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Introduction

Good morning. | would like to express my thanks to Admira Bowman for hisinvitation to
present this talk, which continues the cordia relationship between my organization and yours. The
NRC has worked with Nava Reactors for many years, reviewing the designs and safety evauations of
your new reectors. | believe that the interaction has benefitted us both.

Asit happens, | have a particular fondness for nava reactors that slems from my childhood.
When | wasin 4" or 5™ grade, | was obligated to generate a project for a science fair and, of course, left
any thought abouit it until the night before it was due. | managed to parlay aplastic modd of the
Nautilus and a primitive understanding of Avogadro’s principle into an undeserved firg-place finish.
With this as a backdrop, it was a particular pleasure about ayear ago to spend aday on board an actua
submarine, the U.S.S. Oklahoma City, seeing just how well the machines you design and the people
who operate them perform. 1t was an unforgettable experience.

| should add that both the NRC and | persondly have benefitted greetly from the expertise of
many people who have been involved in the Navy nuclear program and subsequently joined the NRC
gaff. One of my reactor technica assistants was a graduate of the Naval Academy and is a submariner
who is dill inthe Naval Reserves. | gave him some ingructions as to how to handle atough and urgent
Stuation and he responded with an “Aye, Aye, Captain.” | viewed his accidenta utterance as a great
compliment. 1t made my day.



| would like to focus this morning primarily on initiatives that the NRC is taking with regard to
the way in which we regulate civilian power reactors -- specificaly, the NRC's efforts to incorporate the
congderation of risk ingghts into our regulations, our regulatory processes, and our oversight of power
resctor operations. We refer to these initiatives collectively as “risk-informed regulation.” When |
gpeek of risk, | am referring in most cases to quantitative eva uation of risk, using probabiligtic risk
assessment, or PRA. Asmost of you are aware, the development of PRA techniquesfor usein
evauating the safety of nuclear power plants began about 30 years ago, with a program sponsored by
the NRC' s predecessor, the Atomic Energy Commission. The development and maturity of PRA since
that time was akey consideration in the NRC' s decision, in the mid-1990s, to move to amore risk-
oriented regulatory approach.

The most subgtantive changesin the NRC' s activities have occurred in our reactor oversight
process, or ROP. A new, risk-informed process was tested for a selected number of pilot plantsin
1999. Based on ahighly favorable review of that effort by a pand of NRC staff and stakeholders—
including organizations that are often critica of the NRC — the new process was implemented industry-
widein April 2000. Let mereview briefly the way the system used to work, and then discuss how we
have changed and improved it.

Reactor Oversight

The NRC' s reactor oversght process asit existed until 1999 had its originsin the agency’s
response to the 1979 accident a Three Mile Idand. Among the significant actions taken by the NRC
were the stationing of resident inspectors at every operating power reactor Ste, and the establishment of
an evaluation process, termed the Systematic Assessment of Licensee Performance, or “SALP.” SALP
was largely an inspection-based program, in which the NRC reviewed licensee performance on a 12- to
24-month cyclein four “functiona areas’: plant operations, maintenance, engineering, and plant
support. A numericd rating for each area was determined, and a report was prepared discussing the
licensee' s performance. The period between SALP evauations was based on the licensee’'s SALP
score: poor performers were rated more frequently, while top plants were assessed less often. Astime
went dong, two other oversight activities were incorporated into the process. a semiannua meeting of
NRC senior managers focusing on plants with poor or declining performance, a product of which was
the famous-or, perhaps infamous—*watch lig”; and a semiannud plant performance review, the purpose
of which wasto assess overd| plant performance and to plan future ingpections.

SAL P was devel oped when there was relatively little operationa experience with nuclear power
plants. A governing presumption was that plants were safe if they were in compliance with NRC
regulations. Asaresult, the focus of the SALP process was often on compliance, regardiess of the
safety implications of afailureto comply. SALP was dso the subject of considerable criticiam over the
years for anumber of other reasons, including:

Clamsthat the SALP process was too subjective, too dependent on the judgment of the
ingpectors as to whether performance was acceptable;

S Claims that the bases for the numerical scores were, in some cases, obscure, and the
meaning of a particular score was difficult to interpret for both the licensee and other
stakeholders; and



S Claimsthat the process was largely retrospective, looking at past performance, and not
reflective of the contemporaneous situation. It was asserted that problems might be cited
that had long been corrected, while emergent issues could be overlooked.

In response to these criticisms and others and in concert with the decision to move toward a
more risk-informed regulatory philosophy, the agency sought to provide a more objective, timely, and
safety-focused process for accomplishing oversight respongbilities. The result of this effort was our
new ROP.

The Reactor Oversight Process

(Second dide) The basic framework of the ROP reflects the NRC's overdl safety mission,
which isto protect public hedlth and safety. Y ou see the mission represented at the top of the
framework. The next level shows the three Strategic performance areas that support the
accomplishment of our mission. Reactor safety refers to protection againgt the impacts of reactor
accidents. Radiation safety refers primarily to releases as aresult of norma operation, as opposed to
accident-related impacts. And you aso see athird area, safeguards, which relaesto efforts to ensure
that pecid nuclear materias are properly protected from accidentd or deliberate misuse. Thisthird
element is not limited to nuclear power plant Sites, but it is an important aspect of our licensees
responshilities.

Thenext leve of the framework comprises what we call the seven “cornerstones’ for achieving
acceptable safety performance. The four reactor safety cornerstones reflect the NRC' s defense-in-depth
philosophy: accident prevention and the mitigation of accident consequences, with an appropriate
bal ance between them. That is, our licensees should strive to see that accidents do not happen. But we
a s require the capability to ded with accidents if they should occur, and to minimize their
consequences. The cornerstones follow logicaly from the accident mitigation and prevention functions.
Accidents begin with initiating events, which should be minimized. They are kept from progressing by
the action of mitigating systems. If those systems are unavailable or ineffective, there are engineered
barriers that prevent or hinder the release of radioactive material. Should that material escape into the
environment, emergency preparedness provides the means by which action is taken to protect members
of the public from hedth impacts of radiation exposure.

The two cornerstones under radiation safety reflect the NRC' s regulatory limits on both worker
exposure and routine releases to the environment. The last cornerstone, related to safeguards, indicates
the need to provide protection againgt misuse of nuclear materias.

The last row of the framework is dso extremdy important. These are cdled “ cross-cutting
areas,” and reflect aspects of plant operation that are common to al of the strategic performance areas
and cornerstones. These are human performance, the establishment and maintenance of a safety-
conscious work environment, and problem identification and resolution. These are elements of what is
broadly referred to as “safety culture.” 1 will come back to that topic, but let me proceed right now to
explain how the ROP framework is actudly implemented.

(Third dide) Thisdideis very complicated, but for now, | shdl focus on the bottom hdf, which
shows the two means of assessing licensee performance: performance indicators and ingpections.
Recdl that the godsin developing this new process were to provide a more objective, timely, and
scrutable means for ng licensee performance, as well as to improve the focus on issues of true
risk-ggnificance. Theissue of objectivity has been addressed by establishing performance indicators



for each of the seven cornerstones. These indicators are quantitative measures of system performance,
such as safety system functiond failures, or, in some cases, programmatic performance, such as
emergency preparedness drill participation. To augment the performance indicators and to assess
performance and programmatic areas for which a quantitative assessment is not practicd, we ill
conduct inspections. However, the ingpection program has been revised to focus on risk-sgnificant
iSsues.

Once the performance indicators and ingpection findings have been compiled, their risk-
sgnificance must be assessed. For performance indicators, the numerica vaues are compared to
established thresholds. Inspection findings are evaluated by means of a sgnificance determination
process (or SDP), in which smplified risk models are used to assess the safety-significance of each
finding. The smplified risk models are, in essence, very generdized PRAS.

The goals of timdiness and scrutability are served by the reporting process. Inspection and
performance indicator assessments are reported quarterly, and the resultsin each area are color-coded,
corresponding to the safety-significance determined in the evaluation process. The next dideillustrates
how the information is displayed, with respect to the performance indicators for each cornerstone.
(Fourth dide) Thisistaken from our website. A “green” finding or performance indicator indicates
very low safety sgnificance. White is the first threshold, and that color indicates low-to-moderate
safety sgnificance. Yelow isthe next threshold, representing substantia safety significance. High
safety sgnificanceisindicated by ared performance indicator or inspection finding.

The fina step of the assessment processis to evauate the results to determine necessary NRC
follow-up activities. Thisis done by means of our “action matrix” (fifth dide). From the | eft to the right
across the top are the results, increasing in the level of safety significance. The rows correspond to
agency and licensee actions and communications. This matrix guides the digpostion of performance
indicator findings and the results of the NRC' sinspection activities. An*“dl green” report means that
findings are referred back to the licensee for corrective action, and the subsequent inspection effort will
be at the basdine level. Degradation in safety performance, as indicated by white, yellow, or red
findings, resultsin increasing levels of NRC oversight in the disposition of findings and increased
ingpection effort. The action matrix aso indicates how the agency isto communicateits findings to the
licensee and to the public.

Asl| indicated, the results of the ROP performance assessment determine how the NRC will
conduct ingpections a aplant. All plants get a least the basdline ingpection effort, while supplementa
ingpections may be included to respond to degradations in safety performance. This permits usto
schedule our inspection activities in advance, and to inform licensees about those activities. Ingpections
are planned 12 months aheed for dl plants, and are adjusted every 6 months as determined by the results
of quarterly assessments. Once ayear, NRC senior managers meet to discuss the results of plant
as=essments, in what is called the Agency Action Review. In addition, the NRC holds public meetings
at plant sitesto discuss licensee performance. SDP results are also used as an input to the NRC's
enforcement process, to ensure that enforcement actions are cong stent with the safety significance of
regulatory non-compliance.

As| noted earlier, the new ROP has been in operation for al power plant licensees for about
than 22 months, and the initid indications are that it has been extremely successful in accomplishing
most of itsgods. Thisisnot only the NRC's conclusion; feedback from our licensees and stakeholders
has been largely positive, aswel. Under the new process, our assessments are more timely and the
color-coded results are much easier to understand than was the case with the old SALP numerical



scores. Performance indicators increase the objectivity of the agency’ s findings and thereis a clear
connection between the overall performance assessment and the commitment of NRC inspection
resources and the enforcement process.

There are il some improvements to be made. For example, we are studying other
performance indicators to see if we can establish an even better connection to risk. We aso seek
performance indicators that will help predict emergent problems, and thereby permit their avoidance,
rather than to gpply performance indicators that merely confirm existing problems. We areaso
working to improve the risk assessment tools that are used. It seems clear at this juncture, however,
that the ROP has been a change for the better from nearly every perspective.

Other Elements of Risk-Informed Regulation

Asl| indicated in my introductory remarks, oversight of reactor operationsis only one eement of
the NRC’ s reactor regulatory program — and the one that is most directly involved with the day-to-day
activities of our licensees. The other eements of reactor regulation involve the development and
establishment of the rules that define the NRC' s requirements and the establishment of processes for the
conduct of NRC business. We are also incorporating risk ingghts into these rules and processes.

For example, we are revising the so-called “specid treatment” requirements -- the rules that
define the specid requirements for systems, structures and components (or “SSCs’) that are important
to safety. We have found through both operationa experience and PRA anayses that some SSCs
denoted as “ safety-related,” and thus subject to such requirements, arein fact not risk-significant, while
other SSCsthat are not formally safety-related are, in fact, risk-Sgnificant. Asaresult, we are
undertaking efforts to define treatment according to risk impacts and are in the process of developing a
new rule, 10 CFR 50.69, that will addressthisissue.

We are d 0 looking a how risk insights might affect the technica bases for some regulations.
For instance, 10 CFR 50.44 defines requirements for combustible gas contral, principally hydrogen,
during certain postulated accidents. Asyou may know, during the Three Mile Idand accident, hydrogen
built up in containment as a result of the chemica reaction between steam and the fud dadding, and is
believed to have burned, causng a pressure spike in the containment building. After TMI, requirements
were indtituted for licensees to ingal hydrogen recombiners that would operate after such an event to
keep hydrogen from reaching concentrations that could burn or explode. Those requirements were
based upon the best technica information available a the time. However, since then, we have learned
much more about the progression of these types of accidents, and it turns out that because of their
inherent design and operating characterigtics, recombiners do not help much in these scenarios.  Thus,
our improved technical and risk ingghts indicate that alowing licensees to remove recombiners would
not affect risk, and thus we are in the process of developing revisonsto 10 CFR 50.44 for that purpose.

| must aso note, however, that certain types of containments are, in fact, susceptible to damage
from hydrogen burns or explosions, and there are devices, cdled igniters, that are effective in
contralling combustible gases in such stuations.  We are currently evaluating whether additiona
requirements may need to be established for the more vulnerable containment designs.

This points out an important aspect of risk-informed regulatory changes: the sword can cut both
ways. There are cases in which we discover that we are imposing requirements that serve no
meaningful purpose and we can gppropriately relax these requirements. But there are dso sureto be



cases in which we discover that additiona requirements are necessary to address previoudy
unrecognized risk-ggnificant issues.

Although we have accomplished a great dedl in the last few yearsin incorporating risk
consderations into our regulatory structure, we clearly have much to do before we are finished.
Moreover, we are embarking on apardld effort to risk-inform regulations that gpply to our materias
licensees — of which we have severd thousand in many different categories, from medica and industria
uses of radioactive materials to waste disposal. Risk-informed regulation will be amgjor area of focus
for the NRC for anumber of years.

Advanced Reactors
Let me mention briefly one other area of Sgnificant current interest in reactor regulation: the
possibility that new reactors of advanced designs could be built in the U.S. in the not-too-distant future.

| expect that most of you have seen articles and reports about all sorts of new reactor designs,
such as the helium-cooled pebble-bed modular reactor. In the early 1990s, the NRC established a new
licensing process for standardized reactor designs, in 10 CFR Part 52. The licensing process that was
employed for dl of our currently operating plants was a multi-step process, in which a construction
permit was issued, the plant was built — and usudly was being designed at the same time it was under
congtruction. A separate operating license was required, which was not acted upon until construction
was essentidly completed. There were opportunities for hearings a each stage of the process, and the
ultimate result was along, costly licensing procedure, with no assurance that a completed plant could be
operated. Infact, the Shoreham plant, on Long Idand, is an example of a plant that was completely
built but never operated.

The process established in Part 52 aimed to address the shortcomings of the old process by,
among other changes, alowing plant designs to be reviewed and certified prior to their construction.
The certified design can be approved through a rulemaking, and an applicant can then gpply to build
such aplant without any hearings on the technica issues resolved during certification. A combined
congiruction permit and operating license can aso be issued, and once the plant is built and been
demonstrated to conform to the certified design, permission to operate is granted. The NRC has
certified three reactor designs, and expects an gpplication for afourth to be submitted in the near future;
severd other reactor manufacturers are serioudy congdering certification, aswell.

The regulaionsin Part 50 governing reactor design, anays's, and operation were written amost
exclusively for water-cooled reactors. When we consider reactors with gas or other non-water coolants
and core designs that are much different from conventiona water reactors, we find that many of our
current regulations do not apply, or must be reinterpreted to accommodate the nove technology. This
has led usto think about the possibility of establishing a new licensing framework for advanced
reactors. Rather than starting with the current body of regulations and trying to figure out which to
keep, which to diminate, and which to modify, anew framework would alow an integrated approach to
regulation to be developed. This process would aso alow arisk-informed approach to be taken at the
dart, rather than by the rule-by-rule procedure that is currently employed for revising our regulations.
The NRC g&ff is currently discussing this issue with the industry and other stakeholders, and will be
providing recommendations to the Commission later thisyear. Thiswould clearly be amgor
undertaking for the NRC, but the ultimate outcome — a risk-informed gpproach to regulation that could
be applied to awide range of reactor technologies—would be of substantia benefit to the NRC in
considering new reactor technologies.



Conclusion

| hope that | have been able to provide a glimpse at our processes for the regulation and
overdght of civilian power reactors, and for the sorts of chalenges we may face in the future aswe
consder new reactor desgns. Thisisavery exciting time for the NRC as we move forward with many
new initictives. Welook forward to the challenges that await us.

Thank you.



