT 6 with very conservative assumptions for the vacuum drying model).  It also brought
into question the validity of the adoption of the finite element approach of QPVF 182.  After
revisiting the homogenization procedure for the wall/boral/sheathing region, Holtec concluded
that the finite element approach was overly conservative when compared to the network
analogy approach, especially when vacuum conditions were being considered.  The
heterogeneity of the region was being misrepresented by forcing homogeneous temperature
distributions along its boundaries.  When helium is present, the difference between the two
processes (network analysis vs. finite element) is small.  The presence of a poor conducting
medium (vacuum) enhances the difference among results from the two approaches.  Holtec
then concluded that NRC-approved Amendment 1 was correct, although not as conservative as
the being-reviewed Amendment 2.  The only problem with Amendment 1 was that the text in
FSAR Chapter 4.5 indicated one approach for homogenizing the wall/Boral/sheathing region
when, in fact, the proposed decay heat limits table had been generated with models relying on
an earlier homogenization procedure.

In the current review process of Amendment 2, Holtec has retracted its thermal calculations,
replacing the proposed thermal chapter for Amendment 2 by the already approved version in
Amendment 1.  The vacuum drying heat load limit now reads 28.74 kW.

The discrepancy between the text and the vacuum drying data in the current FSAR (reflecting
Amendment 1) will soon be corrected, as indicated by Holtec during the exit meeting for this
inspection.  A soon to be provided supplement to LAR 1014-2 will have the proper text when
describing vacuum drying modeling in Chapter 4.5.  As the review process of Amendment 2
comes to an end, the resulting FSAR will show agreement between methodology and limiting
decay heat data for the vacuum drying process.
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3.2.3  Conclusions

Overall, with the exception of the vacuum drying heat load issue, the team assessed that Holtec
design procedures were adequate and that Holtec designs were being adequately controlled.

3.3  Fabrication Controls

3.3.1  Scope

The inspector reviewed selected material procurement procedures and records.
 
3.3.2  Observations and Findings

The inspector noted that procedures provided adequate guidance for the associated activities. 
The inspector determined that Holtec personnel were properly procuring material and services
to provide control for fabrication activities.  The purchase orders reviewed contained
appropriate detail.  The inspector also verified from the sample of calibrated equipment that the
appropriate entities were on Holtec’s AVL for the time period to support the calibration activities.

3.3.3  Conclusions

The team assessed that Holtec’s controls in the area of fabrication were adequate.

4.  Exit Meeting

An exit meeting was conducted by the team with Holtec personnel on October 1, 2004.  The
team’s preliminary findings and assessments were presented at the meeting.  Holtec
management personnel at the meeting acknowledged the team’s findings and did not state any
disagreement with the preliminary findings and their characterization.


