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ABSTRACT

This report contains the information presented at the Advisory Committee on Reactor
Safeguards Workshop on Future Reactors held at the Nuclear Regulatory Commission
headquarters in Rockville, Maryland, on June 45, 2001. Included are the subject matter
summaries, followed by the presentation material and selected participants discussions.

The primary purpose of the workshop was to identify the regulatory challenges associated with
future reactor designs. A list of such challenges was developed from the workshop notes, the
various presentations, the panel discussions and the question and answer sessions. This list
is included in the Introduction section of this document.

The titles of the papers and the names of the authors have been updated and may differ from
those that appeared in the final workshop agenda.

In addition to the summaries and presentation materials, these
Proceedings contain selected discussions which were extracted from the
workshop transcripts. Where practical, the participants were given an
opportunity to review and edit their individual contribution. The
discussions can be found immediately following each presentation.
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EXECUTIVE SUMMARY

Introductory Remarks

T. Kress, Chairman of the Advisory Committee on Reactor Safeguards (ACRS)
Subcommittee on Future Reactors convened the meeting and introduced
Subcommittee members in aendance, key participants, and presenters. He presented
the planned agenda for the first day of the Subcommittee meeting/workshop and
offered members of the public opportunities to ask questions and to provide comments
on the matters discussed. G. Apostolakis, ACRS Chairman, introduced the keynote
speaker, NRC Commissioner Nils J. Diaz, and provided a brief summary of his
extensive experience in matters related to nuclear power and research and
development of nuclear technology.

Subcommittee Presentations

Commissioner Diaz provided an overview of his paper entitled, "Disciplined - Meaningful
- Scrutable." He stated nuclear power has entered the national energy debate on the
future of America's energy supply and emphasized that nuclear safety is a priority on
everyone's agenda. He stated that the priority should be on what should be done better
rather than what was done wrong in the past. Commissioner Diaz stated that the
Commission relies on the ACRS for expert advice and the recommendations of the
Committee will be valuable to the Commission as regulatory changes are made. He
noted that an important change to the regulatory structure has been risk-informed
regulation which has enabled both the licensee and NRC to focus on safety issues and
reduce unnecessary regulatory burden. He stated that the future of nuclear power is
dependent on economic trends and events, the safety and reliability of plants, and the
political environment. He expressed the view that it is possible to resolve safety and
environmental issues before nuclear plants are built. An important element will be the
readiness of the NRC for potential new plant applications but also that the NRC should
not become an impediment to meeting the energy demands of the country. He
reiterated that every step will need to be disciplined, meaningful, and scrutable and
suggested that the industry and NRC will need to proceed in a disciplined and patient
manner to ensure that errors are avoided. Commissioner Diaz qualified these
statements as being his individual views and noted that they do not represent the views
of his fellow Commissioners or the NRC.

W. Magwood of the U.S. Department of Energy (DOE) led the discussions for the DOE
staff. W. Magwood provided an overview of the Generation IV Initiative to evaluate
candidate technology concepts for a new generation of nuclear power plants. R
Verslius, DOE, presented the Generation IV goals, roadmap effort, and concept
evaluation. T. Miller discussed the Near-Term Deployment Working Group (NTDG)
formed to identify actions and evaluate options necessary for DOE to support new
plants. DOE has established a Nuclear Energy Research Advisory Committee
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(NERAC) to provide independent evaluation and feedback on the establishment of
goals and objectives and to examine progress in evaluating candidate nuclear energy
concepts. DOE has also established a Generation IV Roadmap NERAC Subcommittee
(GRNS) to serve as an advisory group in establishing a proposed roadmap along with a
Roadmap Integration Team (RIT) for its implementation. Candidate technologies must
be deployable by 2030. Nuclear systems are expected to meet sustainability goals
(resource inputs, waste outputs, and nonproliferation), safety and reliability goals
(operating maintainability excellence' limiting core damage risk, and reduced need for
emergency response), and economic goals (reduced life-cycle costs and risk to capital).
Criteria and metrics for each goal are being developed by an Evaluation Methodology
Group (EMG), RIT, and the GRNS. DOE plans to evaluate all candidate concepts
equally without prejudice toward existing technologies (e.g., light-water reactors) but
recognizes that most energy generation units are likely to be fission based. DOE is
presently considering 94 concepts. The output of the Generation IV Program is
expected to be a research and development plan to support future commercialization of
the best concepts.

W. Sprout of Exelon Generation and J. Slabber of the Pebble Bed Modular Reactor
(PBMR) Demonstration Project in the Republic of South Africa (RSA) provided a
presentation on the safety design aspects and licensing challenges for the PBMR. The
PBMR is a modular high-temperature gas-cooled reactor (HTGR). It is helium cooled
and uses a graphite moderator (approximately 1 1 0 MWe). The PBMR is nearing
completion of the preliminary design phase. The feasibility study for application in the
United States is in preparation for investor decisions by the end of 2001. RSA
demonstration plant construction is expected to begin in late 2002. The PBMR design
approach is intended to employ both passive and active design features, provide
prevention and mitigation capability, and reduce dependence on operator actions.
Central to this approach is the spherical fuel design involving carbon-coated uranium
oxide fuel manufactured into a fuel particle or sphere. Key technical licensing
challenges include: lack of a gas reactor technical licensing framework; fuel qualification
and fabrication; source term; containment performance requirements; probabilistic risk
assessment (PRA); regulatory treatment of non-safety systems; classification of
structures, systems, and components (SSCs); and lack of technical expertise on gas
reactors for both the NRC and the industry. Key licensing challenges include: Price-
Anderson Act indemnity, NRC operational fees, decommissioning trust funding,
untested provisions of 1 0 CFR Part 52, and the potential number of exemptions that
may be required by the NRC.

M. Carelli of Westinghouse Science and Technology provided a presentation on the
International Reactor Innovative and Secure (IRIS) nuclear reactor design. IRIS is a
small to medium sized pressurized water reactor (1 00-300 MWe) that utilizes a 5- to -
year option fuel cycle. The IRIS safety philosophy is "safety by design." Like current
generation PWRs, IRIS is designed to have a reactor containment structure. However,
Westinghouse proposes to perform scaling tests rather than loss-of-coolant accident
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(LOCA) analysis. IRIS is scheduled for initial deployment in 2010-2015.

L. Parme of General Atomics (GA) provided a presentation on the GA Gas Turbine -
Modular Helium Reactor. He discussed the history of GA as a pioneer of gas reactor
technology and noted that the proposed GA design is similar to the PBMR in its use of
ceramic carbon-coated spherical fuel. The fuel is passive by design in that the fission
products are retained in the coated particles or spheres. Worst-case fuel temperature
is limited by low-power density, low thermal rating per module, use of an annular core
design, and passive heat removal.. GA proposes to apply a ris.k-informed approach to
licensing using performance assessment methods.

A. Rao of GE Nuclear Energy provided a presentation on the Evolutionary Simplified
Boiling Water Reactor (ESBWR). The ESBWR is a 1380 MWe boiling water reactor
with improved operating safety margins and passive safety systems. He stated that the
ESBWR derived from earlier GE plant design certification efforts and is the result of
eight years of international cooperative work. He stated that the biggest challenge is to
cross the regulatory hurdles associated with the inspections, tests, analyses, and
acceptance criteria (ITAAC) and combined license (COL) programs. He further stated
that he did not know how long it might take to license the ESBW`R, in part, because the
last GE design certification took about to 10 years. Dr. Rao also provided a brief
overview of the GE Nuclear Advance Liquid Metal S-PRISM design.

M. Gamberoni, NRR, led the discussion for the NRC staff. N Gilles, NRR discussed
the future licensing organization and inspection readiness assessment (FLIRA) T.
Kenyon, NRR, discussed early site permits (ESPs), ITAAC and COL programs. A. Rae
discussed the Westinghouse AP1000 review and E. Benner, NRR, discussed issues
related to the regulatory infrastructure. J. Wilson, NRR, Also participated. J. Flack and
S. Rubin, RES, provided a brief discussion on research activities in support of possible
future plants. The staff stated that an assessment of licensing and inspection
readiness is ongoing and is scheduled to be completed by September 28, 2001. The
staff is working to develop lessons-learned from past design certifications, preparing
guidance on ESPs, and responding to the Nuclear Energy Institute (NEI) petition for
rulemaking to 1 0 CFR Part 52. The staff is reevaluating its ITAAC/COL programs.
Short-term plans are to address existing regulations, license conditions, and
exemptions. Long-term actions are expected to addressed via rulemaking. The staff
stated that there is a limit on how far they can pursue these initiatives and/or allocate
resources without formal submittals by licensees and industry organizations.

Subcommiftee Questions/Comments on Presentations

Significant points raised by members of the Subcommittee during the presentations
include:

G. Apostolakis questioned what DOE representatives considered to be the two most
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important regulatory challenges facing the NRC in licensing new reactors. DOE
representatives stated that the key challenges will be related to making the regulatory
environment as risk-informed and performance-based as practicable. DOE
representatives stated that the NRC process must be predictable in both its review time
and its decisions. D. Powers questioned the extent to which performance indicators
(Pis) might further performance-based considerations. G. Apostolakis suggested that
reliability goals be numerical. DOE representatives stated that the it is diff icult to place
goals on Pis or reliability without knowing more about the detailed designs.

T. Kress and D. Powers questioned the nature of fuel performance for the PBMR T.
Kress -questioned how fuel manufacturing quality and integrity will be ensured. D.
Powers questioned how friction, ramp rates, and other operating characteristics would
be addressed considering the fact that there was limited operating experience for this
type of fuel. Exelon and RSA representatives stated that fuel would be subjected to
extensive quality assurance and quality control requirements during fabrication and that
operating performance would be monitored using gamma spectroscopy for each of the
212,000 fuel spheres cycled through the core.

G. Apostolakis and J. Garrick questioned how the Commission's Safety Goal Policy
Statement would be considered for the PBMR. They noted that Safety Goal's use of
core damage frequency (CDF) might be challenged if applied to the collective
population of modular units at reactor sites across the country. Exelon and RSA
acknowledged that this is an issue to be addressed in characterizing the risk metrics.
They noted that the modular approach to siting will have substantial licensing expense
ramifications as well (i.e., licensing fees per reactor).

T. Kress questioned the PBIVIR and GA Gas Turbine - Modular Helium Reactor
proposals to limit or eliminate the use of primary containment structures and reducing
emergency planning zones. He questioned the prudency of this given that the
uncertainties that have not been quantified. He also noted that Chernobyl had a
graphite core and it burned. D. Powers noted that there is a substantial difference
between point-ignition and diff use-ignition of core materials and that one of the largest
catalysts in fuel performance is cesium. The GA representative stated that the fuel will
not burn in the normal sense of a chain reaction and that most analyzed failures have
been associated with fuel oxidation. He also stated that the MHTGR has circulators
designed to reduce temperature.

Panel Discussion

The Subcommittee and participants extensively discussed the use of risk information in
considering future nuclear plants. G. Apostolakis stated that there seems to be a gap
between the staff and industry thinking concerning the importance of risk assessment.
He stated that he is not sure that th ere is a full appreciation how important risk
assessment is in the design, licensing, and operation of nuclear power plants. M.
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Bonaca stated that there seems to be a perception that risk is a regulatory constraint
rather than a safety benefit. The staff stated that the Commission has been very clear
in directing the staff to use risk analysis in deciding what information and analysis is
needed. The staff also stated that more confidence is needed than just demonstrating
that the Commission's Safety Goals are met.

J. Garrick expressed concern that an important opportunity was being missed in the
rush to license new reactors. He stated that there could not be a better time to consider
risk. D. Powers stated that there is not much risk information available concerning the
proposed plants designs and suggested that the NRC will need to perform confirmatory
analyses to ensure that vulnerabilities have not been missed. He also stated that the
staff will need to perform tests (e.g., to ensure that particle-type fuel does not burn) and
testing programs to ensure that actual operating performance reflects design
characteristics and to validate thermal-hydraulic modeling and component performance.
The staff stated that 1 0 CFR Part 52 requires licensees to conduct PRAs. Exelon
representatives stated that existing bodies of data must be utilized and that they must
pursue a COL first, rather than design certification, based on the RSA Demonstration
Project.

P. Ford noted that the presentations involved little discussion of material degradation,
embrittlement, or cracking. Industry representatives stated that materials were not a
top priority at this early stage. They stated that their focus was on design first with
consideration of materials later. The staff stated that the Commission expects these
designs to be safer than the current generation of plants and that issues such as
pressurized thermal shock (PTS) will certainly be addressed.

T. Kress questioned how defense in depth will be considered in new plant designs.
Commissioner Diaz offered his views on the importance of considering defense in
depth in the design stage of reactors. G. Apostolakis stated that he was encouraged br
recent government-wide initiatives to consider both risk information and defense in
depth. He expressed concern, however, over the argument that PRA might be viewed
as a major challenge if it makes plants uneconomical. He stated that risk analysis is
necessary to reduce the uncertainty in new and untested designs.

June 2001

Introduce Remarks

T. Kress, Chairman of the ACRS Subcommittee on Future Reactors convened the
meeting and introduced Subcommittee members in attendance, key participants, and
presenters. He presented the planned agenda for the second day of the Subcommittee
meeting/workshop and offered members of the public opportunities to ask questions
and to provide comments on the matters discussed.
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Subcommiftee Presentations

R. Simard of the Nuclear Energy Institute (NEI) provided a brief presentation on the
state of energy demand in the United States and discussed the improving economics
for new nuclear power plants. He discussed the consolidation of companies under
deregulation and suggested that these larger companies will be better able to undertake
large capital projects such as nuclear power plant construction. He discussed efforts
under way to support a new generation of plants but noted that there needs to be
greater certainty in the licensing process. He discussed infrastructure challenges in
terms of people, hardware, and services to support new and current plants. He stated
that there needs to be fair and equitable licensing fees and decommissioning funding
assurance for innovative modular designs such as the PBMR. He concluded that NRC
challenges will include resolving 1 0 CFR Part 52 implementation issues; establishing an
efficient and predictable process for siting, COL permits and inspection; and an
increasing regulatory workload.

N. Todreas of the Massachusetts Institute of Technology (MIT) provided a discussion
on safety goals for future nuclear power plants. He stated that this effort is focused
solely on future power plants and not the current NRC Safety Goals and associated
quantitative health objectives that use core damage frequency (CDF) and large early
release frequency (LERF) as surrogate measures. This work is being sponsored by
DOE for Generation IV Initiative technology goals. These goals are being developed for
systems to be deployed from 2011 to 2030. They are intended to guide in making
trade-offs in the evaluation of candidate technologies. The goals will partition the
systems according to categories of sustainability, safety and reliability, and economics.
The outcome is expected to a framework that encourages fundamental design
directions that promote safety.

A. Kadak of MIT presented an approach to licensing Generation IV technologies
entitled "License by Test." He stated that the major challenges for new reactors are
driven by a regulatory framework that generally supports light-water-reactor technology.
He stated that both licensees and the N RC staff lack sufficient knowledge in non-light-
water reactor technologies and that the regulatory system is overly rigid in adjusting to
change. He suggested that the NRC adopt a risk-informed approach to licensing
whereby a safety basis would be established using risk-based techniques to identify
dominant accident sequences and systems and components, establishing confidence
levels to bridge deterministic and probabilistic approaches, and implementing a license
by test approach using a full-size demonstration plant. Successful demonstration would
provide the basis for reducing uncertainty and for certifying the design. Traditional
performance tests would still be required to demonstrate reliability. However, license by
test would serve to validate analyses, shorten time for paper reviews, and demonstrate
safety. He suggested that the PBMR be used as the prototype for this licensing
approach.
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M.Golay of MIT and G. Davis of Westinghouse provided a presentation on a Nuclear
Energy Research Initiative (NERI) Project sponsored by DOE. The focus of the NERI
Project is to take future plant designs and use risk information to evaluate what new
design and regulatory processes must be developed to support new plant license
applications for Generation IV concepts. M. Golay stated that there is a need to
improve the regulatory process and suggested that the overall national effort in support
for reactors suggests that there is a need for change. These activities are being
coordinated with NEI which will be initiating the industry-sponsored development of new
regulations. NERI will address the overall risk-informed design and regulatory process.
Sandia National Laboratories (SNQ is also providing technical support.

C. Forsberg of Oak Ridge National Laboratory provided a presentation on the economy
of nuclear-generated hydrogen production. He stated that there is enormous need for
increased hydrogen production to support the U.S. chemical industry (oil refineries)
which uses 5% of all the natural gas consumed in this country. He stated that the major
reason for the need is increased use of more abundant heavy-sour crude oils which
require more energy to process than the more scarce light-sweet crude oil. He noted
that non-light-water reactors (e.g., molten salts) are better suited for this type of
application and suggested that an advanced high-temperature reactor (AHTR) could
provide dual-purpose electric generation and hydrogen production. This is a joint DOE
effort with Sandia National Laboratories (SNL).

A. Heymer of NEI provided a brief discussion on the benefits of establishing a new
regulatory framework. He suggested that a new paradigm in regulatory thinking is
needed and stated that the reactor oversight process (ROP) serves as the appropriate
basis for starting these discussions. He suggested that the ROP cornerstones of safety
be used as the starting point for developing a new set of General Design Criteria (1 0
CFR Part 50, Appendix A). He suggested that new operating criteria, generic risk-
informed and performance-based regulations be developed with associated design-
specific and regulation-specific regulatory guides.

Subcommittee Questions/Comments on Presentations

Significant points raised by members of the Subcommittee during the presentations
include:

D. Powers questioned the NEI contention that DOE energy demand estimates are
consistently low. He stated that the critics have argued that efficiency and conservation
can do the job. R. Simard agreed that efficiency and conservation play an important
role but concluded that it is unrealistic to suggest that new electricity generation is not
needed.

D. Powers expressed appreciation for the systems-approach and use of trade-off
studies in evaluating new plant designs and safety goals. N. Todreas stated that the
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goal is to stimulate innovation and not to go back to existing reactors as the standard
for the future. He stated that the are looking at a balance of utilization in terms of
whole fuel cycle, e.g., economics, waste, diversion, etc.

D. Powers questioned why the safety goals could not be expressed in terms of release
of radioactivity. G. Wallis expressed concern that this approach might overly constrain
the evaluation of certain designs and lock the evaluation into certain design directions.
J. Garrick stated that the evaluation should not focus too heavily on fission products as
the actinides drive much of the risk in high-level waste. G. Apostolakis suggested that
safety and reliability can also be expressed in terms of investment protection. He noted
that serious plant damage can occur without having releases and suggested that it may
be worthwhile to distinguish between technology goals and safety goals. G. Wallis
suggested that life-cycle costs also be expressed in terms of external costs in
comparing candidate nuclear technologies with alternate fuels, e.g., adverse effects of
fossil fuels killing fish in New England via acid rain.

G. Wallis questioned how human performance would be evaluated using the "license by
test" approach. G. Leitch stated that the major advantage of license by test appears to
be a reduction in the time and costs for paper reviews associated with the licensing
process and questioned what technical merits would be derived. J. Sieber questioned
who should finance the costs of such a facility. A. Kadak stated that a containment
should be constructed on the PI3MR Demonstration Project only for the purpose of
demonstrating safety and suggested that operators be allowed to take non-conservative
actions to test the robustness of the design. A Kadak stated that the PBMR
Demonstration Project should be a legitimate government expense (i.e., DOE) as it is
still a concept, and the plant has not yet been designed. He stated that much work
needs to be done to develop the models and codes necessary to validate the design.

G. Apostolakis questioned whether the licensing process can be made performance-
based. A. Heymer of NE] stated that the inspection process can be made performance-
based as evidenced by the reactor oversight process (ROP). He also noted that certain
regulationscanbemademoreperformance-based(e.g.10CFRPart2O). A.Heymer
suggested that risk-informing 1 0 CFR Part 52 will be very important for new reactors.
G. Apostolakis stated that the ROP is an evolution of the existing regulatory system and
suggested that the risk for new reactors may be different thereby requiring a different
approach. He noted that NEI does not normally want to depart too substantially from
the existing regulatory structure.

Panel Discussion

R. Barrett, NRR, offered a four-pillar approach to licensing new nuclear power plants.
He stated that success will be based on assuring safety, streamlining the organization
to be efficient and effective, not imposing unnecessary regulatory burden, and
maintaining public confidence. G. Wallis stated that it is not good enough to provide
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public access to NRC decisionmaking. R. Barrett agreed and stated that they need to
identify public concerns and act on them.

N. Todreas of MIT provided a brief presentation on regulatory challenges mostly related
to fuel and clad materials. He stated that longer operating cycles and higher operating
temperatures will result in challenges related to waste toxicity and volume, corrosion
control of coolant impurities, qualification of fuel particles or spheres, and new
maintenance practices to support longer operating cycles. T. Kress suggested that new
reactor licensing may be somewhat like digital instrumentation and control in that the
NRC controls the process and not the product. J. Garrick stated that the regulatory
process, like people, are slow to change.

E. Lyman of the Nuclear Control Institute (NCI) provided a presentation that focused on
the role of government in energy matters. He stated that public money should not be
spent as a txpayer subsidy for utilities. He stated that the performance data on PBMR
fuel is spotty" and that the German graphs illustrating the 1 0% release fraction of Cs-
137 were flawed. He also stated that British Nuclear Fuels falsified fuel performance
data sent to Japan on this matter. E. Lyman suggested that the NRC establish an
ITAAC for PBMR fuel manufacture and acceptance. He questioned how the Chernobyl
event could not happen at a PBMR and suggested that ignition fuel temperatures could
be achieved through sabotage. He stated that the Commission's Safety Goals are not
conservative enough and concluded that there is no technical basis for relaxing
containment and emergency preparedness requirements. He noted that about half of
the U.S. nuclear plants failed the NRC Operational Safeguards Response Evaluation
(OSRE) safeguards inspection.

W. Hauter of Public Citizen provided a brief presentation concerning the state of energy
deregulation and the need for new nuclear power plants. She stated that the demand
for and acceptance of nuclear power is being painted as a "rosy picture" based on a
recent poll in California. She stated that 58% of the public disapprove of President
Bush's energy plan and the public always supports renewable energy as the first option.
She suggested that the apparent energy crisis is being misrepresented in order to
justify using taxpayer money to subsidize a resurgence of nuclear power and the
associated research and development costs for new reactors. She questioned the
safety of "merchant" nuclear plants and expressed concern that the recent work on
health effects is being conducted with the improper intent of reducing the waste
classification of certain radiological materials. W. Hauter suggested that licensing is
being used as a new code word for deregulation. She stated that the biggest challenge
is the issue of subsidies to the utilities and questioned the theme of the Subcommittee
meeting/workshop as being biased toward further deregulation that favors getting new
plants licensed. T. Kress and G. Wallis expressed concern over the lack of public
interest in ACRS meetings and questioned how to get the public more involved in
providing broader perspective. W. Hauter suggested that meetings be held around the
country outside normal business hours (i.e., in the evening) so that interested parties
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could more conveniently aend after work.

Expected Subcommiftee Action

At the conclusion of the meeting, T. Kress stated that the purpose of this meeting was
to explore the regulatory challenges associated with future nuclear power plants and for
the Subcommittee to examine technical issues for the ACRS to consider in evaluating
the safety of candidate reactor designs and applications. The Subcommittee plans to
continue its discussion of these matters during future meetings.

Summary prepared by Michael T. Markley, ACRS Senior Staff Engineer.
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INTRODUCTION

Because of the large amount of regulatory activity that is anticipated for licensing future
reactor concepts, the ACRS decided to hold this workshop on "Regulatory Challenges
for Future Reactor Designs." The workshop was held pmarily for the benefit of the
Committee - to acquaint the members with the various design concepts and to identify
potential regulatory and policy issues for which ACRS may be called upon to give
advice to the Commission. It was also believed that the workshop would be of benefit
to the NRC staff as well as to the industry in getting an early dialogue started on the
possible regulatory approaches to licensing future reactor designs. These designs are
expected to be significantly different from the LWRs which are the primary focus of the
current regulations and regulatory system.

The primary purpose of the workshop, as indicated by its title, was to identify the
regulatory challenges. A list of such challenges identified by the workshop was
developed from the workshop notes, the various presentations, the panel discussions,
and the question and answer sessions.

The concept of defense in depth and its application to future reactor designs is of great
interest to the Committee. The traditional interpretation of this concept asserts that
defense in depth is embodied in the structure of the regulations and in the design of the
facilities built to comply with those regulations. The requirements for defense in depth
are derived by repeated application of the question, "What if this barrier or safety
feature fails?" This is the structuralist interpretation of defense in depth'. It is the
cornerstone of traditional regulations. In recent years, the maturity of Probabilistic Risk
Assessment (PRA -methodology has led to the rationalist interpretation. This
interpretation asserts that defense in depth is the aggregate of provisions made to
compensate for uncertainty and incompleteness in our knowledge of accident initiation
and progression. The successful implementation of this interpretation of defense in
depth requires robust PRAs and risk acceptance criteria. In this context, the Committee
was interested in the following questions:

1 Should we"force-fit" non-LWRdesigns into the current regulatory structure that
is heavily focused on WRs and the structuralist approach to defense in depth or
should licensing take a clean-sheef'risk-based approach?

2. Do we need additional risk acceptance criteria (e.g., frequency-consequence
curves) for designs for which core damage frequency and large, early release
frequency are ill-posed concepts?

3. How do we quantify and deal with PRA uncertainty for the new concepts?

'J. N. Sorensen, G. E. Apostolakis, T. S. Kress, and D. A. Powers, "On the Role of Defense in Depth in
Risk-Informed Regulation," Proceedings of PSA 99, International Topical Meeting on Probabilistic Safety
Assessment, Washington, DC, August 22 - 26, 1999 American Nuclear Society, La Grange Park, Illinois.



4. How robust must the containment (if any) be in view of the lack of experience
with new designs and potentially large uncertainty in risk assessments?

5. What is the acceptability of significantly reduced emergency response for
designs with low source terms and long warning times before release?

6. What is the acceptability of no additional ECCS for designs that have a great
deal of water in the primary vessel and no pipes to break at locations that would
drain the water (e.g., IRIS)?

7. What role will "licensing by test' play in the regulatory process?

8. Can the frequency of air ingress and a graphite/fuel fire be demonstrated to be
acceptably low for those designs that use coated particle fuel?

9. How de we establish LOCA frequencies for new plants for which there is 'not an
extensive data base? The reliability of simplified passive safety systems?

10. For the new designs, will we have appropriately qualified/validated PRAs and
T/H, neutronic, and safety assessment codes?

1 1. Are there any new human performance and I&C issues?

In addition to these questions, the Committee raised a number of issues that will have
to be addressed in the licensing process of future reactor designs:

12. What process will be used to develop design basis accidents for the new
designs? How will risk-significant SSCs be identified? What will be the
regulatory treatment of non-safety systems?

1 3 What use can be made of previous NRC reviews of derivative designs?

14. For the new designs, what will be the regulatory approach with respect to: a)
many new plants; b) multi-unit/module sites?

15. How can we assure the required fuel quality for designs for which the safety case
relies heavily on fuel integrity (focus on process vs. product)? Validation of fuel
performance? Accident source terms for design basis events? High burnup?

16. How will once-through cores that last - years be monitored and inspected?
Acceptability of new smart" on-line health monitoring systems?

17. How will financial related requirements apply to the new concepts and business
environment? Extension of Price-Anderson? NRC fee structure for multi-
modules? Decommissioning?
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18. What is the acceptability of natural circulation cooling as an accident recovery
strategy? What is the availability and validation status of appropriate analytical
models?

19. What database exists for the lifetime temperature and irradiation behavior of
graphite? How do the "new" graphites compare to the "old" ones?

20. Can the NRC develop the manpower, resources, and technical expertise
required for assessing the future concepts?

21. Is there a sufficient database on high temperature material behavior for the gas-
cooled concepts with high exit temperatures? What are the gas turbine safety
issues for high temperature helium cycles?

22. What new NRC research is needed? Participation with Industry? Use of
international research and data bases?

23. Are new approaches/criteria needed for licensing multi-purpose plants (e.g.,
power plus desalination, industrial/residential heating, hydrogen production, coal
conversion)?

24. What will be the spent fuel storage requirements for new fuel types/geometries?
Potentially damaged fuel spheres/particles?

The workshop provided a forum for raising and discussing these questions. We hope
that both the industry and the NRC will find these proceedings useful in their search for
answers.

We thank all the speakers and participants for their contributions in making this
workshop a success. We thank Richard P. Savio, Michael Markley, Medhat EZeftawy,
and the staff of the ACRS Operations Support Branch for their efforts in the conduct of
the workshop. Special thanks are given to Jenny Gallo of the ACRS Office for her
outstanding efforts in overseeing the publication of this document.

Thomas S. Kress, Chairman
Subcommittee on Future Reactors

George E. Apostolakis
ACRS Chairman
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Disciplined - Meaningful - Scrutable
Remarks of Commissioner Nils J. Diaz

United States Nuclear Regulatory Commission

ACRS Workshop on Advanced Reactors

June 4 2001

It is a real pleasure to participate in this workshop to discuss regulatory challenges for
advanced nuclear power plants. It is particularly appropriate that the Advisory
Committee on Reactor Safeguards is hosting this meeting, at this time. The discussion
on nuclear power has now fully entered the national debate on the future of America's
energy supply, and nuclear safety is going to be a priority on everybody's agenda. The
Commission relies on the ACRS for expert advice on the safety of reactors, existing or
submitted for licensing. The recommendations of the Committee will be of particular
value for the Commission deliberations on the licensing of new reactors. I will be
presenting my individual views today. They do not necessarily represent the views of
the U.S. Nuclear Regulatory Commission (NRC), except when indicated.

I want to premise my remarks with a few selected quotes from a "couple" of speeches
during my tenure as a Commissioner.

9 'There is no credible regulator without a credible industry. There is no
credible industry without a credible regulator."

0 "it is essential for the regulator to be cognizant of the technology. It is
essential for the industry and technologists to be cognizant of the
regulations."

0 "Regulations need to result in a benefit or they will result in a loss."

0 "My goal is to ensure the paths are clearly marked. A path that is clear of
obstacles and unnecessary impediments, with well defined processes, will
provide regulatory predictability, equity and fairness."

0 "We are learning how to define adequate protection in more precise
terms, and to define it in terms that make sense to the American people."

0 "We have learned from our mistakes and we are bound not to repeat
them."

At the 2001 US NRC Regulatory Information Conference, said: 'We might be asked,
as would other government agencies and the private sector, to sharpen our skills, and
improve our efficiency to meet the needs of the country". We have been asked. It is
worthwhile to try to understand why the President and the Vice-President of the United
States have brought nuclear power generation to center-stage in the debate on the
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energy policy for our country. Shown in Table is a compilation of important aspects of
the debate, summarizing what has changed in 20 plus years.

The NRC has been changing to meet the challenge of what must be changed and to
strengthen what must be conserved. I submit to you that we have changed for the
better, especially the last three years, and that improvements in regulatory
effectiveness and efficiency are changing from goals into reality. It has not been easy,
and there are still lessons to be learned. I must say that there is one change that I
believe speaks louder than words for the NRC staff and the agency as a whole: priority
is now placed on what should be done better rather than on what was done wrong.

This is a cultural change that is needed to enable the consideration of newer, better and
enduring ways to exercise the mandate entrusted to the NRC by the people of this
country: to license and regulate the peaceful uses of nuclear energy, with adequate
assurance of public health and safety. I believe that we are now capable of meeting the
regulatory challenges that we face today regarding advanced nuclear power plants.
The improved industry performance over the past decade has enabled the NRC to
initiate and implement reforms that are progressively more safety-focused.
Furthermore, it allowed the industry to concentrate resources on the issues important to
safety which provided a sharper focus to regulatory improvements. Safety and overall
performance, including productivity, became supporters of each other, with the clear
and unmistakable proviso that safety is first.

For existing nuclear power plants, the list of profound regulatory changes and
accomplishments, many done under the mantle of the so-called risk-informed
regulation, would occupy the rest of this meeting. Five of them stand out: the revised
rule on changes, tests, and experiments for nuclear power facilities (1 0 CFR 50.59);
the new risk-informed maintenance rule 10 CFR 50.65 (a)(4)); the revised reactor
oversight process; the new guidance on the use of PRA in risk-informed
decision-making (Regulatory Guide 1. 1 74); and the revised license renewal process (1 0
CFR Part 54). The list is growing. About two weeks ago, the Commission approved
COMNJD-01 0001 instructing the staff to give high priority to power uprates and
allocate appropriate resources to streamline the NRC power uprate review process to
ensure that it is conducted in the most effective and efficient manner. All of these and
most of the other regulatory improvements conform to the Commission's decision to
focus aention on real safety. The resulting improvements in rules, regulations and
processes, including changes to the hearing process and enhanced stakeholders
participation, are assuring the nation that a fair, equitable, and safety-driven process is
being used.

I mentioned risk-informed regulation as an important component of the changed NRC
regulatory structure. I want to be sure you know what I mean when I use the term risk-
informed regulation, so I am going to present you with my own, personal definition of it:

Risk-informed regulation is an integral, increasingly quantitative approach to
regulatory decision-making that incorporates deterministic, experiential and
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probabilistic components to focus on issues important to safety, which avoids
unnecessary burden to society.

The definition can also be used for risk-informed operations, risk-informed
maintenance, risk-informed engineering, risk-informed design....
For new license applications, much groundwork has been done, and a lot of it is useful
toaddresstoday'sissues. nthestatementsofconsiderationforlOCFRPart52,the
Commission stated that the intent of the regulation was to achieve the early resolution
of licensing issues and enhance the safety and reliability of nuclear power plants. The
Commission sought nuclear power plant standardization and the enhanced safety and
licensing reform which standardization could make possible. In addition, the 1 0 CFR
Part 52 process provides for the early resolution of safety and environmental issues in
licensing proceedings. The statement of considerations for 1 0 CFR Part 52 goes on to
say "...the Commission is not out to secure, single-handedly, the viability of the [nuclear]
industry or to shut the general public out. The future of nuclear power depends not only
on the licensing process but also on economic trends and events, the safety and
reliability of the plants, political fortunes, and much else. The Commission's intent with
this rulemaking is to have a sensible and stable procedural framework in place for the
consideration of future designs, and to make it possible to resolve safety and
environmental issues before plants are built, rather than after."

In February of this year, the Commission directed the staff in COMJSM-00-0003 to
assess its technical, licensing, and inspection capabilities and idenify enhancements, if
any, that would be necessary to ensure that the agency can effectively carry out its
responsibilities associated with an early site permit application, a license application
and the construction of a new power plant. In addition, the Commission directed the
staff to critically assess the regulatory infrastructure supporting both IO CFR Parts 0
and 52 with particular emphasis on early identification of regulatory issues and potential
process improvements. The focus of these efforts is to ensure that the NRC is ready
for potential applications for early site permits and new nuclear power plants, certified
designs or designs to be certified, and the NRC does not become an impediment
should society decide that additional nuclear plants are needed to meet the energy
demands of the country. Necessary safety-focused regulations, yes; unnecessary, not
safety-focused regulations, no. The staff is working hard to carry out this direction and I
am sure you will hear about some of our efforts over the next two days.

Risking being repetitive, I am going to re-start at the beginning. The US Nuclear
Regulatory Commission has a three-pronged mandate:

To protect the common defense and security
To protect public health and safety, and
To protect the environment

by the licensing and regulation of peaceful uses of atomic energy. I have long
advocated that an adequate and reliable energy supply is an important component of
our national security. I firmly believe that our three-pronged mandate is going to endure
the test of time because it is good, and it is balanced.
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Within that mandate, I am an advocate of change, functioning under the rule of law As
we face the regulatory challenges that are sure to be posed by the certification and
licensing of new designs, a series of familiar requirements will have to be met,
regardless of the licensing path chosen:

Public Involvement
Safety Reviews
Independent ACRS Review
Environmental Review
Public Hearing
NRC Oversight

I am convinced, by practical experience, that the present pathway for potential licensing
success of certified or certifiable new reactor applications is Part 52. First, it exists - not
a minor issue; second, it contains the requirements for assurance of safety and the
processes for their implementation. Lastly, it can be upgraded to meet technological
advances that require new licensing paths, without compromising safety. Windows of
opportunity can be opened, yet the price is always the same: reasonable assurance of
public health and safety. A new technology, with different design basis
phenomenology, e.g., single phase coolant, could present the need for a different
pathway. Yet, it would have to face the same requirements listed above. What could
be different is the manner in which some of these requirements are addressed. There
is definitely room for innovation and improvement, within the safety envelope that has to
be provided for assurance of public health and safety.

I am also convinced that the NRC and all stakeholders need to apply common criteria
to the tasks at hand. Every success path, however success is defined, should follow
these simple criteria: Every path, every step has to be disciplined, meaningful and
scrutable.

Allow me to consider widely different roles. The NRC has the statutory responsibility
for conducting licensing and regulation in a predictable, fair, equitable and efficient
manner to ensure safety. Every step of the licensing and oversight has to be
disciplined, meaningful and
scrutable.

Applicants need to satisfy the technical, financial, and marketplace requirements, and
meet the NRC and other regulatory requirements. Every step has to be disciplined,
meaningful and scrutable.

I have no doubt that there will be objections and opposition and the law of the land will
respect them and give them full consideration. The objections will have to be
disciplined, meaningful and scrutable.

These common criteria are necessary but they are not sufficient. It is indispensable
that what we have learned - and it is much - be incorporated into the science,
engineering and technology supporting any new reactors; they have to be as good as
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the state-of-the-art permits. So it should be for the regulatory processes. I happen to
believe that risk information can be a contributor to disciplined, meaningful and
scrutable processes, and to the underlying science and technology.

Someone once wrote a phrase framing how to achieve high performance expectations,
and it may be appropriate for this occasion:

Promise... to think only the best,
to work only for the best

and
to expect only the best



Nuclear Power Generation
Perception and Reality -

1973 - 1982 2001

Interest Rates High Unstable Low Stable

Inflation High Unstable Low Stable

Electrical Demand Decreasing Increasing

Socio-political Climate Negative Improving

Technical Maturity Low High

Regulatory Framework Low Predictability High Predictability

Economical Performance Poor Unstable Good Improving

Environmental Image Poor Improving

Safety Image Poor Good Improving

Expectations Too High Realistic

Competition/Deregulation None High

Standard (certified) Designs None Three 

Combined License No Yes

Important to National Security Yes Yes

Financial Risk High Improving

Public Credibility Low Good Improving

Bottom Line Low Predictability Good Predictability
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• "My goal is to ensure the paths are clearly
marked. A path that is clear of obstacles
and unnecessary impediments, with well
defined processes, will provide regulatory
predictability, equity and fairness."

• "We are learning how to define adequate
protection in more precise terms, and to
define it in terms that make sense to the
American people."

• "We have learned from our mistakes and we
are bound not to repeat them."
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Priority is now placed on

what should be done better

rather than on
what was done wrong

Figure 4

Key NRC Regulatory Improvements

• revised rule on changes, tests, and experiments

( 1 0 CFR 50.59 

• new risk-informed maintenance rule
(10 CFR 50.65 A.4)

• revised reactor oversight process

• new guidance on the use of PRA in risk-informed
decision-making Regulatory Guide 1174)

• revised license renewal process ( 1 0 CFR 54

Figure 5
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Improvements in rules,
regulations, and processes
are assuring the nation that a
fair, equitable, and safety-
driven process is being used.

Figure 6

Risk-informed regulation is an
integral, increasingly quantitative
approach to regulatory decision-
making that incorporates
deterministic, experiential and
probabilistic components to focus
on issues important to safety,
which avoids unnecessary
burdens to society.

Figure 7
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Statement of Consideration Part 52

"The future of nuclear power
depends not only on the licensing
process but also on economic
trends and events, the safety and
reliability of the plants, political
fortunes, and much else."

Figure 

Necessary

safety focused regulation - YES

Unnecessary,

not safety focused regulation - NO

Figure 9
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Regulatoly Requirements

Public Involvement

Safety Reviews

Independent ACRS Review

Environmental Review

Public Hearinc,In
NRC Oversight

Figure 0

Criteria for Success

Every path, every step has to be:

Disciplined

Meaningful

Scrutable

Figure 11
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Promise ......

to think only the best,

to work only for the best,

and

to expect only the best
Figure 12
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E. Quinn, Consultant, General Atomics: The combined operating license part of Part
52 is unproven. We haven't run through that yet, as well as early plant siting. Can you
define how the Commission can help the staff to provide, to make this a more stable
process as we go through it. so that the financial community will help us to get these
through?

Commissioner Diaz: It's a very good point. We have it, it's there. We've been looking
at it for some time, but it's not been tested. The issue is how do we make sure that it
works the way it should be, effectively and efficiently.

I think we learned a lot at the license renewal process. I believe that what I have
learned the last few years is that Commission involvement is very necessary in this
step.

I will use one of the first phrases I used in a meeting down there that the enemy of the
good is the better and the enemy of the better is the best. Therefore, we are going to
have to be in very close contact with the staff. I believe the Commission will actually
take an important role in making sure that the processes are timely.

In this respect what we have done among many other things the last 3/2years, is we
have maintained our doors open. We have allowed stakeholders from all different
areas to come and visit and let us sometimes close this little gap that exists, it is vital
information to us how stakeholders, whether they're industry or there are other, you
know, groups that have an interest in the proceedings, let us know how things are
going. That has worked very well. It keeps the Commission informed early.
Sometimes, the staff protects the Commission and shields us from knowing the little
problems that are happening. And sometimes that is fine. There are times in which we
need to know ahead of time.

I think this combined operating licensing process should be very similar with the
Commission, really on top of it all the time.

D. Powers, ACRS Member: I'd like to phase in the issue of nuclear waste, which
comes up repeatedly in connection with all the discussions of nuclear power, especially
as we go to looking at maybe an increased use of nuclear power.

Are we making any progress on this nuclear waste issue? Is there something that the
NRC can do or is this totally in the hands of the Department of Energy?

Commissioner Diaz: I think the NRC has done as much as it can do. We have
engaged in the process all the way. We have tried to make sure that everybody
understands that we believe there is the science and technology that offers a better
pathway that ensures public health and safety.

I think the decisions right now are practically at final stages. I cannot comment on them.
I think that we are going to do what we do best; we're going to take whatever the
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country decides in the Congress of the United States and the President, and EPA and
we're going to work with them. We're going to try to make it a scrutable process. That
is what we do best.

Whatever is coming down, we're going to use it. If an application is submitted, we're
going to try to license it working through a process. The licensing, is not assured and
we're going to have to look at the process every step of the way. Hopefully the
Department of Energy will do a good job. We would like to ensure that the process is
open to the public. We need to make sure that this is disciplined, meaningful and
scrutable.

T. Kress, Chairman, Subcommittee on Future Reactors: With some of the new
reactor concepts, I see one of the hard places in the regulatory challenges to be in the
area of defense- in-depth, which is a general guiding pnciple for regulation.

Do you think the concept of defense-in-depth is sufficiently rigorously defined for some
of the newer reactor concepts or will we have to rethink what we think defense-in-depth
is?

Commissioner Diaz: I think, those of us who worked in reactor science know what
defense-in-depth really is and what are its limitations. I think we have actually reached
the limitations of defense-in-depth, and that it is time to move forward and use it in the
best possible manner, but complimented with everything else that we can to make sure
that we don't make cumbersome design requirements or cumbersome regulatory
requirements. I go back to that definition, the end of the definition and risk-informed
regulation, which avoids unreasonable burden. That is what we have to do, because
eventually the burden is on the people of the United States.

So, I believe that we need to relook and resharpen our focus. I know the ACRS has
been working on this, and I share a lot of your views.

G. Apostolakis, Chairman, ACRS: This is related to the use of risk-information in
licensing and regulations. We hear that the agency may, in fact, receive license
application in the very near future. Do you believe, Commissioner, that the regulatory
system is ready to review such a license application or does it require some
fundamental changes, which will take time, of course?

Commissioner Diaz: We will work hard at it. The ACRS is going to need to come and
pitch in. I think everybody is getting their attention focused on how can we move in this
area, what is it that we know sufficiently that will provide answers within that envelope
that I keep referring to provide the protection of all the processes. I think there are hard
decisions to be made.

H. Feinroth, Gamma Engineering: As I listened to some questions from the ACRS
and also the DOE presentation I see it different -- there's a gap between what the DOE
is focusing on, which is the entire fuel cycle not just the reactor and their interest is in
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the goals that they've described to achieve safety and public health for the entire fuel
cycle. Whereas the ACRS is focused, I believe, in the past and I think still on reactors
only. It seems to me that this is more of an observation than a question. I don't believe
that the question has an answer. The regulators need to look at the whole fuel cycle as
well and not just the reactor as they provide advice or input to the DOE in their section
process.

The gentleman asked about the source term. Well, the source term of importance to
public health is not just what's in the reactor, but what gets transported, but gets
recycled, what gets sent to a repository. So I think the context that DOE is looking at
this is correct. And I think the regulatory agency needs to figure out how to address the
imbalance and the public health from the different parts of the fuel cycle. My concern is
the ACRS just looks at the reactor.

I don't know if anybody has a response to that, but I think that's an issue that needs to
be addressed by the regulatory agency.

D. Powers, ACRS Member: Well, we'll comment quickly that we do have the
Chairman of the Advisory Committee on Nuclear Waste look at the waste portion of it.
And that ACRS does also look at the fuel fabrication part of the problem as well, though
we probably haven't focused on it very much in the discussion today because the fuel
cycle has only been mentioned briefly here as being changed.

T. Kress, Chairman, Subcommittee on Future Reactors: I think the questioner had a
good point. I did want to point out that the ACNW also focuses on regulations related
to sensitive materials and materials applications.

Perhaps ACRS could do a little more on the fuel cycle parts, but our conception, at
least our feeling is, the real risk part of the thing is in the reactor or perhaps in the fuel
fabrication.

G. Apostolakis, Chairman, ACRS: We also have a joint Committee with the ACNW
when the issues warrant it. It's certainly a good thought.
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Department Of Energy (DOE) Summary

Prepared by ACRS Staff for DOE

William D. Magwood IV of the U.S. Department of Energy (DOE) led the discussions for
the DOE staff. Dr. Magwood provided an overview of the Generation IV Initiative to
evaluate candidate technology concepts for a new generation of nuclear power plants.
Robert Verslius, DOE, presented the Generation IV goals, road map effort, and concept
evaluation. Mr. Thomas P. Miller discussed the formation of a Near-Term Deployment
Working Group (NTDG) formed to identify actions and evaluate options necessary for
DOE to support new plants. DOE has established a Nuclear Energy Research Advisory
Committee (NERAC) to provide independent evaluation and feedback on the
establishment of goals and objectives and progress in evaluating candidate nuclear
energy concepts. DOE has also established a Generation IV Road map NERAC
Subcommittee (GRNS) to serve as an advisory group in establishing the road map
along with a Road map Integration Team (RIT). Candidate technologies must be
deployable by 2030. Nuclear systems are expected to meet sustainability goals
(resource inputs, waste outputs, and nonproliferation), safety and reliability goals
(operating maintainability excellence, limiting core damage risk, and reduced need for
emergency response), and economic goals (reduced life-cycle costs and risk to capital).
Criteria and metrics for each goal are being developed by an Evaluation Methodology
Group (EMG), RIT, and the GRNS. DOE plans to evaluate all candidate concepts
equally without prejudice toward existing technologies (e.g., light-water reactors) but
recognizes that most primary energy generators are likely to be fission based. DOE is
presently considering 94 concepts. The output of the Generation IV Program is
expected to be a research and development plan to support future commercialization of
the best concepts.
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Power Plants"
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William D. Magwood ZV, Director
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Office of Nuclear EneW, science and rechnotow

,.-'Nuclear energy systems deployable by 2030

,oPSystems offering significant advances in

0;;sustainability

[!9safety and reliability

63economics

,,eSystems include fuel cycle and power conversion

,,-4*Diversity of applications (electricity, H2, water, heat)

,.,ODeployable in a wide range of markets
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Marc

Generation I
Generation 1

Early Prototype Generation Ill Near-Term
Reactors Commercial Power Deployment

Reactors Advanced I Generation V
LWFIs

I
Generlijon 11. Highly
Evolutionary
Designs Offering Economical
Improved Enhanced

Shippingport Economics Safety
Minimal

Dresden. Fermi I -ABWR Waste
Magnox LWR-PWR, BWR System 80. Proliferation

CANDU AP600 Resistant
VVER/RBMK EPR

1950 1960 1970 1980 19% 2DDO 2010 2020 2030

OffieotNuc4earEnergyScienceandTechnology

,!sp
2NEYl"

Subcommittee on Generation IV Technology Planning

e9Established in October 2000
to provide guidance on development
of the Generation IV Technology
Roadmap

e9Membership from U. . W IRA

Industry, laboratories,
and academia

�-9iCo-chaired by
Neil Todreas, MIT and
Sal Levy, GE (retired)
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Cohitnittee.(NERAC)

ooPSubcornrnittee Charter: Gen IV Technology Roadmap

E9!Establish goals that define the requirements for
Generation IV nuclear energy plants

c��Suggest paths forward to resolve technical and
institutional issues for Near-Term Deployment
(by 201 0)

E9Recommend Gen IV R&D Plan
• Sequencing of R&D task and initial

cost estimates

• National and international collaboration
19 Systems must be deployable by 2030

Office offtclear Energy, Science and Technology

..orUMEM,

,oOpFacilitate research planning
and international cooperation
between countries interested in the
future of Nuclear Energy

ina U SjL Ml

AO'Led by Policy Committee, composed
Kingdom ofseniornucleartechnologyofficiaI

representing member governments

Ca oO'Observers from:
uth Korea ��31ntemational Atomic Energy Agency

�90ECD/Nuclear Energy Agency
�-�European Commission

Fran e uth Africa �-91J.S. Nuclear Regulatory
Japan Commission

TGU.S. Department of State
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,eEndorsed Gen-IV
technology goals

,oPinternationalized
Zdthe Gen-IV F,��R

Technology Jan

Roadmap eff ort
4thMeeti6!j Gen-W n

,-"Finalized charter Werrational; SeoU,:-Kom
Mani, AW.W2WO
October2WT�'..governing

memberships and
objectives

Office of Nudear Energy, Science and Tect7nology

Near-term Ob4ectives

,#*'Establish Near-term Deployment Working Group

,Reidentify institutional and regulatory barriers to new plant deployment in

the U.S.

,O'Provide recommendations on appropriate government actions to assist

in addressing barriers (complete by September 2001)

Long-term Obaectives

,,#,'�Establish Gen-IV Technology Project

,oeldentify and evaluate most promising nuclear energy system concepts

,oeProvide comprehensive R&D plan to support future commercialization

of the best concepts (complete by September 2002)
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Presentation at ACRS Workshop
"Regulatory Challenges for Future Nuclear

Power Plants"

June 4, 2001

Dr. Rob M. Versluis
Office of Technology and Znternational Cooperation

Moe of Nudear Energy, SaiLnoe and Technology0

Identify and evaluate most promising nuclear energy
system concepts (Oct '0 - Sep 02)

Advisory group: Generation IV Roadmap NERAC
Subcommittee (GRNS)

Working Groups:

* 50 U.S. experts from industry, labs, academia

* 40 experts from Generation IV nternational Forum (GIF)
member countries organizations

R&D Plan to support fture commercialization of the best
concepts
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-.�-'Goals

Reflect mid-century vision of energy needs 2030)

Provide basis for evaluating nuclear energy systems
and identify the most promising concepts

Sustainability Goa Safety & Reliability Goa Economics Goals
-Resource inputs -Excellence -Life cycle cost
,Waste outputs *Core damage *Risk to capital
-Nonproliferation Emergency response

Ofte of Nudear Energy, Science and Technology0

W

tion IV System:
tire energy production system, including

• nuclear fuel cycle front and back end
• nuclear reactor
• power conversion equipment and its connection to the

distribution system
• electricity, hydrogen, fresh water, process heat, district

heat, propulsion
• infrastructure for manufacture and deployment of the plant

• Limited to systems that are likely to be commercially
viable by 2030

• Primary energy generators based on critical fission
reactors
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oadmap: Organization

Generation IV
Infeirnational

IVERA C ---- Zor-NE.7 Forw" (G119

r-Term Deployrnent
Group NTDG)

GEN I
NER4CSubcormntee

(GRNS) Roadmap nte Won Team

Technical Communify Evaluation Methodology EUG)

Industry
Technical Workin Groups G):

%
-Academia Water Coolant

oNational
Laboratories Ga. -c-O.-I.7t
Interactional
Groups Liquid-Metal Coolant

Non-ClassicalConcepts

OffireolNudearEnergyScienceandTechnology
7"

Roadmap

Four Phases over Two Years:

Phase 1: Initial work
Oct '00 - Jan '01 - Completed

Phase II: Needs assessment
Jan '01 -Jan 02 -Jan 02 Draft Roadmap

Phase III: Response development
Oct'0 - May'02 - May'02 Interim Roadmap

Phase IV: mplementation planning
May 02 - Sep 02 -Sep 02 Final Roadmap
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technology goals based on industry needs

als have been drafted by GRNS and GIF

Captured in Technology Goals Document

Plan the activity

• Roadmap Development Guide drafted by RIT

• Working groups have been convened including
international participation

Determine how to measure concepts against goals
Develop cteria and metrics for each goal

Continue on to develop evaluation methodology

Conducted by EMG, with the RIT and GRNS

Office of Nuclear Energy, Science and Technology

Identify concepts for evaluation

0 Drawn from a broad international base

41 Concepts adopted or synthesized byTWGs

0 Concepts grouped into "concept sets"

Detail the most promising concepts

4, Interactions between TWGs concept teams/advocates

• Active study and comparison of underlying technology

• "Screening for Potential" guided by EMG criteria

Evaluations guided by EMG metrics
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oncept,
A technical approach for a Gen IV system with enough
detail to allow evaluation against the goals, but broad
enough to allow for optional features and trades.

Concept Set:
A logical grouping of concepts that are similar enough to
allow their common evaluation.

Office of Nudear Energy, Science and Technology

FIt -7= "', � --
hidZate i"Assemble

Evaluate the most viable concepts
• Compare concept performance to goals
• Identify technology gaps
• TWGs lead - RIT/EMG reviews - DOE approves - GIF

endorses
Assemble Roadmap to support the most promising
concepts

• Identify R&D needed to close gaps in areas of
crosscutting technology

• Assemble a program plan with recommended phases
• Groups report - RIT integrates - DOE approves - GIF

endorses
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• Request for information March 2001
Concept elicitation, sorting, and characterization

• Screenina for Potential July 2001
Concept studies
(assessment of technical needs by concept)

• final screen April 2002
R&D plan development

• Roadmap completion September2002
- - - - -------- - ---

Viability R&D
• First down-selection

Performance R&D (industry participation)
• Second down-selection

Demonstration wAndustry, design, regulatory reviews

Office of Nudear Energy, Science and Technology

W'. OF A

Charter

Identify Gen IV concepts for evaluation, evaluate their
potential against the goals, their technology gaps and
needs, and recommended R&D priority.

Special Features

• Groups will author major sections of the roadmap, on
concepts, technology gaps and R&D needs

• Group members will staff the crosscut groups in the
second year
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PSTW=7- 7,
'I G'

arter

Develop a process for the systematic evaluation of the
comparative performance of proposed Gen IV concepts
against the established Gen IV goals.

Special Features

• Early delivery of products in Feb/Mar and May 2001

• Continued refinement of methodology

• Review of the TWG analyses to assure a consistent
approach

Office of Nuclear Energy, Science and Technology

• Examine fuel resource input and waste output from a
survey of Generation IV fuel cycles, consistent with
projected energy demand scenarios. The survey of fuel
cycles will include currently deployed and proposed fuel
cycles.

Special Features

- Members mostly drawn from the WGs and EMG

- 8-1 0 month time frame for delivery of products
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.%biGeneration IV Roadmap

Liquid Non- Eval. Fuel
water Gas Metal Classical Methods cycle

Argentina

Brazil

Canada

France F] F1

Japan I 

Korea
South ica

United mm
Kingdom

United States ME- gm ll�C;=
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Presentation at the
ACRS Workshop - Regulatory Challenges

in the Licensing of Generation 3 and
Generation 4 Reactors

Thomas P. Miller

June 4 2001

Office of Nuclear Energy. Science and Technology

I Mission - Identify the technical, institutional and regulatory gaps to
the near term deployment of new nuclear plants and recommend
actions that should be taken by DOE.

G) Orders by 2005

G Multiple plants in commercial operation by 201 

1 Participants - multi-disciplined nuclear industry group

• Nuclear Utilities - Duke, Southern Nuclear, Exelon

• Reactor Vendors - Westinghouse, General Electric, General
Atomics

G) National Laboratories - ANIL, INEEL

G Academia - Penn State

G) Industry - EPRI

G Government - DOE-NE

GNERAC
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up

I Deliverables
S Near-Term Actions for New Plant Deployment
9) Near-Term Deployment Report (Roadmap)

3 Near-Term Actions For New Plant Deployment
G Overview of recommended DOE activities and FY 02/03 funding needs

Intended for use during DOE budget hearing process and DOE-NE
input to VP Energy Task Force

(D Presented to NEI and New Plant Task Force
G Significant Activities include:

Early Site Permit Demonstration (1 OCFR52)
Combined Construction/Operating License (COL)Demonstration (1 OCFR52)
Design Certification of 1 OOD+ MWe ALWR
Confirmatory Testing and Code Validation of Advanced Reactor Utilizing
New Technology

Office of Nuclear E=gy, Science and Technology

I Near-Term Deployment Report

G) To be Issued by September 30, 2001

(;) Based on evaluation of industry response to RFI

I Request for Information (RFI)

S Issued April 4 2001 to reactor designers, AEs, nuclear plant
owners/operators, Gen IV participants, and other stakeholders

qD Issued to NEI New Plant Task Force members

(�) Public notice through Commerce Business Daily (CBD)

G Solicits identification of design-specific, site-related and generic
barriers to deployment of new nuclear plants by 201 0

Q� Responses due May 4 2001 - received responses from
12 organizations

RFI response under review

36



Office of Nuclew Enngy, Science and Tectimology

M-.216ymeht-Grou'

RFI requested information in two areas:
2 Specific Deployment Candidate Designs that meet six criteria

(a Credible plan for gaining regulatory acceptance

G Existence of industrial infrastructure

G Credible plan for commercialization
G) Cost-sharing between industry and government

G) Demonstration of economic competitiveness

G) Reliance on existing fuel cycle structure

I Generic Design Specific Gaps
G) Known gaps provided requiring ranking and possible solutions

G) Other gaps to be identif ied by respondent

OffaccofNucl=E.ergyScienceandTechnology

?yffierit Gow''

sign Specific Responses
G)SW 1000 Framatome
G)PBMR Exelon/PBMR

G)AP600/AP1 000 Westinghouse

G)IRIS Westinghouse

G�GT-MHR General Atomics

(2)ABWR General Electric
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w wOwMF 

eric Gaps Responses
(D ESP Demonstration

�!) COL Demonstration

e) Construction Inspection & ITACC

Risk-informed Regulation for Future Design Certifications

)o Emergency Planning and Plant Security

G) Advanced Fabrication, Modularization and Construction Technologies,

e Standardized Life-Cycle Information Configuration Control Systems

Q� High Level Waste Disposal Resolution

G Risk Management Tool

(D Public Influence and Acceptance

G Appropriate Resource and Financial Arrangements
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.IV Co cepts

Presentation at ACRS Workshop
"Regulatory Challenges for Future Nuclear

Power Plants"

June 4 2001

Dr. Rob M. Verstuis
Office of Technology and Znternational Cooperation

-J

Office of Nt;clear Energy. Sience and Technology

IMMER,

uest for concept information (RFQ

• RFI response

• Concept statistics key features

• Grouping of concepts

• Current activities on concept evaluation
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Office of Nuclear Energy. Science and Technalogyff-a

cept:
A technical approach for a Gen IV system wh enough
detail to allow evaluation against the goals, but broad
enough to allow for optional features and trades.

Concept Set:

A logical grouping of concepts that are similar enough to
allow their common evaluation.

01fioe of Nuclear Energy. Sience and Technology

Total: 94 By country

By reactor coolant type * France 3

• Water 28 * Japan 19

• Gas 17 * Korea 10
• Liquid Metal 32 - UK 4

• Non-classical 17 US 45
7 Others, 13

*Argentina, Brazil, Canada,
By organization type Gennany, Italy, Netherlands,

• University 27 Russian Federation

• Industry 22

• Laboratory 45
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Variables

> Coolant (H20, D20)

> Coolant phase conditions

> Spectrum (thermal, epi-thermal, fast)

> Pmary system layout (conventional, integral)

> Fuel cycle (U vs.Th, once-through vs. recycle)

> Thermal output
> Maturity

Otfioe ol Nuclear Energy. Science and Technology

cutting R&D Issues

igh temperature materials

> Modular manufacturing technologies

> nternal control rods

> I&C
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'71

C601

Variables
• Reactor concepts

> GT-MHR
> PBMR

> Fluidized Bed Reactor

> GCFR

• Applications of fission heat

> Electricity generation: direct vs. indirect cycle
> Process heat applications (industrial smelting,

petroleum refining, hydrocarbon reforming, coal
conversion, etc.)

> Desalination

Office of Nuclear Energy. Science and Technology

l4fit ftiont"M

rms and fuel cycles

U
> Thorium

> UPU

Generic R&D issues
> Fuel fabrication quality assurance

> Fuel performance -- integrity and FP retention

> Lifetime temperature and irradiation behavior of graphite
structure

> High temperature materials and equipment

> Passive decay heat removal for fast-spectrum concepts
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ant

e Variables
> Size (large/monolithic, modular, transportable) and targeted

clients
> Coolant (Na, Pb-alloy, Pb,
> Fuel type (oxide, metal, nitride, cmposites)

> Primary system layout (loop, pool)
> BOP options and energy products
> Energy conversion options
> Fuel recycle technology (aqueous, dry)

Office of Nuclear Energy. 3enoe and TectuxXogy

adequately defined concepts with significant potential
Variables
> Cooling approach (convection, conduction, radiation)
> Coolant (molten salt, organic coolant)
> Fuel phase (solid, liquid, gas/vapor)
> Electricity generation technology conversion (turbine, gas

MHD, direct conversion of fission-fragment energy)
> Aternative energy products or services

> Fuel cycle
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PeruW

Crosscut issues

> Modular deployable

.> Hydrogen production and very high temperature systems

> Advanced fuels and fuel management techniques

> Energy conversion systems (esp. non-Rankine)

Ofte of Nuclear Energy. Scierice and Tedmology

s have grouped concepts into "concept sets"

Concept sets share
> Technology base
> Design approach

Rationale for grouping
> Efficient division of TWG analysis effort

> Streamline evaluation process
> Avoid premature down-selection
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.Water

• R loop reactors (3)
• Integral primary system PWR's (6)
• Integral BWRs (6)
• Pressure tube reactors (3)
• High conversion cores (I )
• Supercritical water reactors (3)
• Advanced fuel cycle concepts (14)

> Mox
> Thoriurn
> DUPIC
> Marble Fuel
> Neptunium

Office of Nuclear Energy, Science and TechnolOW

wx�

le bed modular reactor concepts (5)
• Prismatic modular reactor concepts (5)
• Very high temperature (-1 SWC) reactor (1)
• Fast-spectrum reactor concepts (5)
• Others (4)

> Fluidized bed
> Moving ignition zone concepts

45



Office of Nuclear Energy. Science a4 Technology

.p-in- g. J,

major categories of concepts:
> Medium-to-large oxide-fueled systems (6)
> Medium-sized metal-fueled systems (8)

> Medium-sized P/Pb-Bi systems (8)
> Small-sized P/Pb-Bi systems (6)

Liquid MetalTWG is also examining three supporting
technology areas
> Fuels (oxide, metal, nitride)
> Coolants (Na, Pb/Pb-Bi)
> Fuel Cycle (advanced aqueous, pyroprocess)

Office of Nuclear Energy. Scienoe ancl Technology

ms TWG

utectic metallic fuel (2)
olten salt fuel (4)

Gas core reactor (1)
Molten salt cooled/solid fuel (1)
Organic cooled reactor (1)
Solid conduction/heat pipe (1)
Fission product direct energy
conversion (2)
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s are analyzing the candidate concepts for

rformance potential relative to the technology goals

> Technology gaps

A report will be prepared this fiscal year describing

> Concepts

> R&D needs

> Results of the initial "screening for potential" evaluations
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Power Plants"
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R. Shane Johnson, Associate Director
Office of Technology

and Znternational Cooperation

Office of Nuclear Energy. Science and Technology

Reactors

,,*Near-Terrn Actions

• Complete report on recommended DOE activities

- Reportwiiireflectgenericanddesignspeciticissues

- Report to be issued by September 30, 2001

• Significant activities expected to include:

- Development of Regulatory Framework for Gas Reactor
Technologies

- Early Site Permit Demonstration

- Combined Construction/Operating License Demonstration

- Design Certification of Advanced Reactors
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Near-Term Actions

• Evaluate the most viable concepts

• Compare concept performance to technology goals

• Identify technology gaps

• Identify R&D needed to close technology gaps

• Prepare comprehensive report on most promising concepts
including detailed R&D plan
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T. Clements, Nuclear Control Institute: I was a little confused during the DOE
presentation about the relationship between the roadmap and the review you're doing
and what's happening with the Exelon pebble bed reactor. From what I hear,
depending on what happens in South Africa, they plan to start construction in 2004 and
have a reactor operating in this country in 2006. It sounds to me like you're behind the
curve on what's happening with that reactor. Are you going to ask them to slow down
their decision process in pursuing this with NRC? You're behind the curve on what
they're doing here on the ground with the NRC or do you assume that you're going to
include this reactor in your roadmap? I'm just confused about the relationship between
what you're doing and the pebble bed.

W. Magwood IV, DOE: The pebble bed reactor that R. Versluis spoke to, is a class of
PBM Rs, those are not necessarily, in fact may not really be the reactor that Exelon is
interested in and is now being discussed in South Africa. That specific design is being
discussed as part of the near-term deployment activities. And, as I've mentioned, those
activities are largely complete and will be final -- scheduled to be final through the
NERAC process in September, and include largely institutional issues that are being
raised by NERAC that are fully in concert with the schedule that PBMR corporation is
on.

And, in fact, there are representatives of Exelon on some of the working groups that are
providing information about the schedule and trying to keep everything in concert.

S6that PBMR is slated for near-term deployment as opposed to being in the longer
term Generation IV activities. And that's simply because of the fact that its of near-term
interest to a utility and, therefore, it's appropriate that we look at it as something to be
deployed by 201 0. And whether it actually gets deployed by 201 or not is up to Exelon
and others.

E. Quinn, Consultant, General Atomics: We've read the Vice President's report -- or
the President's report and it addresses investment in new technologies for renewables,
for coal for example, and some of the 105 recommendations address advance nuclear
designs. Can you advise in Y'02 and beyond how those recommendations will come
into DOE planning?

W. Magwood IV, DOE: No. To expand on. No. Let me just say that, obviously, our
international partners are all very pleased with the outcomes that were in the Vice
President's review and have every hope that eventually there'll be more resources
devoted to nuclear research and development by the government. Certainly there
would have to be to do any of the things that we've talked about today.

What will happen in specific fiscal years, 2002 in particular, I simply don't have an
answer for you. I think that as the government continues to digest results of the review,
we'll begin to talk more in terms of what do we have to do, to actually implement those
things, and those discussions have already started moving.
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But I wouldn't expect to hear any specific implementation announcements other than
what you may have already heard from the Secretary. I think he made some
announcements recently about specific things in non-nuclear aspects' But on the
nuclear aspects it's going to take a while to adjust it, move on it and to formulate those
implementation activities.

So I would expect that over the course of the next few months, those would start to
come out.

G. Apostolakis, Chairman, ACIRS: If you had to give us the two most important
regulatory challenges for meeting all these wonderful initiatives, what would they be?

W. Magwood IV, DOE: That's a good question. I think I'll answer the question a little
more generic.

I think that it's extremely important the NRC move as close to performance based risk-
informed regulation as possible. Because these technologies are dissimilar in so many
ways, and you're already starting to see it. There's already a large discussion going
forward about the pebble bed reactor versus light water reactor technology and how
you license those. 

The only way to do that successfully with these different concepts floating around out
there is to move to a technology- independent regulatory approach. And unless you do
that, you're going to inhibit the development of these new technologies because people
will not have the confidence that NRC can respond quickly enough to regulate these
technologies.

I know there's a lot of concern about how long it's going to take to get regulations for the
pebble bed reactor. And we're working with General Atomics at DOE with the
development of their system, and that presents similar challenges. So I think that the
larger issue is the one you have to deal with.

In the nearer term, think it's really more a job of demonstrating the pieces are already
out there. But even as we look at these newer technologies coming in before now, they
present issues, many that you are already very familiar with.

So I would say that pushing as fast as possible towards a new regulatory regime that
will support new technologies in the next century is really going to be -- should be a high
priority.

D. Powers, ACIRS Member: Well, it seems to me that if you're going to encourage
people to move to a performance- based regulatory system, that must mean surely
you're looking at performance indicators for these new generation? Is that the case?

W. Magwood IV, DOE: I think the answer to that is yes. If you look at our technology
goals, and I think you're going to get a rundown of that.
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You'll see a very high level version of what those performance goals are. On a
regulatory space, you're talking about safety. You'll see some indications where we
think things should go, but not to the level of detail because these technology goals are
very, very high level. You're not going to see a low level of detail, but you will see an
overall vision.

E. Lyman, Nuclear Control Institute: I think there are public issues that really have to
be thought about before large expansion in DOE's research budget has to be
contemplated. Because these days you have to really worry about whether what looks
like government subsidization of one energy technology over another, how that will be
perceived, especially by small scale generators using other competitive fossil fuel
technology. And in a deregulated environment that's going to be a greater concern.

So, I was encouraged when these reports of a task force on near-term deployment that
recently reported to NERAC discussed a cost sharing program with industry for near-
term deployment. I was wondering if industry had actually made any firm commitments
in that regard, since this would be a positive step since I don't think they've put any
money down so far in these initiatives?

W. Magwood IV, DOE: First, it's important to clarify, and I think you raised a good
point. There's two things really important to clarify.

First, in general, you know our office is not in the business of corporate welfare. We're
not here to make technologies marketable that wouldn't otherwise be marketable, you
wouldn't otherwise compete on it. In fact, our goals, and you'll hear about it, for our
Generation IV have a lot of built into them about the need to be economically
competitive. That's a hallmark of what we're trying to do.

And let me say for the record that there should not be a new nuclear power plant that's
not economically competitive in this country. It shouldn't be built because we're not
going to subsidize it and if industry is not willing to go off and do it because they can
make money, it shouldn't happen. It shouldn't be done.

Now, regarding the specific point you raised, I think that where we are right now -- well,
first it's important to recognize that this is a NERAC advisory group, so we're not at the
point where we're making commitments on a policy basis on behalf of the industry. We
have asked certain experts in industry along with academia and working with our
national laboratories to come together and make recommendations. These
recommendations will flow up through the NERAC process and if it comes out the other
side, NERAC will make a recommendation to DOE that we should go pursue a program
in that vein.

But at that stage, if that were to happen, we would be in a position to approach the
industry and say "Okay, your people were on this panel, here's the recommendation
that they made, Mr. CEO do you want to buy into this?" And if they don't want to buy
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into it, we don't have to do it. But, you know, it's a recommendation. It's not a
commitment on anyone's part, especially ours.

You know, with my budget I couldn't commit to anything they recommended at this
point. So, it's really a recommendation for the future.

The question we asked was if we were going to solve these problems, how would we go
about it? And that's what these recommendations gives us. It gives us a way of solving
the problems.

It doesn't mean that we have to do it. It doesn't mean the industry has to do it, but it
gives us a methodology.

So the answer to your question is no, no one's made any commitments, nor would it be
appropriate to at this point in time.

D. Powers, ACRS Member: I have a question that comes to mind when I see these
plans for Generation IV reactors. My good friends at the Nuclear Energy Institute
regularly provide me metrics on the performance of the current generation of plants in a
variety of areas, including resources, safety and economics. And they show excellent
performance, just outstanding performance in the last ten years.

In all this roadmapping exercise, do you carry along some representative of the current
generation plants as a comparison so you can see if you're really going to accomplish
anything with these new plants.

R. Versluis, DOE: Well, ifs a good question because the initial screenings are really
not much more than comparing in a number of different areas with the Generation III
technology. So, they are qualitative comparisons, and that's how we approach it, is
comparing it with the Generation III technology.

D. Powers, ACIRS Member: We don't have a whole lot of performance and data on
those Generation III plants the way we do with the existing plants?

R. Versluis, DOE: We think at this point with the amount of data that we have on the
various concepts, there is no need to be very, very precise about these things. What
the schedule, the last slide really showed is that we need to do a certain amount of
viability research where we get a better handle on how to measure, how we can
measure the various indicators before we can do a more sophisticated screening.

J. Garrick, Chairman, ACNW: It might be important to point out, too, that GNS has
put a lot of emphasis on the total energy system concept, and that has kind of evolved.
When we first got together, that wasn't so much an emphasis. And when you think
about performance indicators, you've also got to think about the scope that we're
addressing this time, namely the total energy system.
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So, it would seem that if we're going to go in the direction of performance indicators that
are compatible with risk-informed performance based regulatory practice, we'll be
talking about probably a different structure and ai least a more range of indicators that
we've perhaps ever seen before. Is that not correct?

R. Versluis, DOE: Yes. For example, the base case we're comparing with, of course,
has a once through fuel cycle. We have various criteria that have to do with the waste
and use of fuel, but particularly the waste forms that can be achieved by other fuel
cycles.

So, you're very right that we are not just looking at the reactor, but the entire system
from soup to nuts, so to speak.

G. Apostolakis, Chairman, ACRS: Now when you say reliability goals, I mean are
they goals the way we understand them, numerical goals for reliability?

R. Versluis, DOE: That's where we would like to end up, but reliability you can't really
put a metric of reliability together until you know the design pretty well. And so early on
we are really looking at very general indicators that might lead to reliability, but it's not --
as I remember well, it's actually not a screen for potential criteria. It doesn't come into
play until later.

W. Shack, ACRS Member: One of the things I noticed this morning in the whole
discussion of the Generation IV thing was that the word usevere accident" never
appeared anywhere. Do you envision that as being a technology need that will have to
be addressed in the R&D program?

R. Versluis, DOE: Yes. One of the goals, the second safety and reliability goal has to
do with core damage. And then the third goal has to do with the emergency response.
So in both of these goals severe accidents are an issue.

And the second goal will assume the performance of a PRA. And the third goal will
have to involve all the severe accident, that could lead to a release off-site.

P. Ford, ACRS Member: We've been told earlier on that risk-informed regulation is
going to be a part of your strategy, and yet we're looking at a whole lot of new systems
here for which we have no experience at all in terms of time dependent degradation.
As you're going through your screening process, does the time needed for R&D to
resolve those questions, enter into your timing and your decision making?

R. Versluis, DOE: Yes, it does. And certainly we hope or we intend but in early on in
particular to ocus on those issues where there's a large amount of uncertainty and try
to reduce that uncertainty. That's how we will ocus what we call the viability R&D, so
that we have a better idea of what the potential is.
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P. Ford, ACIRS Member: And have you also taken into account the question of the
manpower capability of doing that research?

R. Versluis, DOE: Well, there will of course be as part of the roadmap an estimate of
required manpower, resources and infrastructure. But we are certainly aware that there
is a lot of work needed there and a lot of investment needs to be made.

E. Lyman, Nuclear Control Institute: I just have to follow up from my earlier question,
because I think what we've just heard is a list of activities which I don't think it's
appropriate for the government to be funding. These are activities which are associated
with providing.a regulatory climate or easing licensing advanced reactors. And I think in
today's context, that's a cost that really should be born by the applicants.

Licensing is expensive, but that is part of the package for trying to develop a new
nuclear reactor and market it. And so I think it raises real questions whether DOE
should be involved in trying to facilitate or come up With ways of easing the site permits
and other regulatory activities.

I'm also concerned about DOE proposing a licensing framework for reactors and then a
way of meeting those licensing criteria. I think there really has to be a separation
maintained between the licensing standards and the actual applicant. Because
otherwise these criteria could be gerry-rigged to justify or to facilitate the particular
reactor you're pushing.

W. Magwood IV, DOE: What we're doing, Ed, and for everyone else who had concern
about this, is we're focusing on generic issues, and this is something that DOE has
done basically throughout history.

For example, in the case of gas reactors there are some very generic issues related to
the implementation of gas reactor technology in the United States whether it's a pebble
bed or GT-MHR or something else, you have to deal with, for example -- and this is
something that we've had a lot of very important discussions about. If in the case of a
gas reactor you're relying very heavily on the quality of the fuel, how does one go about
thinking about fuel manufacturing in concert with the design of a power plant? You
can't separate it as easily as you can in the light water reactor. That's a very, very
broad generic technology issue. And I think it's entirely appropriate for DOE to be
involved in that.

What we will not be involved in are the specific -- and NRC, by the way I'll point this out,
NRC's Office of General Counsel has been very, very diligent about keeping both NRC
and DOE straight about this issue.

We will not contribute to the specific design related regulatory activities NRC will be
participating in with the vendors. There will be a separate activity that will probably be
coming on in the next year or so. We expect tat Exelon, or wh.oever, will come to the
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NRC and will be obligated to pay for those activities. We don't anticipate being involved
in that.

But the generic activities are things that we think the government ought to be involved
in and should be involved in. And I'll be happy to talk with you more about that later,
but I think it's entirely appropriate what we're doing as long as you stay on this generic
level. I think there has to be a distinction.

R. Uhrig, ACRS Member: There's a number of rather exotic materials involved in the
various concepts that have been talked about this morning. Is there any consideration
or any time being spent looking at the availability of these? Even something as
common as helium, there's a limited amount of that unless you want to produce it
artificially. And I just wondered if this is an issue that's going to be brought into the
consideration?

W. Magwood IV, DOE: That's a really good question, and something that I've actually
started to worry about myself. The answer to the question is no, we haven't done this
stage. And the reason we haven't is because we haven't reached this 2002 target of
narrowing down the number of options. When we know what concepts we're really
going to spend our energies on, we're going to really have to deal with those materials
issues.

And I can't talk too much about this, but we are expecting in the next few weeks to
really strengthen our materials activities within the DOE infrastructure and start to have
more focus on these issues. Because I think they're too disperse right now. We need
to really focus our energies there, and we're going to be doing that very soon. We'll
make some announcements about that.

But your question is really good one, and we're worried about it but it's too early for us
to really go a whole lot further.
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XA04NO151
Presentation Summary
Safety Design Aspects

And
U.S. Licensing Challenges

Of the
Pebble Bed Modular Reactor

By
Ward Sproat - Exelon Generation

Dr. Johan Slabber - PBMR Pty.

This presentation consists of three sections: An overview of the status of the
PBMR project in South Africa, a review of the design features and philosophy
being utilized to design the PI3MR, and a summary of the key licensing issues
that Exelon has identified in assessing the licensability of the PI3MR for
application in this country.

Project Status

The PBMR project is currently completing the Preliminary'Design Phase. Based
on the information developed, a Detailed Feasibility Study is currently being
performed and the report will be issued in mid-summer. The investor companies
will make their decisions regarding investing in the next phase of the project
based on the report's findings and their own investigations. If the decision is
made to proceed, and if the South African government agrees, a PI3MR
demonstration plant will be constructed near Cape Town, starting in late 2002.

Safety Design Aspects

The PBMR design philosophy is to use both passive and active engineered
features to provide both prevention and mitigation capability as well as to reduce
dependence on operator actions. The PBMR reactor is being designed to a set
of principles that is intended to assure fuel integrity, provide multiple fission
product barriers to the environment, and to provide safeguards against nuclear
material proliferation.

Fuel integrity will be assured by quality controls on the fuel manufacturing
process, minimizing excess reactivity, assuring excess heat removal from the
fuel, prevention of chemical atack on the fuel, and preventing excess burnup.

Multiple layers of fuel particle coatings, the primary pressure boundary system,
and the containment structure will provide barriers to fission product release.

Nuclear material proliferation is addressed in the inherent design of the fuel and
politically through agreements by the Republic of South Africa with international
agencies.
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Licensing Issues

Exelon has determined that a number of technical and non-technical issues will
need to be addressed during the licensing of the PBMR. These issues may
affect the ability to license the design in the US at a cost-competitive price. Some
of the issues will require exemptions, rulemaking or legislation to address the
unique aspects of small modular reactors.
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Safety Design Aspects and U.S.
Licensing Challenges of the

PBMR

Ward Sproat - Exelon Generation

Dr. Johan Slabber - PBMR Pty.

Agenda

• Project Overview

• PBMR Safety Design Features
- U.S. Licensing Challenges
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PBMR Project Overview

Ending Preliminary Design Phase

Feasibility Study in preparation

Investors' decisions by end of year

RSA demonstration plant construction start
in late 2002 pending approvals

Exelon decisions hinge on economics and
technical risks

Design Philosophy

• Employ passive and active engineered
features

• Provide prevention and mitigation
capability

Reduce dependence on operator actions
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Reactor Safety Design
Principles

Assure fuel integrity

Multiple fission product barriers to the
environment

Nuclear material proliferation safeguards
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Reactor Design Principles

Assure Fuel Integrity
- Assure Fuel Quality
- Control Excess Reactivity
- Assure Heat Removal from Fuel
- Prevention of Chemical Attack
- Prevent Excess Bumup

Assure Fuel Integrity

Assure Fuel Quality
- Fuel Design has been proven internationally
- Fuel Qualification Program

& Fuel Performance Testing Program
* Fuel Fabrication Quality Assurance Program

- Operational fuel integrity assurance by
monitoring primary coolant activity online
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Assure Fuel Integrity (cont'd)

Control of Excess Reactivity
- Low Excess Reactivity = 13% delta k effective

- Core geometry maintained by design for all credible
events

- PBMR core design precludes Xenon oscillations

- Demonstrable large Negative Temperature Coefficient
of Reactivity

- Criticality safety assured for spent and used fuel

Assure Fuel Integrity (cont'd)
Assure Heat Removal From Fuel
- Materials properties and design features

assure heat transfer from fuel to RPV
- Passive heat sink provided by the Reactor

Cavity Cooling System for extended period
- The reactor cavity including its structures

will maintain geometry during all credible
events.
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Fuel Performance at Elevated
Temperatures
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Assur e Fuel Integrity (cont'd)
Prevention of Chenflcal Attack
- Water systems at a lower pressure than that of the

primary coolant system during operation
- Water ingress to reactor when depressurized

prevented by physical design
- Primary coolant system monitored to detect, and

cleaned to remove moisture and air
- Graphite oxidation due to air ingress prevented by

physical design of reactor, gas manifold and citadel

Assure Fuel Integrity (cont'd)

Prevention of Excess Bum-up
- Physical core design

- On-Line gamma spectrometric system
to measure fuel bum-up
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Fission Product Barriers to
Environment

o Individual fuel kernels with 3 layers
- High integrity primary pressure boundary
- Containment (Confinement)

- Reinforced concrete structure

- Filtered vent path

- Hold up of fission products

- Plate out

- Auto-close blowout panels

- Late release

Nuclear Material Proliferation
Safeguards

0 International Atomic Energy Agency
(IAEA) / Government of the Republic of
South Africa Safeguards Agreement

-- Non-Proliferation attributes inherent in fuel
design
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Kev Technical Licensing Challenges

• Lack of 2as reactor technical. icensing

framework

• Fuel qualification and fabrication process
licensing (South African Fuel)

• Source Tenn: Mechanistic or Deterministic

• Containment perfon-nance requirements

• Computer code V&V

• PRA - Uncertainties, Initiators and End States

• Reau.latorv treatment ofnon-saflety- systems

• Classification of SSC"s

• Lack oftechnical expertise n gas reactors

Key Legal Licensing
Challenges

• Price Anderson indemnity
• NRC operational fees
• Decommissioning trust funding
• Untested Part 52 process
• Potential number of exemptions
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T. Kress, Chairman, Subcommittee on Future Reactors- Do you have a goal for
how many particles can be failed within the core before you violate 1 0 CFR 1 00?

W. Sproat, Exellon: This is clearly an issue that we're going to have to wrestle with the
staff, once we decide ourselves how we think the appropriate way of addressing it, is
what's the source term? Is it mechanistically determined source term or
deterministically determined source term.

T. Kress, Chairman, Subcommittee on Future Reactors: Isn't the answer obvious
there?

W. Sproat, Exelon: No, the answer's not obvious. I know what we would like to do,
but the issue of how good are your goods analyzing your diffusion coefficients and
being able to provide an analytic framework for migration of fission products from the
core to the environment is going to be a challenge. It's going to be a challenge.

Obviously, containment performance requirements, Johan talked about the containment
design and whether or not a zero leakage or a LWR type containment would be
required versus moderate to high leakage filtered containment would be required is
obviously an issue that's going to be discussed at some length.

T. Kress, Chairman, Subcommittee on Future Reactors: And that would be linked to
the fuel quality?

W. Sproat, Exelon: Absolutely, and to the source term. The issue of the various
computer codes that are being used in South Africa to design this plant, how they're
verified and validated and how they're benchmarked against the other existing codes
will be an extensive effort associated with that.

The PRA itself that's being developed in South Africa that we're advising them on, it's
kind of interesting. If you have -- what's your endstate if core melt isn't a valid endstate
for your reactor? Than what is your endstate? What are your initiators and how do you
determine your uncertainties of the various accident sequences?

T. Kress, Chairman, Subcommittee on Future Reactors: Your endstate is quantity
of fission products. Frequency of fission products.

W. Sproat, Exellon: It might be. The point is that we're exploring some new ground
here and, obviously, there'll be some discussions with staff about how we go and do
that.

The regulatory treatment of nonsafety systems and how we classify the SSCs, the
safety system components, will really be a key issue.

Finally, an issue that I lumped in the technical area, but it's a real practical issue is there
aren't a lot of people left in the U.S., in the NRC, in the national labs or in DOE that
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have gas reactor experience and understanding. Obviously, I think-you've gotten a
sense as we go forward with this, if we submit an application having people who
understand the technology, understand the science and can provide good independent
review of the submittal is going to be a real challenge.

On the last slide I have is the nontechnical, what I'll call the legal licensing challenges. I
personally believe we have a very good chance at satisfactorily resolving a number of
the technical issues that I showed on the previous slide. I'm not as confident about
some of these, because some of these are potential deal breakers for moving forward
with merchant nuclear power plants in this country. That's what we're talking about
here; this is not a power plant or nuclear plant that's going to go into a rate base
somewhere. This is a merchant plant where the shareholders are going to take the risk
of building and operating this plant and whether or not it makes money in the
deregulated marketplace is solely dependent on the technology and the company that
runs it.

So, the first issue up here is Price Anderson. The current law and the way it's currently
interpreted by the NRC is that each reactor in the country is assessed a retrospective
premium of 90 million per reactor in the case of an accident anywhere in the U.S.
associated with any reactor. fTve got a 2200 megawatt light water reactor plant, like
our Limerick plant, that means my retrospective premium at risk due to a reactor
accident somewhere in the U.S. is $180 million retrospective premium associated with
that plant.

If I have the same capacity of pebble bed modular reactors under today's law, my
retrospective premium would be $1.8 billion for that same amount of capacity. Even I
would have difficulties selling our board of directors to take that kind of a risk associated
with that kind of retrospective premium associated with an accident from a reactor that
we don't own or operate. So that's got to be addressed somehow.

The second issue up there is the NRC operational fees. Right now the operational fees
are approximately 3 million per reactor. Again, say at the Limrick plant, that means
about 6 million a year for the two reactors. The same size for 2200 megawatts, you're
talking about 60 million a year in NRC licensing fees for a 2200 megawatt set of string
of PBMRs.

The decommissioning trust fund is another issue that's clearly going to have to be
addressed. The law gives a number of different alternatives, but those alternatives
have presupposed that generally the plant is going to be operated by a regulated utility
and that in the rate base in which the plant is based rate, you have a set aside income
stream that goes and funds the decommissioning trust fund. In our case that won't be
the case. These plants won't be in a rate base. How we fund the decommissioning
trust fund, how much we have to put up front and what we can put into a sinking fund
needs to be resolved. The law is not clear on that at this point in time.
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Clearly, Part 52 licensing process which is, we think, the right way to go is untested at
this point in time. Nobody's actually done it. So the staff will be learning, the applicants
will be learning, and how we actually work our way through that and how long it takes is
going to be a key challenge for us.

Finally, I have up there the potential number of exemptions. As I talked about earlier,
there is no gas reactor licensing framework. If there's not when we go with an
application, the staff might decide that a number of the things we're' asking for are very
appropriate to license this plant, but will require exemptions from the existing regulatory
framework. Obviously, it would be undesirable to all of us to have the first advanced
reactor in place with a significant number of exemptions. It just doesn't work.

So, those are the key issues and challenges we see on the licensing side, both from the
technical side and the legal side. As I said, we are considering all that and now we'll go
into our decision making process as to whether or not to proceed with both the venture
in South Africa and the licensing process here in the U.S. by sometime around the end
of the year.

T. Kress, Chairman, Subcommittee on Future Reactors: These appear to me like
mostly policy issues rather than technical ones related to the reactor design?

W. Sproat, Exelon: A number of these will require some policy statements and
decisions by the Commission itself, yes.

T. Kress, Chairman, Subcommiftee on Future Reactors: Very good. Is there any
discussion or questions for either of our two speakers?

G. Apostolakis, Chairman, ACRS: Yes, I have a question. As I recall in one of your
communications to the staff in addressing these issues, the key legal licensing issues,
you proposed that a site with ten units be considered as one reactor?

W. Sproat, Exelon: One facility.

G. Apostolakis, Chairman, ACRS: One facility.

Now, if this is accepted by the staff, then should we also be applying the same idea to
various safety goals and say, assuming that the concept of core damage makes sense
here, that if the goal is 1 0 to the minus 4 and that would apply to the facility, so each
unit then would have to be ten to the minus ? Given the fact that you have ten of
them, you have some synergistic effects, maybe it'll have to be even lower than ten to
the minus .

W. Sproat, Exelon: Well, synergistic effects is not intuitively obvious to me. There
are synergistic effects when in fact the risk is from one reactor to the other. I'm not
ready to concede that point at this point.
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G. Apostolakis, Chairman, ACRS: Okay. Fine.

T. Kress, Chairman, ubcommittee on Future Reactors: Sme common mode.

G. Apostolakis, Chairman, ACRS: Some common mode, perhaps. Anyway, but how
about the thought process here that you would apply stricter criteria --

T. Kress, Chairman, ubcommittee on Future Reactors: Yes, instead of calling it
core melt, call it fission product release --

G. Apostolakis, Chairman, ACRS: Call it something else. Yes, fission product
release.
If we treat 1 0 PBMRs as one facility with respect to these five bullets that you showed
us, shouldn't we be doing the same when it came to isk and treat it as one facility and
apply the goals to the facility, in which case of course we will have much lower goals for
each individual unit?

W. Sproat, Exelon: Well, we certainly haven't done that for two and three unit light
water reactors. So, I hesitate to do that for a smaller, supposedly safer reactor.

G. Apostolakis, Chairman, ACRS: For a two unit reactor there are some PRAs
where they look at these things. A factor of two in the goals really doesn't mean
anything. When you talk about ten, a factor of ten, then you're beginning to see some
difference.

So it seems to me that if we are to apply this idea to the five legal licensing challenges
you mentioned, maybe we ought to think about doing the same thing to the goals. Now,
you don't have to answer right now, but --

W. Sproat, Exelon: I would probably disagree with that, but that's okay.

D. Powers, ACRS Member: Explain why you would disagree other than the fact that
you wouldn't like the numbers when they came out.

W. Sproat, Exelon: No. What would the basis be for doing that? For example, in
airline travel there's a certain risk associated ith flying on an airplane. Now, the fact
that thefy are increasing numbers of airplanes in the air doesn't necessarily mean that
your risk of being killed on an airplane has proportionally increased.

G. Apostolakis, Chairman, ACRS: The societal risk has.

D. Powers, ACRS Member: Right.

G. Apostolakis, Chairman, ACRS: The individual risk has not.
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T. Kress, Chairman, Subcommittee on Future Reactors- You don't fy the same
number of people on the airplanes. What you have is a site with a given fixed
population around it, for example. That population is exposed to either one module or
ten modules who could fail independently of each other, and in fact that's probably the
assumption. But the risk of being on that site and associated with those reactors is, in
my mind, ten times when you have ten modules over one module.

D. Powers, ACRS Member: Isn't it even higher than that because you've got a mode
failure with the--

T. Kress, Chairman, Subcommittee on Future Reactors: Yes. And then if there's
common mode failures, it's even higher.

D. Powers, ACRS Member: Especially if you go up --

T. Kress, Chairman, Subcommittee on Future Reactors: And that would be the
reasoning behind --

D. Powers, ACRS Member: to a centralized control room?

T. Kress, Chairman, Subcommittee on Future Reactors: Yes. So you treat it as
one reactor, but in order to accommodate the ten of them you have to do something to
one end; you either up the frequency by ten or the lower safety goal by -

W. Sproat, Exelon: Well, then clearly you have to take into account in that kind of an
analysis the concept of coincident events happening in multiple units at the same time.

T. Kress, Chairman, Subcommittee on Future Reactors: No, no, that's not --

D. Powers, ACRS Member: It's just common mode failure is what we are talking about
here.

T. Kress, Chairman, Subcommittee on Future Reactors: But that's not what I had in
mind.

W. Sproat, Exellon: Assuming there is a common mode failure that

D. Powers, ACRS Member: But that's not what we're saying.

T. Kress, Chairman, Subcommittee on Future Reactors: Yes, but that's not what
we're saying. I mean, that's another issue, coincidence events and common mode
failures. No, I'm not just talking about an independent frequency of something
happening to one or something happen to the other independently.

W. Shack, ACRS Member: Of course, now he does get something back because he
probably has a smaller source term.
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T. Kress, Chairman, Subcommittee on Future Reactors: Oh, I think that's a -- for
this concept, that's --

G. Apostolakis, Chairman, ACRS: I didn't say anything about the assessment.

G. Apostolakis, Chairman, ACRS: I'm just talking about the goals.

T. Kress, Chairman, Subcommittee on Future Reactors: I'm sure they could meet
the ten times or the ten percent -

G. Apostolakis, Chairman, ACRS: You don't use a facility of ten PBMRs only on
these things.

L. Parme, General Atomics: George, I might add in the mid-80s submittal on the
MHTGR where there were multiple reactors coupled to a common steam plant, it was
viewed as, a plant and we took the safety goals and the release limits that we were
analyzing it and considered multiple reactors. In fact, if you look back in the mid-80s
submittal you'll see there is at least one event that has all four MHTGR models leaking
simultaneously without cooling, and it was handled that way.

It's not quite the case where these reactors are truly independent, but we did consider
the four modules to be a plant consistent with your thinking. What would you do with
truly independent modules, I guess, is something that one might want to think of.

G. Apostolakis, Chairman, ACRS: If we decide, for example, that the appropriate way
to formulate the goals here would be through frequency/consequence curves, then it
seems to me that you would have one such curve or a family of curves for the facility.

J. Garrick, ACNW Chairman: Yes. Well, wh y wouldn't you have a CCIDF for the
facility?

G. Apostolakis, Chairman, ACRS: For the facility, that's what I'm saying.

J. Garrick, ACNW Chairman: Every time you add a module, you get a new CCDF.

T. Kress, Chairman, Subcommittee on Future Reactors: Yes, absolutely.

G. Apostolakis, Chairman, ACRS: Anyway, that's just a point.

T. Kress, Chairman, Subcommittee on Future Reactors: But it's a thought.

W. Sproat, Exelon- Understood.

P. Gunter, Nuclear Information Resource Service: Obviously fuel integrity is a big
question here. What I would like to get a little befter idea of, is have you looked at the
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XA04NO152
IRIS SUMMARY

Mario D. Carelli
Westinghouse Science Technology

The IRIS (international Reactor Innovative Secure) reactor is described in the
first part of the presentation. IRIS is a light water cooled reactor with an integral
configuration, where steam generators, pumps and pressurizer are inside the
reactor vessel. Partially funded by the DOE NERI program, IRIS is being
developed by an international consortium of 16 organizations from seven
countries. A key IRIS characteristic is its "safety by design" approach which
strives to eliminate, by design, as many accidents as possible rather than coping
with their consequences. Initial returns are very positive; out of the eight Class
IV accidents considered in the APQOO only one remains as a Class IV in IRIS,
and at much reduced probability. Small-to-medium LOCAs have minimal
consequences as the core remains safety under water for days, without the need
for safety injection or water makeup. In spite of its novelty IRIS is firmly
grounded on proven WR technology and therefore a prototype is not needed to
assure design certification. Rather, very extensive scaled tests will be performed
to investigate the performance of in-vessel components such as steam
generators and pumps, both individually and as interactive systems. Accident
sequences will also be simulated and tested to prove IRIS safety by design
claims. The first core fuel is less than 5% enriched and the fuel assembly is very
similar to existing PWR assemblies, so there is no licensing challenge regarding
the fuel. Because of the safety by design approach, yielding simplifications in
design and accident management (e.g., IRIS does not have an emergency core
cooling system), some accident scenarios are eliminated and others have lesser
consequences. Thus, simplification and streamlining of the regulatory process
might be possible. Risk informed regulation will be coupled with safety by design
to show lower accident and damage probabilities. This could lead to a relaxation
of siting regulatory requirements. It is believed that the IRIS licensing process
will not present major challenges, actually it might be simplified. An aggressive
schedule could lead to deployment early in the next decade. It is imperative,
however, that tests, planning, and pre-licensing activities start as early as Y02.
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IRIS
International Reactor Innovative

and Secure

M. D. Carelli
Westinghouse Science Technology

ACRS Subcommittee Workshop on
Advanced Reactors

June 4 2001
Westinghot Science

V..V"h I &Technology

OUTLINE

• Overview
- Team Partnership
- Funding
- Schedular Objectives

• Fuel Designs
• Configuration (integral vessel, internal shield,

steam generators)
• Enhanced Safety Approach (Safety by Design)

Maintenance Optimization
Issues
Conclusions

Westnghouse Science
V-WMh 2 &Technology
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OVERVIEW

Westinghouse Science
V..q'W 3 &Terhnology

IRIS is a Modular WR, with Emphasis on Proliferation
Resistance and Enhanced Safety

• Small-to-medium (1 00-300 MWe)
power module

• Integral primary system
• 5- and 8-year straight bum core
• Utilizes WR technology, newly

engineered for improved
performance

• Most accident initiators are
prevented by design

• Potential to be cost competitive
with other options

• Development, construction and
deployment by international team

• First module projected
deployment in 2010-2015

W�l Westinghouse Science
V..WVh. &Technology
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IRIS AND GENERATION IV GOALS

GOAL
Safety

Design feature Sustainable Idevelopment and Economics
Reliability

Modular design

Long core le (single bum, no shuffling)

Extended fuel bumup

Integral primary circuit 41 V,

High degree of natural circulation

High pressure containment with inside-
the-vessel heat removal

Optimized maintenance

Attractive Commercial Market Entry

eQ Westinghouse Science
& Technology

ff gejFX
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Q') Westinghouse science
& Technology
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IRIS Consortium Members

Team Member Function Scope
Engineering Supplier Development

Westinghouse Electric LLC, USA Overall coordination, leadership
and interfacing, licensing

Polytechnic Institute of Milan, Italy (POLIMI) Core design, in-vessel thermal
hydraulics, steam generators,
containment

Massachusetts Institute of Technology, USA (MIT) Core thermal hydraulics, novel fuel
rod geometries, safety,
maintenance

University of California at Berkeley, USA (UCB) Core neutronics design
Japan Atomic Power Company, Japan JAPQ Maintenance, utility feedback
Mitsubishi Heavy Industries, Japan (MHI) Steam generators, modularization
British Nuclear Fuels ple, UK (BNFL) Fuel and fuel cycle, economic

evaluation
Tokyo Institute of Technology, Japan (TIT) Novel fuel rod geometries, detailed

3D T&H subohannel

C� characterization, PSABechtel Power Corp., USA (Bechtel) Balance of plant, cost evaluation,
construction

University of Pisa, Italy (UNIPI) Containment analyses, transient
analyses

Ansaldo, Italy Steam generators, reactor systems
National Institute Nuclear Studies, Mexico (ININ) Core neutronics
NUCLEP, Brazil Containment, vessel, pressurizer
ENSA, Spain Reactor internals, steam

Generators, vessel
Nuclear Energy Commission, Brazil (CNEN) Transient, structural analyses,
(Pending) testing
Oak Ridge National Laboratory, USA (ORNQ Core analyses, safety, cost

evaluation, diagnostic
Associates
University of Tennessee, USA Modularization, transportability
Ohio State University, USA Novel In-Core Power Monitor
Iowa State University (Ames Lab), USA NDE



FUNDING

DOE NERI ~ $1.6M over 3 years
(9199 - 8102)

Consortium Members - M in 2000
- $8M in 2001

$10-12M anticipated in 2002

Westinghouse Science
& Technology

IRIS SCHEDULAR OBJECTIVES

Assess key technical economic End 2000
feasibilities (completed)
Perform conceptual design, End 2001
preliminary cost estimate

Perform preliminary design End 2002

Pre-application submitted ?

Decision to proceed to commercialization End 2002

Complete SAR 2005

Obtain design certification 2007
First-of-a-kind deployment 2010-2015

614MI Westinghouse Science
V..VWh &Technology
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IRIS FUEL DESIGN OPTIONS

IRIS 5-YEAR DESIGN FIRSTCORE
CURRENTFUELTECHNOLOGY
PROVIDES MINIMUM-RISK PATH FORWARD
(DETAILED CORE DESIGN IN PROGRESS)

IRIS 8-YEAR DESIGN RELOADS
BOTH U2 and MOX MAY BE USED
EMPHASIZES PROLIFERATION RESISTANCE
(SCOPED INTERCHANGEABLE CORE DESIGN)

Westinghous Sience
& Technology

CONFIGURATION

Westinghouse Science
& Technology
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335 MWe LAYOUT

Westinghouse Science
V-.~ 12 &Techzogy

INTERNAL SHIELDS

• A "gift" of integral configuration

• Dose rate outside vessel surface as low as
10-6mSv/h

• No restrictions to workers in containment

• Simplified decommissioning

Vessel (minus fuel) acts as sarcophagus

Westinghouse Science
V-W.ph 3 & Technology
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ANSALDO PHOTO

Ansaldo 20 MW Mock-up at SIET

Westinghouse Science
&Technology

HELICAL STEAM GENERATOR

LWR and LMFBR experience

Fabricated and tested

* Test confirmed performance (thermal,
pressure losses, vibration, stability)

* 8 SGs practically identical to Ansaldo
modules will be installed in IRIS

Westinghouse Science
&Technology
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ENHANCED SAFETY APPROACH
(Safety by Design)

Westinghouse Science
&TeChnology

SAFETY PHILOSOPHY

Generation 11 reactors cope with accidents
via active means

Generation III reactors cope with accidents
via passive means

4, Generation IV reactors (IRIS) emphasize
prevention of accidents through "safety by
design"

elm, Westinghouse Science
vw.v.ph,7 &Technology

86



IRIS SAFETY BY DESIGN APPROACH

Exploit to the fullest what is offered by IRIS
design characteristics (chiefly, integral
configuration and long life core) to:

• Physically eliminate possibility for
accident(s) to occur

• Lessen consequences

• Decrease probability of occurrence

VW Westinghouse Science
&Technology
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IMPLEMENTATION OF IRIS SAFETY BY DESIGN

Design Characteristic Safety Implication Related Accident Disposition

Integral reactor No external loop piping Large LOCAs Eliminated
configuration

Tall vessel with elevated Can accommodate internal Reactivity insertion due to
steam generators control rod drives control rod ejection Can be eliminated

High degree of natural Either eliminated (full natural
circulation circulation) or mitigated

LOFAs (e.g., pump seizure consequences (high partial
or shaft break) natural circulation)

Low pressure drop flow N-1 pumps keep core flow
path and multiple RCPs above DNB limit, no core

damage occurs

Primary system cannot SGTR Automatic isolation, accident
co High pressure steam over-pressure secondary
C* generator system svstem terminates quickly

No SG safety valves Reduced probability

required Steam and feed line breaks Reduced consequences

Once through SG design Low water inventory
No partial refuelingLong life core Refueling accidents Reduced probability
Slows transient evolutionLarge water inventory Core remains covered with no

inside vessel s to keep core covered Small-medium LOCAs safety injection

Reduced size, higher Reduced driving force
pressure containment through primary opening

Inside the vessel heat
removal



AP600 CLASS IV ACCIDENTS AND IRIS RESOLUTION

Accident IRIS Safety by Design IRIS Resolution
Steam system piping failure Can be
(major) Reduced probability reclassified as

2. Feedwater system pipe break Reduced consequences Class III
3. Reactor coolant pump shaft Can be

seizure or locked rotor Reduced consequences reclassified as
4. Reactor coolant pump shaft Class III

break

Spectrum of RCCA ejection Not applicable
accidents Can be eliminated (with internal

CRDMs)
Can be

6. Steam generator tube rupture Reduced consequences reclassified as
Class III

7. i Large LOCAs Eliminated Not applicable

i Design basis fuel handling Still Class IV
8. accidents Reduced probability 1/3-1/5 lower

probability

Q) estinghouse science
20 & Technology

IRIS CONTAINMENT

• Itperformscontainmentfunction

plus
• In concert with integral vessel, it practically

eliminates LOCAs as a safety concern

On first principles

Pressure differential (driving force through rupture)
is lower in IRIS because

• Containment pressure higher (lower volume,
higher allowable pressure)

• Vessel pressure lower (internal heat removal)
Q) Westinghouse science

V..7w 21 & Technology
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AP60011RIS Containment Size Comparison

AP6000ONTANIVIENT
40 meter dameter

x 8 meters tall

_ddommalb- _-MSMWe ISCONTAINMENT(2rrmterdameter)

OOMWORIS CONTAINMENr (20meterdarneter)

Westinghouse Senc &
V.nph= Technology DeparW*rt

ANALYSES PERFORMED

* Break size: 1 2 4"
e Elevation: Bottom of vessel, above core

(inside and outside cavity), 12.5 m above
bottom

* No water makeup or safety injection
* Three codes provided consistent results

- Proprietary (POLIMI)
- GOTHIC (Westinghouse)
- FUMO (Univ. Pisa)

Westinghouse Science
V-V 2 &Technology
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REACTOR VESSEUCONTAINMENT PRESSURE
DIFFERENTIAL EQUALIZES QUICKLY
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Westinghouse Science
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CORE STILL UNDER 2 METERS OF WATER AFTER 2 DAYS

10-

4" Break, 12.5m hicz:1h
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No Gravity Make-Up I
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Liquid Level in the Reactor
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Time (days) Westinghouse Science
V-V.M� 2S & Technology
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A LICENSING CHALLENGE

....... simultaneous loss-of-coolant accident, loss of residual heat removal
system, and loss of emergency core cooling.....PMBR can meet that
challenge ..... but "you can't assume that sequence for any WR" even
advanced units....."

Nucleonics Week 5/1 0/01 Pg. IO

IRIS CAN MEET THAT CHALLENGE

• Loss of coolant accident Safety by design

• Loss of residual heat removal system Three independent
diverse systems

• Loss of emergency core cooling Not needed
(gravity makeup
available anyway)

Westinghouse Science
V�-� 26 Technology

MAINTENANCE OPTIMIZATION

Westinghouse Science
V-7�. V &Technology
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GOAL

Perform maintenance shutdowns no sooner
than 48 months

Westinghouse Science
&Technology

ILLANCE STRATEGY

defer if practical, pedorm on-line when possible, and
eliminate by design where necessary"

Design where necessary.
Utilize existing components Direction of

Utilize existing technologies increasing cost,

Request rule changes design qffort,

Develop new components/systems k

Develop new technologies

Westinghouse Sience
V-.W.M 29 &Technology
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E BOTTOM LINE

• IRIS must utilize components and systems
which are either accessible on-line for
maintenance or do not require any off-line
maintenance for the duration of the
operating cycle

•IRIS must utilize high reliability components
and systems to minimize the probability of
failure leading to unplanned down-time
during the operating cycle

6.M, Westinghouse Sience
&Technology

XTENDED FUEL CYCLE PROJECT A

PWR Surveillance Program

Study completed in Comparlison

1996 investigated
extending PWR to 0
48 month cycle Cb

V

Recategorized all off- Cb

line maintenance as
either:

- Defer to 48 months0
- Perform on-line
- Unresolved 0 1000 2000 3000 4000

FE3 -I,,.d N On-line Off-line

Westinghouse Science
&Technology
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ISSUES

SAM Westinghouse Science
VW.7.0 32 & Technology

DEVELOPMENT APPROACH

* No need for prototype since no major
technology development is required

* First-of-a-kind IRIS module can be deployed
in 201 0 or soon after

* Future improvements can be implemented
in later modules (Nth-of-a-kind)

Westinghouse Science

V-V�h 3 &Technology
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LICENSING CRALLENGES AND OPPORTUNITIES
VS. GEN 11 REACTORS

•First core fuel well within current state of the art
•Reload, higher enrichment fuel (post 201 5) handled through

licensing extension
•IRIS does have containment which in addition to its classic

function is thermal-hydraulically coupled with integral vessel to
choke small/medium LOCAs

•Safety by design approach eliminates some accident scenarios
and significantly diminishes consequences of others.
Simplification and streamlining possible.

•Risk informed regulation will be coupled with safety by design to
show lower accidents and damage probabilities

•How can we translate IRIS improved safety into licensing
opportunity, e.g., site requirements relaxation?

•Are regulatory changes necessary to accommodate extended
maintenance?

•Multiple modules plants with common functions, e.g., control
W"I room Westinghouse Science

A Technology

IRIS APPROACH TO LICENSING, CONSTRUCTION
AND OPERATION VS. GEN 11 REACTORS

• Licensing
- No unique major changes identified at this time
- Testing to confirm IRIS unique traits (safety by design, integral

components, maintenance optimizations, inspections)
• Construction

- Modular fabrication and assembly
- Use of advanced EPC too] sets (Bechtel)
- Multiple, parallel suppliers
- Staggered modules construction

• Operation
- Extended cycle length straight bum
- Maintenance shutdown intervals no shorter than 48 months
- Refueling shutdowns every to 1 0 years
- Reduced number of plant personnel
- Multiple modules operation

n Westinghouse science
V_4wh3s Technology
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DO SCHEDULES SUPPORT PLANNED
LICENSE APPLICATIONS/DEPLOYMENT?

Achieving 2007 design certification requires:

• Lead testing (safety by design) be initiated in 2002

• IRIS Consortium members decision by end 2002 to
pursue commercial effort

• Continuous NRC interaction beginning late
2001/early 2002

Achieving early deployment 201 0 or soon after)
requires US generator interested by 2005

Westinghouse Science
& Technology

SUMMARY AND CONCLUSIONS

• IRIS specifically designed to address Gen IV
requirements

•Modularity and flexibility address utility needs

•Enhanced safety through safety by design and
simplicity

IRIS is based on proven LWR technology, newly
engineered for improved performance

Testing program needs to start in 2002 on selected
high priority tests. Early interaction with NRC and
ACRS will be etremely beneficial.

Westinghouse Science
VW-~ 37 &Technology
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T. Kress, Chairman, Subcommittee on Future Reactors: Would your SAR follow the
SAR process that we use now for light water reactors?

M. Carelli, Westinghouse: Yes. When the issue is safety, I think it should be
simplified. Should be a simplified SAR. We'll see.

T. Kress, Chairman, Subcommittee on Future Reactors: When you change out the
core, do you also change out the steam generator?

M. Carelli, Westinghouse: No. I'm coming to the steam generators. The IRIS steam
generators are based on the helical steam generators which Ansaldo designed for
Super Phenix. They tested the steam generators and the picture in viewgraph number
14 shows a 20 megawatt -- steam generator mockup. They tested it. Now, I want to
make a point. The perception is we have so much trouble with steam generators. This
crazy guy wants to put the steam generator inside the reactor and this makes even
worse. But there are things you have to think about.

First of all, if you put a steam generator inside, the primary fluid is now outside the
tubes so the tubes are in compression instead of tension. Now, you don't have any
more of the tensile stress cracking. Also, our IRIS steam generator doesn't have a
bottom in terms of deposits. The bottom of the steam generator is the bottom of the
vessel, and the chemistry is much better. So there are a bunch of things that the steam
generator has a different environment in an integral reactor versus a loop reactor.

What they did in Ansaldo, is that they tested the steam generators. First of all, there is
experience with Super Phenix and the LMFBR experience. Then they designed an
intergal WR reactor with similar helical steam generators. So they fabricated, tested,
and confirmed the performance and by some stroke of luck, The IRIS design is such
that it has eight steam generators practically identical to the model Ansaldo had
fabricated. This brings up another important item. What we have now, is eight steam
generators for a total of 300 megawatts. So we're talking a high level of redundancy.
Thats exactly what we want to do because the steam generators have a very critical
safety function and you are going to see in a second what it is.

G. Leitch, ACRS Member: The reactor vessel in the drawing looks as though it's large
enough to facilitate internal control rod drives.

M. Carelli, Westinghouse: Absolutely. When I look at that geometry, it is a waste of a
prime real estate to have all that room above the core full of control drivelines. The
internal CRDMs are ideally set for integral reactor. Absolutely.

G. Leitch, ACRS Member: The CRDMs are going to be internal? Has that decision
been made?
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M. Carelli, Westinghouse: I would like to have internal CRDMs. The present design
shows the CRIDIVIs as regular CRDMs because the technology has not yet been
developed to the point out that we are comfortable in incorporating the internal CRDlVls
as the reference design. There are essentially two designs of internal CRDMs. One is
electromagnetic driven internal CRDMs done by the Japanese. MHI is the one that's
been testing for 1 0 years and again, MHI is one of our team members. The second
design is hydraulically controlled rods. That is a solution chosen by the Argentinean, in
the CAREM reactor, and also by the Chinese. The Chinese have a reactor in Beijing
that is running right now, operating with internal CRIDIVIs.

So both technologies are not a far fetch. There are reactors already operating or being
designed. What, right now, I do not know is which one is better. There are two. So I
have to decide which one.

G. Leitch, ACRS Member: If they are external, you haven't eliminated the rod ejection
problem. If they're internal, you have introduced some new technology.

M. Carelli, Westinghouse: Yes. You're absolutely right. The issue is whether a
deployment by 2012 is compatible with incorporating internal CRDMs. However, we're
not starting from scratch. It has been done. There has been 1 0 years work on that.
What I need is about one or two years to select a technology. At that point, we'll see
how long it takes to implement. Can we make it or 2012 or not? That will be the
decision.
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Presentation Summary
GT-MHR

U.S. and European technology provide the bases for the Gas Turbine - Modular
Helium Reactor (GT-MHR). For more than 4 decades, High Temperature Gas-
cooled Reactors (HTGRs) have been under development in multiple countries.
Numerous prototypes and demonstration plants have been constructed and
operated beginning with the Dragon plant in the early 1960s. At the time of
these initial plants, the Vision was one of scaling up the technology to large,
steam cycle plants comparable to modern WRs, thus benefiting from economy
of scale. However, in the early 1980s, both in the U.S. and the Federal Republic
of Germ ny a shift in paradigm occurred. Smaller, modular plants offered
simplification in safety design, shortened construction schedules, and
incremental capacity addition. The MHTGR was the U.S. developed modular
plant and underwent preapplication review by NRC- The GT-MHR represents a
further refinement on this concept with the steam cycle being replaced by a
closed loop gas turbine (Brayton) cycle.

The reactor system is contained in a 3 vessel, side-by-side arrangement. The
reactor and a shutdown cooling system are in one vessel, and the gas turbine
based power conversion system, including the generator, in a second parallel
vessel. A small horizontal vessel provides coaxial ducting of gas between the
reactor and power conversion system. The entire nuclear unit is located in a
below grade silo with service areas above. The silo provides containment and
protection of the reactor but is not designed to hold pressure. Naturally
circulating water or air in panels around the reactor vessel carry off heat radiated
from the uninsulated vessel and provide reactor cavity cooling.

A more detailed look at the system shows the compact arrangement of gas
turbine, compressors, recuperator, heat exchanges, and generator. All rotating
machinery is on a common shaft. A central feature of the U.S. modular reactors
is the annular core. Notice that the annular arrangement provides a high surface
to volume ratio and a relatively short conduction path between any fueled block
and the vessel wall. Fueled blocks are stacked in three concentric rings with
inert graphite blocks making up the inner and outer reflectors. Operating control
rods are located outside the active core while startup control rods and channels
for reserve shutdown pellets are located near the core center.

Ceramic coated fuel is the key to the GT-MHR's safety and economics. A kernel
of Uranium oxycarbide (or U02) is placed in a porus carbon buffer and then
encapsulated in multiple layers of pyrolytic carbon and silicon carbide. These
micro pressure vessels withstand internal pressures of up to 2000 psi and
temperatures of nearly 2000 'C providing extremely resilient containment of
fission products under both normal operating and accident conditions. The fuel
particles are blended in carbon pitch, forming fuel rods, and then loaded into
holes within large graphite fuel elements. Fuel elements are stacked to form the
core.

+ GENERAL ATOMICS
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As alluded to earlier, modular gas reactors and the GT-MHR represent a
fundamental shift in reactor design and safety philosophy. Up through
approximately 1980, HTGR development proceeded on a path of scaling up core
size in the interests of economics. In the process of this scaleup, core power
density was kept nearly constant while the UD ration was kept as close to unity
as possible. As a consequence of this thinking, maximum accident temperatures
increased well above the temperature capabilities of the fuel particles. This
placed ever increasing reliance on engineered safety features to assure
continued core cooling and to contain released fission products should this
cooling be lost. The modular reactor represents a 80 degree turn around in
design philosophy. From its inception, the modular design first addresses safety,
sacrificing size and optimized nuclear geometry to ensure that regardless of
cooling system operation or coolant boundary integrity, fuel temperatures will
never exceed the point at which fission products would be released. Having first
addressed safety with the inherent features available in the gas-cooled reactor,
good economics are sought in the efficient Brayton cycle and plant simplification.

Fuel particle testing in Japan, Germany, and U.S. has repeatedly demonstrated
the high temperature resilience of coated particle fuel to temperature
approaching 2,OOOOC. As an conservative design goal, GT-MHR has been sized
to keep maximum fuel temperatures below 1,6000C during the limiting accident
condition of lost coolant circulation, pressure, and all AC power. Like other
reactor types, the GT-MHR has a negative temperature coeff icient. But unique
to reactors with an all refractory, high temperature core there a several hundred
degrees of temperature margin in the core design to make full use of this
feedback mechanism.

The GT-MHR licensing builds on the mid-80s submittal to NRC for the steam
cycle MHTGR. Because of the unique design approach, especially with regards
to safety, employed, the a licensing approach returns to the basics goals and
rebuilds a licensing frame work that includes conventional deterministic analyses
and safety classification. However, this framework is derived recognizing that
safety functions and the means to achieve them in this concept can be expected
to differ from those of WRs. Furthermore, they are derived using the
systematic plant evaluation offered by PRA techniques.

The GT-MHR is now being developed in Russia under a joint U.S./Russian
Federation agreement aimed at the destruction of surplus weapons plutonium.
In addition to the U.S. and Russia, the program is sponsored by Japan and
France. Conceptual design is completed and preliminary design is on schedule
for completion in early CY 2002. Startup of the first module is currently
scheduled for 2009 with a 4 module plant scheduled for completion in 2015.

The path to commercialization involves the importation of the Russia design with
a U.S. designed LEU core replacing the Plutonium core. A licensing submittal
would be prepared in the U.S. and submitted to NRC. The first U.S. module
could be online approximately year after the first Russian module.

+ GEMERAU ArOMICS
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In summary, the GT-MHR is rooted in decades of international HTGR technology
development and builds on the mid-1 980s MHTGR experience. The design
features optimization of characteristics inherent to high temperature gas reactors
to achieve high thermal efficiency, and easily understood, assured safety. The
international program facilitates the near term deployment of this concept.

Presenter:

Laurence L Parme
Manager - Safety Licensing
General Atomics Company

+ GENEXWL ATOMICS
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A CRS WORKSHOP
Regulatory Challenges for Future

Nuclear Power Plants

Gas Turbine - Modular Helium Reactor

4 - June 2001

Laurence L Parme

Manager: Safety Licensing

Power Reactor Division

+ GENERAL ATOMICS

Presentation Outline

• Background and design description

• Key safety features

• Licensing approach

• Design status and deployment schedule

• Conclusions

+ GENERAL ATOMICS
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U.S. AND EUROPEAN TECHNOLOGY BASES FOR
MODULAR HIGH TEMPERATURE REACTORS

BROAD FOUNDATION OF HELIUM REACTOR TECHNOLOGY

DEMONSTRATION OF
EXPERMENTAL REACTORS BASICHTGRTFCKNOLOGY

DRAGON AVR PEACH BOTTOM FORTST.VRAIN TKTR
(U.IL) (FRG) (U.&A-) (mSA) (FRG)

1963-76 1967-INS 1967 1974 1976-1989 im-i"9

MHTGR GT-WR

I ODULAR
LARGE KTGR PLANTS HTGR TECKNOLOGY HTGR

PROGRAM CONCEPT

MATERMLS
COMPONENTS
FUEL
CORE
PLANT TECHNOLOGY

Steam Cycle Gas Turbine Cycle

+ VENERAL ATOMICS

3D Arrangement of Plant

Reactor equipment Positioner Refueling Reactor
Maintenance machine auxiliary
rtpair bilers, building

Crane central Mc 600 MW(t - 285 MW(e)

Electecal-lechnical
building Power conversion

system integrated in
single vessel

Vented, below grade
reactor building

Continuously
operating, natural
circulating, air cooled

PO." Reactor reactor cavity cooling
con�ersii caAty

S);Sltm '00
system

'i4rRtattor

+ VEJWERAL ATOMICS
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GT-MHR
COMBINES

MEL TDOWN-PROOF
ADVANCED
REACTOR

AND
GAS TURBINE

BASED POWER 1 1 Al:
CONVERSION

SYSTEM

CEMERAL A70MICS

ANNULAR REACTOR CORE LIMITS FUEL
TEMPERATURE DURING ACCIDENTS

REPLACEABLE CENTRAL 36XOPERATING
&SIDE REFLECTOR CONTROL RODS

CORE BARRE L BORMED PINS (TYP)

REFUELING
PENETRATIONS

ACTIVE CORE
102 COLUM
10 BLOCKS

12 X START-UP
CONTROL RODS

PERMAN 8 X RESERVE
SIDE SHUTDOWN
REFLEC CFIANNELS

... ANNULAR CORE USES EXISTING TECHNOLOGY
+ GENERAL A70MICS
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CERAMIC COATED FUEL IS KEY TO
GT-MHR SAFETY AND ECONOMICS

Pyrolytic Carbon

Silicon Carbide

Porous Carbon'Buffer

Uranium Oxycarbide

TRISO Coated fuel particles (left) are formed into fuel
rods (center) and inserted into graphite fuel elements
(right).

PARTICLES COMPACTS FUELELEMENTS

+ GENERAL ATOMICS
L-029(5)
4-14-94

GT-MHR FLOW SCHEMATIC
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I
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COKPRESSOR
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MODULAR HELIUM REACTOR REPRESENTS A FUNDAMENTAL
CHANGE IN REACTOR DESIGN AND SAFE7Y PHILOSOPHY

4DDD 000

------------------
UA

3000 ------------------ RADIONUCLIDE 3000
LARGE HTGR RETENTION IN

130DOMW(t)] FUFLPARTICLES

[842 UWMI

0 200D 2000
PEACH BOTTOM

z -------------------------------

1000 10DO

x
IJHR

1967 1973 1980 1965

CHRONOLOGY

... SIZED AND CONFIGURED TO TOLERATE EVEN A SEVERE ACCIDENT

+ GENERAL ATOMICS

COATED PARTICLES STABLE TO BEYOND
MAXIMUM ACCIDENT TEMPERATURES
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FUEL TEMPERATURES REMAIN BELO W DESIGN
LIMITS DURING LOSS OF COOLING EVENTS

1800
Desion coai 16ooc

1600

1400 - Depressurized To Ground

L 1200 -
0

Pressurized
1000

Z

Soo

Soo
0 2 4 6

Time After Initiation (Days)

... PASSIVE DESIGN FEATURES ENSURE FUEL REMAINS BELOW 16000C

L-340(3) + GENERAL A70MICS
11-16�94

PASSIVE SAFETY BY DESIGN

• Fission Products Retained in Coated Particles
- High temperature stability materials
- Refractory coated fuel
- Graphite moderator

• Worst case fuel temperature limited by design
features
- Low power density
- Low thermal rating per module
- Annular Core
- Passive heat removal .... CORE CAN'T MELT

• Core Shuts Down Without Rod Motion

+ GEAFEJZAL ATOMICS
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Licensing Approach Builds on
Mid-80s Submittal to NRC

The DOE MHTGR program in the mid-80's utilized a "clean
sheet of paper" integrated approach to the conceptual
design
- utilized participant experience in PRA's of HTGRs
- approach underwent a preapplication review by the NRC/ACRS

Provided risk-informed MHTGR Licensing Bases

- Top Level Regulatory Criteria

- Licensing Bases Events

- Equipment Safety Classification

- Safety Related Design Conditions

- Basis design criteria

+ VEAVERAL ATOMICS

Bases for
Top Level Regulatory Criteria

• Direct statements of acceptable consequences or risks
to the public or the environment

• Quantifiable statements

• Independent of plant design

• Top Level criteria include
- 51 FR1 30 individual acute and latent fatality risks

5xl&llyr and 2rl&Wr, respectively
- 10CFR50 Appendix I annualized offsite dose guidelines

s mremlyr whole body
- 10CFR100accidentoffsitedoses

25 rem whole body and 300 rem thyroid

- EPA-52011-75-001 protective action guideline doses
1 rem whole body and rem thyroid

+ GENERAILL ATOMICS
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Licensing Basis Events

Off-normal or accident events used for demonstrating
design compliance with the Top Level Regulatory Criteria

Collectively, analyzed in PRAs for demonstrating
compliance with the 51 FR1 30 safety goals

Encompass following event categories
- Anticipated Operational Occurrences
- Design Basis Events
- Emergency Planning Basis Events

+ GENERAL ATOMICS

Ranges of Top Level Regulatmy Criteria

and MHTGR Licensing Basis Events
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Equipment Safety Classification

Safety related systems, structures, and
components (SSC) are those performing required
functions to meet 1 OCFR1 00 doses for DBEs

Retain Radionuclides in Fuel

F 7 -'-] ---- - -
Control Heat Generation Remove Core Heat Control Chemical

MHTGR functions for 10CFR100 focus
on retention within fuelparticles

+ VEAWRAL AWMMICS

Licensing Bases Application
to GT-MHR

MMM

• The above process is generic and should be directly
applicable to the GT-MHR

• Prior application to the MHTGR did not reveal a large
sensitivity to the power conversion system

• GT-MHR would be expected to have some different LBEs
and therefore some differences in safety related SSC

- potential for new initiating events with rotating
equipment in primary system

- potential for different consequences with higher core
rating

- LBEs involving water ingress very unlikely-no SGs

+ GENERAL ArOMICS
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GT-MHR NOW BEING DEVELOPED
IN INTERNATIONAL PROGRAM

In Russia under joint US/RF agreement for
destruction of surplus weapons Plutonium

• Sponsored jointly by US (DOE) and RIF (Minatom);
supported by Japan and EU

• Conceptual design completed; preliminary design
complete early 2002

+ VEAFERAL ATOMICS

INTERNATIONAL GT-MHR PROGRAM

R�.q.ip�t Poitiow Wfcfin R-I.r
• Design, construct and -i.7H .d

operate a prototype GT-
MHR module by 2009 at c""
Tomsk, Russia Ek��&..W.l

• Design, construct, and
license a GT-MHR Pu
fuel fabrication facility
in Russia
Operate first 4-module
GT-MHR by 2015 with a
250 kg plutonium/ P�
year/module disposition city
rate

R.ct.r

.... Fuel contains Pu only

...... No fertile component I

+ CENERAL ATOMICS
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COMMERCIALIZATION PROGRAM

COMMERCIAL INTERNATIONAL RANIUM FUEL
PROGRAM PROGRAM + RATHER THAN

TECHNOLOGY Pu FUEL

Plant construction can start in years

+ VENERAL A70MICS

LIMITED ENGINEERING WORK REQUIRED

COMMERCIAL
. PLANT

ENGINEERING

Define Transfer Prepare
Commercial International Incremental

Plant Program Design
Requirements Technology Items

I I
Safety Performance

and Assessments
Licensing

+ VENERAL AMMICS
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COMMERCIAL PROGRAM FOLLOWS
INTERNATIONAL PROGRAM

1 02 M '04 0 I M 1 07 'M '09 '10 '11 '12 '13 -14 'I I

Design and Devel
Protorrve Liam Constru.ti..Protorim NOW C*rsvPrototype up Cornplete Proto Derno

Full Power Operation F Start Ful 0

GTNIHR CNlMCVLPR0GP,%M

I
Prel Design Plant PreW.--y Design
SAR co SAR I
SER cantplete S
Final Design Finai Desn
Fuel

Autorria d FF Pit Cornplete Xrtonlated Fuel ab Plant Pilot Plant
Qualffied Fel

First Comm Ptt I I I I
First Order Ur of tntent Order for First
Constr V start Plant ;�st
operation Mod Startup of Module I
Operation Mod' , Mod 2 
Operation Mod Mod 3
Operation Mod 4 Mod 4

+ GENERAL A70MICS

SUMMARY

• GT-MHR

- Rooted in decades of international HTGR technology

- Builds on 1980's (MHTGR) experience

• Optimization of inherent gas-reactor features
provides

- High thermal efficiency

- Easily understood, assured safety

• International program facilitates near term

deployment

+ CENERAL ATOMICS
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T. Kress, Chairman, Subcommittee on Future Reactors: For light water reactors, the
safety goal that you have is X 1 O' for early fatalities. You hear statements like, well,
that's for light water reactors because we can live with that number. We have some
idea of what the uncertainty is in the determination of it. But because those
uncertainties are pretty big, we hear statements like well, we're going to not let you do
that all with preventing the core damage. We're going to make you have a containment
because of uncertainties. There's no quantification in my mind of what that uncertainty
level is where you no onger have to have a containment. How are you going to deal
with that concept in the regulatory arena?

L. Parme, General Atomics: I've heard those kind of questions multiple times. In the
'80s, what we submitted first of all is we argued that the goal of the NRC should be to
assure the safety of the public, environment if that be also the case, but the criteria for
the top level regulatory criteria and going and giving me a criteria on core melt or core
damage is not really telling me anything about how safe you want the public. I will
admit they didn't full accept that response, but in the case of the high temperature gas
cooled reactor, I'd come back in a second. Perhaps it's not such a concer if
something like that were imposed on me. In all of the accidents -- and some of the
accidents I plotted up there. You'll notice all of those things are less than a rem and
typically they're on the order of tens of millirems. Some of those things include
assuming that in the steam cycle plant we had lost all electric power on one module,
took a break in a steam generator, lost our forced cooling, started pumping steam from
one module back to the others for hours on end with nobody taking action. Those are
still the kind of doses we got. There's no damage to the core.

However, I will add, we mistakenly in the mid'80s said, what do you mean by core
damage? There's no damage. The graphite will stand up to 5,000 degrees Fahrenheit
or more before it starts to sublime. It won't be damaged. Well then they started
redefiningitasadoseoverlOOmilliremorsomethinglikethat. thinktheargumentis
tell me how safe you want me to be. If Generation IV or if these newer reactors are
supposed to be quantitatively safer --

T. Kress, Chairman, Subcommittee on Future Reactors: I'm quite pleased to see
your frequency consequence curves because some of us on the ACRS think that's a
good way to go, particularly when you don't have core melts.

The other question I wanted to ask you that may come up, I don't know. Chernobyl had
a lot of graphite and it apparently burned. You have an air cooled cavity where you're
encouraging natural convection. Is there an issue there?

L. Parme, General Atomics: Let me say a couple of words. In the NRC interactions we
had in the '80s, we did do some analysis of broken vessels, failed vessels, and air
ingress. First of all, reactor grade graphite in the U.S., H451 for pebble bed modular
reactor. I'm not sure what the grade is but typically the German graphites. They will not
burn in the sense of a self-sustaining chain reaction.
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D. Powers, ACRS Member: Why do you say that?

L. Parme, General Atomics: I will say that exactly as follows. Coal will burn, charcoal
will burn because of its impurities. Reactor grade graphite -- and there's been tests
done at Oak Ridge where an oxyacetylene torch was placed on the graphite.

D. Powers, ACRS Member: You're talking of the difference between a point ignition
and a homogeneous ignition.

L. Parme, General Atomics: In the case where we analyzed air going into the core,
and here I'll speak only of the blocks, the reaction rate is driven by temperature that is
held up by decay heat. The heat generated from oxidation of the graphite was about--
and it's been 1 0 years -- but on the order of 1 0 to 20 percent of the total heat generated
was -- in fact, 0 percent or less was due to oxidation. Also the reaction then becomes
oxygen-limited as the air passes up the channels. We did an analysis assuming a
vessel failure in that cross vessel that connects the two vessels and then assumed that
the silo was open and you could get air in that. What you would get was air coming in
the hot duct, going up through the core, down through the vessel and out the return
duct.

We did the analysis for about 24 hours and I think we did it beyond that but, once
again, I'd have to go back and look at the calculations, though it is in Appendix G to the
preliminary safety information document that was submitted. I think you see there's no
increase in particle failures, but what you do is you are getting releases. They're pretty
substantial because they're a driving force and the releases you're seeing and the
doses that come with it are due to picking up the contaminants that are within the
graphite. As you oxidize the graphite, there are contaminants there. They were -- I
want to be careful about quoting the doses. I rather doubt that they stayed within the
protection action guides for that accident. However, they were well within the limits of
10 CFR 100.

My comment on combustion was implying just primarily that the reaction is driven by
decay heat. It's not as if you had a charcoal pile there. But you will oxidize. There's no
question you will oxidize graphite.

Incidentally, in the large HTGR, the approach to that, if you got a break and the primary
cooling system got air in the system, it's a coolant. What you do is if you've got a
circulator, you turn the circulator on and you cool the core with air. Once the core
temperature is down, it will not oxidize so you just run the circulator. That was the
design approach for the large HTGRs. If you had a circulator running, that's how you
do it. You just turn the circulator on, blow the air around and cool it off.
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XA04NO154

General Electric Nuclear Energy

Prepared by ACRS Staff for A. Rao

A. Rao of GE Nuclear Energy provided a presentation on the Evolutionary Simplified
Boiling Water Reactor (ESBWR). The ESBWR is a 1380 MWe boiling water reactor
with improved operating safety margins and passive safety systems. He stated that the
ESBWR derived from earlier'GE plant design certification efforts and is the result of
eight years of international cooperative work. He stated that the biggest challenge is to
cross the regulatory hurdles associated with the inspections, tests, analyses, and
acceptance criteria (ITAAC) and combined license (COL) programs. He further stated
that he did not know how long it might take to license the ESBWR, in part, because the
last GE design certification took about to 1 0 years. Dr. Rao also provided a brief
overview of the GE Nuclear Advance Liquid Metal S-PRISM design.
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9 GE Nuclear Enera

ESBWR Program and
Regulatoty Challenges

Atam Rao

GE Nuclear Energy, USA

ACRS Workshop - Regulatory Chall

June 415,2001, Rockville, Maryland

Overview
• Design is based on SBWR and ABWR components

Natural Circulation, ABWR Fuel, Vessel, CRD - just lessF
Passive safety systems - based on NRC reviewed �SBWR�

Optimized buildings/structures - economics/construction

18 year international design and technology program

I Goal was to improve performancelsafety and economics

• Regulatory Issues

How much use can be made of SBWR review by NRC?

Extensive new testing completed - Is it enough?

Is the regulatory hurdle too high for new plants?

ARM 2

120



Evolution of the BWR Reactor Design

CE--7:=

ABW.Z ESBWR

Evolution Towards Simplicity

Evolution of BWR Containments

ESBWR
Simpler Structures

Higher Margins
Easier Construction
improved Economics

Mark I Mark II Mark flf

ABWR SBWR Reference
ESBWR

A901�4
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ESBWR Plant Schematic
Reacto
Vessel
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Comparison of Key Parameters

Opp, I
• Power (MWQ 3926 2000 40DO
• Power (MWe) 1350 670 1380

• Fuel bundles, number 872 732 1020

• Number of CRI)s 205 177 121
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ESBWR Program Plan

Requirements Utility Requirements - EURIURD

Design I ginsf41flTrmance

NACUSPITechnology TEMPE or

Licensing
0 Technology. R

PHASE 3
2000 -2002 -2-M Timor

ARNOJ-7

ESBWR Design/Technology based on SBWR and ABWR
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Dryers

Main steam

s Feedwater
S=tors

Annulus

Chimney

F Saturated Water

Core M S.beooled Water

saturated steam

Natural Circulation is
Standard BVM Technology

Safety Systems Inside Containment Envelope

• Raised Suppression Pool

• High Elevation Gravity Drain Pool

• All PipesNalves Inside Containment

• Decay Heat Condensers Above Drywell AROI� 10
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SBWR 670 MWO ESBWR 1380 MWe)
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Natural Circulation Technology Program
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Comparison of Plant Performance

Parameter Typica Passive BWR

BWR SBWR ESBWR

Natural Circulation flowibUndle, kg1s 3.5 - 8.5 10.6

PowerlFlow Ratio, WI(kgls) 0.25 0.31 0.26

Transient pressure rate, MPals 0.8 0.4 0.4

Margin to SRV setpoint during isolation valve 0.52 0.32

transient, MPa opens

Minimum water level after accident, m 0.0 1.5 2.8

above top ffuel

Post accident containment pressure 40 100 200

margin, KPa below design pressure

ESBWRPerfoymanceisBetter7'hanorEqualtoMostPlants

Aftl 14
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Reactor pressure response to isolation events
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Passive Safety Systems - Simplify the Plant
Reactivity Control
Electro-hydraulic control rod drive system
Accumulator driven backup boron injection system

• Inventory Control
Large vessel with additional inventory
High pressure isolation condensers (IC)
Depressurization and gravity driven cooling system (GDCS)

• Decay Heat Removal
Isolation condensers for transients
Passive Containment Cooling System (PCCS) condensers for pipe

breaks
• Fission Product Control and Plant Accident Release

Passive condensers
Retention and holdup with multiple barriers

Simplifted Systems Exten&ng Operating Plant Technology
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SafetI51stern GISTITest Facility
and Depressurization Valve

ReactoT Depressunzation Valve in the Test Facility

ESBWR Decay Heat Removal

• Remove Decay Heat From Vessel
- Main Condenser
- Normal shutdown cooling system
- Isolation condensers
- Remove vessel heat through valve opening

• If Needed, Remove Heat From Containment
- Suppression pool cooling
- Containment sprays
- Passive containment cooling (PCCS) condensers

Several Diverse Means ofDecay Heat Removal
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Containment Technology 2verview
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Prototype Vacuum Breaker
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Extensive Technology Program to
Qualify Features New to SBWR

Component and Integral tests as part of the SBWR
program
- Full scale components tests - condensers, valves
- Integral tests at different scales, with the largest test at

PANDA
• Testing extended to incorporate European requirements

- Large hydrogen releases and severe accidents
- Improvements in the plant design

• Ongoing programs will further quantify margins
- Natural circulation in the vessel
- Severe accident performance/features for passive

systems
• Testing used to qualify computer codes
• Extensive international cooperation

A Complete and Thorough Technology Program

Supports the Design

TEPSS Program
Suppression Pool stratification and mixing

- 9 tests with flow visualization in LINX

- CFD analysis using CFX

• Passive Decay Heat Removal

- Integrated system tests run in PANDA
- Pre- and post-test predictions using TRACG, TRAC-BF1,

RELAP5 and MELCOR
• Passive Aerosol Removal

- PCCS testing in AIDA
- Analysis wh MELCOR

- Demonstrate PCCS as fission product aerosol filter

- Demonstrate ability of PCC to remove decay heat with
aerosol build-up

3 partprogram extended the SBWR database to ESBWR_

M0103 24
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Ongoing Simplification Studies

- Reduce Fuel Bundles, CRD, Vessel - COMPLETE
Increase Fuel Length

a Improve Plant Availability - %
Refueling and Outage Plan and System Improvements

- Reduce Buildings and Structures - 30%

Reduce Basemat Thickness
Reduce Containment Design Pressure
Move Spent Fuel Pool to Grade Elevation/Separate Building
Separate Reactor Building From Containment

Normalperformance margins maintained while reducing
excessive conservatisms in other areas

APM03�2S

Ongoing Technology Programs

• Quantify Natural Circulation Performance Margins
NACUSP Programs at IRI, NRG, CEA and PSI

Additional Testing at IRI and CRIEPI

Independent Stability Assessment at ETH, IRI
• Reduce Uncertainty in Natural Circulation Parameters

Chimney Tests at CEA
• Develop Confidence in Safety System Performance

TEMPEST Programs at PSI, V7, NRG, CEA
• Develop Back-up Systems to Provide Additional Margin

TEMPEST Programs at PSI

Technology programs to confirm that design is robust and
provide additional data for code qualification

AM103-26

132



Program Summary and Conclusion

- 8 year ESBWR program
Reduced Components and Systems - simplify
Reduced the Structures and Buildings - simplify

- 8 year Technology Studies
Large margins confirmed - increased over SBWR
Qualified codes for incremental changes for ESBWR

- Challenges for the Coming Years
Crossing the regulatory minefield? hurdles? resources?

Improved Safety/Performance and Economics
Completed Extensive Technology Program

SBWR and ABWR Programs ease Regulatory Challenges
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Generation IVDesign Concepts XA04NO155

GE Advanced Liquid Metal Reactor

S-PRISM

by

C. Boardman
GE Nuclear

&m Jose, CA

ACRS Wwbhop Juw 4-5. 2001 Board."

Topics

9 Incentivefor developing S-PRISM

- Design and safety approach

- Design description and competitive potential

* Previous Licensing in teractions

0 Planned approach to Licensing S-PRISM

- What, if any, additional initiatives are needed?

ACRS W&,WW June -5.2W] 2 B.,dnm135



United States Energy Resources
2,138. S-PPOMwouldprovide

600 2.85 TWy was used the U.S. with a long term
550 in the U.S. in 1994 energy source without
500 the needfor additional
450 mining or enrichment
400 operations.
350

300 1,90. TWyfrom tails (w1ofurther mining)

250 193.1 +224. rWybyprocessiqgspenfLWRfuel
200
150 + 14. My by mining U& Reserves (< 130&V

100 2,13& My from US Reserves w Fast Reactor
50 23.1 29.3

01 I
coal oil gas U. U - Fast Reactor

LWR

Indigenous U. S. Resources
-- --------

FwV emmatesforfossiffuels am based on International EneV Outlook 1995, DOEIEL4-0484(95).
The amount ofdepleted uranium in the US includes edsting stock,pile and that expected:o resulifrom

ewwhmemofurmuumtofuelc=tingLWP.soperatedovertheir4O-yd=gnlife Theamountofuramwn
availablefor LWBIOnce Through a assumed lo be the reasonably assured resource less than $1301k in
the US sakenfi-om the uranium "RedBook'.

ACRS Woo bhop Jww -5. 2WI 3

TimePhasedRelativeWasteToxicity(LWRSpentFuel)

3
ACTWDES

2 Actinide containing L WR spentfiel

remains toxicfor millions ofyears
mum

Processing to remove thefission
products -3% of L KW spentfuel),

C ACnM uranium (95%o), and transuranics
prior to disposal shortens the period

at the "waste "remains toxic to
tww (DF) less than 500years.

lo, 1 2 103 104 106 -lo 107
YEARS .The recovered U and TR U would

then be used asfuel and burned

ACRS WorkAVP ime 4 sordman
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Relative Decay Heat Loads qfL WR and LMR Spent Fuel

DecayReat

Decay Heat Load (WaMperkgH*

L" S-PRISM

Spent Fuel at
Discharge

Z3 11.8

Nonna[Process

Product After 9.62 25.31
Processing Spent Fuel

o Pufrom PUREX During all stages in the S-PRISMfuel
Processfor L MW cycle thefissile material is in a highly

o Pu +Aednides radioactive state that always exceeds the
from PYRO "L WR spentfuel standard".
Process Diversions

Weapons Grade Pu-2391 L:9:3] would be extremely difficult. f

AM WorfthW 5 Bowdwn

blaterhdBwTien Tedu&W BTien

SftVOrtheFVdCYde

V

so El Phase I
I These opportunitiesfor

Co-Located Fuel Cycle Facility proliferation a, not
requiredfor S-PRISM.

Phase 2
All operations are
performed within

heavily shielded
enclosures or hot cells
at the S-PRISM site.

Pb=3: Phase 3

L I M L All operations are
L I M L

Ha4.cW womims M I I L performed within heavily
FMd7WC=b2X M i I LVL VL L L V V - - shielded and inerted
Fixi fabn=bm I VL I 

Rewfx op=bm L I M L hot cells at the co-located
WWftCM)&bWM L VL I VL
WRM VL I S-PRISMIIFR site.

ACRS WarkLhop 6 card.,.
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Key Non-Proliferation Attributes of S-PRISM
1) YheabilitytocreateS-PRISMstartupcoresbyprocessing
spent L;Mfitel at co-located Spent Fuel Recycle Facilities
eliminates opportunityfor diversion within:

Phase I (mining, milling, conversion, and uranium
enrichment phases) since these processes are not required.

and

9 PhaseUandHI(on-siteremoteprocessingofhighly
radioactive spent LWR and LMRfuel eliminates the
transportation vulnerabilities associated with the shipment

Of PO

2.) Thefissile material is always in an intensely radioactive
fo?7n. It is difficult to modify a heavily shieldedfacility designed
for remote operation in an inert atmosphere without detection.

3) The co-located molten salt electro-refining system removes
the uranium, Pu, and the minor actinidesfrom the waste stream
thereby avoiding the creation ofa uraniumlPu mine at the
repository.

ACRS WWhhVP JNW4-5.2001 7 Boam.

ie Incentivefor Developing S-PRISM

> Supports geological repository program:
deploymentofonenewS-MSM lantperyearfor30yearswould

eliminate the 86, 000 metric tons of spent L WRfuel that will be
discharged by the presentfleet ofLWRs during their operating life

a reduces required repository volume by afactor of four toflfty

E All spentfuelprocessing and waste conditioning operations would be
paidfor through the sale of electricity

a limits interim storage to 30years

> Reduces environmental and diversion risky

• 'repositorymissionreducedfrom>>10,000to <500years

• facilitates long term C02 reduction

• resource conservation (fossil and uranium)

allows Pu production and utilization to be balanced

utilizes a highly diversion resistant reprocessing technology

ACWS WwWw hoe 4-5,2001 Boardm.
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Topics

Incentivefor developing S-PRISM

Desigyn and safeU approach

Design description and competitive potential

Previous Licensing interactions

Planned approach to Licensing S-PRISM

Rat, if any, additional initiatives are needed?

ACRS W&**OF Ame4-5.2001 9 Boardan

S-PRISM Safe ty App ro a c h

Exploits Natural Phenomena and Intrinsic Characteristics

- Low System Pressure

- Large heat capacity

- Natural circulation

* Negative temperature coefficients of reactivity

A CRS worbw J=e4-5.2001 I 0 Boadmc.
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Key Features of S-PRISM
0 Compact pool-type reactor modules sizedforfactory

fabrication and an affordablefull-scale prototype testfor
design certification

0 Passive shutdown heat removal

0 Passive accommodation ofA TWS events

0 Passive post-accident containment cooling

0 Nuclear safety-related envelope limited to the nuclear
steam supply system located in the reactor building

0 Horizontal seismic isolation of the complete NSSS

0 Accommodation ofpostulated severe accidents such that a
aformalpublicevacuation plan is not required

0 Can achieve conversion ratio's less than or greater than one

Acts W=hhVP Ame -5.2001 Bowd.

S-PRISM Design Approach
��/e conselvagVe

• Pas&Wdexvfie,?tfemova1
• Pawmax=1noda,#onofAM EYv1ffs S-PRISM Features Contribute to:
• Atomatedsafetygiaoleac&onsalvflmledto.-

c0dainmentkWahbO , Simplicity of Operation
reactor xlam 0 Reliability
steam side &WMon andblow-down

0 Maintainability
Opggt�/0/7 817dM817te17817Ce

* Safetygradeen&elopeconfnedtoNSSS 0 Reduced Risk ofInvestment
* Shno��COMPBCtpih7;arYS�Mboundary Loss

* Lowpersofllellwlla§on.exposLmkW$ 0 Low Cost Commercialization
a Path

Ca,0#818ndll7VeStM6l7tRis*Rediiction

• Conselva&eLowTemperaturaDesign
• Modi1arConsftctlonat7dsoismlclsola#ol7
• Factoiyfab,7C8tOnOfCOM00170nt$al7df.?ah�ymodilles

• Uoolulanyreducestl;eneedforsplnnlngreserve
• C1MCa#Onk7apfOtO,�'Ntestngofaslngle380UWen7Od4lle

ACRS Workaw isme 4-5.2W] 12 Bwrdman
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S-PRISMDesignApproach continued)
L Design basis events (DBEs)

- Equipment and structures design and life basis
- Bounding events that end with a reactor scram
- Example, all rod run ot to a reactor scram

2. Accommodated anticipated transients without
scram (A-ATWS)
- In prior reactors, highest probability events that led to boiling
and Hypothetical Core Disassembly A ccidents were A TWS events

- In S-PRISM A TWS events are pgMssive accommodated within
ASME Level D damage limits, without boiling

- Loss ofprimaryflow without scram TJLOF)

- Loss of heat sink without scram TJLOHS)

- Loss offlow and heat sink without scram TJLOFILOHS)

- All control rod run out to rod stops without scram (UTOP)

- Safe shutdown earthquake without scram (USSE)

3. Residual risk events
Very low probability events not normally used in design

In S-PRISM, residual events are used to assess performance
margins

AC)tSWWbhW J=r -5,200J 13

Topics

• Incentivefor developing S-PRISM

• Design and safety approach 

• Design descZ:jgtion and competitive potential

• Previous Licensing interactions

• Planned approach to Licensing S-PRISM

• What, ifany, additional initiatives are needed?

ACRS Worbhop Ane4-3.2001 14
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Power Train

I DA . High Grade
Safety Grade I Industrial Standards

Redundant
I Safety Grade

+ArR I Isolation Valves
GENEWOR

Al TGCOM=

7VABin

COVhnz
SPORM towc
LOOP

A

Cs

FEtWA71)t
AE4rZW

1V.ck*,Sft. MkSvv.E:� OZ"

CondenserV

Shutdown Heat Removal Systems
ACRS Wrtzhop Jow 4. 2001 15 soardwa.

(a S-PRISM- PrincipalDesignParameters

Reactor Module
- Core Yhermal Power, MWY 1,000
- fimary InletlOutlet Temp., C 3631510
- secondary nlemoutlet Temp., C 3211496

Power Block
-Number of Reactors Modules 2
- GrosslNet Electrical, MWe 8251760
-Type of Steam Generator Helical Coil
-Turbine Type TC-4F 3600 rpm
-Throttle Conditions atg1C 1711468
- Feedwater Temperature, C 215

Overall Plant
- GrosslNet Electrical, MWe 247512280
- GrosslNet Cycle Efficiency, 41.2138.0.
- Number ofPower Blocks 3
- Plant Availability, 93

ACRS workacp Ame4-12001 16 Boardman
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Super PRISM

-O

ACRS Wm*DW Ame 4-5, 2001 1 7

S-PAISM Power Block 760 MWe net)

tt

0 El013

Two 380 MWe N555 per Power Block

June 4-5.2001 18
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Metal Core Layout

Number oAssemblies

0 Drlverftef 138 Fuel: 23 month 3 ycW

internal Bienket 49

Radial Blanket 48 8ft 23 month x 4 r1cles

Prbm Centroi 9

0 Secondary cm**) 3

10 Gm ExpwWwn Module 6

IL IZIAmi 0 PAVIINAor .126

19 Shield 72

TOW 451

ACRS Wafthop Jme 4-5.2001 19

(a Oxide vs. Metal Fuel
Attractivefeatures of metal core include:

fitel is denser and has a harder neutron spectrum
compatible with coolant, RBCB demonstrated at EBR-11
axial blankets are not requiredfor break even core
high thermal conductivity 7owfuel temp.)
lower Doppler and harder spectrum reduce the needfor GEMsfor
ULOF 6 versus 18)

Metalfuelpyro-processing is diversion resistant, compact,
less complex, and hasfewer waste streams than conventional
aqueous (PUREA9 process

However, an "advanced" aqueous process maybe
competitive and diversion resistant.

S-PRISM can meet all requirements
with eitherfuel type

A CRS Worbhop 20 Bow,&.m
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S-PRISM - Three Power Block Plot Plan

Aree Power Block Plant
24 75 MWe 2280 MWe net)

Om

- - - - - - - - - - - 13

la-p 3 

on Do I ReacterBuilding(2NSSS/block)
O 2 eactor Maintenance Facility

0 3 Control cility
0 13
0 4New and Spent Fuel Handling Facility

0 5Assembly Facility
12 1 6Cask Storage Facility

7-1 urbine-Generator Facility
9Maintenance Facility
9Circulating Water Inlet Pump Station
10 Circulating Water Discharge
I IWaste Treatment

1 12 Parking Lot
1 13 Switch Yard
1 14 Fuel Cycle Facility

ACRS Waq=1WP June 4-5.2001 21 Bowdmn

S-PRISM Seismic Isolation System

Characteyisdcs of
Seismic Isolation System

Safe Shutdown Earthquake
- Licensing Basis 0-3 (PA)
- Design Requirement 0.5g

Lateral Displacement
- a 0.3g 75 in cJL
- SpaceAllowance

. Reactor Cavity 20 inch.
o Reactor Bldg. 28 imclL

Natural Frequency
- Horizontal 0. 70 Hz
- Vertical 21 Hz

LateralLoadReductio >3

RubberlSteel Shim Plates
Protective Rubber Barrier

Seismic Isalwors (66)

A CRS Wmblwp Arne4-12W] 22 Boapd..
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ReactorVesselAuxiliai-yCoolingSystem(Rv4cs)

Air Net (8)
37.00 t

RVACS '7 4432.-Flow Air Outlet
Paths 31.58 ft

30.08 ft-ap_
Stack 29.50 ft--j

.......... I
Livr(I in

Containm
Reactor

Vessel 2 in
Inlet
Plenum Contairanent

Inlet Vessel (in)

Plenum co]
""Overflow Cylinder (In) Thermal

Path Inisulation 2 in)
Collector Cylinder Normal

Flow Path
Containment Vessel Flow Annuli Silo

Reactor Vessel Cross Section
37'0

Reactor sac, Silo Cavity
ELEVATION

ACRS WM*MhOP Juw4-5.2001 23

PassiveShutdownHeatRemoval (RVAL"O

&wrap C"

7

a

&OWN

WW

ACRS WorhOW Am 4-5,2W] 24 Bocd..
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Natural Circulation Confirmed by 3 Dimensional TIHAnalysis

n

Lou

rase=
%VPW

Woo Iwftw"

NW

riwun Pwo

C= Rw ON=
PM an

CMKU

PUBW Examples

Temperature and velocity distribution
Normal Operation at 4 and 20 minutes after loss ofheat sink

ACPY MAMbw Ju" -5.2001 25 Bowdmaa

Decay Heat Removal Analysis Model

A.4 M

0-r

7 .

mmarycoolonfLoop a" Rea R VA CS A circuit

Vessel CarMimlent
Liner vessel NOTE., Ee"dons Are Not Representec

ACXS WmkL40p June4-5.2001 26 Board..
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R VA CS Cooling - Nominal System Temperatures

cofe bwet rel (i
Ve"elmlewmuemp ()

Com 1,01et 7emp (�--

R

0 so Joe ISO 200 2SO 300 350 400
Time (hr)

�RVACS Tmnsled A Slow Omcml St6?coy StNe Events

4cks WOF*ONP AW4-5,2W] 2 7

R VA CS Heat Rejection and Heat Load versus Time

FU0tpWWW

-RVACSNWR i MM
-ACSNWR*b W

t S

4

3 ------

2

50 Im to 200 250 300 350 4W

ACRS Wolbhop Jime,45 2W) 28 9ad.
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R VA CS Cooling - Nominal Mixed Core Outlet Temperature

*mM P"k Om Nbwd NW Taww&Wu

RVACS Only
��RVACS + ACS

21

C,

fee

300

200

0 so ILV 250 200 250 300 350 too

2-Ime (h)

FWW 2001 29

DamageFractionfromSixRVACSTransients
WS" "

ca�
MTWI 302C

a". Ss -.4 Peak Temperature & Damage

Fraction at Vessel Mid Wallr (nominal 2-sigma)
WACM CMM

-C Damage Fraction

635 1683 <0.002 0.002

W= 3M nm V.-W MM"

"C=L Lo" Peak Temperature & Damage
-P I" Fraction at Core Supyort
SMITH CM,

(nominal 2-sigma)

cor B"a.
D ft DSm

Z* Temperature (IC) Damage Fraction

6121658 <0.002 0.002

SECTI

I Damagefrom R VA CS Transients Is Negligible

ACRS Worbiop Ame -5.2001 30
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S-PRISMApproach to A TWS

Negative temperature coefficients of reactivity are
used to accommodate A YTVS events.

-1oss ofNormal Heat Sink
- Loss of Forced Flow
- Loss of Flow and Heat Sink
- Transient Overpower w1o Scram

Yhese events have, in p?1orLMR designs, led to rapid
coolant boiling, fuel melting, and core disassembly.

S-PRISMRequirement:
Accommodate the above subset of events w1o loss of reactor
integrity or radiological release usingpassive or inherent natural
processes. A loss offunctionality or component life-terinination
is acceptable.

A0tS Foo*shW Ame4-5.2001 31

AJUES-P Power Block Transient Model
STEAM

STE"

SODIUM
Inx

FEEDWATER TURBINE
ACII HEADER GENERATOR

RVAtS STEAM

14EADER
CORE

COROF

STEAM -.-- FWVALVE PUMPS

INTS HIGI PRESSURE DEMIKERALIZER
INK SODIUM FEIVINATER

HEATERS

FUMP PUMP FEEOWATEII ESSURE
ACS; FEEOWATER

VIVACS FEEOWATERAND -HEATERS

cant FEED OOSTER PUMPS

• Two-Reactors Coupled to a Single TG - Once-through Superheat

• One Group Prompt Jump Core Physics - Con"I Systems:
with Muld-Group Decay Heat - Plant control system (global and local controllers)

• R VA CSIA CS - Reactivity control system (B CS)
- Reactorprotection system (RPS)
- EMpump control system and synchronous machines

ACRS Wmkaxp June4-5.2001 32 Boardm=
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ExampleATWS-LossOfFlowWithoutSc7-a7ii

Loss of Primary Pump Power w1o Scram
- 20- Power FrecOon

- - N -Loss OfPtIMPPreSSIIrea11OW GM
feedhac* afidrSS/0,7 shmAMON77

-Continuation of lHrs flow and
feed water water enhance pjYmary
naftlIVI circill?#017 to ley"

- Excess cooling of core outlet
shortens CR drivellizes andpulls
col7trolroossllglltlytol6diancer.

in IN M 3. M power with
heatIvmoval

I t

4M

4N
C�s 0,121:9 3M 30 mm 30 M W

A v. 6" J. Vol 33 Boaniman

Example - 0.5 g ZPA Seismic Event Without Scram

Reacdvity:

+ 0.30S at 314 Hz horizontal core compaction)

- 016S at 10 Hz (vertical CR-core motion wh
I., VCVIA opposirephases)

"v.I - Power oscifladons to 1806, short duration, not
supercritical

Core Power Fracbm (%)
corer-lowrowba (%) - Fuel heat capacity absorbspower oscMadon

I t without melting

- Fuel releases heat to sructures slowly and gives
smal/Dopplerfeedback lo reducepowerpeaks

Adks 04thop X 3. S -I�e 4# 2W] 0 z. a x 34
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S-PRISM Transient Performance Conclusions

S-PRISM tolerates A TWS events within the
safety performancelim its

77ze passive safety performance of S-PRISM
is consistent with the earlier ALMR program

ACXY WW*dW Jwte 4-S 201 35

5-PRISM Con tainmen t 5ystem

WEI
Containment

Maintenance for Reacia B

Enclosure

Ceu
ReactorA

Disk

Containment

ReactorA

AMS h" Jme4.5.2001 36 sad.
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Exaniple - Large Pool Fire

7 -WWI
A.:

4

CE

1 2 3 4 5 4 7 2

Time (hours)

Beyond Design Basis (Residual Risk)
events have been used to assess containment margins

This event assumes that the reactor closure
disappears at time zero initiating a largepoolfire

Note that the containmentpressurepeaks at less than 5psig
and drops below atmospheric pressure in less than 6 hours

ACASWwbAqp Jove 4-5,2001 3 7

Comparison ofEmergency Power Requirements

FVf]C§017 S-PRISM Genelaffon /// L WRs
• SIndolowHeatRemoyal completely Passive fiedundantandDlyefse S

• PhsfAcddeat Passfve Air Cooling Reofvl7dantanoID"ise Systems
Con&(nment Cooling of upper COntainMeflt

• Coolant1flOC60,71COMFloodling MA Red11708'd ai7d Divetse Systems

0 hI&O'O*V sydem Pdmay or 213 Secondaly Roo's Most Roo's Must FunctIbn
SelfAdvated Scmm on Secondaly Rods BolUn h7feC§on

Pass*e Accommoolaffon ofA W Events NIA

DnelgencyACPower < 200 Me hrom Battenes lo, OOOkWe

A CRS WorkMop June 44, 2001 38 Bord�,.
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Layers of Defense
.Containment

t t (passiveposf accident heat removal

e Coolffnt Boundary (Reactor Vessel
(simple vessel with no penevations below the No eW)

* Passive Shutdown Hear Removal
(R VA CS + A CS)

0 Passive Core Shutdown
Inherent negadvefeedback's) Increasing

Challenge
* RPS Scram ofScram Rods'A

(Wagndic SelfAcmaed Latch backs up itff)

* RPS Scram of Control Rods
MAS is independent and close coupled)

* Automatic Power Run Back
(by automated non safety grade Plant ConoW Sjwem

AM Safely Grade Systems Are Located
within the ReactorlNSSS Building Normal Operatinz Ranre

- Maintained by Fault Tolerant
Tri-Redundant Control System

AcRs WMkhW June 4-5.2001 39

(D Adjustments Since End ofDOE Program in 1995

Parameter or Feature 1995 ALMR S-PRISM

Core Power, MWt 840. 1000.

Core Outlet Temp C 499 510

Main Steam OC / kglcW 4541153 4681177

Net Electrical, MWe 1243. 1520
(two power blocky)

Net Electrical, MWe 1866 2280
(three power blocks)

Seismic Isolation Yes. Each NSSS Yes. A single
placed on a platform supports

separate isolated two NSSSs
platform

Above Reactor Containment Low leakage steel Low leakage steel
machinery dome lined compartments

above the reactor
closure

ACAS Wwbhop hmet-3. 2001 40 Bmrda�
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Topics

• Incentivefor developing S-PRISM

• Design and safety approach

• Design description and competitivepotential

• Previous Licensing interactions

• Planned approach to Licensing S-PRISM

• What, ifany, additional initiatives are needed?

AMS WmWop 41 sad.

Optimizing the Plant Size

1988 PRISM S-PRISM Larze Commercial Desizn
1263 MWe (net)fron: 3 biocla l,52oMWe(net)frontwobjocks 1,535MWeMonoZW'icLW
9 A= (42S MWI cach) 4 NSSS(1OOOMW1eack) I NSSS (4000 MWI)
3 42J We TG UWJs 2 825 MWe (gr=) TG Units 1 1535 MWe TG Unit
9 pmary Na containing vemb 4 rimary No containing vench 14 fin-y Na containing vessels*
9 SG smitsleight-en Mn Imps 4 SG unJs and eighdh7S loops (]2pnmay component vewels. e=or. and EVS7)

(10001500 MWt each) 6 SG units and 6 I= loops 667 MWt eaciV
- 4 Shutdown Hew Removols)wems

iiOWOvs 45 -M WI)- (DAWMa -as p-p pipe -d-Won jy.Tm-)
once through mqwhw mant cycle Redundant SMU also requo-edfor EFST

421AM
SG

769mWe

1535 MWe

760 MWe
Wa- 421 Mwe

Simplicity allows Reduction in
Commodities and Building Size

ACRS Wmbbap Jww4-.5.2001 42
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Scale Up L WR versus Fast Reactor

fees Nwr sodlum Cooled Fast Reactogoo Nwt Lialit Water Cooled Reactor

rA/W M.; Mff low 71WO 80V "f I OPSwaft

.7600 MW FR 3600 M PWR

Sk WNW low rwo face NW LOOPS

Two Loops Viable Because:
Rating imited by., Specific heat of water x odium

IHTS Piping: < I m diameter at operating temperatures

• The complexity and availability of a PWR is essentially constant with size

• Due to the lower specific heat of sodium, six or more loops are required in a large FB.

TheEconomyofScaleisMuchLargerforLWRs thenFBRs

ACXS WmiahW June 45,2001 43 Boad,.ft

Modular versus Monolithic (Fast Reactors)

SG SG

To G To TG

00
EMT

SG

Modular (S-PPSMT ------ -

Monolithic Fag Reactor

The one-on-one arrangement:
0 Simplifies operation,
- minimizes the size ofthe reactor building
- im roves the plant capacityfactorIlp
- reduced the needfor backup spinning reserve

ACRS Wm*rhw Ane -5.2001 44
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NSSS Size, ALMR verses S-PRISM

210 fL
16 fL

Non-isahaed&de
-Walls and Sodwm

ServicefiaWity Seismimily
Isolated

188 f 123 fL

.Seiodcally
isolated
Nuclear sland so

ALMR S-PRISM

22 % More Power
from

Smaller NI

June -5.2001 45 Bmdm..

LearningEffectFavorsModularPlantDesigns

Monolithic 2axts

DM
1 I 

Modular Niznts

0.750.
a C a C3 0

C COF

Cumulative Plant Capacity, MWe

ACRS WVrbhW June 4-5,2001 46 Boardman
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(a) Modular vs. Monolithic Availability and Spinning Reserve

Monolithic Plant 6 Module S-PRISM Plant
6Loops

Six Loops
In% Six Modules

R a $6.80% Five Modides
5? 83%

67% 87.0%
67% %

b-4 - ".3%
IU 33% ".95%

17% Avers ".99%

0% 20% 40 60% 90% 100% 40%
86%16 93 

Percent Time at Load (016) Percent Time at Load

Seven point advantare caused b:
- Relative simplicity of each NSSS (one SG System rather than 6)

- Ability to operate each NSSS independently of the others

ACRS WwkhW 47

Comparison ofPlant Construction Schedules

NOAKMedulm
Simuh"eous

NO" Modulw
Slanered 1,520 MWe

Plant

Firw Commercial Modular-

simuft"eous

Fint Commercial Moduk

sowered

FIrW Commercial Large 1520 MFVeMonolithic Plant
Reactor

0 5 10 15 25 W 35 40 45 50 55 N 65 70 75 80

Duration, months

A U Woridjap Juse4-5.2001 48
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NSSS Size, CJBRPIALMR IS-PRISM

CRBRP ALMR
35OMWe 311 MWe

J:

S-PRISM
760 MWe

ACES Wm*�hw JuRe 45,2001 49 Boadan

Topics

Incentivefor developing S-PRJSM

Design and safety approach

Design description and competitive potential

Previous licensing interactions

Planned approach to licensing S-PRISM

What, ifany, additional initiatives are needed?

A CRS Wmbhop J= 45,2001 50 awd�,a.
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ALMR Design and Licensing History

199

$42M GEFunded
Advanced. ConcepttialRVA PrOhnizary Design

5 M Re_-ulatery Review
I" 97 Continue Trade Economic Reviews

Studies Corrunercialization Studies
Technology Dewfopnwnt
($I 07 M Additional)

30SM
Competition for
Nafional Progrant

$ 77 Million
DOEProgram

is supported

GE Funded by a 100 million dollar
bmovative Design axties; Data Base

ACRS Ww*thop Jmw4-5.2001

The NRCs Pre-application Safety Evaluation of the

(IVUREG-1368) concluded.

"the staff, with the A CRS in agreement, concludes that

no obvious impediments to licensing the PRISM (ALMR)

design have been identified."

A CRS Worbhop Jme4.5.2001 52 Bonbmm
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Top,WS

• Incentivefor developing SPRJSM

• Design and safety approach

• Design description and competitive potential

• Previous Licensing interactions

* Planned approach to Licensing S-PRISM

- What, ifany, additional initiatives are needed?

ACRS Wmbhop June 45. 2001 53 Boadnan

Detailed Design., Construction., and Prototype Testing
Year ALMR I I 2 3 4 1 5 I 7 1 9 1 10 1 12 1 13 14

Ph*"

SfandaraPlant
Fm Des n

NRC UcWmft �� FS4R Q e� n
PS�R �ifi

canpanenft
Key Feahm T" SubsPt- T-

PAD

Profotyoe Plant SeetyTest Fuel Lac Full Sa" Test
FSAR Plan AqMt Power RepwIAgML

- RC Licensing = Mxulz� NEWROPM

- esignicertification QBtWW Desire Authorization
Envvon. Repon She Pei I 

.Site ermitffinvirwL Impact
StsdConbuctkN

-EquJAFab. & Site Construct L
F�lLoad SafetyTctReport

-Safety Testing -- � pr
Benzh�

- Comm. Power Generation Tea;

Design Certification would be obtained through the construction
and testing ofa single 380 MWe module

ACAS Wm*AW jam 4. 2001 54 fird..
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Topics

• Incentivefor developing S-PRISM

• Design and safety approach

• Design description and competitive potential

• Previous Licensing interactions

• Planned approach to Licensing S-PRJSM

• nat, if any, additional initiatives are needed?

ACR5 WmbhW Ame4-5.2001 55 soamwwn

Safety ReviewlKey Issues

NAM wcA'no" Sateu Methods
Framm ContainmentC&&=CM
Pbcdx MM=Ydc Core energetic potential

Crew d"ft

1A
MR Analysis of Design Basis SG Leaks
TTALT
PEC PR,4
JAPAN
JOYO Ong 0 Nuclear Methods
mollig

UK Do-a" 0 TIHMethods
USA Fuels
EM-1 Maba Validation offuels data base (metalloxide)

L= %h=W
EBR-2 Id"
Eurimr-el Mift- Wastesum Azkw=

PjcW=d Fission Product Treatment and Disposal
USM

BR-2 Obriazk R-.-t I O., L
BR-5 Obziu*
BM-W MPW= More than 20 Sodium cooled Fast Reactors have been built
BN-350 Shemcbmik
BN-W Beloyxmk"r - Most have operated as expected EBR-H and FFTFfor example)a IMO
W. Gtr=RYYM 1whae The next one must be commercially viable
SM KATkar i - I - 1 3420 - 1 1460 ) UO21PU02 1 Na

ACRS WmkaW Jme -5.2001 56 Boadma.
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0 Component Verification and Prototype Testing

Final component performance verification can be performed during
a graduatedprototype testingprogram.

Example: TheperformanceofthepassivedecayheatremovaI
system can be verifzedprior to start up by using the Electromagnetic
Pumps that add a measurable amount of heat to the reactor system

Licensin-g through the tesgUg ofa 2roto=ical
reactor module should be an efficient approach to
obtaining the data neededfor design certification.

Deflning the TIH and component tests needed to
proceed with the the construction and testing ofthe
prototype as well as defining the prototype test
program will require considerable interaction with
the NRC

ACRS WMbhVP June -5.2001 57
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G. Apostolakis, ACRS Chairman: What are the most dangerous mines in the mine
field that you feel we ought to be working on?

A. Rao, General Electric Nuclear Energy: Our experience on the last go round was a
time and material effort. There tends to be no closure when you're having NRC review
of the licensing submittals, whether it's with the national labs which are consultants to
the NRC staff or the NRC staff. So there is a minimum incentive for closure of some of
the items. That was our experience with the SBWR in the past.

We don't think there are any technical issues that are there because we've had -- I
haven't emphasized the international part of our meetings. Typically we meet twice a
year and have 30 or 40 people from national labs and people from all different parts of
industry. So we don't think there's any technical issues. It's just bringing the NRC staff
up to the same state where we are. That's one thing.

The other question is do the people who reviewed the SBWR in the NRC staff, are they
still there? I think some of them are still there. That would make it go faster. The
process of someone else coming up to the same level of understanding as those who
worked on it is, I think, one of the major challenges we faced in the SBWR. I remember
- I don't know whether it was (van Catton or someone on the ACRS. It took several
years before we got people to appreciate how simple our passive containment cooling
system was, for example. It was actually not a natural circulation system. It was a --
circulation system. And so if the same members of the NRC staff are not there, we
might have to go through that same process again. So it's those kind of institutional
issues, I think, which will be a harder challenge for us.
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Summary of NRR Future Licensing Activities

In response to a renewed interest in building nuclear power plants, the NRC has
created organizations within its major program offices to prepare the NRC staff for new
applications (early site permits ESPs], design certifications, and combined licenses)
and to manage special task groups and pre-application reviews of new reactor designs.
Activities planned in FY2001 and Y2002 include: (1) evaluating the ability o the NRC
staff to support future application reviews under 1 0 CFR Parts 50 and 52; 2)
performing pre-application reviews of the AP1 000 (a light-water reactor design with
passive safety systems), Pebble Bed Modular Reactor (PBMR - a high-temperature
gas-cooled reactor design), ESPs, IRIS (an advanced light-water reactor design), and
GT-MHR (a high-temperature gas-cooled reactor design); 3) initiating and/or
performing related rulemakings that will update 1 0 CFR Part 52 to reflect lessons
learned from certifying three nuclear plant designs, update Tables S-3 and S-4 of
1 0 CFR Part 51 to address higher burnup fuel considerations and non-LWR advanced
designs, and address alternative siting considerations; 4) reactivating the construction
inspection program; and, (5) interacting with stakeholders to ensure there is a clear
understanding of upcoming activities related to future applications and to solicit
stakeholder input.

In Y2002 and Y2003, activities are expected to include: (1) managing the reviews of
fine new applications resulting from the pre-application reviews (including one design
certification, one combined license, and three ESP reviews); 2) managing two pre-
application reviews (IRIS and GT-MHR); 3) updating regulatory and review guidance
for new applications, i.e., Standard Review Plans (SRPs), Regulatory Guides, and
referenced codes and standards, and identifying where enhancements are needed;
(4) developing independent codes to analyze the safety of non-LWR designs, with
supporting validation testing; and, (5) addressing regulatory infrastructure issues,
including NEI's proposed New Plant Regulatory Framework initiative, and NRC
regulations governing financial issues and operator staffing.
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ACRS WORKSHOP ON ADVANCED REACTORS
JUNE 45 2001

NRR FUTURE LICENSING ACTIVITIES

INTRODUCTION: M. Gamberoni

FUTURE LICENSING AND INSPECTION READINESS: N. Gilles

EARLY SITE PERMITS: T. Kenyon

ITAAC/CONSTRUCTION: T. Kenyon

AP1000: A. Rae

REGULATORY INFRASTRUCTURE: E. Benner
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FUTURE LICENSING ORGANIZATION
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FUTURE LICENSING AND INSPECTION READINESS
ASSESSMENT (FLIRA)

• Evaluate Full Range of Licensing Scenarios

• Assess Readiness to Review Applications Perform Inspections

- Staff Capabilities
- Schedule and Resources
- External Support
- Regulatory Infrastructure

• Recommendations:

- Staffing
- Training
- Contractor Support
- Schedules
- Rulemakings & Guidance Documents

• Complete Assessment by September 28, 2001
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EARLY SITE PERMITS

Early Site Permits (ESP)

- Site Safety
- Environmental Protection
- Emergency Planning

1 0 CFR Part 52, Subpart A

- Regulatory Guides
- Environmental SRP
- Experience with Environmental Reviews on License Renewal

Initial efforts

- Coordinate Preparations for ESP Reviews
- Interact with Stakeholders
- Recent Meetings with NEI ESP Task Force

Applications
- One in 2002, Two in 2003, Three in 2004

5

ITAAC/CONSTRUCTION

• Construction Inspection Program Re-activation

- Develop Guidance for Inspection of Critical Attributes
- Include Inspections for Plant Components Modules at Fabrication Site
- Initiate Development of Training for Inspection Staff

• Reactivation of Construction Permit WNP-1)

• Resolution of Programmatic" ITAAC
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AP1000 PRE-APPLICATION REVIEW

• Phase Complete

- July 27, 2000 Letter Identified 6 issues that Could Impact Cost and
Schedule of Design Certification

• Phase 2 Scope

- Applicability of AP600 Test Program to AP1 000 Design
- Applicability of AP600 Analyses Codes to AP1 000 Design
- Acceptability of Design Acceptance Criteria in Selected Areas
- Applicability of Exemptions Granted to AP600 Design

• Phase 2 Schedule

- Receipt of Analyses Codes Will "Officially" Start Phase 2
- Estimated Duration of Review - 9 Months

• Phase 3 - Westinghouse Application 2002?

7

REGULATORYINFRASTRUCTURE

Current Activities:

• Rulemaking to Update 1 0 CFR Part 52

- Incorporate Previous Design Certification Rulemaking Experience
- Update Licensing Processes to Prepare for Future Applications
- Proposed Rule Package 9/01)

• Rulemaking on Alternative Site Reviews

- Amend Requirements in 1 0 CFR Parts 51 and 52 for NEPA Review of
Alternative Sites for New Power Plants

- Initiation of Rulemaking - Mid-FY2002

• Rulemaking on 1 0 CFR Part 51, Tables S3 and 4

- Amend Part 51 Tables S-3 & S-4 for Fuel Performance Considerations
and Other Issues to Reflect Current and Emerging Conditions in the
Various Stages of the Nuclear Fuel Cycle
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REGULATORY INFRASTRUCTURE

Financial-Related Regulations

- NRC Antitrust Review Requirements
- Decommissioning Funding Requirements
- Modular Pant Requirements (Price-Anderson)

Future Activities:

-NE I Petition for Generic Regulatory Framework

- NEI Intends to Propose Risk-informed GDC, GOC and Regulations
- Petition Anticipated in December 2001
- NEI Proposal May Be Similar to Option 3 of RP50

Licensing of New Technologies

- Short-Term: Address via Existing Regulations, License Conditions and
Exemptions

- Long-Term: Address via Rulemaking

9
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Office of Nuclear Regulatory Research
Summary of Advanced Reactors Activities

June 42001

John H.Flack (Branch Chief) and Stuart D.Rubin (Senior Advisor) from the Division of
Systems Analysis and Regulatory Effectiveness (RES), Regulatory Effectiveness and
Human Factors Branch (REAHFB), provided an overview of the historical and current
role of RES in pre-application reviews of advanced reactors. Pre-application
interactions with potential licensee applicants will help NRC prepare for future
submittals, through the development of the infrastructure necessary for licensing
application reviews. RES has the lead for non-LWR advanced reactor pre-application
initiatives and longer-range new technology initiatives. An advanced reactor group has
been formed in REAHFI3, and is currently performing a pre-application review of
Exelon's Pebble Bed Modular Reactor. Recent industry requests for future pre-
application interaction include General Atomics' Gas Turbine-Modular Helium Reactor
(GT-MHR) and Westinghouse International Reactor Innovative and Secure (IRIS)
design. RES advanced reactors activities also include participation as an observer in
DOE's Generation IV initiative.

Pre-Application review objectives include the development of regulatory guidance,
licensing approach, and technology-basis expectations for licensing advanced designs,
including identifying significant technology, design, safety, licensing and policy issues
that would need to be addressed in the licensing process. In addition, the pre-
application review will help to develop necessary analytical tools, obtain contractor
support, train staff to achieve fully the capacity and the capability to review advanced
reactor license applications.

The presentation described the pre-application process for the Exelon PBMR. NRC
first identifies additional information following topical meetings with Exelon, and Exelon
formally documents and submits required topical Information. The staff then develops
a preliminary assessment and drafts a response which is followed by stakeholder input
and comments at a public workshop. Preliminary assessments are discussed with
ACRS and ACNW, and Commission papers are written which provide staff positions
and recommendations on proposed policy decisions. Some of the significant areas for
the PBMR include:

Process Issues, Legal Financial Issues
Regulatory Framework
Fuel Performance and Qualification
Traditional Engineering Design (e.g, Nuclear, Thermal-Fluid, Materials)
Fuel Cycle Safety Areas
PRA, SSC Safety Classification
PBMR Prototype Testing

Sources of expertise for the PBMR include, RES, NRR, NIVISS, OGC technical
expertise and associated regulatory experience, contractor support from National Labs,
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prior NRC Modular HTGR pre-application review experience, design, operating and
safety review experience for Fort St. Wain HTGR, International HTGR experience
including IAEA, Japan, China, Germany, UK, and external stakeholder comments,
ACIRS and ACNW advice and insights.
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United States
Nuckar Regulaory Commission

Office of Nuclear Regulatory Research
Advanced Reactors Activities

June 4 2001

John H.Flack
Stuart D.Rubin

Introduction

Historical role of RES in preapplication reviews

Preapplication review of advanced reactors

Current role of RES in advanced reactor reviews

Advanced reactor group in Division of Systems Analysis and Regulatory
Effectiveness (RES)

173



Advanced Reactor Activities

Advanced reactors have greater reliance on new technology and safety features.

Preapplication interactions and reviews will help NRC prepare for licensing application

0 NRR has lead with RES support for WR advanced reactor preapplication initiatives and
licensing application reviews

0 NMSS; has lead for fuel cycle, transportation and safeguards

e RES has lead for non-LWR advanced reactor preapplication initiatives and longer-range
new technology initiatives

0 Recent industry requests for preapplication interactions:

Westinghouse: AP1000 5/4/00)
Exelon: Pebble Bed Modular Reactor 1215/00)
General Atomics: Gas Turbine-Modular Helium Reactor (3/22/01)
Westinghouse: International Reactor Innovative and Secure 4/06/01)

NEI Risk-informed framework for Advanced Reactor Licensing

RES Advanced Reactors Activities

PBMR

- Request for pre-application interactions received from Ion
- NRC response
- Plan developed (SECY-01-0070)
- Pre-application work underway (FY2001-2002)
- Objective - identify issues, infrastructure needs and framework for

PBMR licensing
- Develop nucleus of staff familiar with HTGR technology

GT-MHR

- Request for pre-application interactions received from General Atomic
- NRC Response
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RES Advanced Reactors Activities (cont.)

Developed underDOE-NERI program
Initial meeting on 05/07101

Generation IV

- International activity coordinated by DOE
- Longer term
- NRC participating as an observer

9 Generic Framework:

- NEI developing proposal
- Need for NRC to establish an effective and efficient risk-informedand

where appropriate, performance-based licensing framework

Significant Technology Issues:

Unique, First of a Kind Major Components
Fuel Design, Performance, Qualification, Manufacture
Source Term
Thermal-Fluid Flow Design
Hi-Temperature Performance
Containment
Fuel Cycle Safety & Safeguards
Prototype Testing and Experiments
Human Performance and I&C
Probabilistic Risk Assessment Methodology and Data
Emergency Planning
Regulations Framework

- design basis accident selection
- safety classification
- acceptance criteria
- GDC,
- use of PRA
- Safety Goals
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PBMR Pre-Application Review Obiectives

To develop guidance on the regulatory process, regulations framework and the
technologymbasis expectations for licensing a PBMR, including identifying
significant technology, design, safety, licensing and policy issues that would
need to be addressed in licensing a PBMR.

To develop a core infrastructure of analytical tools, contractor support, staff
training and NRC staff expertise needed for NRC to fully achieve the capacity
and the capability to review a modular HTGR license application.

PBMR Pre-Application Review Guidance

• Commission Advanced Reactor Policy Statement

• NUREG-1 996 on the Development And Utiffization of the Policy Statement

• Previous Experience with MHTGR Pre-Application Review

• Identify Safety, Technology, Research, Regulatory & Policy Issues
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PBMR Pre-Application Review Scope

Selected Design, Technology and Regulato!�4 Review Areas:

0 Fuel Design, Performance and 0 Human Performance and Digital I&C
Qualification

0 Nuclear Design 0 Prototype Testing Program

0 Thermal-Fluid Design 0 Probabilistic Risk Assessment

0 Hi-Temp Materials Performance 0 Postulated Licensing-Basis Events

0 Source Term 0 Fuel Cycle Safety

0 Containment Design 0 Emergency Planning

0 PBMR Regulatory Framework 0 SSC Safety Classifications

PBMR Pre-Application Review Process

• Conduct Periodic Public Meetings on Selected Topics:
Process Issues, Legal Financial Issues, Regulatory Framework 4130)
Fuel Performance and Qualification 6/12-13)
Traditional Engineering Design (e.g., Nuclear, Thermal-Fluid, Materials)
Fuel Cycle Safety Areas
PRA, SSC Safety Classification
PBMR Prototype Testing

• NRC dentifies Additional Information Following Topical Meetings

• Exelon/DOE Formally Documents and Submits Topical Information

• NRC Develops Preliminary Assessment and Drafts Documented Response

• Obtain Stakeholder Input and Comments at a Public Workshop

• Discuss Preliminary Assessments With ACRS and ACNW

• Commission Papers Provide Staff Positions and Recommend Policy Decisions

• Commission Provides Policy Guidance and Decisions

• NRC Staff Formally Responds to Exelon with Positions and Policy Decisions
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PBMR Pre-Application Review Sources of Expertise

RES, NRR, NMSS, OGC Technical Expertise and Regulatory Experience

Contractor Support From National Labs and DesignfTechnology Experts

Prior NRC Modular HTGR Pre-Application Review Experience

Design, Operating and Safety Review Experience for Fort St. Wain HTGR

International HTGR Experience: IAEA, Japan, China, Germany, UK

Exelon and DOE Design, Technology and Safety Assessments

External Stakeholder Comments

ACRS and ACNW Advice and Insights

PBMR Safe1y Significant Review ssues/T

• Fuel Performance and Qualification

• High Temperature Material Issues

• Passive Design and Safety Characteristics

• Accident Source Term and Basis'

Postulated Licensing Basis Events*

• Prototype Testing Scope and Regulatory Credit

• Containment Functional Design Basis*

Emergency Planning Basis*

• Risk-informed Regulatory Framework*

• Probabilistic Risk Assessment

Commission Policy Decision Likely Is Needed
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EBMR Pre-App-lication Review Schedule

About 18 months to Complete

Monthly Public Meetings To Discuss Topics

Feedback on Legal, Financial and Licensing Process Issues (-9/01)

Feedback on Regulatory Framework (-12-101)

Feedback on Design, Safety, Technology Research Issues (-6/02)

Feedback on Policy Issues (-10/02)

Regulatory Infrastructure Development Needs

Staff Training Course for HTGR Technology

0 Analytical Codes and Methods for Advanced Reactor Licensing Reviews

0 Regulatory Framework or Advanced Reactor Licensing Reviews

0 Core Staff Capabilities for Advanced Reactor censing Reviews

Contractor Technical Support Capabilities

Possible RES Confirmatory Testing and Experiments

Possible Codes and Standards for Advanced Reactor Design and Technology
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G. Apostolakis, Chairman, ACRS: If someone comes to you using Part 52, is there
anything there that says that you need the risk-informed, performance-based system?

J. Flack, RES: There's nothing in Part 52 that says that we need to have a risk-
informed, performance-based licensing approach.

G. Apostolakis, C hairman, ACRS: So they could approach the licensing issue without
using risk information. Could they?

10
J. Flack, RES: Yes, I would expect that would be the case.

G. Apostolakis, Chairman, ACRS: Is there anything that gives you the authority to
request risk information?

J. Wilson, NRR: The Part 52 licensing process is just that, it's a licensing process, and
so it references back to parts 20, 50, 70 and 1 00 for the actual safety requirements. So
whether or not those safety requirements remain as they are or change as a result of
some risk-informed process, it will use whatever is the requirement that's currently in
place.

G. Apostolakis, Chairman, ACRS: What if the industry doesn't want to use risk
information? What if they just want to use existing regulations with exemptions or
changes and maybe they feel that going to a risk-informed system adds an impediment
because we have to understand it and do it. It's new. And try to go with the existing
system and maybe a PRA would be an assessment at the end if you guys request it but
maybe it will be a good idea not to bring it up at all. Why is that the need?

J. Flack, RES I think it would be to their advantage to come in that way.

G. Apostolakis, Chairman, ACRS: We heard today from several speakers, I think, that
they're trying to reduce involvement of the humans. Do you think that the human
performance issue will be as important here as in the current reactors?

J. Flack, RES: I've discussed this at length. I don't know whether we can say it's going
to be less important. I mean it's going to be a different environment which that human
operates in, and one has to understand that environment and what's changing in that
environment. So it's something that one has to look at very carefully. So it's hard to
say.

D. Powers, ACRS Member: It seems to me that the change is really entertaining and
in the direction that's most difficult for us because as they design the plants to be less
and less dependent on the human operator intervening. We become more and more
worried about the fact that the operators are not going to sit there and do nothing. They
will intervene and the potential for them to intervene incorrectly in a system that's
designed to operate with rather minor low head forces operating on it. So you get into
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the problem of errors of commission that we are most incapable of addressing. It's a
subtle problem.

J. Flack, RES: Yes. The environment changes and you don't really have as much
data as you wish you'd have to go on.

J. Garrick, Chairman, ACNW: This is probably the question that I was half asleep on
when George asked the question about the risk assessment. But you mentioned that
on the PBMR you're going to get a risk assessment. What's the nature of that? Has
that been requested?

S. Rubin, RES: We have urged Exelon to provide as much information on the current
risk assessment that they've done for the plan to support our review of this risk-
informed framework for making licensing decisions. I wouldn't call it a risk-informed
regulations framework as the extent of wholly replacing Part 50 but we think we now
understand that this framework is not quite going to do that but will through risk insights
be able to identify systems requirements for mitigation, -prevention, the level of
redundancy in those systems, which systems should be designated as safety significant
and also things like what are the special treatment requirements on the system. But
we're not talking about a regulations framework which covers all of Part 50.

But to answer your question, we have asked for that and we've also asked, to the extent
possible, that we get information on the design itself. We have not yet, except for these
kinds of viewgraphs that we've seen today, gotten what I would call a significant design
description and principles of operation document from Exelon. I think the staff would
very much like to get both a PRA and a design description so we have a context for
reviewing this framework. It is on our schedule. We talked about that. It's not now but
it is later.
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XA04NO158
Nuclear Energy Institute (NEI) Summary

Prepared by ACRS Staff for R. Simard

Mr. Ron Simard of the Nuclear Energy Institute (NEI) provided a brief presentation on
the state of energy demand in the United States and discussed the improving
economics for new nuclear power plants. He discussed the consolidation of companies
under deregulation and the ability of these larger companies to undertake large capital
projects such as nuclear power plant construction. He discussed efforts under way to
support a new generation of plants but noted that there needs to be greater certainty in
the licensing process. He discussed infrastructure challenges in terms of people,
hardware, and services to support new and current plants. He stated that there needs
to be fair and equitable licensing fees and decommissioning funding assurance for
innovative modular designs such as the PBMR. He concluded that NRC challenges will
include resolving 1 0 CFR Part 52 implementation issues, establishing an efficient and
predictable process for siting, COL permits and inspection, and an increasing regulatory
workload.
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Licensing needs for future plants

ACRS workshop on Regulatory Challenges
for Future Nuclear Power Plants

Ron Simard

Senior Director, Business Services

Nuclear Energy Institute

June 5, 2001

New Nuclear Power Plants - New
Momentum

oo. Growing electricity demand, need for new generating
capacity

o. Fossil fuel price volatility, clean air constraints
0� Improving economics of new nuclear power plants
o. Industry consolidation = companies large enough to

undertake large capital projects
op. Significant public and political support

o. Potential for greater certainty in the licensing process
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Focus of efforts to pave the way for
new plants

• Policy, legislative, regulatory changes needed
to support new approaches to ownership, risk
sharing and project financing

• Policymaker support (Administration,
Congress and others)

Infrastructure (people, hardware, services) to
support new and current plants

Licensing, licensing, licensing

Activities in support of the plan to
enable new plant business decisions
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Licensing needs with respect to ...

working out the Part 52 implementation details

• assuring safety and equitable application of
regulations to new types of designs

• clarifying how financial related requirements
apply in the new business environment

Examples of Part 52 licensing needs

• a timely and efficient ESP process (e.g,
focusing on the incremental impacts of
additional reactors at existing sites)
a timely and efficient process for COL
applications and reviews
an efficient process for construction inspection
and ITAAC verification
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New Licensing Process Significantly
Reduces Project Risk

Operating
License

Construction Application 
HIM Permit

Application

Operation

T

Design Construction Permit/
Certification or Operatin License Acceptance
Plant-Specific Criteria MetAppi cation I
FSARATAAC Operation

Early Site Permit

Project becision

"New design"' licensing needs (in
addition to safety determinations)

- For modular designs, clarification of
• number of licenses per facility

• application of Price Anderson requirements

• basis for Part 171 annual fees

• basis for control room staffing

- For gas cooled designs, clarification of
- decommissioning funding levels

- generic environmental impacts (Tables S-3, S-4)

- basis for EP action levels, reporting requirements,
implementation of NTREG-0654
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Licensing needs for the new business
environment

Clarification of how financial related
requirements apply to merchant nuclear plants

• no need for an NRC antitrust review

• nature of financial qualifications

• appropriate mechanisms for decommissioning
funding assurance

The nuclear energy imperative

DOE projects 400,000 MW of additional
capacity needed by 2020 (to replace
existing plants that reach end of life and to
meet new demand)

30% of our current generation is non
emitting (nuclear, hydro, renewables)

maintaining that contribution to clean air
will require 50,000 Mwe of new nuclear
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Vision 2020
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The Future isn't what it used to be
because ...

o-� Electricity demand will continue to grow

oo. New nuclear generation is no longer an option
- it is an imperative

o-. The business case for new

nuclear plants will be clear

o-. The cost and schedule drivers mus

be known and manageable to much

more certainty than in the past
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The Future isn't what it used to be
because ...

NRC will be challenged to

0,. resolve Part 52 implementation issues in a timely
manner

o. establish efficient and predictable processes

for siting, COL license applications,

construction inspection

o. respond to an increasing workload

with new focus, discipline and

efficiency
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D. Powers, ACRS Member: There seems to be a body of opinion that maybe we don't need
that much electrical energy, and that we, in fact, can achieve the necessary energy supplied by
conservation.

R. Simard, NEI: No question that conservation and efficiency are important, but it's folly to
think that you're going to conserve your way out of having to add almost a 50 percent increase.
The gains that we have made in conservation have been impressive, at times, and eff iciency
has really helped quite a bit, but there's no way to conserve your way out of the low end of this
projection without disruptive impacts on the economy.

There are still some people who will question the need to have that much electricity and they
might even go so far as to say that we can keep our current demand steady. The future isn't
what it used to be because I think the consensus is here now that the demand will grow, and we
used to talk about the nuclear option. It's not an option anymore. It's an imperative.

The business case or new plants is pretty clear, but we have to have cost and schedules
known to a greater degree of certainty than we ever had before, which leads us into the
challenge for the NRC because, the ability to bring this plant to make depends upon being able
to work out these Part 52 implementation issues in a timely manner, and having in place
efficient and, Commissioner Diaz's word, "scrutable" processes for early siting and licensing
and construction inspection. And what's emerging here from this day and a half is the
challenge for NRC to be able to respond to this with a whole new focus and discipline and
efficiency.

D..Powers, ACRS Member: One of the persistent problems that we encounter when new
things are brought to this particular body is the documentation is incomplete; the documentation
is not rigorous. Those kinds of things slow the process substantially.
Is the industry doing anything to try to address those kinds of questions?

R. Simard, NEI: I think the challenge on our side is to bring in an unprecedented quality of
application. On our side, we need to bring to the NRC the highest quality of information and
application. What you're seeing both with the Westinghouse and PBIVIR North America
International wh NRC, is an effort early on to really clearly identify exactly what the staff needs
are going to be to be able to do their review.

G. Apostolakis, ACRS Chairman: In one of your earlier slides, it says "acceptance criteria
met," do we have those criteria?

R. Sima rd, NEI: Yes, in the three designs that have been certified a key feature and a high
level of detail in those certifications are the ITAAC. So they're clearly specified. In the ABWR,
for example, the high pressure core flooder system, there were 31 separate ITAAC that clearly
focus on the performance of a pump. For example, what inspections or tests will be done on
that pump and what acceptance criteria will be necessary to show that, in fact, that pump is
going to deliver the amount of water you need at the time you need it? So in the design
certification, a key feature of them has been these ITAAC. We need to add a few more that are
site specific when the licensee brings the application.

T. Quinn, Consultant, General Atomics: The reason for success in the license renewal
process to a large extent was the project management role that was put in place with a lot of
work by NEI, with a lot of work by the NRC, and a suite of documents that became part of the
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process, (e.g., the GALL report, and the NEI guideline). Have you considered working with
NRC on a similar type of suite of documents to help us make this a more stable framework?

R. Simard, NEI: Yes, I think you're right, Ted. That's been a good model in the past. By
bringing to bear the range of industry resources and expertise on an area and combining that
with the NRC, I think we've wound up with a better quality product in the end and improved the
efficiency of the process.

So building on our success with license renewal, maintenance rule or other things like that, it is
our intent to put a lot of thought from our side into how -- for example, the format of an early site
permit application, and that's something we actually have underway, or with respect to
construction inspection at ITAAC verification, its our intent to bring together the folks who still
have construction experience in the industry, if we can find them, and again, drawing upon their
expertise and our knowledge of how Part 52 -- the basic principles of Part 52.

Again, it would be our intent in cases like that to bring in a document and ask the NRC for its
review and reactions and use that as the framework for these productive discussions.
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ACRS WORKSHOP
Regulatory Challenges for Future Nuclear Power Plants

"Safety Goals for Future Nuclear Power Plants"
Neil E. Todreas

KEPCO Professor of Nuclear Engineering
Massachusetts Institute of Technology

This talk presents technology goals developed for Generation IV nuclear energy
systems that can be made available to the market by 2030 or earlier. These
goals are defined in the broad areas of sustainability, safety and reliability, and
economics. Sustainability goals focus on fuel utilization, waste management,
and proliferation resistance. Safety and reliability goals focus on safe and
reliable operation, investment protection, and essentially eliminating the need for
emergency response. Economics goals focus on competitive life cycle and
energy production costs and financial risk.

The goals have three purposes: First, they define and guide the development
and design of Generation IV systems. Second, they are challenging and will
stimulate the search for innovative nuclear energy systems-both fuel cycles and
reactor technologies. Third, they serve as the basis for developing criteria to
assess and compare the systems in a technology roadmap.

The Generation IV technology goals derive from a set of guiding principles:

Technology goals for Generation IV syste ms must be challenging and
stimulate innovation.

Generation IV systems must be responsive to energy needs worldwide.

Generation IV concepts must define complete nuclear energy systems,
not simply reactor technologies.

All candidates should be evaluated against the goals on the basis of their
benefits, costs, risks, and uncertainties, with no technologies excluded at
the outset.

The Generation IV technology goals are intended to stretch the envelope of
current technologies. Hence, the following caveats are important to note:

The goals will guide the development of new nuclear energy systems.
The objective of Generation IV systems is to meet as many goals as
possible.

The goals are not overly specific because the social, regulatory,
economic, and technological conditions of 2030 and beyond are
uncertain.

The goals must not be construed as regulatory requirements.

Future designs will likely (but not necessarily) involve new fuel cycles and the
capability to produce a broader range of energy products. For these reasons and
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to enhance the economic performance of electricity-only producing systems, I
anticipate:

New Fuel Materials
Higher Burnups
Longer Operating Cycles
Higher Temperature Operation

These trends will be driven by the Sustainability ( SU 1 2 3 and the Economic
(EC 12) Goals.

Since these trends involve significant safety issues, all the goals should be
considered as relevant contributors to the safety. profile of future Generation IV
energy systems.

Each of the eight goals is presented and the key issues debated and decided
upon in their formulation will be discussed. The illumination of this debate is
reflected in the Viewgraphs by highlighting the wording in the Goals Statements
that best embodies the deliberations.

For the Sustainability Goals the following observations are relevant:

Fuel cycle development offers the only way to address objectives of
availability, waste management and nonproliferation in an integrated manner.

Hence, for the US, RD on fuel cycle options needs to be reinvigorated.

The once -thru fuel cycle will likely be hard to beat considering that the
objective of effective fuel utilization involves the following elements:

= Economics (fuel cycle plus effect on O+M cost).

= Nonproliferation concerns - challenge remains on cross-rating
individual intrinsic and extrinsic barriers.

= Environmental concerns - to what degree are externalities to be
internalized in the nuclear fuel cycle and in other competing
energy supply systems.

For the Economic Goals the following observations are relevant:

Legitimate differing views est on whether clear" life-cycle cost advantage
will be needed over the 30 year horizon for introduction of GENIV systems or
whether breakeven will suffice because of recognition/credit for
environmental benefits derived from nuclear systems.

A judgement has been made that the history of deployment of nuclear
systems has so raised the specter of risk and uncertainty of deployment cost
that a "clear" advantage will be necessary to induce a commercial
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commitment to GENIV (or any nuclear system i.e. NTD) systems. Further,
although allowable financial risk is limited by the need to achieve the life cycle
cost advantage, the nuclear deployment history has also so raised the issues
of risk uncertainty of deployment that the separate and specific EC-2 Goal
on "level of inancial" risk was deemed necessary.

Anticipating enhanced interest in this audience in the three Safety and Reliability
Goals, the text of the discussion which follows and supports each of these goals
is also presented with the relevant wording similarly highlighted.

The latest statement of these Goals which was presented to NERAC on May ,
2001 and subsequently accepted by DOE for final presentation to GIF is
appended.

Conclusion:

Future reactors fall in three categories - those which are:
0 Certified or derivatives of certified designs.
0 Designed to a reasonable extent and based on available

technology.
0 In Conceptual form only with potential to most fully satisfy the

GENIV goals.

My focus has been on goals for the third category.

It will be desirable to develop a range of design options in this third category to
enable response to a range of possible market demands such as:

• cheap versus expensive uranium
• small versus large power ratings
• significant reduction of greenhouse emissions
• new fuel cycles to achieve a significant response to the

sustainability goals

Considerable RD activity will be required to achieve these goals among which
fuels, materials, and coolant corrosion research are the most intensive and long
term.

Consequently it is important that while an early dialogue between designers and
regulators occur, the dialogue be framed to encourage promote fundamental
design directions which inherently promote safety. Development of a new
regulatory process using risk-based principles is an important element of this
dialogue. Interactions which frame the dialogue around the current regulatory
framework can have the undesirable intent of discouraging the necessary and
desirable exploration of technology and design alternatives.
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HOW TO MISCONSTRUE THIS TALK

I am not *211dn about:

NRC Safety Goals -Quantitative Health Objectives CDF and LERF.

SuggestedRegulatoryRequiremn forFuturePowerPlants.

Soley about Future Power Peactors.

GoalsforNearTermDeployment'Pi&nU(by2OlO).

I am folking 2bout:-

• DOE and GIF Generation IV Technology Goals.

• Technology Goals formulated to

- timulate iDavation.

- suggest eetrics for downselection which specifically are not to be

construed as regulatory requirements.

• Nuclear Energy Systems Icluding

. Fuel Cycles

• Goals for System to be Depkqed from 2011 to 2030.

energy in teir cbosen

of Nuclear
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HOW TO MISCONSTRUE THE GOALS

Assume Mat ew nuclear energy systems must eet every new oal

- Tradeoffs among goal parameters must be made for each design.
Future markets may lue different parameters.

Desirable outcome is a spectrum of designs each best suiting
different market conditions hence dfferent goals.

- Some goals presently appear uattainable S 3

- Most goals are not overly specific because the social regulatory,
economic and technological conditions of 2030 and beyond are
uncertain

M.I.T. DepL oNudmr

HOW TO MISCONSTRUE THE GOALS

Assume that al safety considerations are encompassed in the Safety and
Reliability Goal gouping ( SR 1 2 3 

- Future designs wll likely (but not necessarily) involve Dew fuel
cycles and the capability to produce a broader range of eergy
products. For these reasons and to enhance the economic
perforTmnce of electricity-only producing systemst
I anticipate:

- New Fuel Materials
. EUgher Burnups
. oger Operating Cycles
. Lgher Temperature peration

- 'IbesetrendswfllbedrivenbytheSustainabflity(SVI,2,+3)and
the Economic (EC 12 ) GoaL.

atNudearEno
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SUSTAINABILITY
Sastainabilio, is Me aility to meet the needs ofpresew generations while enhancing and
Rol jeopardizing Me ai&y offunwe generations to meet soctay's needs indefinitely into

thefuture.

SustainabBity-1.
Generation IV nuclear energy systems icluding feel cycles will provide sustainable
energy generation that meets dean air objectives and promotes long-term availability
of systems and effective fuel tilization for worldwide energy production.

Sustainability-2.
Generation rV nuclear energy systems including fuel cycles will minimize and manage
their nuclear waste and notably reduce the long term stewardship burden in the
fature, thereby improving protection for the public health and the environment

Sustainabflity-3. Generation IV nuclear energy systems including fuel cycles
will increase the assurance that they an a very unattractive and least desirable route

diversion or theft of weapons-usable materials. KLT. DepL of NUdear Enri

SAFETY AND RELIABILITY
Safdy and reliability are essenrialprionnes in the development and operation of

enagy OWems.

Safety and ReliabiHty -1.
Generation IV nuclear energy system operations will cmd in safety and reliability.

Safety and Refiabffity-2.
Generation IV nuclear energy systems will have a very low lke]-hood and degree of
reactor core An-age.

Safety and ReBabUity-3.
Generation rV nuclear energy systems will eliminate the need for offsite emergency

M.LT. Dept of Nudear
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Safety and Reliability -1. Generation rV nuclear energy systems ons
excel in safety and reliability.

This gag aims a icreasing operitional safety by reducing the coumbet of vcnts� euipiner. poblems
and human performance isues that can initiator accidents or cause them to deteriorate ito coore severe
accidents. halsoaizwagacWeving*ocrtasednudearcomay.te.. rcliabilitythatwiLlba-littheir

Appropriate requirements and robt dsigns are needed to advance such perational
objectives and to support te I I tionofsafety0uncoloancespublic

During the lag two decades, operaung nclear power pants hav improved their safety levels
signii5candy. as tracked by the World Association or Nuclear Power Operators (WANO� At the same
time, design requirements have been de,,doped to simplify heir design, -h- their detesse4nw-depth
in nuclear sarety. and improve their , ility, opts bility. maintainability and conomics.
Increased truplums s being put on preventing abnormal events ad on improving human performance
by unng advanced instrumentation and digital systems. Also, the demorish-Aion of safet, is ban
strengthened through prototype demonstration that is supported by validated analysis tools ad testing,
or by sho% ag hat the design relics on proven technology supported by mple analysis. testing, and

results. adiation Protection is being maintained er the ttal system lifetime by operating
withi te applicable un-dards and egulations The concept of keeping radiation exposure as kw as

achievable (ALAR4) is being successfully employed to lower radaucat ecloosare,

Generabon IV nuclear em gy systems confinue to promote the ighest levels of safety and
reliability by adopting establishe pnciples and best practice dveloped by tit idustry and
Motors 0 enhance public confidemr, and by employing future technological advancts. Te
continued and Judicious pursuit of excell in safety and reliability is iportant t improving

ofNuckar

Safety and Reliability-2. Generation IV nuclear energy systems will ha e a very
likelihood and degree of reactor core damage.

This goal is vital to achieve investment protection for the
owner/operators and to preserve the plant's ability to return to power.
There has been a strong end over the years to reduce the possibility
of reactor core damage. Probabil stic risk asesment (PRA) identifies
and helps pment incident sequences at could result in core dzmge
and off-site radiation releases and reduces the uncertainties assodaW
with tem.For example, the US. Advanced Ugbt Water Reactor
(ALWR) Utility Requirements Document requires the plant designer
to dmonstrate a core damage frequency of less than 14 per reactor
year by PRA. INS i 2 factor of about 0 lower in frequency by
comparison to the previous generation of light water reactor energy
systems. Additional means, such as passive features to provide cooling
of the fuel and reducing the need for uninterrupted eleetrical power,
have been valuable factors in establishing this trend. The evaluation
of passive sarety should be continued ad passive safety eatures
incorporated tito Generation IV nuclear energy system whenever
appropriate.

or Nuclear Enginee
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Safety and Reliability-3. Generation V nuclear energy systems will eliminate the need
for offsite emergency response.

7te intent of this goal is, through design and application of advanced
technology, to eliminate te Deed forof1site emergency response.
Although its demonstration may eventually prove to be unachievable,
this gal is intended to stimulate innovation, eading to the
development of designs that could meet it. Ile srategy is to identify
severe accidents that lead to offske radioactive releases ad then to
evaluate the efectiveness and impact on economics of desig fatures
that eliminate the need for offsite emergency response.

Ile need for offske emergency response has been nterpreted as a
safety weakness by the pubtic ad especially by people iving near
nuclear facilities ence, for Genastion IV systems a design effort
focused on eH-' 'nation of the need for offske emergency respons is
warranted. This effort is in addition to actions which wl be #-ken to
reduce te likelihood and degree of core damage required by the
previous goal-

M.I.T. Dept. of Nuckar Eooneerft

ECONONHCS
Economic compedizvenes a a equirmeW of&e markeolace and is

Generafton rV wk" eneW sysUnts.

Economics-1.
Generation IV nuclear energy system will ave a An Iffe-cycle cost dvantage ova
other energy soumes.

Economics-2.
Generation TV nuclear energy systems wM have a level of financial risk comparable to
other energy projects.

of Nuclear En
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CONCLUSIONS
0 Future reactors fan in diree categories - ws wich am:

Cerdsworderivadvesofeerdfieddesigns.

Dedgnedioareasonable-untandb=edopisvaiL&bletechoolou-

InConce WromaWywitbpmadWtomostfullysabsfytbeGENTVgo&IL

My focus bas been on goals for the dkird category.

0 It will be desirable to develop a range of design options in this third category to enable response t 2

range of marketing dem, such as:

. eap versus epensive uranium.

. ll versus large power ratings.

. significant reduction of greenhouse emissions.

. new fad cycles to achieve a sgnifican rsponse to Om sustaina iity goals.

Considerable R+D ativity wl be equired to achieve these goals among which fuels, materials, and

cDolant corrosion research are the most intensive ad long term.

Consequently it is important that while an early dialogue between designers and

regulators occur, the dlogue be framed to ecourage & promote fundamental design

directions which inherently promote safety. Development of a new regulatory process

using risk-based principles is an iportant element of this dialogue, Interactions which

frame the dialogue around the current regulatory framework can have the undesirable

technology and design

ofNociearEng1-i--9---11
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D. Powers, ACRS Member: One of the questions that comes to mind, especially after the
previous speaker portrayed something of a crisis appearing, I wonder if in looking at these
goals and looking at new systems that you compare the more modem or the existing plants
against them to see if we really need all new concepts, and the 94 new concepts that were
portrayed to us yesterday or, in fact, how well do the existing plants meet these various goals
that you've laid out?

N. Todreas, MIT: The answer to that is on the metrics that we're going to develop to assess
these new concepts. We've picked a standard, and the evaluation process will measure these
new concepts against the standard. Is it better, much better, et cetera, worse, much worse,
and the standard we picked is the advanced WR with once through fuel cycle. The rest of your
question asked me what's the answer going to be, and I don't know that yet.

D. Powers, ACRS Member: I find that a peculiar standard to pick because we don't have a
whole lot of experience with advanced WR. With existing machines, we have a lot of
experience, and that experience, at least my friends at NEI certainly provide metrics that
suggest that experience, is outstanding right now.

N. Todreas, MIT: I can see thinking about that, but if we're going to develop advanced
systems, I would say from the vendor community and the development community, we've got
ABWR experience to an extent, and we have some degree of real respect for what the designs
have accomplished in the ALWR. As a minimum you'd include both, but I certainly wouldn't go
backjusttotheoperatingreactorsasthestandardforthefuture. lwouldntignorethel5years
of ALWR development.

G. Wallis, ACRS Member: I think that while you're being innovative, you should not use -- you
seem to be here really talking about core damage frequency, and that just may get you in a
box, and I think to be innovative, get away from these terms of the past and be more general.

T. Kress, Chairman, Future Reactors Subcommittee: I think it is fission products we're
worded about.

N. Todreas, MIT: That's a reasonable point. If you are saying that we ought to get away from
terms of the past which will lock us into certain design directions and means of dialogue, that is
really my whole message, too. If you're offering me a suggestion that says what I wrote doesn't
go that way; I should go a different way, then I'd perfectly accept it.

J. Garrick, Chairman, ACNW: We have to be a little careful not to unduly focus on fission
products because for many of the most important scenarios it is not the fission products that's
driving the long-term performance of Yucca Mountain. It's mainly, technetium and Iodine 129
certainly are in there, but depending on the scenario and depending on how you look at it,
Neptunium 237 is the principal driver.

And also, in most low level waste situations, you find that much to our surprise most of the low
level waste is uranium contaminated. So, again, the fission products are not driving the long-
term stewardship or management of a lot of the low level waste, but rather it's actinides. The
same thing is true in WIPP for transuranic waste. Again, it's not fission products, but it's
plutonium.
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N. Todreas, MIT: But that also refers back to the sustainability goal. It really doesn't obviate
the suggestion relative to Safety and Reliability (S&R) grouping 2 relative to core damage. I
say that because what Garrick's comment really impacts on is the waste issue, not effectively
the immediate release through core damage.

T. Kress, Chairman, Future Reactors Subcommittee: In particular, do you have some sort
of cteria on what it would take to eliminate this need? And if so, does that criteria encompass
some sort of measure of defense-in-depth also?

N. Todreas, MIT: That's how the ACRS ought to look at it. From the point of view of a regulator
or a group advising a regulator. These are technology goals. These are goals we want to drive
the designers into thinking about.

T. Kress, Chairman, Future Reactors Subcommittee: How would you know if you met that
goal? That was my question. What is the measure that you're going to use to say, "Okay. The
technology we have here meets that goal." Whether or not it actually comes about or not is
another thing.

N. Todreas, MIT: The measure has got to be release of fission products or radioactivity of a
certain amount past the boundary.

D. Powers, ACRS Member: I can always find a way to get fission products out. Any design
you come up with I can find a mechanism to get the fission products out to the point that it
violates some emergency planning guide.

E. Lyman, Nuclear Control Institute: There are a few goals that are really missing from this
whole formulation. First of all, under sustainability you refer to one that minimizes, that a goal is
minimizing and managing nuclear waste, but at the same time, you really should impose a
requirement that the routine emissions from the entire fuel cycle, as well as, occupational
exposures are also minimized because one of the concerns with fuel cycles that involve
reprocessing are these additional routine emissions, and you have to balance whether the
reduced risk in a repository is justified by increased short-term emission. So that's really
something you have to keep to minimize at the same time or it doesn't make sense.

Second of all, under the financial goals issue, you didn't really dwell on the one that requires or
suggests that the financial risks should be comparable to other energy projects, and I was
wondering if in that context, you would also have a requirement then, that Price Anderson
protection not be extended to Generation IV plants because other energy projects don't require
that kind of protection. 

N. Todreas, MIT: Yes, on the first point you brought up, the specifics of that have been
recognized and will come up in Safety and Reliability group because there we are talking
about across the whole fuel cycle, and those routine emissions are picked up there. They could
be picked up either place, but that's where they come up.

And on Price Anderson, we didn't get into the specific item within the structure of the goal that
can be picked up and debated. It's been debated to some extent, but we didn't pin it down and
resolve it specifically. I know that's coming up legislatively.
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R. Barrett, NRC: My question relates to the methods that we use for estimating the likelihood
of core damage and the likelihood of release of radioactivity.

If NEI is correct and we have 50,000 new megawatts of capacity out there, and those are
modular reactors -- that's 500 cores, and in an environment like that you find yourself striving
for lower and lower core damage frequencies, and as you do that, you begin to put more and
more stress on the current methods of estimating core damage frequency, and you begin to get
to the point where many people think you're beyond the capability and the limitations of the
method and the ability to have a complete model.

In addition, as you move to different types of reactors, you find that you're depending less and
less on highly reliable, redundant, and diverse systems and more and more on the intrinsic
capability of the core itself to withstand these accidents, and to withstand them either
indefinitely or for long periods of time. And, again, the methods that we have today really don't
deal very well with this kind of intrinsic, passive capability.

So my question to you is the stated purpose of your effort is to stimulate innovation in the
design of the reactors, and my question is: could you also complement that wh trying to
stimulate innovation in the methods that we use for analyzing the risk associated with these
reactors?

N. Todreas, MIT: Yes, I would answer that two ways. First, it's a good suggestion and a fair
suggestion. There's nothing implicit in my statement that precludes risk methods development -
- what's going to come out of this fundamentally it is a spectrum of concepts to focus on, but
much more than that, an R&D road map of activities to flesh out those concepts and the
methods associated with the concept development is certainly part and parcel of that. So we
could do that.

The other thing though that I'd say is if we were to develop the methods we're going to have to
reduce core damage frequencies further to get.a desired output. So that really leads you to say
that if you go with concepts now that are clones or like -- I'm talking about 20, 30 years down
the road - existing concepts are like these, you're going to reach a point where the methods
can only go so far based on the existing design approaches, and so that's a clarion call to
change those approaches and go toward -- well, first, you go toward situations that avoid core
melt, but that's very limited in a sense that what you really want to do is do what Dana Powers
was talking about. It's not core melt. t's the fission products, and it's the radioactivity in the
dose from that, and that's what you've got to get after. So I would say we certainly would
accept and develop methods, but what we are trying to do is stimulate. I'm talking about real
innovation, beyond that, to try to open up approaches that really change the playing field.

L. E. Hochreiter, Penn State University: It's not clear to me why in your conclusions you
have to have small versus large power ratings. It seems like you're biasing yourself already
towards a particular class of designs.

N. Todreas, MIT: Yes. Yesterday I presumed the whole layout of this program was
announced or was explained as an international program with eight to nine countries now, and
one of the goals of the program is to come up with design solutions or concepts that meet
markets internationally, and there are some international markets. Also if you listen in the
United States, too, depending on the grid size, there are some markets that have a pority
toward low rated systems. And so you have some of those, and then you also have the
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traditional, if you talk about Asia, Japan, Korea, Taiwan, large systems. So inherent in the
whole program, since it's looking at worldwide markets, we're going to have this dichotomy,
these two parts, and no one reactor thrust or direction is going to meet them both. So you're
going to have to come up with systems in both directions. Now, your point may be fine, but
they're not going to be sellable in the United States or the industrialized world. That's fine, but
we'll have a product for that. We just may not use the other product.

N. P. Kadambi, NRC: If I understand the rules by which the South Africans are trying to
license their plant, one of their goals is that in the long term the concepts employed should be
amenable for society to make a decision that higher levels of safety need to be obtained from
these energy systems.

And therefore, one of their goals, as I read it, and if I should be corrected, I'd like somebody to
point this out; one of their goals is the design should be amenable for society to demand higher
levels of safety at some future time if we take, you know, these systems as operating for many
decades.

Where does such a concept fit into the kinds of goals that you have articulated?

N. Todreas, MIT: Okay. On this let me give you a brief answer and ask for some help
because I am not knowledgeable about a specific or the specific South African drive that you're
talking about. I just haven't interacted with them specifically. I would say that even though
these are general goals, we are going to have some kind of constraint because we're going to
come up with a set of specific metrics that go with each of these goals. They're going to be as
we go on a year or two -- there's going to be some numbers and some specificity here So
there's going to be a little bit of a lock-in with your desire to accommodate future societal wishes
for enhanced safety. The way I interpret what you're saying is you come up with a design.
Society decides they want more safety, and so this design has somehow got to be expandable
or have margin or a way to capture more safety. That's how I understand it.

So I don't know the answer. These goals have been pushed in through a discussion with the.
so-called GIF countries, of which South Africa is a part, and we didn't get any effective
comment back from them that's relevant to what you said. But it Andy Kadak or somebody else
can speak specifically to that, that would help me.

J. Slabber, PBMR: In the South African concept, the baseline was to use existing technology
as far as possible, existing technology that has been qualified and tested and proven to be
acceptable for use in the PBMRs, and with a basis that the fuel is the central point of focus.
And within that framework, we do the system design. Imbedded in the design is the
requirement to be fulfilled that no reliance is placed on immediate operator action to bring the
reactor to a safe state, and I again say, in inverted commas, inherent safety and small units,
and usable for not only producing nuclear power, but also some other usable byproducts such
as possibly desalination specific for South Africa.

N. Todreas, MIT: Can I build on that maybe in answer to his question? I would say with that
focus and the ability, as you went to successive improvements in fuel fabrication and fuel
reliability, you could actually enhance your safety profile if the key focus is fuel, and that would
be an answer back to how you reflect the future, the fuel.
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J. Slabber, PBMR: I think the objective of any new innovative system should be to improve,
but there is a limit because it's also costly. So improvement, the improvement for public
acceptance, improvement of safety, that at the boundary you do not have to shelter and
evacuate. These are all factored in to provide a facility which is still affordable and reliable.
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Background

The regulations for nuclear power plants (NPPs), as codified in 1 0 CFR Part 0
and the general design criteria (GIDC), were formulated more than thirty years
ago. The objectives were to protect public health and safety by making the
probabilities of accidents very low and providing mitigating capabilities in case
such accidents occurred. Since methods for quantifying these probabilities were
not available at the time, a conservative safety philosophy emerged that was
called defense in depth. Much has been learned since that time. The
development of probabilistic risk assessment (PRA) has allowed the
quantification of the probabilities of accident sequences, thus providing analytical
tools for the evaluation of individual defense-in-depth measures. PRA
applications have shown that many of these measures do not contribute
significantly to safety and have been termed an "unnecessary burden." At the
same time, the integrated PRA approach to reactor safety has identified the
need for additional requirements in some instances that were not foreseen by
the traditional, defense-in-depth based, regulatory system.

To gain maximum benefit from design innovation of advanced reactors,
engineers must utilize these advances in our ability to assess the safety of
NPPs. Unfortunately, the current regulations have not been changed to a
significant degree to reflect PRA insights and capabilities. One of the major
impediments to the Electric Power Research Institute's advanced light water
reactor (ALWR) initiatives that led to the design criteria for ALWRs was the
objective of trying to comply with existing regulations. This effort, while making
some improvements in design, resulted in plants that were still limited in terms of
innovation. The ALWRs are considered to be too expensive for the US market
due to these requirements that are arguably still too prescriptive.

As the United States proceeds to develop a new generation of nuclear energy
plants commonly referred to as "Generation IV," a new regulatory approach is
needed that will allow for innovation and that captures the important features of
safety. The existing regulations have been developed for water-based reactors
and are not easily adaptable to other technologies such as gas cooled reactors.
At the present time, the NRC is working on "risk informing" their regulations. This
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process is still largely focused on light water reactors is very difficult; and will
take many years to complete implementation (should that ever occur). Once
concluded, the result is expected to be a mix of deterministic, probabilistic, and
subjective defense- in-depth criteria that will be an improvement, but still water
based.

There is a recognized need by the International Atomic Energy Agency' and by
the technical community worldwide that for true innovation in reactor design, a
new approach to establishing the safety of advanced nuclear power plants is
required. This new approach is required not only for innovation in design but
also for a rational process of licensing and deployment in a timely way.

For the next generation of advanced nuclear power plants, it is likely to be
necessary for safety regulation to proceed under some modified version of the
current NRC safety regulatory system. The reason for this is that replacement of
the current system is likely to demand such time and resources that the new
system may not become available in a timely fashion. The existing regulatory
system may, in fact, deter deployment of innovative reactor designs. Thus, it is
important to formulate a safety basis for a licensing approach for advanced
reactors to be pursued under the current system. In doing this we wish to
identify areas where current regulations do not address the safety issues of new
reactor concepts;; to utilize our risk-based regulatory approach for development
of proposed treatments of these latter areas; and to formulate ways of utilizing a
demonstration plant in conjunction with a testing program in future licensing.

Structuralist vs Rationalist Approach to Defense in Depth

Current regulations and standards are based, in large part, on the principles of
defense-in-depth (DID) and safety margins, which have evolved since the first
reactors were designed in the 1940s. The NRC's Advisory Committee on
Reactor Safeguards (ACRS)' and Senior Fellow John Sorensen et aI3 . discuss
this evolution, identify two schools of thought on DID, labeled structuralist" and
"rationalist," and recommend an approach for risk-informed regulation.

The two schools differ in the process used to deal with uncertainty in reaching an
acceptable level of safety. The structuralist approach has evolved from the early
days of nuclear power with a process of accumulating DID features until a

1 M. Gasparini, Verification of Defense in Depth for Operating Nuclear Power Plants,' draft
September, 1999.
2Letter to Shirley Ann Jackson, Chairman, U.S. Nuclear Regulatory Commission, from D.A.
Powers, Chairman, Advisory Committee on Reactor Safeguards, Subject: The Role of Defense in
Depth in a Risk-I nformed Regulatory System, May 9 1999.
3Sorensen, J.N., Apostolakis, G.E., Kress, T.S., and Powers D.A., On the Role of Defense-in-
Depth in Risk-Informed Regulation. Proceedings of The International Topical Meeting on
Probabilistic Safety Assessment, Washington, DC, pp. 408-413, 1999.

208



judgment was made that sufficient protection against uncertainty in performance
had been achieved. With the development of PRA methods, the rationalist
approach uses these tools to quantify uncertainty and to explicitly account for
DID features in reducing uncertainties to acceptable levels. The main difference
is that the structuralist accepts DID as a fundamental principle, while the
rationalist would place DID in a subsidiary role. Additionally, the structuralist
does not deal with uncertainties in a quantitative manner, while the rationalist
takes advantage of the fact that advances in PRA allow the quantitative
estimation of some of these uncertainties. For new plants, the rationalist
approach to DID, employed within the context of PRA, is preferred to more
effectively develop a body of regulations that eliminates requirements that do not
contribute significantly to safety.

The rationalist relies on PRA methods to provide an integrated and systematic
analysis of the plant that explicitly addresses sources of uncertainty. The
process envisioned by the rationalist is: establish quantitative safety goals, such
as health objectives, core damage frequency, and large release frequency;
design and analyze the plant using PRA methods to establish that the safety
goals are met; evaluate the uncertainties in the analysis, including those due to
model inadequacies, system performance and reliability, and lack of knowledge;
and determine what steps (i.e., DID, new design features) to take to address
those uncertainties. The quantification of uncertainties in terms of probability
distribution functions provides a means for determining how much redundancy
and diversity (i.e., DID) is sufficient.

Discussion of the Risk-Based Framework

The framework we propose for risk-based regulation and design is illustrated in
Figure 1. A top-down hierarchy, indicated on the left side of Figure 1, is being
used to define the goal, establish an overall approach, and develop and
implement appropriate strategies and tactics. The framework is based on an
application of PRA methods and reflects a rationalist approach to DID.

Regulations for NPPs are required to ensure adequate protection to the health
and safety of the public. Accordingly, the goal of this effort is to provide a
framework for developing and implementing risk-based regulations that meet this
requirement. An approa based on evaluating risk against quantitative safety
goals is proposed to achieve the stated goal. With respect to adequate 
protection, the NRC has established safety goals including quantitative health
objectives (QHOs) that state the Commission expectations with respect to how
safe is safe enough. Although the NRC safety goals are not considered
quantitative measures of adequate protection, for new plants, we will consider
the determination of adequate protection using increased reliance on
comparisons of PRA results to quantitative risk measures. The safety goals we
are using for the framework, indicated in the gray boxes in Figure 1, have been
adapted from the NRC goals.
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The strategies for developing and evaluating compliance with requirements for
risk-based regulation and design are based on the use of PRA to quantify risk
and uncertainties. High confidence is achieved through explicit consideration of
uncertainties, including modeling adequacy and equipment design and
performance. These strategies include consideration of the risk information
available from Level 1, Level 2 and Level 3 PRA analyses. Level PRA
evaluates the potential for accident initiators and the system response to prevent
core damage. An estimate of core damage frequency is compared to the
corresponding goal. Level 2 PRA encompasses the response to and mitigation
of core damage, including containment of fission products. Risk estimates here
can be compared to goals for conditional probability of large release, both early
and late. Level 3 PRA encompasses the response to and mitigation of
radionuclide releases, including emergency response. These risk estimates can
be directly compared to the QHOs or to subsidiary goals for conditional
probability of early fatalities and latent cancer risks.

To develop risk-based regulations, ftlementation of the framework is achieved
by defining functional system characteristics, within the context of how PRA is
performed, to determine what areas need to be regulated to assure safety.
Implementation for design is achieved by specifying design configurations and
using PRA to evaluate the design, then iterating with subsequent design
changes. A master logic diagram (MLID), illustrated in Figure 2, is used to take a
top-down approach to identify the safety functions, and systems, structures, and
components (SSCs) that are required to maintain safety and to identify the
accident initiators and system response failures that could compromise safev.
The top event is stated in terms of risk exceeding the safety goals. The gray
shaded events correspond to the Level 1, Level 2, and Level 3 PRA strategies,
respectively, in Figure 1. The sixth level of the MLD defines the system
functions that are required to assure safety. The next level down indicates that
initiating events and failure of mitigating systems, containment, and emergency
response can compromise safety functions. The last level of the MLD indicates
that internal initiators for all operating modes and external initiators will be
considered for completeness. Further development of the MLD will determine
the "regulatory risk space" for which regulatory and design requirements are
needed.

Various tactics (e.g., design criteria procedures, redundancy, emergency
response, etc.) are applied to support the PRA strategies and implementation.
Once the SSCs required to achieve safety have been identified, then decisions
on appropriate tactics for regulation and design can be made. The specification
of these tactics will be based on a systematic evaluation of the areas that need
to be regulated for the purposes of assuring safety and will also evolve from this

4Apostolakis, G.E., Some Issues Related to Goal Allocation and Performance Criteria.
Proceedings of the 8th nternational Conference on Structural Mechanics in Reactor Technology,
Brussels, Belgium, Paper M2 4/3,1985
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process.

Work on the practical implementation of the risk-based regulatory approach has
proceeded focusing upon how to formulate design basis accidents (DBAs) within
a risk-based system' In this work, it was concluded that DBAs are not
necessary within such a system, and rather are replaced by the set of risk-
dominant accident event sequences as the focus of judging whether a nuclear
power plant design is adequate, and for negotiating between the license
applicant and regulator concerning what changes in the design application are
required before a license can be issued. These risk dominant accident
sequences will be used in the development of a "license by test" approach to
safety verification and licensing.

The thinking on how to approach establishing a safety basis and then licensing
non-traditional nuclear technologies was advanced in 2000 by ESKOM, the
South African utility proposing to build a pebble bed reactor at their Koeberg
nuclear plant site in Capetown. ESKOM, through its Pebble Bed Modular
Reactor Development Company, PI3MR Pty, issued "PBMR Safety Case
Philosophy" - PNL-001 Rev 1, (1 0) and the Safety Case Support Document -
PNL-009 (1 1), that identifies the approach to safety being proposed by ESKOM
for eventual licensing in South Africa. This approach calls for the use of PRA to
establish general design criteria for the pebble bed reactor. Their approach is
consistent with South African's National Nuclear Regulator's approach to safety
that is illustrated on Table which is safety goal based and uses a combination
of deterministic and probabilistic techniques to establish general design criteria
and tests that need to be performed to demonstrate safety. What is proposed by
ESKOM is whenever there is inadequate information or large uncertainty to
bound that uncertainty and perform tests on the prototype reactor to assess
impact. It is judged that these guidelines can form the basis of a workable risk
informed safety basis that will allow a license by test approach.

License by Test (LBT) 1,

Both this effort and the work being performed internationally are general and
could be applied to non-traditional technologies. What is needed is an extension
of this process to specific reactor technologies, such as the gas reactor, and to
include the concept of "license by test." The aim would be to improve safety and
reduce the time and effort to certify new designs while not compromising safety.

This weakness in the generic applicability of the existing regulatory system is not
easily addressed. An approach that historically was provided in the regulations

5B. C. Beer, G.E. Apostolakis, and, M.W. Golay, 'Methods for Formulation of Design Basis
Accidents Within a Risk-informed Approach to Safety Regulation of New Nuclear Power
Plants," PSAM Conference, Osaka Japan (November, 2000). [included as Appendix YYY]
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was "license by test." In this concept, a reactor prototype could be built and
tested to demonstrate the safety characteristics and on that basis granted a
license. This approach has to our knowledge never been applied to an entire
nuclear plant but only subsystems which were tested to calibrate performance.

With the advent of new safer plants that derive their safety from inherent
deterministic safety features as opposed to active or passive safety systems that
must work, we have an opportunity to apply the license by test concept on a real
plant on an integrated basis. The challenge is to develop the test envelope to
validate safety in a licensing sense.

What is desired is to avoid years of paper analyses and simulations which can
be costly and still leave doubts in the regulators and the public's mind about the
real safety of the plant. As an alternative to spending the huge amounts on
paper analyses, separate effects tests, it is proposed to design and build a
prototype of a plant that meets the fundamental safety standards relative to
public health risk. Using a combination of deterministic and probabilistic tools as
described above to develop subsystem and integral te sts; that would be
conducted with this prototype (full scale if the 'lant is small enough) to
demonstrate the safety of the plant. In this case, we would not only have a
certified plant design and a license at the conclusion of the process, but also a
nuclear power plant that the public could see met the safety standard and that
could also be used to produce electricity.

This licensing concept has been suggested as being especially applicable to the
PBMR.The basic idea of LBT is that a set of integral tests of a full size reactor
and associated systems be used to demonstrate the ability of the overall system
to mitigate successfully a set of "bounding" accident cases. Should the set be
sufficiently comprehensive (e.g., loss of coolant inventory and loss of coolant
flow), and should they be sufficiently more demanding than expected accident
situations. The argument goes that successful performance in these tests
should be sufficient proof of the safety of the nuclear power plant concept.

These tests, even if partially successful, can also serve another very important
purpose, namely, to validate the computer codes that have been developed for
design and accident analysis. The validation of such codes is always an issue
when a new design, even water-based, is submitted to the NRC. For example, a
recent ACRS letter6 recommended that the validity of predictive codes such as
NOTRUMP that have. been approved for the design certification of AP600 must
be demonstrated before they are used in the certification process for AP1 000.
What is hoped is that the full scale tests will be able to answer remaining
questions for the validation of codes. This approach can only be possible for
reactors that have significant safety margins which is a criteria for new advanced
reactors.

6Report from D.A. Powers, ACRS Chairman, to R.A. Meserve, NRC Chairman. Subject: Pre-
Application Review of the AP1 000 Standard Plant Design - Phase L"
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The Challenge of Licensing by Test

The challenge is to define a process that would identify what range of testing
would be required for the granting of a license. For example, what design
information needs to be available to allow for the construction of the prototype
and the extent of review by the regulator required for the test program? What
criteria constitute success or failure of the test program leading to the granting or
denial of the license?

It is our hope to work with the NRC to develop the guidance to allow such a
process to work such that advanced non water (or water based) technologies
could be used without spending years on inconclusive (from the standpoint of the
public perception) analyses.

We need to develop this concept in more detail; establish clear performance
indicators for success; identify review requirements for the design and
construction of the prototype facility; and specify the test program that would be
used to certify the design for mass production.

Reference Plant Selection

At the present time, there are many advanced reactor projects under
development. The three most significant are the high temperature pebble bed
gas reactor, the light water IRIS project and several variants using lead bismuth.
All new reactor concepts would benefit from the application of the safety

framework approach using PRA technology in a methodology that identifies
important safety features and requirements.

The modular pebble bed reactor has been selected as be the reference plant
used as a demonstration for the new safety and licensing approach since it
provides some unique challenges to conventional wisdom about safety and
traditional licensing. As result of the leadership and development of this
technology for commercial application by ESKOM, the South African utility and
MIT's three year conceptual development project on the PBMR, there is
sufficient design and knowledge information to allow this plant to be the
advanced reference design. Eventually, this plant will be constructed in the US
since PECO and BNFL, investors in the South African PBMR, have indicated
that they would like to use the South African plant as the prototype for the US
plants. In addition, I have been proposing the construction of a "reactor research
facility"site which can be used to test the concepts proposed by this project. In
either case, a new approach to the safety basis of advanced plants will be
required to allow for timely introduction of new nuclear plants in the US. The
licensing strategy for the research facility relies upon "license by tesf' that needs
a workable risk-informed regulatory framework in which to succeed.

This is a novel approach to safety and licensing that is made possible by the
integrated approach to reactor safety that PRA provides. Whether this approach
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is applied to the South African prototype for US application or for a new 'reactor
research facility" built on a DOE site, it is important to develop the safety
framework upon which to license the plant.

Establishing a Safety and Licensing Basis for the Plant Within the Current
Regulatory System

In order for license by test to be successful in the short term, it must fall within
the guidance of the current regulatory system. There are several steps that need
to be taken to assess whether this will work. These steps are outlined below.

1 .Review literature on safety bases used by the IAEA, NRC, and the South
African regulator. Focusing on risk-based safety goal performance criteria
addressing defense-in-depth issues. 7 " The NRC regulations should be
reviewed as would the GDC for applicability. This will also include
understanding the relationships for normal operation, severe accidents,
containment of fission products and public health and safety objectives in the
context of fundamental design objectives as outlined by IAEA and others. It
will be necessary to identify areas in the current NRC regulatory system,
utilizing available precedents, which currently address PBMR-relevant
regulatory questions. NRC's regulations will be reviewed to identify
opportunities for establishing license by test approach to demonstrate safety.

2. Develop risk-based approach to address safety basis and regulatory
questions which are not treated by existing regulations, and then to use risk-
based logic for refining the existing regulatory structure.

3. Within the context of the existing high level regulatory design objectives,
develop a license by test process that can demonstrate functional compliance
to these design objectives. Identify those areas where a "Licensing by Test"
approach could answer unresolved questions safely within the existing
regulatory structure and seeking applications of it in the overall Pl3MR
regulatory strategy.

The great safety licensing problem faced by the PBMR in the United States is
that no body of regulations exists for licensing it comparable in detail than that
available for WRs. Much of the current regulatory literature and policies have
been concerned with LWR-specific problems or features (e.g., metal-water
interactions following onset of critical heat flux; pressurized thermal shock). This
emphasis creates the need to ensure that WR-influenced treatments of safety
issues will not be incorrectly applied to PBMR safety questions and

7Clappisson, Metcalf, Mysen"PBMR-SA Licensing Project Organization", November, 1999,
Beijing, China.
" Kadak,"Risk Based Regulation - The Time is Now", PSA-99, nternational Topical Meeting on
Probabilistic Safety Assessment, August, 1999.
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requirements, also. With diligence and effort this pitfall can be avoided, but
recognizing it is the start of doing so.

The precedents created by the Ft. St. Vrain and Peach Bottom gas-cooled
reactors will be useful in PBMR licensing, but the overall regulatory structure has
changed considerably since the licenses for the reactors were issued (both prior
to the 1979 Three Mile Island reactor accident), and they are silent concerning
such PBlVIR aspects as reliance upon highly reliable fuels and the stochastic
nature of the individual fuel pebble histories.

License by Test Approach

1. Useoftherisk-basedregulatoryapproachtofillidentifiedregulatory
gaps

Using the risk-based framework outlined above, establish the detailed steps and
information required to use the logic of the risk based framework for developing
proposed treatments of the regulatory gaps identified. A review of accident
scenarios leading to release of fission products needs to be performed.
Deterministic analysis will be performed using the VSOP code and other
transient analysis code packages to evaluate the expected plant performance in
accident scenarios for the pebble bed plant.

This task is critical. On the one hand, we recognize that the risk-based
framework that we have discussed is not part of the regulations at this time,
although it is consistent with the NRC's Option 3 for risk-informing 1 0 CFR Part
50. On the other hand, the existing regulations are WR-based and will have to
be modified for application to the PBIVIR. Appendix A to 1 0 CFR Part 50 states:
'The General Design Criteria are also considered to be generally applicable to
other types of nuclear power plants and are intended to provide guidance in
establishing the principal design criteria for such other units." This step will
investigate how the GDCs and other regulations could be utilized in a risk-based
framework to actually provide a basis for design and licensing of a gas reactor.

2. Perform a PRA on the Reference Plant

Perform a PRA on the MIT design or obtain a PRA of the PBMR from ESKOM to
identify major accident sequences that affect safety goal attainment to identify
critical systems requiring test. This PRA should be at least a level 2 if not level 3
PRA in order to support the public health and safety goal philosophy.

3. Use of the risk-based approach for development of traditional
deterministic elements of the current regulatory approach

Develop a risk-based technical basis for establishing risk dominant accident
sequences (RDAS) that could form what are traditionally referred to as Design
Basis Accidents (DBAs). The RDAS are used to formulate acceptable essential
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safety function unavailabilities and for judging defense in depth. Defense-in-
depth is a general and somewhat subjective philosophy used by regulators and
designers to cover unquantified uncertainties. IAEA and the ACIRS have recently
begun to address this issue again. The objective of this step is to better define
this term given the advances in analytical methods to assess risk and to allow for
innovative new designs may have inherent physical attributes that are
demonstrably, rather than analytically, safe. This step will examine the basis of
defense in depth relative to gas reactors and how it can be generically applied to
all advanced reactor designs. Our risk-based approach offers a method for
doing this, by evaluating acceptable risks at a conservative confidence level
rather than in terms only of expected outcomes.

4. Develop Test Plan for Certification

Based on the risk assessment identifying critical safety component, systems and
structures, develop a series of subsystem and integral tests to confirm the
performance of the components and systems as required to validate
performance and computer codes. These tests will form the basis of the safety
case for the technology. This test plan is expected to include the loss of coolant
test, air and water ingress, reactivity feedback tests, control rod withdrawal,
turbine trips, overspeed, to name a few. What will be necessary is to
demonstrate how a safety and licensing basis could be established.

5. License by Test Certification

Once the test program is completed and reviewed, a general certification for the
design can be issued. It is recognized that not all areas of performance can be
tested using a real reactor, but as aresult of the tests, the computer codes that
are used to demonstrate performance can be validated and by extension justified
for broader application. This area needs to be reviewed to assure that the tests
provide an adequate justification for application over the range of conditions
expected.

Conclusions:

The license by test approach to licensing is a novel method of licensing reactors.
It provides an opportunity to deal with innovative non-water reactors in a direct
way on a time scale that could permit early certification based on tests of a
demonstration reactor. The uncertainties in the design and significant
contributors to risk would be identified in the PRA during the design.
Deterministic analysis computer codes could be tested on a real reactor. Scaling
effects and associated uncertainties would be minimized. License by test is an
approach that has sufficient merit to be developed and tested.
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Figure 1. Framework for risk-based regulation and design.
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Figure 2 Example master logic diagram for framework implementation.

(for light water reactors)

Risk Safe

Goals

Excessive
Health
Effects

Excessive k12;

Oftite
Release

ssive Excessive

Is. of Release of

COr&AF2f&ti2l Non-CoraN2feriall

i RS Pressure Conditional

Boundary ContainmentL Failure Fadure

Insufficient Insufficient Ansufficient cient h7sufficient t to
Insufficient CS Inventory RCS Heat i
Re2cfivity Core-Hoat R F stn assure Isolation

control Removal Control Removal control

Initiating ftilure ofNifigating

SystemsolContainmentl

Emergency A

internal Initiators External

forAll Operating Modes Initiators

219



Table 

Council for Nuclear Safety Licensing Approach
For the Pebble Bed Modular Reactor (PBMR)

SAFETY REQUIREMENTS EVENTFREQUENCY SAFETY CRITERIA
a The design shall be such to Normal operational Individual radiation dose

Ensure that under conditions limits
anticipated shall be those which may per annum of 20 mSv to
Conditions of normal occur workers
operation with a frequency up to but and 250 gSv to members of
There shall be no radiation not the
hazard exceeding 10-2 per annum. public shall not be
To the workforce and exceeded.
members of +ALARA+ Defense in depth
The public. This must be criteria
Demonstrated by
conservative deterministic
analysi
Design to be such to prevent Events with a frequency in Radiation doses of 00 mSv
and mitigate potential the to
equipment failure range 10-2 to 10'6 per annurn workers and 50 mSv to
Or withstand externally or shall be considered. members
internally originating events of the public shall not be
which could give exceeded.
Rise to plant damage leading +ALARA+ Defense in depth
to criteria
Radiation hazards to workers
or the public. This must be
demonstrated
By conservative
deterministic
Analysi

c The design shall be Consideration shall be CNS risk criteria apply.
demonstrated given to all possible event 5X1 0-6 Individual risk
To respect the CNS risk sequences. 10-8 Population risk
criteria. Bias against larger
This must be demonstrated accidents.
by probabilistic risk +ALARA
assessment using
Best estimate uncertainty
analysis.

(CNS is the former name of the National Nuclear Regulator)
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Licensing Approach for
Generation IV Technologies

""License By Test""

Andrew C. Kadak
Massachusetts Institute of Technology

June 5., 2001

Challenges

m Regulations focused on water
m Knowledge of technology lacking
m Regulatory System Rigid
m Infrastructure to Support New

Technology Not Developed
m Changes in System take a long time

221



How to Introduce New Technology in
Less than a Lifetime 7

M
• Go Back to Basic Safety Fundamentals
• Work Within Existing Regulatory High

Level Objectives
• Use Risk Informed - Risk Based and

Deterministic Analysis
• Assess Gaps in Knowledge
• Prioritize (risk assess)
• License by Test

Estabi ish a Safety Basis

• Use Public Health Safety Goal
• Define Plant Risks:

- Normal Operating Plant
- Transients
- Accident Scenarios

• Identify Safety Margins
• Quantify Risks
• Show Defense in Depth
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Risk Informed Approach

• Establish a public health and safety goal
• Demonstrate by a combination of

deterministic and probabilistic
techniques that the safety goal is met.

• Using risk based techniques identify
dominant accident scenarios,, critical
systems and components that need to
be tested as a functional system

Risk Informed Approach
protection

Goal of the Public

Evaluate Risk AainstApproach Safety Goals

UZOPRAt Qa
Strategies Risk and nceral".1ties

Limit Core "litigate Releases witigato
Damage Frequency . Rdionuclides Consequences

(Level I PRA) (Level 2 PRA) (Level 3 P RA)

QGAL fte6abilkyo 420AL- Candiflonal QOAL- oodfilo"I
Cam O�Nff le P-baburlyons'" PMhxbxfty OfEdgyrtaffy

Tactics nej� �&r
Identify Requ ulation boss

lr*d Reg
Matter Logic 

Regulation Dsign Develop Regulatory Criteria I'll Design,

Operation, Inspection, Maintenance,
and sting of Required Elements.
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Master Logic Diagram
for Water Reactors
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Review Existing Regulatory
Structure for Gaps

m Based on plant specific safety basis:
- Identify existing regulations that

apply..
- Use risk based regulatory approach

to fill in gaps for areas not covered.
- Develop implementation approach to

General Design Criteria.

Develop Traditional Deterministic
Regulatory Approach

• Establish Design Basis Accidents using
risk based techniques

• Develop Defense in Depth Basis Using
natural physical attributes of designs

• Establish confidence levels for analysis
using risk assessment methods
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License By Test

• Build Full Size Demonstration Plant
• Perform Critical Tests on components

and systems identified using risk
informed techniques

• If Successful, Certify Design

Why License By Test 

• Needs:
To validate analyses
To shorten time for paper reviews
To ""prove" what is debatable
To reduce uncertainty
Show Public and NRC that plant is
safe
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Tests Required

• Traditional Performance tests of
equipment still required for reliability

• Use Risk Based Techniques to identify:
- Accident Scenarios of Importance
- Critical Systems
- Critical Components

• Conduct Integrated System Tests

Examples of TestsM
• Loss of Coolant
• Reactor Depressurization
• Natural Circulation
• Rod Withdrawal
• Reactivity Shutdown Mechanisms
• Reactor Cavity Heat Up and Removal
• Selected Component Key Component

Failures
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Additional Tests

• Balance of Plant Failures - turbine
overspeed., loss of heat sink,.
compressor failures,, etc

• Control Rod Ejection (rapid withdrawal)
• Reactor- Cavity Heat Up
• Validate Core Physics Models
• Validate Safety Analysis Codes and

Methods
m Xenon Transients

Tests Leading Up to
Demonstrati on Facility Tests

m Fuel Performance - Irradiation, post
accident heat up,, cycling

s Air Ingress - validate chimney model for
air ingress potential

m Water Ingress - assess reactivity effect
and fuel damage

228



DF\eactor Research Facility- M
• Pebble Bed Reactor as a prototype for

this licensing approach.
• Built in Idaho - Full Size w/Containment
• Implement Structured Test Program
• Develop Regulatory Process as Part of

Certification of Technology using RRF.
• Research Reactor Continues as facility

to innovate and test new technologies
for fleet of standard designs.

Will License By Test Be Able to
Answer All Questions 

• No...
• In combination of subtler component

tests described and the risk informed
analysis., it should provide high
confidence of critical safety
performance.
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Will License by test instill
public confidence 

m Yes,
n By having the public and the media

observe these tests,, the confidence in
the technology and the regulatory will
be enhanced.

0 1 0- (pick a number)is not understandable or
effective in safety discussions.

n It will encourage development of
naturally safe reactors.

Traditional Regulatory
Approach

• Ask General Atomics for MHTGR
• Ask Canadians for Candu
• Ask W about AP-600 - 1000
• Costly - Time Consuming - Risky

• Answers Not always possible to Satisfy
NRC staff - Ask Licensees.

• Need An Alternative to the ""Bring me a
Rock" Process.

• This may be it...
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Summary

n For Non-traditional technologies, a new
licensing approach is needed for timely
deployment.

m Risk Informed Techniques with Safety
Goals Appear to meet the Need.

s License By Test is the most direct
means of answering difficult questions.

n LBT should increase public confidence.
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D. Powers, ACRS Member: Why do you focus on fatalities?

A. Kadak, MIT: It's an easy measure. You could talk about injuries, if you like, as a separate
measure.

D. Powers, ACRS Member: If we're going to learn something from accidents that have
occurred, the most transparent consequence of Chernobyl has been radiation injuries rather
than fatalities. Land contamination could arguably be the other thing that we've learned. Why
not change the measures in response to things we've learned?

A. Kadak, MIT: We could do that. I'm not limiting it. I'm just saying establish something that
everybody is comfortable with, and I mean societal comfort. And if it talks to land, it it talks to
injuries or if it talks to fatalities, fatalities is the one that we now have.

G. Wallis, ACRS Member: You seem to be applying what we do today to what we might do
tomorrow, and did you question whether we really need design basis accidents in their present
form? Or would it be replaced by something else which might be less plant specific and be
more effective?

A. Kadalk, MIT: The process that I would recommend is developing dominant accident
sequences as part of the regulatory process, and don't call them design basis accident.

T. Kress, Chairman, Future Reactor Subcommittee: What we attribute to integral tests are
two purposes: one, to see if there's something going on that we hadn't thought of; two, to
validate our computerized analytical tools so that they can be used in an extrapolatory sense to
cover the things we can't do in the test. Would that be your view of what this test might do for
you?

A. Kadalk, MIT: The needs. Why? To validate analysis. Okay? To shorten the time for paper
reviews; to try to prove in quotes what's debatable; to reduce uncertainty, and this is very
important; to show the public and the NRC, and I include them as the public in this case, that
the plan is, in fact, safe. And that's what it's all about. Can we do the -- you know, can we try
to melt the core? If we believe that we can do it without melting the core, yes.

G. Wallis, ACRS Member: So what you should do is you should give an operator carte
blanche to try to melt the core, and he or she will fail. Is that your test?

A. Kadalk, MIT: Depending upon the design, yes. I mean, theoretically that would be the test,
but I would structure it more carefully than that.

G. Wallis, ACRS Member: Are you asking for a kind of full scale LOFT test?

A. Kadalk, MIT: Full scale LOFT test, I suppose in the sense of a LOCA. There will be others
on a facility, and one of the things it avoids is to remember the scaling issue that you've had to
fight over? I mean, clearly the scaling issue sort of goes away if you do a full scale plan or a
large enough scale to be able to say scaling is not a factor.

D. Powers, ACRS Member: Let's look at that control rod ejection because it's a fun one to
look at. The scenario that we're now worried about is one where the fuel had extremely high
burn-up. How are you going to do that in your test?
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A. Kadak, MIT: That would have to be outside of the reactor. There would be a whole series of
fuel tests as part of this program.

D. Powers, ACRS Member: Well, and the problem that plagues the rod ejection accident is an
argument over how it propagates within the whole course. So if you do this test at the CABRI
facility with one rod, that doesn't answer the question. You need a whole bunch of rods.

A. Kadak, MIT: Well, I think we could do like I said, a rapid withdrawal, and we could model it
from the standpoint of what we expect as a reactivity transfer and to see whether those codes,
in fact can model the event.

D. Powers, ACRS Member: I mean, that's where the argument is, is whether the codes are
right or not, and whether they give you the right amount of heat going into the clad and not into
damaging fuel.

A. Kadak, MIT: Well, the first is the reactivity. Then we can go to heat, right?

D. Powers, ACRS Member: No. This is a time scale where those two are very coupled
together. I think you ought to look at the experience they had at the Phoebus facility, which
was doing an experiment, which amounted to melting down 21 fuel rods, two of which were
fresh fuel and the rest of them were irradiated, and the public response prior to the first test
there, and how eager they were to watch that particular test.

A. Kadak, MIT: I look it up. I'm not familiar with it.

E. Lyman, NCI: So you're proposing that the test facility go with a containment which is not
the same containment that the pebble bed is planned to have?

A. Kadak, MIT: Only because it's a research facility.

E. Lyman, NCI: So I've heard the argument that the passive cooling of the pebble bed is
incompatible with a leak tight containment and it would interfere with, for instance, the design
basis LOCA heat removal.

A. Kadak, MIT: Well, we'd have to look at that to see whether or not and how we could make it
compatible for this particular facility. We'd have to look at whether, in fact, we need to make
additional modifications to the facility to accommodate the passive cooling feature.

T. Fabian, Nuclear Waste News: It's not as exciting as melting down the core, but I'm
wondering if as part of your conceptual design process you've done the sort of things that the
fusion materials program has done, is looking forward to end of plant life and looking at lower
activation materials that are easier to dispose of, possibly easier to resmelt and reuse in a
nuclear facility, designing the plant for decommissioning using robotics and remote technology;
is any of this played a part in the design process?

A. Kadak, MIT: Not at this stage, although we are following what's going on in Germany as
they're decommissioning their AVR reactor. Clearly, one of our initial objectives was to design
a plant with decommissioning in mind, also having a lot of personal experience about
decommissioning the Yankee Rowe plant. So I'm very sensitive to that issue. We haven't
really looked at it, and we're not really at that level of detail yet.
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L.E. Hochreiter, Penn State University: As an AP600 design certification survivor, I'm familiar
with the testing that we had done and a number of questions that we got from the NRC, which
were large. When you structure a test program, usually you build on separate effects tests to
try to identify and create a model that you then put into an integral code, and then you use
integraltestsforverificationofthatmodel. Ithinkoneoftheproblemsthatwehaveinthewater
reactor technology world is that we don't have very good integral systems tests. The loft tests,
which are the largest integral systems tests, that we've all used for a code validation, there's a
lot of questions on the accuracy of the instrumentation, which are really measuring versus what
you think you're measuring, and so forth. There may be a lot of potential problems for that in
this type of a program unless it's structured very carefully, and then if you add the
instrumentation that you'want to add, you can start to distort the things that you're trying to
measure.

So I think that you're -- I like the idea. I think that you really have a background of tests that
you're going to have to provide in addition to a large, full scale test where you build the
technology so that you can have confidence then in the code that you'll use to predict the test,
which you'll then try to run in the facility. Otherwise you may have some unpleasant surprises.
You'll have conflicting objectives in the design of the plant versus the measurements that you
want to. make. I mean, that's the problem that LOFT had.

A. Kadak, MIT: I think a lot of that stuff that we're talking about, some of which at least I should
say has been done in Germany, we don't know. I don't know, first of all, and like its sort of the
code of record which essentially is based on no experience in the United States. We are
leaming how to use it, and it's got a lot of models built into it and has been benchmarked
against some of the tests that they've done in Germany.

We would hopefully use that data, disrupt your test, but I think your point earlier is exactly right.
This is a research facility. In order to be effective, it's got to be well instrumented, and that is
going to cost much more money than just building a straight power plan.

W. Hauter, Public Citizen: Who should assume liability for this test? How does Price
Anderson play into this? What kind of radiation releases is it appropriate to expose the public
to? Should there be a public process, public hearings and so forth to determine if this is
something that the public would want to buy into?

A. Kadak, MIT: Let me answer the last question first. I think clearly the public has to buy into
this process, and relative to the public hearings, I'm not all that familiar with how that would
occur. My sense is it would have a licensing proceeding, become a licensed and experimental
facility, and if successful, probably another licensing facility would be ready for operation. The
Price Anderson question, I'm not an expert on Pce Anderson, but, you know, depending upon
who ultimately ends up being the builder, whether it's DOE or some private government
partnership, those people would obviously have to pay the insurance costs for that.

In terms of releases, you would design the test such that it would essentially address this.

J. Slabber, PBIVIR: I'm not claiming or proposing that part of the PBIVIR demonstration unit in
South Africa be used as supplying all of the information to Andy Kadak, but part of our objective
as a demo unit, and it's not a prototype; it's a demonstration unit; it will be instrumented to such
an extent that critical parameters during transients, like load rejection, may be loss of coolant,
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could be measured, and this is not making an open statement. We've got quite a good
technological base for proposing something like this because in an AVR, they have done loss of
coolant simulations, as well as reactivity excursion experiments. It is documented, and they
found, and this is, again, coming back to the integrity and the quality of the fuel, that they did
not observe any significant increase in releases, although the core was filled with fuel, with a
variable degree of quality and bum-ups, and they've also substantiated the reactivity
predictions, the temperature coefficient predictions. In fact, there is a base where we can stand
on to claim that some of the tests that are proposed in such a reactor have got some supporting
evidence in Germany.

A. Kadak, MIT: To the extent that it's appropriate and doable, I think many of these tests could
be done on the south African demonstration facility. So the concept is a generic concept
suitable for, I believe, any type of advanced reactor that has certain characteristics.

L.E. Hochreiter, Penn State University: One of the things that we dealt with a lot in the AP
600 was looking at uncertainty, uncertainty in the predictions, uncertainty in the analysis. Do
you know if they've done that with these codes for the pebble bed in Germany?

A. Kadak, MIT: I don't know. I have not been able to get at some of the qualifications.
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June 45, 2001
OVERVIEW

In a project funded by the U.S. Department of Energy (USDOE) in its Nuclear
Energy Research Initiative Program, the authors have been involved in
formulating a new risk-informed approach for nuclear safety regulation. We
believe that this work is important because a new regulatory treatment is needed
both for the licensing of new non-light water reactors WRs), and to rationalize
the regulation of WRs. It is common today for the plans for new reactor
concepts to include proposals for how they should be icensed. The existence of
such proposals is implicit evidence that the existing regulatory structure is
inadequate for this purpose. Similarly, attempts to "risk inform" the regulations
governing WRs have made only small progress because of the complexity and
inconsistency of the existing structure. Thus, we have concluded that a fresh
start in formulating a regulatory structure is worth aempting. This paper
describes the fundamental concepts of that attempt.

The overall purpose of the new approach, termed Risk-Informed Regulation, is to
formulate a method of regulation that is logically consistent and devised so that
both the reactor designer and regulator can work together in obtaining systems
able to produce economical electricity safely. In this new system the traditional
tools (deterministic and probabilistic analyses, tests and expert judgement) and
treatments (defense-in-depth, conservatism) of safety regulation would still be
employed, but the logic governing their use would be reversed from the current
treatment. In the new treatment, probabilistic risk analysis (PRA) would be used
as the paramount decision support tool, taking advantage of its ability to
integrate all of the elements of system performance and to represent t e
uncertainties in the results. The latter is the most important reason for this
choice, as the most difficult part of safety regulation is the treatment of
uncertainties, not the assurance of expected performance.

STRUCTURE OF THE NEW REGULATORY APPROACH

The scope of the PRA would be made as large as that of the reactor system,
including all of its performance phenomena. The models and data t e
would be supported by deterministic analytical results, and data to the extent
feasible. However, as in the current regulatory system, the models and data of
the PRA would require being complemented by subjective judgements where the
former were inadequate. All of these elements play important roles in the current
decision-making structure; the main departure from current practice would be
maldng all of these treatments explicit within the PRA, therefore, decreasing the
frequency of sometimes arbitrary judgments.

In the intended sense the PRA would be used as a vehicle for stating the beliefs
of the designer and regulatory decision-maker; the foundation of their decisions.
Thus, the PRA should be viewed as a Bayesian decision tool, and be used in
order to take advantage of its capabilities in integration and inclusion of
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uncertainties. In order to do this, all regulations must be formulated in terms of
acceptable levels of unavailability of essential functions, including an acceptable
level of uncertainty (e.g., the acceptability of system performance could be
evaluated at a stated confidence level rather than in terms of the mean value as
is typical currently).

Implied in this treatment is a hierarchy of acceptable performance goals. At the
highest level societal Safety Goals would be used, supported by subgoals
formulated at increasingly fine levels of detail as the hierarchical level of the goal
would decrease (see Figurel).
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Public Health & Safety
GOAL as a Result of

Civilian Reactor Operation

APPROACH Evaluate Risk Against
Safety Goals

PRA STRATEGIES Use PRA to Quantify
Risk and Uncertainty

Limit Core Mitigate Releases Mitigate
Damage Frequency of Radionuclides Consequences

(Level I PRA) (Level 2 PRA) (Level 3 PRA)

Tactics
Identify Required Regulation

Based on
Master Logic Diagram

IMPLEMENTATION Develop Regulatory Criteria for
FOR REGULATION Design, Operation, Inspection
AND DESIGN Maintenance, and Testing

of Required Elements

Figure 1. Framework for Risk-Based Regulation and Design

The differences between the proposed treatment and current practices are
illustrated in Figure 2 which shows that the use of defense-in depth and
requiring performance margins would remain. However, the current practice of
permitting such features to be required without justification would be abandoned;
rather, wherever such a requirement were to be made it would also be necessary
for the regulator to provide evidence concerning the value of the requirement and
to reflect that value in the master PRA (i.e., if a redundancy is to be worth
including in a system, its safety value should also be stated in the overall system
performance analysis).
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Operating Plants Future Plants
(NRQ (NERI)

Deterministic Probabil[istic

Traditional (Structuralisf) Risk-Based ("Rationalist")
Approach Approach

PPP'

• Start with cur-rent designs and Develop new design and
regulatory approvals regulatory process

• Justify risk-informed changes Use firm probabili stic criteria

• Defense-in-depth remains as to assure safety
primary means of assuring Use defense-in-depth and
safety safety margins as needed

Figure 2 Comparison of NRC and NERI Risk-Informed Regulatory Processes

IMPLEMENTATION

In the licensing of any new reactor concept the degree of detail that the
regulatory system may require will increase with the maturity of the concept (see
Figure 3 When viewed from this perspective, it is seen that many aspects of
the current WR-focused system of safety regulation (e.g., general design
criteria, design basis accidents) may not be applicable as the body of knowledge
and experience needed for the formulation of new concepts will likely be
unavailable in the earlier stages of their maturation. It is important to realize this
in order that uncritical application of current requirements (e.g., a reactor
containment building) not lead to impaired system performance or economically
inefficient uses of resources. We suggest that some aspects of WR-based
regulation should not be applied to new reactor concepts without careful study.

As far as we can tell, the proposed regulatory approach can be applied to all
areas of nuclear safety regulation (see Figure 4 including the "cornerstones" of
the NRC's revised reactor oversight process. In the work of our project, we have
focused upon the traditional areas of reactor licensing- determination of initiating
events and requirements for mitigating systems, but nothing that we have done
indicates an inability to extend the ideas being developed to all areas of
regulation.

Determination of acceptable unavailability standards for a reactor's essential
performance functions must be done on both combined general (high level) and
reactor concept-specific bases (see Figure 5). The Master Logic Diagram (MLD)
of Figure is developed for the example of the pebble bed modular gas-cooled
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reactor (PBMR). At each level of the MLD a set of performance goals must be
formulated. which are required to be consistent with those of the MLD levels
immediately above and below the level of interest.

Development Goals and Evaluation Tools Relevant
Stage Acceptance Evidence

Criteria

Initial Concept High level - Qualitative Experiences of
qualitative simple, other concepts,

deterministic deterministic
- analyses

Initial detailed High level - Quantitative - Prior quantitative
design quantitative probabilistic, analyses

deterministic

Final detailed Detailed - Detailed - Prior quantitative
design quantitative quantitative - analyses

(design-specific probabilistic,
subgoals) deterministic

N-th of a kind for Very detailed - Very detailed - Prior quantitative
a given plant type quantitative quantitative, analyses, tests,

(design specific probabilistic, field experience
criteria - DBAs, deterministic,

GI)Cs,1111) tests

Figure 3 Stages of Nuclear Power Plant Concept Development
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Figure 4 Scope of New Regulatory Scheme
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In the regulatory example used subsequently to illustrate the practicality of the
ideas presented here an acceptable performance goal for all loss of coolant
accidents (LOCAs) was formulated to be that

(0.75*CDF-50) + (0.25*CDF-95 < 7 E-7 (per reactor year), where (1)

CDF-50 is the median core damage frequency for all LOCAs, and
CDF-95 is the 95% confidence level value of the core damage frequency for
all LOCAs.

This value and its formulation are used merely for purposes of illustration. A
method for determination of the various performance goals must be developed.
Doing this will likely be an iterative process exploring what is feasible balancing
ideals and practicality.

Because new reactor regulation (i.e., licensing) must be able to address the
performance vector of different reactor concepts and to accommodate their
respectively differing levels of knowledge, the probabilistically-based treatment
suggested here appears to be appropriate. For regulation of actual construction
and operations it appears to be more feasible to utilize deterministic decision
rules, based upon the plant's PRA, and revised as needed via use of the PRA.

DESIGN AND LICENSING NEGOTIATIONS

In any licensing regulatory process the plant's designer develops a design which
he/she considers to be adequate for producing electricity safely. In areas where
performance uncertainties are large or where potential accident consequences
so large that risk aversion is justified, the designer would have obvious incentives
to utilize defense in depth and performance margins in the design, and to reflect
the effects of these tactics in the evaluated performance of the plant systems.
When this design is submitted for regulatory approval, a negotiation follows
which leads to any design changes required for regulatory approval. Currently,
this negotiation is conducted focusing upon how adequately the design basis
accidents are mitigated, with some background consideration being given to the
important risk contributors and risk sensitivities of the plant. In our new design
and regulatory concept, this negotiation would be conducted using the PRA as
the primary discussion vehicle. The important questions would concern whether
the relevant functional performance goals were satisfied with sufficient
confidence.

Once the goals were specified, the remaining questions would concern the
models and data used in evaluation of the un-availabilities (including
uncertainties) associated with performance of these functions. Disagreements
between the licensee and regulator would be focused upon the adequacy of
models and data used in the PRA. A response to such a disagreement could
include further defense in depth or design conservatism, but it could also include
defense and improvements of the relevant models and databases.
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An additional feature of this approach is that the burden upon the regulator to
justify his challenges to the adequacy of the design would be made explicitly.
Any design changes that the regulator thinks necessary would also be required
to be reflected in the PRA, and the reasons for disagreement about the
adequacy of the design would have to be formulated in terms of the adequacy of
the PRA. Unavoidably, some of these disagreements would involve factors of
subjective judgement. Such judgements would be required to be integrated into
the results of the PRA, and their bases stated explicitly. This requirement would
be an important departure from current practice where the regulator is not
required to justify changes demanded of a license applicant.

For example, in the recent Design Certification licensing of the AP-600 PWR
concept, the Certification was held up by the NRC until the designers agreed to
add an active containment spray system which is redundant to the passive
containment cooling system of the original design. Neither the PRA nor the
deterministic design analysis of the plant indicated the need for the active
system, but the regulator was able to require that it be added (presumably
because of concern that the passive system might display unanticipated modes
of behavior) without explicit justification (it was deemed to be the "prudent" thing
to do).

As an illustration of how the new negotiation process would work, the designer
before application submission would follow the process illustrated in Figure 6 In
this process the designer would be guided by the PRA in identifying the set of
marginally most valuable design changes to reduce functional unavailability
values to being lower than those specified in regulations to be acceptable. The
method of doing this would be to search for event sequences where design
modifications would best reduce risks and/or their associated uncertainties.
Then, once an adequate design is developed it would be submitted for licensing
approval.

An illustration of this process is shown in Figure 7 In this illustration, a design
thought to be adequate by the designer is rejected by the regulator who
disagrees with data and models used to evaluate the risks of high pressure
LOCA event sequences in the PRA. Rather than defend the models and data of
that portion of the PRA the designer investigates further design changes as
summarized in Table and Figure 8. It is seen that addition of greater
depressurization capability (used to transform the high pressure LOCA into a low
pressure one, for which adequate mitigation systems exist in the design) is
inadequate to meet the specified performance goal because of the remaining
risk contributions of common cause failures in the emergency diesel generator
and cooling water systems. Only when design changes to reduce the risks
contributed by the common cause failures does the design become satisfactory
to the regulator.

In this illustration, both the designer and regulator become focused upon ways to
reduce risks and uncertainties, all of which are stated explicitly. Both parties
have incentives to utilize good design practices, high quality components and
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redundancy and conservatism in order to ensure that the specified performance
goals will be satisfied.

From this examination it is not apparent that tools of current regulation such as
design basis accidents and general design criteria are required. They may be
retained in regulation for purposes of convenience, but their necessity is not
apparent.

Rather, the needs of the new regulatory process are more concerned with ways
of formulating a consistent set of performance goals and sub-goals, of ensuring
that data bases and models will be of high and uniform quality, of formulating
methods for the reproducible integration of subjective judgments into PRAs and
for formulation of a risk-based Standard Review Plan for use by the regulatory
staff. The tactics for creating some of these needed elements is not obvious as
the problems involved are complex and subtle.

The best way of satisfying the new regulatory needs appears to be investigation
of a set of example regulatory examples, where needed improvements in a
general approach can be revealed via inadequacies in the application. Doing
this is time consuming and expensive. Thus, the program for such investigations
must be initiated well in advance of the time of anticipated license applications
for new reactors and be sustained financially. These requirements imply the
need for a program of risk-based regulatory development to be an essential
component of any national effort to provide new nuclear power technology
options.

The question facing energy technology planners is not that of whether to include
a regulatory research component in future nuclear technology development
efforts, but rather is one of how to make such an element sufficiently effective
that it will permit the creation of the logically consistent and economically eff icient
licensing process required for the success of future generations of nuclear power
technologies. The active participation of the NRC in this process is also
essential for its success.
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Figure 6 Schematic Diagram of the Risk-Driven Generic Design-Builds Upon
A Bare-Bones Design, Using an Iterative Process
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Table 1. Following the Effect of Design Modifications Uoon mportant Risk Metric
Values

Risk
Plant Configuration Median-CDF 5% Conf. 95% Conf. Metric*

No Depressurization 1.528E-06 3.093E-07 4.278E-06 2.216E-06

One Division of
Depressurization 7.086E-07 1.226E-07 1.890E-06 1.004E-06

Two Divisions of
Depressurization 7.055E-07 1.445E-07 1.980E-06 1.024E-06

Depressurization and
reduced CW CC Failure" 4.970E-07 1.008E-07 1.432E-06 7.308E-07

Depressurization and
reduced Diesel CC Failure 6.120E-07 1.21 1E-07 1.718E-06 8.885E-07

Depress with reduced CW
and Diesel CC Failure 4.020E-07 I 7.960E-08 I 1.290E-061 6.

Risk metric selected = 0.75 Median CDF) + 0.25 95% confidence CDF)
CW = Cooling Water; CC = Common Cause

1.OOOE-05
BO IDO 2DO 2D1 2D2 2D3

1.OOOE-06

Mean CDF
-0-95% Confidence Leve[

So/* Confidence Level
-45- Risk Metric

1.OOOE-07

1.OOOE-08

ConfiguraWn

Figure 8. Effects of Design Modifications on CDF
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Purpose of Presentation

• Describe our project and its vision of a new design and
regulatory process
- provide a work-in-progress' illustrative example

• Explain the need for continuing the development of a
new design and regulatory process
- keep pace ith the development and licensing of new

reactor design concepts.

ACRS &0M Wakshop wBW3

Substantial Reductions in Capital Costs and
Schedule Will be Needed for New Plants

• Production costs (Fuel plus &M) for operating plants
approaching cent/KW-hr
- not much room for further improvement

• Future investors likely to require payback of capital
costs within 20 years of operation, or less

• Capital costs must be reduced by 35% or more
relative to large ALWRs
- overnight capital cost below $1,000/KWe
- construction schedule of about 3 years (or less)

ACRS 62001 WarklhW YAS.M4
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Three NERI Proposals Aimed at New
Processes to Lower Plant Capital Costs

Program Basic Objective
Risk-informed Assessment of Development of methods for a
Regulatory and Design new design and regulatory
Requirements process.

"Smart' Equipment and Systems Development of methods for
to Improve Reliability and Safety demonstrating improved
in Future Nuclear Power Plants component and system reliability;

including on-line health
monitoring systems.

Development of Advanced Development of methods and
Technologies for Design, procedures for collaborative,
Fabrication, and Construction of internet-based engineering,
Future Nuclear Power Plants integrated design analyses, and

improved construction schedules.

ACn 6�2= W~xP -%� 5

Comparison of NRC and NERI Risk-
Informed Regulatory Processes

Operating Plants Future Plants

QPtPrrninisfir Prnbahii="

Traditional Starting Point Risk-Based Starting Point

The new design and regulatory process must
be developed further to support new plant
license applications - including Generation IV
design concepts.

ACRS 62001 W, F pw8.ppt 6
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Risk-Informed Assessment -
Interactions With Other Programs

• NERI framework development activities are being
coordinated with NEI
- NEI will emphasize the development of regulations
- The NERI project will address the overall risk-informed

design and regulatory process
- Westinghouse will be an NEI Task Force member

• It is anticipated that a new risk-informed design and
regulatory process will be an input to new plant license
applications, including Generation IV reactor concepts.

ACM r1mm workmw -09440 7

A New Risk-Informed Design and
Regulatory Process

Massachusetts Institute of
Technology

George Apostolakis, Michael Golay

Sandia National Laboratories
Allen Camp, Felicia Durdn

Westinghouse Electric Company
David Finnicum, Stanley Rtterbusch

ACRS 62001 Wofthop -PWS-W8
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Overall Goal of Safety-Regulatory Reform

N Create methods to assure consistency of nuclear
power plant applicant and regulator in performance/
goals for producing safe, economical power plants

successful
Becuicity

M_1__ Major Elements:
Acceptance Cteria Acceptance Criteria
Comprehensive. consistent Comprehensive, consistent
assessment methods assessment methods
Designers, oerators Regulators. designers, operators

ACRS 6200, WorkOw PwS.M 9

Risk-Informed Regulatory Approach -
Fundamental Ideas
• Regulatory decisions are founded upon the informed beliefs of

decision-makers.

• Any regulatory belief can and should be stated in a probabilistic format.

f(X)

X.. dX X-

Probability x X < xdx = fx)dx

E Regulatory acceptance criteria must reflect acceptable best-estimate
performance expectations and uncertainties.

ACRS 6-2001 WakVM -PWS.Ppt 10
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Risk-informed Regulatory Approach -
Fundamental Ideas....
a Regulatory questions and acceptance criteria should also

be stated within a probabilistic framework.

0 The probabilistic framework should be as comprehensive
as possible:

- utilize probabilistic and deterministic models and data where
feasible - and use subjective treatments where not feasible,

- state all subjective judgments probabilistically and incorporate
into the PRA,

- require both license applicant and regulatory staff to justify
their decisions explicitly, and

- initiate resolution process to resolve applicant-regulator
disagreements.

AMS r,20M WasaMp p".W I I

Public ealth Safety as AResul 01
Goal Civilian Reactor peration

ApproaO Evaluate Frisk Against
Safety Goals

Use PRA to Quantity

PRA Strategies Risk d Uncertainties

m Mitigate Releaw Mitigate
Damage Frequency of Radionuclides Consequences

.1 1 PRA) (Level 2 PRA) (Level 3 PRA)

Tactics
Identify Required Regulation

based on

Imple Master Logic Diagram

Regulation & Design I
Develop regulatory criteria for

design, operation, inspection,
maintenance, and esting of

required lements.

Framework for Risk-Based Regulation and Design

ACRS r,2001 WceAftp -PWS.Ppt 12
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Comparison of NRC and NERI Risk-
Informed Regulatory Processes

Operating Plants Future Plants
(NRC/NEI) (NERI/New NEI Task Force)

inigtic

Traditional (tructuralist) Risk-Based (ationalist)
Approach Approach

• Start with current designs 0 Develop new design
and regulatory approvals. and regulatory

• Justify risk-informed process.
changes. a Use firm probabilistic

• Defense-in-depth remains criteria to assure
as primary means of safety.
assuring safety. 0 Use defense-in-

depth and safety
margins as needed.

ACRS r�2= WwkWcp PWS.W 1 3

Risk-informed Regulatory Approach....

• At all conceptual stages of development, nuclear
power plant evaluation is performed
probabilistically and is supported by deterministic
analyses, tests, experience, and judgements.

• Safety results of defense-in-depth, performance
margins, best-estimate performance, and
subjective judgements are all incorporated into a
comprehensive PRA

PRA is used as a vehicle for stating evaluator
beliefs concerning system performance

• The level of detail of acceptance criteria becomes
finer as the level of concept development
increases

many MR-based regulatory constructs (e.g.,
are nolapplicable to less mature
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Stages of Nuclear Power Plant Concept Development

Development Goals and Evaluation Relevant
Stage Acceptance Tools Evidence

Criteria
Initial Concept High level - Qualitative, Experiences of

qualitative simple, other concepts,
deterministic deterministic

analyses
Initial detailed High level - Quantitative - Prior quantitative

design quantitative probabilistic, analyses
deterministic

Final detailed Detailed - Detailed - Prior quantitative
design quantitative quantitative - analyses

(design-specific probabilistic,
subooals) deterministic

N-th of a kind for Very detailed - Very detailed - Prior quantitative
a given plant quantitative quantitative, analyses, tests,

type (design specific probabilistic, field experience
criteria - DBAs, deterministic,

GI)Cs ..... tests

ACRS r,= W -VOO.90 is
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asaftudtctci� �'

NO.W. R.=

Salay

seety

E1=M S

mod=

T.W1 PC- a F-R.-
Sba D� Moft=
Owff RM

Awdmt CCFPor
PMF=wm LW

E"= Bins -IM

, -
Moft= ST.--.-I

CMCM1 RekM

Sp.1 Rd

F S--Mcm I e� -Sp=
ACRS 6.2001 WaW -pwe4V 16

258



Master Logic Diagram
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Concept-Specific Master Logic Diagram
Fwfce� Goal Level
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Concept-Specific Master Logic Diagram
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Fundamental Interactions Between License
Applicant (or Licensee) and Regulator

0 Should be formulated with probabilistic methods
N Acceptability negotiation for new license application or

license revision
- currently is deterministic
- should be risk-based; completion of procedures, tools,

and termination cteria is needed
0 Plant construction oversight

- can be deterministic, subject to risk-based oversight
0 Plant operation oversight

can be deterministic, subject to risk-based oversight

ACRS6-20D1Wk9 -pwS40 21

Basic Design and Regulatory Process -
Employed Traditionally,, Remains Valid Today
• Designer develops a plant design that both produces power

reliably and operates safely
- responsible for plant safety, using high level regulatory criteria

and policies as inputs

•Regulator reviews the design
•Designer and regulator engage in a dialog

- specific safety features, their performance criteria, and
methods of design and analysis

•Documentation is developed throughout the process

- designer documents the design basis

- regulator documents the safety evaluation, policies
established, and criteria for future reviews (e.g., Reg. Guides
and Standard Review Plans, and possibly regulations)

ACRS 6-2001 WoexWM -PW8.PP1 22
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Risk-Informed Design and Regulatory
Process - PRA Decision Making

W'.-Ped6hn _ a e Rea� ri A ul�io� ..ents

Select Design Features and Plant Arrangements

4 +
PSA Modeling performed to Dete Uncertainty
determine the likelihood of Design Analyses
specific outcomes:

- PSA provides the basis for
design and regulatory T
compliance assessment Designer

r_.L ---- ------------PSA models include Regulator
consideration of
and systemic u= = Safety Goal Compliance -
- PSA is not totally fisk Applicant-Regulator Negotiation
- margins are added to
address ucertainties

ACRS 6-2001 Warktap -Pw84O 23

Schematic Diagram of the Risk-Driven Generic Design - Builds
Upon A Bare-Bones Design, Using an Iterative Process

Bare-Bon

Deterministic analyses to
identify failure modes

PRA to identify dominant

Rlsk kTftx"wd failure modes
Dow9n z

Add safety features for mitigation or prevention of
dominant failure modes

z
Generic Risk-Driven Design

must satisfy acceptability criteria

ACRS 6-20M W, -W840 24
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Classification of Event Sequences Within
the Risk-informed DBA Approach

Classes Response Required

Initial Sequences

Very Small Leak ry ma
Safety Relief Valve SWck Open SRV Normal Coolant Make-Up
Small Pipe Break LOCA
Pilot Operated Relief Valve Stuck

Open Small Pipe Break LOCA Emergency High Pressure
RC Pump Seal Failure PCIRV Stuck Open Coolant Injection
Medium Pipe Beak LOCA RC Pump Seal Failure
Large Ppe Break LOCA

Shared Functional Challen

nsufficient RCS nvento Medium Pipe Break LOCA Depressurization and Emergency
Insufficient RCS; Pessu Large Pipe Break LOCA Low Pressure Coolant Injection
Insufficient RCS/Core H
Removal

ACRS&2001W01kW -P%%e.PP1 26

Apportionment of a Performance Goal Into
Subgoals

• Designer proposes apportionment - then negotiates with regulator

• Apportionment must reflect what is feasible in the design

• Example shows that the reliability/availability of mitigation

systems reflects feasibility of the design

Initiating Event Mitigation Core Damage
Initiating Event Frequency Unavailability Frequency

Very Small LOCA 4E-3 /yr 1 E-4 4E-7/yr
Small LOCA 2E-4 /yr I E-3 2E-7/yr
Large LOCA 4E-5 tyr 1 E-2 4E-7/yr

Achieved Total
Example Acceptability Criterion: Achieved Total CDF CDF due to
due to LOCAs must be less than or equal to 2E-6 /yr LOCAs:

1 E-6 /r

ACRS&2001W0rk3hV-PW840 26
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Example of Designer's Initial Risk-
Informed Submittal to the Regulator
• Two safety system divisions - each contains:

- two active high-pressure injection trains
- one active low-pressure injection train
- cooling water (component cooling, service water, HVAC)
- two diesel generators
- DC (battery) power

• Shared support systems
- chemical volume control system
- off-site power

• PRA Includes:
- deterministic analyses, data, models,
- uncertainties, inter-dependencies, and common-cause failures
- initiator data are from documented sources (NUREG/CR-

5750)
- component failure frequencies are estimated from existing

PRA studies (for this WR example problem)

ACAS r,2= We"COM 0".M 27 . I

Example of Negotiation Between
Applicant and Regulator

M Iesigner a4s:';
depressurization capability
andrevisesPRA�,

Regulator disputes
asswnpb= requires now, Result CDF due to OCA,
dam a .7.. stilltoohighduetothe

high-pressure LOCA

Result Risk of faure:.
to have adequate coolant. Fl= Designer dds tweperident.
levels too great redundanttrWn*t'.1:,

depressurization capeOft

Cause: CDF due to high JL
pressure OCA is Result CDF remains too highdue t spport syVem
dominant contributor

common-cause failures (cooling
waterpumpand-clesel)

ACRSr,2Mwae=w-Pwew 28
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Example of Negotiation Between
Applicant and Regulator....

Evaluadorl-1: Regulator reviews design and PRA with common-cause failures:'
Teduction. It is dtermined that further significant improvemerds in ensuring
adequate core cooWd levels cannot be acemplished at a reasonable cost or with:
an�dequatedegraeoteertairity-�throughuseofa=t-benefit.criterion.

Evaluation-2: The regulator compares the ahieved level of funclion availability;0 is:.:
Including unopertaintyto a pre-determined standard to determine If the.desi
.acceptable.

,7

ACRS &2MI WakMM 90S.W 29

Following the Effects of Design Modifications
Upon Important Risk Metric Values

Risk
Plant Configunation Median-CDF So. Conf. 95% Cont. Metric
No Depressurization 1.52SE-06 3.093E-07 4.27SE-06 2-216E-06

One Uvision ot
Depressurization 7.086E-07 1.226E-07 1.890E-06 1.004E-06
Two Divisions ot
Depressurization 7.055E-07 1.445E-07 1. 1.024E-06

Depressurization and reduced
CIN CC Failure" 4.970E-07 1.008E-07 1.432E-06 Z30SE-07

Depressurization and reduced
Diesel CC Failure 6.120E-07 1.211E-07 1.718E-06 8.886E-07

Depress with reduced CW and
Diesel CC Failure 4.020E-07 Z960E-08 1.29DE-06 6.24E-07

Risk metric selected (0.75 Median CDF) + 0.25 95%

confidence CDF)

CW = Cooling Water; CC = Common Cause

ACRS r,2W1 Wmw pwS.pV 30
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Effects of Design Modifications on CDF

1.OOOE-05 -

so IDO 2DO 2DI 2D2 2D3

I.ODOE-0 -

-4-Mmn CDF
Cord9knce &WIM

5% Corshaff" OW4
Ip

I.ODOE-07

I.OOOE-08

Configmation

ACRS 62WI WorkdM VWW_ 31

Example Problem - Results Questions
0 Concerns about common cause failures and large

uncertainties would ead designers and regulators to
conservative design approaches
- defense-in-depth, safety margins

E Guidelines are.needed for consistently reflecting
model. weaknesses in the probabilistic database

0 Consistent acceptance criteria are needed for
negotiation guidance and termination

0 Practical implementation requires more work
- more tal examples
- standardized models, methods, databases
- methods for treatment of subjective judgements
- replacements for

- GDCs
- DBAs (risk-dominant event sequences)
- Standard Review Plan

AM 6�2= WwWAP -pwSM 32
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Summary
N The favored approach for a new design and regulatory

process would:
- use risk-based methods to the extent possible
- use defense-in-depth when necessary to address model and

data uncertainty.
E A new risk-informed design and regulatory process would:

- provide arational method for both design activities and
applicant-regulator negotiations

- provide a method for an integrated assessment of
uncertainties in design and regulation

- provide a process that is applicable to non-LWR technologies
0 Development of a new design and regulatory process

should be continued to support new reactor license
applications.

33
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T. Kress, Future Reactors Subcommittee Chairman: How would you deal with the issue that
the PRAs are traditionally very incomplete? They don't deal with shutdown conditions very well.
They don't include fires very well, and seismic even is often not treated very well -- would you
incorporate those kinds of missing ingredients into the uncertainty of distribution?

M. Golay: Yes, basically the way you would incorporate them is through a statement of the
subjective judgment of those who have to assess what practice is to be used.

D. PowersACRS Member: You're going to expand the capability of PRA to carry this out. One
of the areas you're going to expand it to carry it.out is in the shutdown risk. I presume that you
have a plant here that you say is going to have some history, and during that history it's going
to have various kinds of shutdowns, those that it planned, to do a variety of activities that are
going to be quite different, and it's going to have an occasional unscheduled shutdown. And
you can prognosticate all of those things, all of the different configurations of the plant that go
on during a shutdown, a scheduled shutdown for refueling and what not. But now we don't try
to quantify, those times and configurations, and yet you want us to do that. How is this
possible?

M. Golay, MIT: I would say that your task in those areas has not changed from that people
have today; that when you consider a license application, you try to consider the spectrum of
conditions under which the plant will be operated, and using evidence appropriate for each
condition, judge whether it will be operated successfully.

The development of shutdown risk analysis provides an illustration of how you do that in, say, a
non-power state, and when you're comparing operations between those states, you, as T.
Kress just brought out, you inevitably come to situations where the available objective evidence
is not suff icient for you to determine which practice is better. Do you do perform maintenance
while you're shut down or do you do it on line, for example? Again, subjective judgment has to
come into the process. What I'm submitting is that we use that subjective judgment today. We
simply don't spell out loud the factors the way that we're weighing the factors. What's changed
with the approach that we're suggesting is that we state everything in probabilistic terms and
incorporate it into the PRA.

T. Kress, Future Reactors Subcommittee Chairman: What I'm interested in is the risk
associated over the full lifetime of the plant. That means shutdown number e.g; 85 is going to
take place "n" years from now and I need to incorporate into my risk assessment. Now, since I
don't know what that shutdown consists of, what planned maintenance they're going to have
because it hasn't even come about yet, it may even be an unplanned shutdown. How do I know
how to incorporate the short time during shutdown, short compared to other things? That risk,
how do I put that risk component into my risk assessment when I don't even know what it is.
We're dealing with a change, a variable configuration in time rather than a fixed configuration,
which is what PRAs usually deal with. How do I deal with that in a PRA? Is that something that
needs a new PRA methodology?

M. Golay, MIT- I would submit not, but let me go to why. The first question that may arise is
why do you need research on regulatory reform. Why can't you just get a few people to go off
and think in the corner for a time and come up with some proposals and then try them out?

My experience has been that you don't know what is a good idea until you've gone through
some feasibility aempts. That there's an iterative process at work here, and that's the heart of
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regulatory reform research, to find out what's feasible and then from that find a good blend of
feasible approaches consistent with an over arching logical framework. In terms of the question
you've asked, I would suspect, without having tried to do the analysis, that, first of all, the level
of detail that you indicate as being required is probably not necessary; that approaching it from
the point of View of looking at safety during shutdown and trying to anticipate a range of
conditions that you think are reasonably plausible, which is the approach we have today, will
likely work. What I would try and do is turn the question around and try and use a real
probabilistic treatment of the safety, but not to try and anticipate the fine detail the history of a
plant that might occur or might not occur.

G. Wallis, ACRS Member: Do you have a good measure of safety margin in a probabilistic
sense?

M. Golay, MIT: Yes. If you're using margin on let us say concerning the approach to melting
temperature or something of that kind, what that would translate into would be to formulate your
acceptance criterion from the design point of view at a very, very high confidence level so that
you ensure satisfaction.

G. Wallis, ACRS Member: But once you start saying there's a failure point, you are making
things deterministic, which really are not.

M. Golay, MIT: Well, I'm trying to relate it to the current design process.

G. Wallis, ACRS Member: That's right, but I think it would be interesting to see what you could
do with a definition of margin which got away from these ideas of having a point or --

M. Golay, MIT: Right, and what you would do, as you're hinting, is really to use a distribution
on all of the performance limits, and that would be a natural evolution that I think we would go to
and probably quicker than I'm anticipating.

G. Wallis, ACRS Member: You would look at the probabilities of all of those and the
consequences of all of those.

M. Golay, MIT: Right. That's right. So what you expect is that if people are using the
approach we're suggesting well, they would have natural incentives to put defense-in-depth into
their designs partly because they could see a benefit for doing it when they make a regulatory
submittal. The same thing would be the case with incorporating performance margin.

T. Kress, Advanced Reactor Subcommittee Chairman: How do I decide what confidence
level constitutes an acceptable margin?

M. Golay, MIT: My short answer is you have to work on it. It's partly a social policy and has to
be worked out in an iterative manner.

G. Wallis, ACRS Member: It's an interesting idea, but it seems to me that as you learn more
about a plant, you might actually get less detail than any kind of plan. You might really know
what you have to worry about and you don't need all of this detail.

M. Golay, MIT: Conceivably, and we've seen that, for example. The evolution of the passively
based water-cooled reactors could be an illustration of that. But one reason for putting this
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figure together is to address this question of where do the.design basis accidents and general
design criteria come into the picture. I would say that it's a tentative conclusion, not a firm one,
that those really play a role when you get to the detailed design and later stages of evolution
because when you try to formulate design basis accidents, you have to have a design. You
have to have a concept in terms of which to think about and have some seasoning in terms of
your understanding of its weaknesses, things of that kind. if you look at what we've done with
light water reactors, we've gone through that process.

G. Wallis, ACRS Member: Let's try to think about this. The method of design and analysis is
going to be in probabilistic terms. You mean that every time you put a correlation in a code,
you have to do something probabilistic with it?

M. Golay, MIT: Only if it propagated through into your risk evaluation.

G. Wallis, ACRS Member: It probably does.

M. Golay, MIT: Yes. For example, if your new correlation had a different uncertainty
treatment, you would expect that to be propagated through. That's right.

G. Wallis, ACRS Member: Why do you need subgoals? It seems to me that if you had a plant
that had no LOCA probability at all because of its design, then you might trade this off and be
allowed to have more probability somewhere else if all you care about is the total.

M. Golay, MIT: But you care about the uncertainty associated with the total as well.

G. Wallis, ACIRS Member: Yes, you do, but the total, the bottom line is the thing, not really
how it breaks up in all these pieces.

M. Golay, MIT: Well, I would say that another reason why you want to do this is that in the long
run for regulatory convenience and efficiency, you probably want to formulate risk-based
deterministic decision rules as you reach a high stage of maturity. So there will be sort of
natural incentives to formulate subgoals as the concept matures. And thats the reason we have
this in here, simply to illustrate that you have to go through this iterative process.

L.E. Hochreiter, Penn State University: You talk about using best estimate performance,
expectations and uncertainties. And you really have two kinds of uncertainties. You can have
the plant uncertainties, but you can have the uncertainties in the model that you use to do the
predictions, and with a light water reactor, we've got 40 years of a database, experimental
database so that we can quantify the models and the model uncertainty so that we have a good
handle on that. I don't know how you address that for a new design like we've been talking
about for these Gen. IV designs where you really don't have much of a database at all.

Mike Golay, MIT: Yes, with any concept, regardless of its level of maturity, I'll submit that as
you try to do a risk analysis of comparing alternatives, you ultimately end up at a point where
the available objective data reach their limits. You can find this with plenty of light water
examples as well, that what you're really into is a situation where you -- I think always -- that's
too strong a word because I don't have the basis for saying "always," but my experience has
been so -- that you end up with a combination of objectively based evidence and you have to
supplement that by your judgment. So the only suggestion that we're making is that you should
state that in probabilistic terms and incorporate it into the PRA so that with the new concept,
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you reach that limit much sooner than with the mature one, but that the general structure holds
up for both.

Larry Parme, General Atomics: You mentioned possibly replacing the DBAs with the risk
dominant events, and overall I'm supportive of your approac h, but in the licensing risk based
approach that we did for the MHTGR, one of the things we were looking at that sort of
approach, and we immediately ran into the problem that when you go and say that the risk
dominant events replace DBAs, you find that certain non-risk dominant events are the only
challenges, if you will, to certain key equipment or safety functions, and the risk dominant
events may not demonstrate to the regulator the various ways that your safety functions are
done. And I hope you follow what I'm saying. My question to you is: did you think about this?

We had thought about this in the '80s, found that risk dominant events weren't a true substitute
for DBAs and had to also use the PRA, but had to find from our event trees events that
challenged each of the safety functions regardless of their risk dominance.

Mike Golay, MIT: Right. Let me try and translate it though. What I think you're really saying is
that there's a concern about the level of uncertainty associated with your risk based analysis,
such that if you went in and claimed that you were doing very, very well, it wouldn't be a credible
claim, and that it was necessary to, in eff ect, show that you could handle something tougher, is
in some way a defense- in-depth kind of capability.
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Summary
Advanced High-Temperature Reactor for Hydrogen and Electricity Production

Dr. Charles W. Forsberg
Oak Ridge National Laboratory; P.O. Box 2008; Oak Ridge TN 37830-6180

Tel: 865) 574-6783; E-mail: forsbergcw�orni.gov

Historically, the production of electricity has been assumed to be the primary application of
nuclear energy. That may change. The production of hydrogen (H2)may become a significant
application. The technology to produce H2using nuclear energy imposes different requirements
on the reactor, which, in turn, may require development of new types of reactors. This
alternative application of nuclear energy may necessitate changes in the regulatory structure.

Alternative Applications of Nuclear Energy-H2113roduction

World consumption of 1-12for the production of chemicals (e.g., CHOH and NH3) and the
refining of crude oil into transport fuels is growing rapidly. Hydrogen is added to heavy crude
oils to (1) produce lighter fuels such as gasoline and 2) remove impurities such as sulfur. As
resources of high-quality light crude oils are exhausted, more H2is required to produce an
equivalent amount of gasoline per barrel of lower-grade crude oil. Because much of the H2 s

produced from lower-value refinery streams, an economical outside source of 1-12would allow
the conversion of these hydrocarbons into gasoline rather than require their use for 2

production. As a result, the output of liquid fuel per barrel of crude oil could significantly
increase, thereby reducing crude oil imports. Nonfossil 1-12would also substantially decrease
the quantity of natural gas that is used to produce H21 thus reducing carbon dioxide emissions.

Currently it is estimated that % of natural gas is used to manufacture H2for chemical and
refinery use. Hydrogen consumption is increasing rapidly, and some projections indicate that
by 201 the energy value of the hydrocarbons used to manufacture H2will exceed the energy
output of all nuclear reactors in the United States. Hydrogen has also been proposed as a
future transport and distributed-power fuel. These advanced applications would increase the 2

demand by one to two orders of magnitude. The development of economic nonfossil 1-12would
also protect the domestic chemical and refinery from high natural gas pces that could increase
1-12costs suff iciently to cause parts of these industries to move offshore for lower cost sources
of natural gas.

Hydrogen and electricity represent the only large potential markets for nuclear energy.
Therefore, if the uses of nuclear power are to expand, reactors must be designed to efficiently
produce H2' Many direct thermochemical methods are possible for producing H2with the input
of heat and water. High temperatures (800 to 1000"C) are required to ensure rapid chemical
kinetics (small plant size with low capital costs) and high conversion efficiencies 50% thermal
energy converted to 1-12). A low-pressure reactor coolant is desired to couple to the low-
pressure chemical plant. The development of such a reactor would also make possible better
methods of electricity production: indirect Brayton cycles and direct thermal-to-electric
conversion techniques. Efficient technologies for the latter process do not exist at present.

Advanced High-Temperature Reactor (AHTR)

If nuclear energy is to be used for production of H. or similar applications, reactors that can
meet the unique high-temperature requirements (800 to 1000"C) are required. One such
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reactor-the AHTR-is described herein. The high-temperature operations also create the
potential for very-high efficiency methods for the produc tion of electricity.

The AHTR would generate up to 600 MW(t) with an outlet temperatures of >1 00011C. The
reactor core contains a graphite-mat(ix fuel and core that has the same general characteristics
as that developed for modular high-temperature gas cooled reactors (MHTGRs). Such fuels
have been demonstrated at temperatures up to 12000C. The AHTR fuel cycle would be similar
to that for the MHTGR. The liquid coolant would be a molten fluoride salt (2LiF-BeF2) developed
for molten-sait-fueled fission reactors and proposed as a coolant for fusion reactors. The
coolant would transfer heat from the coated-particle graphite fuel to the H2 chemical plant. This
particular salt has a boiling point of - 400'C. Several other candidate salts exist such as
FLiNaK (a eutectic mixture of LiF, KF, and NaF). Fluoride salts are fully compatible with
graphite (the aluminum industry has electrolyzed aluminum fluoride salts in graphite furnaces
for over a century to produce aluminum metal).

The combination of the graphite fuel form and the molten salt coolant makes possible the very
high temperatures. The low-pressure coolant reduces the need for high-temperature, hgh-
strength materials in the external heat exchangers, compared with those required in reactors
that use high-pressure helium or other high-pressure fluids to transfer heat. The maximum salt
outlet temperature can be significantly higher than that for a gas-cooled reactor with the same
graphite fuel and same peak fuel-temperature limits. This is a consequence of the heat-
transfer properties of molten salt (similar to water) compared to helium. The improved heat
transfer lowers temperature drops between (1) fuel and coolant and 2) coolant and the H.
plant.

The AHTR reactor has some safety systems in common with other reactors, as well as some
unique features. Reactor power is limited by the high-temperature Doppler effect within the
fuel. Because the molten salt expands upon heating, an additional negative moderator
temperature coefficient is associated with coolant expansion. The reactor physics are similar to
those of the MHTGR. In an accident, the decay heat would be conducted directly from the
reactor core, through the reactor vessel, and then to the environment. This is similar to the
emergency decay-heat-removal system in an MHTGR.

The liquid coolant lowers the potential for radionuclide release by several mechanisms: (1)
atmospheric pressure eliminates a primary dving force for radionuclide releases, reduces the
forces that can destroy the containment or confinement system, and simplifies isolation of the
reactor from the environment, 2) the difference (at least 4000C) between the operating
temperature and boiling point of the salt provides a large margin before boiling occurs, 3) the
physical properties of the coolant allow natural circulation of the coolant to provide decay-heat
cooling, and 4) most fission products and atinides dissolve into the coolant. Significant work is
required before the full safety implications of this type of reactor are understood and before
such a reactor could be built.

Regulatory Implications

The production of alternative products using nuclear energy encompasses different safety
considerations involving both the reactor and the energy conversion facility. The impacts of the
reactor on the chemical plant and the impacts of the chemical plant on the reactor must both be
considered. It implies ownership-and possibly operation-by non-utility corporations. The
different products (1-12) may require reactors with non-traditional coolants such as molten salts.
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Advanced High-Temperature Reactor
for Hydrogen and Electricity Production

(joint ORINIL-Sandia Activity)

Charles Forsberg

Oak Ridge National Laboratory

P.O. Box 2008; Oak Ridge, TN 37831-6180

Tel: 865) 574-6783; E-mail: forsbergcw�omi.gov

ACRS Workshop: Regulatory Challenges For Future Nuclear Power Plants

Advisory Committee on Reactor Safety
U.S. Nuclear Regulatory Commission

Washington D. C.

June 5, 2001
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Outline

• Is a nuclear-based hydrogen economy in our
future?

• The Advanced High-Temperature Reactor
(AHTR)

An option for hydrogen production
An option for electric production

• Regulatory implications

OAK ;UDGE MkTioNAL ABOR-AroRy
U. S. D.EpAicrmENT OF ENERGY UT-BATTELLE
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Is a Hydrogen Economy
in our Future?

(it may already be here)

OAK RIDGE NAMONAL LABORATORY
U. S. DEPim iNT oF E4ERGY UT43ATTELLE

Rapid Growth Is Expected
in Industrial Hydrogen (H2) Demand

• Rapidly growing H2 demand
- Production uses 5% of U.S. natural gas plus refinery by-products
- If projected rapid growth in H2 consumption continues, the energy

value of fuel used to produce H2 will exceed the energy output of all
nuclear power plants after 201 0

• The chemical industry (NH3 & CH30H) is a large consumer

• Changing refinery conditions are driving up the H2 demand
- More heavy crude oils (limited supplies of high-quality crude)
- Demand for clean fuels (low sulfur, low nitrogen, non-toxic fuels)
- Changing product demand (less heating oil and more gasoline)

• If nonfossil sources of hydrogen are used, lower-value
refinery streams can be used to make gasoline rather than
hydrogen�-reduced oil imports

OAK RIDGE N.NTION'AL LABORATORY
U. S. DPAttT.,,m-r OF NERGY Lrr-BATTFLLE
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Increased Use of More Abundant Heavy Crude Oils Reduces
Refinery Yields, Unless Nonfossil Hydrogen Is Used

Input Refinery Transport Fuel

pas ght Dirty (sulfur, etc.
H2)n

Pennzoil, (CH2),

Current
Transition

ur,, 0.dn
Present�� H Clean: (CH

Natural Ga

"W,
Future (CHO.d Clean9Qrud

Nonfossil Hydrogen

OAK RDGE NATIONAL LABORATORY
U. S. DFP.,,RT.NiE-vr or ENERCY Ur-SATTELLE
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Multiple Benefits with Economic
Nonfossil Sources of. Hydrogen

* Increased transport fuel yields per barrel
- Lower-value oil components converted to transport fuel

rather than to hydrogen (current practice)

- Reduced imports of crude oil and natural gas

& Greater use of heavy crude oils
- More abundant with lower costs
- Western Hemisphere suppliers (Venezuela, Canada, and

the United States)

* Competitive chemical and refinery industry
- Natural gas price increases are increasing H Csts

- Risk of parts of the industry moving offshore

* Lower carbon dioxide emissions
OAK RIDGE N.ATioNAL LABoR:kToRy
U. S. DEPAxr-mv;T o ViERry UT-BATTELLE
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The Growing Industrial Demand for Hydrogen Creates a
Bridge to the Hydrogen Economy

Experience Technology
evelopment r Distributed

PowTransport
Refinery an Fuel

ChemicalDemand

OAK RIDGE N.;TIONAL LABORATORY
U. S. DEPARTNW14T OF ENERGY UT-SATTELLE

Hydrogen Can Be Produced with Heat
from a Nuclear Reactor

• Heat water * hydrogen (H2)+ oxygen(02)
• Nuclear energy would compete with natural

gas for H2production
- Rising natural gas prices.
- Constant (level load) H2demand matches nuclear output

• Characteristics of hydrogen from water
- Projected efficiencies of >50%

- High-temperature heat is required: 00 to 10009C

- Existing commercial reactors can not produce heat at these
high temperatures

- An alternative reactor concept is required

OAK RIDGE MATIONAL L.ABORATORY
U. S. D.EPART-mvyr OF ENERCY Ur-BATTELLE
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Chemical Processes Convert High-Temperature
Heat and Water to Hydrogen and Oxygen

(Example: Iodine-Sulfur Process)

Water

Oxygen Hydrogen

Hc�at

HZSO. + SO� + 2HO 2HI K, 4- 6

S2 YA)� 2HI + H2SQ,

OAK RIDGE NATIONiAL UoRtITORY
U. S. D EP.,,RTm?_NT o E.N ERc Y UT-SATTE I 

O�LOWG2=-,=

An Advanced High-Temperature
Reactor (AHTR)-A Reactor

Concept for Hydrogen Production

(Different products may require
different reactors)

OAK RIDGE N.ATiOINAL LABORATORY
U. S. DzPAirr,,iFNr oF E.Nucy UT-BATTE E
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Advanced High Temperature Reactor
Coupled to a Hydrogen Production Facility

Reactor xygen

Hot Hydrogen
.-.10WC Molten Facility

Control Saft
Molten Salt Rods
(Example.

2UF- Heat
110 if

800-1000'C Heat+water
Oxygen:+

HydrogenJpr

Fuel
(Graphite: Smilar

to KrGR Fuel)

OAK RIDGE NATIONAL LABORATORY
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Desired Reactor Characteristics to
Produce High-Temperature Heat

Low-pressure system (atmospheric)
- Metals become weaker at higher temperatures

- Low pressures minimize strength
requirements

- Match chemical plant pressures (atmospheric)

Efficient heat transfer
- Need to minimize temperature drops between

the nuclear fuel and application to deliver the
highest-temperature heat

- Liquid coolant

OAK RIDGE NATIONAL LABORATORY
U. S. DERxirr.,,1E.%-r OF ENERGY Ur-BATTELLE
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The AHTR Combines Two Different
Technologies To Create an Advanced

High-Temperature Reactor Option

• Graphite-matrix fuel
- Demonstrated operation at an operating limit of -12002C

- Same fuel technology planned for modular high-temperature
gas-cooled reactors

- Fuel geometry/dimensions would be different for molten salt

• Molten salt coolant (2LiF-BeF2)
- Very low pressure (boils at -14002C)

- Efficient heat transfer (similar to that of water, except it works
at high temperatures)

- Proposed for fusion energy machines

OjV RIDGE N.AXTONAL LABORATORY
U. S. DEPmNzF-,rr op E.4ucy Lrr43A1-rELLE

Japanese High-Temperature Engineering Test
Reactor Fuel for 95OLC Helium Exit Temperatures
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Molten Salt Coolants Allow Low-Pressure Operations at High
Temperatures Compared With Traditional Reactor Coolants

Boiling Point Coolant Operating Pressure

IC Molten Saft- - - - Atmospheric

AH
t

TTR=��ee.

883'C Sodium - - - - - Atmospheric

High Pressure To Maintain Dense
(Efficiency) Coolant

i 00,C - - - - - Water - - - - - -1000-2200 psi

-269'C - - - - - Helium - - - - - 1000-2000 psi

OAK RIDGE NxTIONAL UXBORATORY
U. S. DEPARTmvNT OF ENFRCY Ur-BATTELLE

OP.NLDWO2001-101

The Safety Case for the AHTR

• Low-pressure (subatmospheric) coolant
- Escaping pressurized fluids provide a mechanism for

radioactivity to escape from a reactor during an accident
- Low-pressure (<1 atm) salt coolant minimizes accident

potential for radioactivity transport to the environment
- Minimize chemical plant pressurization issues

• Good coolant characteristics provide added safety
margins for many upset conditions

• Passive decay-heat-removal system similar to that
proposed for other advanced reactors
- Heat conducts outward from fuel to pressure vessel to

passive vessel-cooling system
- Power limited to 600 MW(t)

0--,LK RIDGE NmoNAL LABORATORY
U. S. DEPAxT.,iYN,7, OF ENERGY Ur-BATTELLE
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High Temperatures Also Create New
Options For Production of Electricity

High-efficiency helium gas-turbine cycles
- Conversion efficiency >50% at 10002C

- Provide isolation of power cycle from the reactor using
low-temperature-drop heat exchangers

- Use advanced gas-turbine technology

Direct thermal to electric production
- No moving parts (solid-state) methods to produce

electricity from high-temperature heat

- Radically simplified power plant

- Potential for major cost reductions

- Longer-term option-solid-state technology is in an earlier
stage of development

OAK RIDGE NArjONAL LABORATORY
U. S. DE.vrmv,,rr OF LNFRCY LTT43ATTEI 

Advanced High Temperature Reactor With
Brayton Cycle For Electricity Production

Reactor Heat Transfer Loop Electric Generation
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The AHTR May Enable the Longer-Term Option of
Direct Conversion of Thermal Energy to Electricity

Reactor Solid-State Direct
Hot Thermal- To-Electric Converter:.1000,C Molten

control Salt
Molten Salt Rods
(Example,
2UF-

A.- Molten Electric
'IRWIN Power

Cooling
Water

Fuel Converter
(Graphite: Similar

to HTGR Fuel)

OAK RIDGE NATIONAL LABORATORY
U. S. DEPART.NiEmr OF EERGY LJT-43A."M

ORNLOW02COI-105

High Temperatures Create
Development Challenges

* AHTR uses some demonstrated
technologies
- Fuels (modified HTGR fuel)

- Coolant

* AHTR requires advanced technology
- High-temperature materials of construction

- Optimized system design

- Heatexchangers;

- Hydrogen and energy conversion systems

OAK RIDGE MkTioNAL LABoR.kToRy
U. S. D.F.PAimiENT OF ENERGY Lrr4BATTELLE
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Regulatory Implications of
Hydrogen Production

• Different owners: oil chemical companies
- Larger than traditional utilities

- Different perspectives

• Both chemical and nuclear safety must be
considered (it is not clear where the primary
hazard is)
- Chemical plant must not impact nuclear plant

- Nuclear plant must not impact chemical plant

• Non traditional (non-water, non-liquid-metal,
non-gas) reactors may be preferred

OAK RIDGE NATIONAL LABORATORY
U. S. DwARTmF_,4T O EERGY LIT-BATTELLE

Conclusions
• Economic methods to produce hydrogen from

nuclear power may provide multiple benefits
- Increased gasoline and diesel fuel yields per barrel of

crude oil with reduced dependence on foreign oil

- Long-term pathway to a hydrogen economy

• High-temperature heat allows for new, more-
eff icient methods to produce electricity

• Reactors with different characteristics may be
preferred for such different uses
- Very high temperatures

- Low pressures

OAK RIDGE N.ATio.N.AL LABORATORY
U. S. DPmrr.,%NT OF ENFRGY la-BATTELLE
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Added Information

OAK RIDGE NATIONAL LABORATORY
U. S. Dmum. v-,,rT oF E.NERcy UT43ATTELLE

Hydrogen is Made From Natural Gas-if Gas Prices
Remain High, a Significant Fraction of the Chemical

and Refinery Industry May Move Offshore
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There Has Been Extensive Development of
Molten Salt Technologies For High-
Temperature Nuclear Applications

• Initial development was for the Aircraft
Nuclear Propulsion Program
- Heat transferred from the solid-fueled reactor to

the heat exchanger in the aircraft jet engine

- Molten salts were chosen based on physical
(pressure .0 atm.) and nuclear properties

• Molten salts are being considered for cooling
fusion reactors (both types)I

• Russian studies on molten-sait-cooled
reactors

OAK RIDGE NATIONAL LABORATORY
U. S. D.PARTNmNT OF EqvRcy UT43ATTZ I 

Vapor Pressure of 21.117-BeF2 Is Low
Compared To Other Reactor Coolants
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Characteristics of Molten Salts

• For the proposed 2UF-I3eF2saIt, the temperature
rise from the AHTR operating point to the boiling
point is -400-d

• Several other fluoride salts could be used
• Natural circulation cooling is an option
• Fluoride salts dissolve most fission products and

actinides (basis for molten salt fueled reactor)
• Freeze point is -4572C
• Large industrial experience with other fluoride

salts (aluminum production)

OAK RMGE NATIONAL LABORATORY
U. S. DEPART.%wrr op Evmcy LIT43AI-rELLE

Advanced High-Temperature Reactor
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D. Powers, ACRS Member: It even goes beyond that because by taking out the aromatics you
reduce the octane level -- octane rating of it, and so now you have to do more processing on
the octanes.

C. Forsberg, ORNL: Yes. This type of refinery has about 95 percent efficiency. That is for
every 1 00 BTUs going in here you get 95. This type of refinery for every 1 00 BTUs you get
about 80 BTUs out. So the refinery efficiency is dropping.

D. Powers, ACRS Member: And those particular salts that you've got there, just about
everything dissolves, even the things we think are nominally metals.

C. Forsberg, ORNL: I know. This is an unusual coolant. But its a different approach to safety
also, and that's why I mention it because we normally don't think of coolants as fission product
absorbers. And in this case the coolant is a fission product absorber.

D. Powers, ACRS Member: We saw this in TM[, that you blow fission products through water.
They stay in the water. And here all you're doing is magnifying that with a coolant that has a
higher dynamic range than water does.

C. Forsberg, ORNL: Yes. I think it's an important issue though because there are different
approaches to safety also that you can think about when you go to these high temperatures
and when you go to other coolants.

D. Powers, ACRS Member: I think it has some interesting safety issues that are peculiar to
itself. This is the classic problem of over-cooling accidents. Start-up is interesting. Start-up and
shutdown, both are interesting events in this reactor.

C. Forsberg, ORNL: What D. Powers means by start-up is that this material thaws, becomes
a liquid at about 400 C., molten salt. So you have a system that is, on start-up when it turns to
liquid, is already moderately warm. In fact, it's hotter than any light water reactor on start-up,
which is not your normal way of thinking about things.

J. Sieber, ACRS Member: I presume you pumped this molten salt around the surface. Are
there pumps that can actually do that at these temperatures?

C. Forsberg, ORNL: Yes. Well, we haven't done anything at this temperature. The molten
salt reactor experiment at Oak Ridge operated at 700 C. Now, the difference is in that reactor
the uranium was dissolved in the salt. There was not a solid fuel element. But that operated
about a much lower temperature of 700 C., and of course, nobody has operated a salt system
at these temperatures.

J. Garrick, ACNW Chairman: Are you going to say anything about performance
characteristics other than temperature and pressure?

C. Forsberg, ORNL: We're very early in the game, and I wouldn't make any promises that we
have any information that would be considered credible. It's very, very early in the game.

J. Garrick, ACNW Chairman: Just cycle times?
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C. Forsberg, ORNL: That's right. We started this effort about six or eight months ago, so
we're very early in the game. Starting with the observation that there some -- maybe some
demands for a very high temperature reactors, and if you have very high temperatures, how do
you get there with the materials that may exist, and obviously you throw out water; you throw
out sodium.

J. Sieber, ACRS Member: To maintain the pressure, how does it accommodate power swings
that could be pretty sever in some accident situations.

C. Forsberg, ORNL: Yes. We're not at the point where we've investigated the details of how
you're going to handle these types of events.

D. Powers, ACRS Member: Have you thought about what your primary pressure boundary is
going to be?

C. Forsberg, ORNL: There are three obvious choices. One is a molybdenum alloy. Then
there is some oxide dispersion stainless steels that may have the capability, and then there are
also graphites. But we're very, very early. And all of those things are cases where people have
shown in the laboratory that the materials are capable of doing something, but nobody knows
whether or not they could be made on a large scale or whether you could fabricate them or
whether you could convert this into a practical reactor design.

So what we have is materials that are used -- we have -- there are a number of high
temperature materials that are used in research applications that operate at these conditions
normally, in a research environment, but have not been used in a production environment. So
what you have is materials that, yes, some of them have been used for 40 years, but only in a
research environment. There's a big difference between research and production.

D. Powers, ACRS Member: There's a big difference between research environments and
flowing, high velocity flows. The problem here is interesting. It's not carbon extraction, it's
alloying-agent extraction.

C. Forsberg, ORNL: That's right. That's exactly right. There is a fair amount of experience
based up to about 700, 800 C. Above 800 C., the databases begin to get very sparse.

T. Kress, Future Reactor Subcommittee Chairman: There wasn't any way to get the fission
products out to the atmosphere or there didn't seem to be. The reason I say that is why
wouldn't this be an attractive concept for just electricity generation? Because you don't have
these extra hazards then of the chemical plant and so forth. And just by itself it looks like would
be a pretty safe, inherently safe concept.

C. Forsberg, ORNL: I think it has potential attractiveness. And that's worth considering, but I
think an important other consideration is that in this particular case you may also have multiple
markets. And it's those multiple markets that may make it much more attractive for a serious
consideration as an advanced reactor concept.
But clearly if you develop this, one will take a very hard look at it as a electric power producing
reactor because those safety benefits apply to any other application as long as it doesn't have
interface issues.

290



D. Carlson, NRC: Lthium 6 is a strong neutron absorber and produces copious amounts of
tritium.

C. Forsberg, ORNL: Its isotopically separated lithium. Lithium 7 If we're looking at several
coolants, some with lithium and some without lithium. The ones that include lithium have
Lithium 7 because otherwise the neutronics doesn't work.

D. Carlson, NRC Staff: Well, even impurity levels of Lithium 6 would give you lots of tritium.
In fact, in the pebble bed reactor work in Germany, where they were considering processed
heat applications, the very small amounts of tritium on the order of 1,000 Curies per year were
a concern in terms of getting the ttium into the product gas.

C. Forsberg, ORNL: Yes. Tat's why one of the reasons we consider multiple coolants. Each
coolant has particular advantages and disadvantages. Neutronically the lithium beryllium
fluoride is a tremendous advantage. But the disadvantages include tritium and a couple of
other issues.

The sodium potassium, sodium potassium zirconium fluoride avoids that problem. It has a little
more activity in the coolant, and has some other issues. So one of the issues in a molten salt
reactor is which coolant you want. They all have the same general characteristics, but that's
where the tradeoff comes on, coolant A versus coolant B.
You're absolutely right. That's why the coolant decision has not been made and why several
coolants are being considered. All fluoride salts, but they have different benefits.
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Nuclear Energy Institute (NEI) Summary

Prepared by ACRS Staff for A. Heymer

A. Heymer of NEI provided a brief discussion on the benefits of establishing a new
regulatory framework. He suggested that a new paradigm in regulatory thinking is
needed and stated that the reactor oversight process (ROP) serves as the appropriate
basis for starting these discussions. He suggested that the ROP cornerstones of safety
be used as the starting point for developing a new set of General Design Criteria (1 0
CFR Part 50, Appendix A). He suggested that new operating criteria, generic risk-
informed and performance-based regulations be developed with associated design-
specific and regulation-specific regulatory guides
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New Plant Regulatory
Framework

NRC ACRS Workshop on Advanced Reactors
New Regulatory Framework

Adhan Heymer, NEI
(aphftei.org, 202-739-8094)

NEI

Benefits of Establishing
New Framework

Helps establish a new paradigm of thinking

- Not burdened by current requirements or
interpretations

- Provides a standard against which to set requirements

Provide a platform for agreement on

principles and objectives

- Ensures issues are focused on safety and are tied to
defined safety objectives

NEI
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Benefits of Establishing
New Framework

• Provides basis for NRC industry positions
• Improves regulatory consistency

- Aligns regulations and oversight process

• Use Reactor Oversight Framework as basis for
starting industry & regulatory interactions
- Avoids "re-invention" of framework already accepted

by NRC

- Cultural change burden eased

NEI
40�

New Plant Regulatory
Framework

• Generic to a types of reactor

• Top-down approach based on NRC mission

- Adequate protection of public health & safety

• Based on NRC oversight cornerstones

• New Gene ral Design Criteria

• Introduce General Operating Criteria

• Develop a new set of generic, risk-informed,
performance-based regulations

• Develop design-specific and regulation specific
regulatory guides NEI
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Establishing a New Regulatory
Framework for New Plants

• Concept -- Risk-Informed, Performance-Based
Licensing and Regulatory Regime

• Proof-of-concept application(s)
- Use License Renewal and Option 2 models

- Minimizes hypothetical discussions

- Definitive schedule to drive resolution process

• Industry effort consolidates lessons learned
from proof-of-concept activities

Vehicle for supporting proof-of-concept positions
NEI

NRC's Mission to Provide Adequate
Protection of Public Health & Safety

Safety Areas

t
Cornerstones & Attributes

t
General Design and Operating Criteria

T
Risk-Informed, Performance-Based Regul

T
Design/Regulation Specific Regulatory Guides

DRAFr NEI
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REGULATORY OVERSIGHT FIL"WWORK
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cross-cutting

NEI
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DRAFT

Cornerstones
1 0 CFR Part 0

160 GDCs, Regulations Appendices
- Initiating Events -- 16

- Mitigation (Systems) - 46

- Barriers - 27

- EP 3

- Pub. Radiation Safety 9

- Occupational Safety -- 4

- Safeguards-- 4

- Adm*nistrative -- 68

- Financial -- 6

- Operational -- 23
NEI

Example of New Regulation

XX.63 Plant configuration
management

Licensee shall assess and manage changes
in risk that result from maintenance,
modifications and operational activities
that could degrade safety-significant
fu n ct ion s.

DRAFT NEI
10
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Example of
New Design Criteria

Protection against natural phenomena
Safety-significant structures, systems, and components shall
be designed to withstand, or be protected from the effects of
natural phenomena, such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without loss of
capability to perform their safety functions. The design and
protective features shall reflect the most severe natural
phenomena that have been historically reported for the site
and surrounding area, with sufficient margin for uncertainty
related to the limited accuracy, quantity, and period of time
in which the data have been accumulated.

DRAFT NEI
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G. Apostolakils, Chairman, ACRS: Everybody keeps saying risk informed performance
based, but can licensing really be performance based?

A. Heymer, NEI: I think in the context of purely the licensing action, no, but what follows on
afterwards is.

G. Apostolakis, Chairman, ACRS: Oh, the regulatory.

A. Heymer, NEI: Yes.

G. Apostollakis, Chairman, ACIRS: The oversight, sure. We are not dealing with that now.
You are dealing with licensing, aren't you?

A. Heymer, NEI: Well, we think that if you put a new Part 53 in place that there should be
some element dealing with operational aspects, and so that's where we see that coming in, and
there's also a probability that if you look at the Part 52 process in ITAAC, that is akin to a
performance based element to a certain extent.

G. Apostolakis, Chairman, ACRS: What I'm saying is that you are overplaying it a little bit,
unintentionally, the significance of the fact that this framework has been Used in the oversight
process. The fundamental issues are there. If you look at the report the staff developed on
Option 3 essentially they follow the same approach, but they dare go beyond that, and I think
you guys are a little cool towards the other stuff they did. If you look at what Golay did, well, it's
buried in there. It's the same idea. So I think this is a good starting point, but I wouldn't
overplay the connection to the oversight process. It's a very different regulatory problem.
That's my impression.

A. Heymer, NEI: That's good insight. It's good input. I'm going to take that.

G. Apostollakis, Chairman, ACIRS: What we're seeing now on the screen is the NRC
oversight process. When you go to yours, you are adding a fourth element in the second tier,
but how about the bottom? What happened to human performance, safety conscious work
environment, and problem identification or resolution? Are you going to handle those in a
different way?

A. Heymer, NEI: Problem identification and resolution is in the quality assurance element.

G. Apostolakis, Chairman, ACIRS: I thought your -- the emphasis of your talk was going to be
on licensing of the new concepts. But yours seems to be attacking the whole thing.

A. Heymer, NEI: It's a regulatory --

G. Apostolakis, Chairman, ACRS: Does Exelon really worry about how the NRC will regulate
the pebble bed after they get the license? They worry about it right now?

A. Heymer, NEI: They worry about it right now, but if you're dealing with -- and that's why I said
when you develop the framework, you have people like Exelon moving out and testing the
process on a pebble bed, and there's a feedback process that comes in and you can adjust.
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M. Bonaca, ACIRS Member: Although I must say that I still am confused about what's
different in this from the previous system. I mean I could take the previous -- the existing
system and then put it on --

A. Heymer, NEI: From a framework perspective, not much. It's when you get down to specific
regulations you begin to see --

M. Bonaca, ACIRS Member: Okay. Well, I can understand that. I don't quite understand from
the examples where the differences may be, and I really couldn't figure it out. But I understand
your intent. I mean, clearly you said before that it has to be risk informed and you're looking.
The reason why I bing it up is that we saw a number of innovative processes this morning, and
the concer I have is that you can put in a licensing framework now that may stifle, in fact, the
credibility of some of the innovative cultures as much as the old system stifles.

A. Heymer, NEI: Well, when you look at the framework and you see the current regulations
and requirements, I would agree with you. If you look at the framework and say there are
alternative regulations or a different set of regulations, a different set of design cteria, I think
that gives you the flexibility.

G. Apostolakis, Chairman, ACRS: No, there is a slight problem here, I think, in the sense that
I cannot determine what is risk significant or safety significant until I have a PRA which will tell
me when the PRA will be based on the actual design, but now I'm supposed to use the results
of that PRA, in fact, to create the knowledge base for the PRA.

A. Heymer, NEI: Well, it's an iterative process.

G. Apostolakis, Chairman, ACRS: So you start with one and do it and do it again?

A. Heymer, NEI: Yes, and there is experience. You just don't say, "Well, I'm starting with a
new design. What have I got?" I mean, there's --

G. Apostolakis, Chairman, ACIRS: I must say overall though, Adrian, maybe it's too early in
the process, but 1, frankly, thought you were going to come up with something that's a little
more daring. You are really sticking to the existing regulations which you have blasted in the
past. We must be doing something right.

A. Kadak, MIT: Let me suggest something a little more daring, and it's reestablishing the
regulatory compact between what the regulators job is, what the licensee's job is in terms of
how they deal with the future protection of public health and safety from a system that is quite
prescriptive in terms of its requirements to something that more fully puts the burden on the
operator to meet some high level goals.

And I'm not sure what that new relationship is, but clearly if we go to 1,000 plants, let's just say,
in trying to build on G. Apostolakis's ten times whatever the probability is and it gets to be a
large number, that you can't continue doing it the same way, and what new regime might be
appropriate to protect the public health and safety in the sense of a risk informed and
performance based system. So that addresses the inspection and addresses the enforcement
action, as well as the standards that you apply to new technology. So that's kind of the
comment to the NEI people as well as to the rest of us, and that is how can we improve the
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overall process not only for design and construction and operation, but also regulation. If there
was a question on that, you can try to answer it, but it's a new regulatory paradigm.

A. Heymer, NEI: Yes. It's thinking ahead and saying, like just challenging the NRC relative to
how are they going to do license renewals for 80 plants in the next five years or ten years.
They can't. Something has to change, some trust, some new relationship, and we have to
figure out how that will work in a legal way.

Dana Powers ACRS Member: Well, I think they came up with a fairly effective solution. I
mean, they've gone through the catalog to a variety of data on the age degradation, a huge
number of topical reports, they run four or five pilots, established a template, and people were
following the template. Based on what we saw from ANO, you follow the template and you put
out a pretty good product, and it goes very quickly. You're not going to have 80 new concepts
in five years. We haven't got the same problem.
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ACRS WORKSHOP

Key Regulatory Challenges for Future Nuclear Power
Plants

Neil E. Todreas
KEPCO Professor of Nuclear Engineering

Massachusetts Institute Of TechnOlOgY

PM June 5, 2001

m.LT. DepL of Nudear xginee

CHALLENGES

FUEL AND CLAD MATERIALS - TAKEN TO HIGHER BURNUPS
AND OPERATED AT HIGHER TEMPERATURES-

Drivers: Longer Operating Cycles.

Iligher Temperature Primar Sstems.

particular Challenges: 1) Reductions in Waste Toxicity and Volume.

2) Understanding and Control of Coolant Corrosion,
particularly role of coolant impurities.

3) Qualification of Core Loads of Billions of Fuel
Particles.

4) New Maintenance Practices.

M.LT. Dept of Nudear 4qOnte
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3) Questions Regarding Particle Fuel Qualificat

How many particles, if failed at the most limiting time in core life released, would be
required to exceed the following conditions:
• Dose Emits for plant workers?
• The lowest condition on the UFA scale of plant incidents?
• Protective action guidelines for the general public?

If the fuel particle specification is product based:
a. What are the individual particle attributes which are controlled by the

specification, and for each, to what levels, and allowable variation to prevent
particle failure?
b. What is the aowable variation in related individual particle attributes which must be
maintained to prevent particle failure?

If the fuel particle specification is process based:
a. What are the individual process variables which are controlled by the

specification, and for each, to what levels, and aowable variation to prevent
particle failure?
b. What are the individual alowable variations in process variables which are sufficient
to prevent particle failure?
c. What is the allowable variation in related individual process variations which must be

of Nuclear Enginft

Particle Fuel - Consequences of a Process Specifi

• Critical Operator Actions now become located in the fuel
fabrication facility. The fuel fabricator is the de facto control
room operator.

• Innovation in particle fuel design & fabrication processing is
likely more costly and hence inhibited.

of Nudear Eagi
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4) Maintenance Practices

Driver: Longer Operating Cycles

Frequencies . Extended

Plant Mode . More on-line.

Practice . Example: Relief Valve Testing

MXT. DepL of Nudear Engi

Why are these items Challenges?

New Technologies - require development of

• NRC staff expertise

• NRC confirmatory research basis

Design Solutions are aimed at precluding historic initiators

Establishment of a new risk-based regulatory
framework will be needed.

ofNudmrFmgi
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REGULATORY CHALLENGES
FOR THE LICENSING OF FUTURE

NUCLEAR PLANTS: A PUBLIC
INTEREST PERSPECTIVE

Edwin S. Lyman
Scientific Director

Nuclear Control Institute

ACRS Advanced Reactor Workshop
June 5, 2001

REGULATORY CHALLENGES

NRC licensing of advanced plants must
ensure that these economic imperatives do
not have adverse impacts on

- Safety
- Risk of radiological sabotage
- Waste management and disposal
- Non-proliferation
- Full opportunity for public participation
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EzKAMPLE: PBMR

PBMR characteristics fundamental to its
economic viability represent significant deviation
from traditional "defense-in-depth"

- Lack of pressure containment
- Significant reduction in safety-related SSCs
- Reduction in EPZ radius by a factor of 40 (exploits

regulatory exemption for HTGRs)
- Greatly increased reliance on fuel integrity under

accident conditions for protection of public health

ACRS 1988): unusually persuasive argument
required to justify "major safety tradeoff

PBMR FUEL PERFORMANCE AND
SAFETY GOALS

Source terms must be accurately determined for a
full range of potential accidents
- Pebble performance very sensitive to initial conditions -

-- relationship poorly understood
- Robustness of PBMR fuel is being oversold ---

significant fission product release (several % of Cs
inventory) can occur at 1700-1 800'C) --- hundred of
degrees below fuel degradation temperature

- Quality control is paramount --- BNFL involvement in
South African fuel fabrication plant suggests that a fuel
quality control programmatic ITAAC is necessary

307



PUTDMR SAFETY GOALS

• Safety goals need to be reexamined for advanced
reactors

Current goals not conservative enough --- could still be
met by reactors today with containments removed!
"Large release fraction" if EPZs are reduced

• Accident frequencies that could result in R must
be accurately calculated
- Design-basis LOCA --- safety margin may be too small
- Air or water ingress

• System upgrades may be necessary to meet goals
- secondary coolant system (MIT vs. Eskorn)
- advanced fuel coating materials (i.e. ZrC)

RADIOLOGICAL SABOTAGE
THE "SHOW-STOPPER"?

Providing adequate physical protection to defend
plants against sabotage has proven to be a major
challenge:
- 50% of U.S. nuclear plants failed force-on-force

(OSRE) testing of plant security in 2000
- At Exelon's Quad Cities plant, "deficiencies in the

licensee's protective strategy enabled the mock
adversaries to challenge the ... ability to maintain core
cooling and containment' (NRC, October 18, 2000)
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R-ADIOLOGICAL SABOTAGE (cont.)

No nuclear system can be rendered "inherently
safe" ftom. radiological sabotage
- Deliberate graphite fire in PBMR remains possible even

if accidental fire is incredible
- Reduction in security staffing requirements for PBMRs

not technically justifiable
- Systems with in-situ reprocessing plants (S-PRISM)

would be especially attractive targets

ACRS 1988) recommended that NRC develop
guidance for incorporating sabotage resistance
into advanced designs --- need early involvement
of Reactor Safeguards staff

PBMR WASTE DISPOSAL

Final waste disposal may be the single largest
obstacle to nuclear power expansion

Spent pebbles create a huge waste problem: per

MWD, compared to spent WR fuel:
- Volume and weight are about 10 times greater- with

proportionate increase in storage and transport
requirements

- Carbon-14 inventory is 10-20 times greater --- problem
for unsaturated repository like Yucca Mountain
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PUBLIC ACCEPTANCE

New facility siting is a great challenge:
- Favors new plants at existing sites in areas of broad

public support
- Trying to greatly increase number of nuclear plant sites

is a losing strategy --- but there is little advantage in
modularity if available sites remain highly limited

- Favors minimization of transport of nuclear materials
Public opposition may only be deterred with a clear
commitment to maximize safety:
- Favors "gold-plating" nuclear plants
- Inconsistent with attempts to eliminate containment,

reduce emergency planning, etc

PUBLIC ACCEPTANCE (cont.)

Aggressive licensing schedule proposed by Exelon
for PBMR (construction to begin in 2004,
operation in 2007) will only antagonize
antinuclear groups now mobilizing
"License by test" is just a PR move --- unlikely to
be adequate to resolve all safety issues to NRC
satisfaction
Better to proceed more cautiously and make sure
that full resolution of all technical concerns is
achieved
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THE FUNDAMENTAL DILEMMA
OF NUCLEAR POWER EXPANSION

Without ratepayer or taxpayer subsidy, no new
nuclear plants will be built unless they can
successfully mimic the desirable economic
features of gas turbines:
- low capital cost

- short construction time

- modula rity and ease of distribution

Can this be done safely? Or is nuclear
technology incompatible with these objectives?

O
13

C4 "I f"10
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L. E. Hochreiter, Penn State University: Some of these designs are looking at not having a
containment, and then I think you have issues. Today in the light water area, really failed fuel is
a utility or an operator concern, and it's a vendor concern, and you're very, very careful about it
because obviously if you want to sell fuel, you don't want it to fail. So it's a problem that solves
itself. But you've got a containment around the plant. In some of these designs you don't have
a containment, and I think it could be more of a problem.

N. Todreas, MIT: Okay. First, let me answer I'm not promoting either a process or a product
specification. What I am doing is asking whether it is going to be a process or a product
specification, and then developing a line of questioning along each.

L. E. Hochreiter, Penn State University: Neil, on your process control, are you envisioning a
control process where you can try to control each, on these particles, each layer in this
thickness within a specified amount or the total product as it comes out?

Because I don't see how you control each layer, and if you control on the total product that
comes out, if it doesn't come out right, and you won't find that out probably until you operate,
then you've got a problem.

However, now, in addition though the way you ask the words, a process specification means
that you control the process of every manufacturing step. So you may have a process where
you're doing the coating, but you don't go and measure the coating or sample the coating.
What you do is you control the aributes of the fabrication process. How do you know you meet
your criteria if you don't go and measure?

N. Todreas, MIT: No, no, because what you do in the qualification stage, you take the product
that comes out; you put it in the reactor; and you'd better make well sure it can take the burn-up
with a failure criteria over whatever your design lifetime is.

L. E. Hochreiter, Penn State University: At some point you're going to have to have gone
through and verified that whatever your process is gave you the product that you wanted.

Neil Todreas, MIT: There's a tremendous amount of radiation data on this particle fuel. If you
can pin down the process that it was made to and link it to the data, then you can say you
identified the process, and then you can basically duplicate it and keep going. That's the
burden the applicant is going to have.
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ENDNOTES

The ACRS Subcommittee on Future Reactors met on June 45, 2001, at 1 1 545
Rockville Pike. The purpose of this meeting was to discuss regulatory challenges for
future nuclear power plants.

The Subcommittee received no written comments or requests for time to make oral
statements from members of the public regarding the meeting. The entire meeting was
open to public attendance. M. Markley was the cognizant ACRS staff engineer and
Designated Federal Off icial for this meeting. The meeting was convened at 900 a.m.
and recessed at 715 p.m. on June 4 The meeting was reconvened at 830 a.m. and
adjourned at 5:50 p.m. on June 5. During the course of the meeting,.ACRS members
Apostolakis, Leitch, Powers, and Sieber and ACNW member Garrick announced that
they have conflicts with certain presentations made to the Subcommittee.
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