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MEMORANDUM TO: Istvan Frankl, Branch Chief
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Division of Engineering
Office of Nuclear Regulatory Research

FROM: Greg Oberson, Materials Engineer /RA/
Corrosion and Metallurgy Branch
Division of Engineering
Office of Nuclear Regulatory Research

SUBJECT: SUMMARY OF PUBLIC MEETING — EXPERT PANEL
WORKSHOP ON DEGRADATION OF CONCRETE IN SPENT
NUCLEAR FUEL DRY CASK STORAGE SYSTEMS

The purpose of this memorandum is to summarize the Category 3 public meeting held by staff
in the Office of Nuclear Regulatory Research (RES) to solicit technical information from a panel
of independent outside experts concerning degradation of concrete in dry cask storage systems.
The meeting was conducted on Tuesday, February 24 and Wednesday, February 25, 2015 at
the U.S. Nuclear Regulatory Commission (NRC) headquarters in Rockville, MD. The meeting
notice was issued on February 2, 2015 (ML15034A010).

Background

The NRC Office of Nuclear Materials Safety and Safeguards (NMSS) is responsible for licensing
the dry cask storage of spent nuclear fuel in the United States. Typical dry cask storage
systems (DCSS) consist of a concrete pad to support metallic storage canisters inside concrete
storage modules or overpacks. Specific licenses and Certificates of Compliance (CoCs) for
DCSS are issued under the provisions of Title 10 of the Code of Federal Regulations, Part 72
(10 CFR 72), “Licensing Requirements for the Independent Storage of Spent Nuclear Fuel,
High-Level Radioactive Waste, and Reactor-Related Greater than Class C Waste,” which
provide for an initial term of 20 years, with the option for license renewal terms of up to 40
years. NMSS has already approved a small number of Specific and CoC license renewals, but
is anticipating a greater number of applications over the next several years. Therefore, NMSS
staff are currently updating NUREG-1927, “Standard Review Plan for Renewal of Spent Fuel
Dry Cask Storage System Licenses and Certificates of Compliance,” which includes generic
guidance for aging management of structures, systems, and components important to safety. In
a separate, but related activity, the Commission directed NMSS staff in SRM-COMDEK-09-0001
to identify and evaluate regulatory and technical issues associated with the extended storage
and transportation (EST) spent nuclear fuel at time periods beyond 120 years.
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NRC staff have identified the potential degradation of concrete in DCSS as a high priority
technical issue that should be evaluated further for both license renewal and EST timeframes.
Concrete storage modules or overpacks and some storage pads are classified as important to
safety for radiation shielding and structural performance under 10 CFR 72. Operating
experience from reactor structures, DCSS, and other concrete structures indicates that a range
of chemical and mechanical processes could occur to degrade the properties of the concrete,
many of which were summarized in the NRC report, “Identification and Prioritization of the
Technical Information Needs Affecting Potential Regulation of Extended Storage and
Transportation of Spent Nuclear Fuel,” (ML14043A402), also referred to as the TIN report,
published in 2014.

Meeting Objectives

The objective of the public meeting was to elicit information from independent, external experts
concerning several issues related to degradation of concrete in DCSS. NRC staff decided to
engage outside experts because they offer a breadth and depth of knowledge and experience
beyond that of the staff, as well as unique perspectives on technical issues because of the
diversity of their professional experience. NRC staff identified a number of specific topics to
discuss with the panel of experts, aligned with information needs related to the technical bases
for the first license renewal and EST. These include potential degradation mechanisms, in-
service inspection and monitoring techniques, aging management programs, time-limited aging
analyses, and concrete remediation and repair.

Meeting Participants

Participants in the public meeting included the expert panelists, NRC staff, NRC contractors,
industry representatives, staff from Department of Energy national laboratories, and members of
the public. The meeting was structured largely as a roundtable discussion between NRC staff
and the panelists. The participation of others was limited to public comment periods at the end
of each day. The full meeting attendance sheets are attached to this meeting summary, but key
participants include the following:

Expert Panelists:
o Neal Berke, Vice President of Research, Tourney Consulting Group

e Laurence Jacobs, Professor, Georgia Institute of Technology
o Randy James, President, Anatech Corp.
e John Popovics, Associate Professor, University of lllinois, Urbana-Champaign
e Yunping Xi, Professor, University of Colorado, Boulder
NRC Staff:

e Christopher Jones, Structural Engineer, RES
e Bhasker (Bob) Tripathi, Senior Structural Engineer, NMSS
e Ricardo Torres, Materials Engineer, NMSS

NRC Contractors:
e Asadul Chowdhury, Staff Engineer, Southwest Research Institute
e Leonardo Caseres, Senior Research Engineer, Southwest Research Institute



Meeting Summary

The meeting handouts were published on February 24, 2015 (ML15051A369). A full transcript of
the meeting will be published by April, 2015, and a detailed report of the meeting will be
published in approximately June, 2015. Therefore, only a brief summary is presented as
follows, organized according to the main topics of the meeting.

Degradation Mechanisms

NRC staff and the expert panelists discussed potential degradation mechanisms that could
affect concrete structures in DCSS. The panelists reviewed the listing of degradation
mechanisms identified in the TIN report and provided feedback on whether staff had accurately
characterized the significance of those phenomena, and whether additional mechanisms that
staff did not identify should be considered. The expert panelists agreed that most of the
degradation mechanisms that are likely to affect the DCSS were identified in the TIN report.
Discussion focused on a number of phenomena that may merit further analyses to qualify the
conditions under which they occur and their significance for functionality of the DCSS. These
phenomena include salt scaling, acid and aggressive ion attack, delayed ettringite formation,
thermal desiccation, creep, corrosion of reinforcing bars, freeze-thaw cracking, radiation
damage, and alkali silica reactions (ASR).

Prevention and Mitigation

NRC staff and the expert panelists discussed prevention and mitigation strategies for
degradation of concrete structures. The panelists made distinctions between design-based
prevention and mitigation techniques that could be employed for new DCSS and strategies that
are useful for already deployed systems. Techniques that the panelists described as
appropriate for new DCSS relate to the selection of the composition for the concrete mixture,
including additives that could suppress chemical degradation, and controlled fabrication
practices to maintain the concrete properties. For currently deployed systems, panelists
provided information about the efficacy of moisture barriers, coatings, and cathodic protection.

Inspection and Monitoring

NRC staff and the expert panelists discussed in-service inspection and monitoring techniques
for concrete structures in DCSS. The panelists commented on the value and limitations of
visual examination of accessible surfaces to detect indications of degradation. They expressed
the importance of visual examination to provide a baseline reference of the concrete condition
for ongoing periodic inspections. They noted, however, that certain phenomena, such as ASR,
may progress internally before manifesting as cracking on external surfaces. Non-visual
chemical or volumetric examination techniques could provide enhanced detection capabilities,
but may not yet be technically mature or may be limited by accessibility or other challenges.
These techniques include impact-echo testing, ultrasonics, infrared thermography, and radar.
The panelists suggested that acoustic monitoring is likely to be of little utility.

Aging Management

NRC staff and the expert panelists discussed aging management of concrete structures for
DCSS. One aspect of aging management is the selection of lead cask systems for inspection
prior to license renewal. The expert panelists provided feedback on criteria that could be
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applied to select the appropriate systems or systems, based on criteria such as age,
temperature, and exposure to moisture. Another important consideration for aging management
is the time interval for examinations of accessible and inaccessible areas. The expert panelists
indicated that the inspection intervals in ACI 349.3R, “Evaluation of Existing Nuclear Safety-
Related Concrete Structures,” when considered in concert with more frequent inspections
performed under existing maintenance programs, are likely to be adequate. The panelists
noted that excavation to expose normally inaccessible surfaces, such as below grade portions
of the pad, should be judiciously employed to avoid unintentionally compromising the structural
integrity.

Repair and Remediation

NRC staff and the expert panelists discussed repair and remediation of damaged concrete
structures, such as by patching. The panelists noted that there are generally accepted criteria
for evaluating the integrity of repaired structures. The analysis of a specific repair would require
information about the function of the structure (e.g., is it intended for structural support and/or
radiation shielding), the properties of the base concrete material and repair material, and the
design life, among other factors. The panelists commented that the repair may not need to
restore the structure to its original properties at the time of construction if there is sufficient
margin to still exceed the design basis.

Public Comments

Representatives of industry and members of the public were invited to make comments at the
end of the working sessions on each day. These comments and the responses of NRC staff will
be published in the meeting transcript by April, 2015. Thematically, representatives of industry
made comments about the extent of their current inspection programs and the concrete
structure design parameters for deployed systems. Several members of the public expressed
concern that the concrete structures are not adequately designed for their intended function,
and suggested that NRC should evaluate whether factors such as high temperatures and
moisture could cause degradation more rapidly than anticipated.

Action Items

A full transcript of the meeting will be published by April, 2015, and a detailed report of the
meeting will be published in approximately June, 2015.

Enclosures:
Attendance List
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