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Introduction
Good afternoon everyone.

Let me begin by thanking the faculty and student leaders for inviting me and hosting me this
afternoon. Dan Caputo, your ANS Chapter President, has been grest.

As a spesker you dwaystry to find some way to connect with your audience. So when Dan
asked me to spesk with you, | thought it would be ingghtful to see what kinds of research you dl were
doing up here, and | asked my taff to give me aread on the hot research topics. So we reviewed Dan's
presentation on his research entitled “ Understanding Environmentd Actinide Trangport and Speciation
Using Nuclear Magnetic Resonance (NMR) Imaging with a Lanthanide Probe” Wow. So when that
did not work, | asked my staff to talk with some other MIT graduates at the NRC (we have severd) to
seeif they could provide any insights. We could not find them-- you know how researchers work
unusud hours. Findly, | just tried to find a picture of Dr. Apostolakis goofing off a an Advisory



Committee meeting and was told that never happens. Wow. Dr. Apostolakis - your staff iswell
trained.

| am delighted to be in Cambridge, at the Massachusetts Ingtitute of Technology, on the eve of a
remarkable event. For those of you that followed the Y ear 2000 trangition closdaly you know that
tomorrow we mark aspecid legp year. A specid leap year, alegp year that occurs once every 400
years. Some of you may know that the rules for determining whether ayear isaleap year were
established by Pope Gregory XII1 in 1582, when he modified the Julian Caendar. It was good to be the
Pope. Therules are:

. Yearsdivisble by four are leap years, unless...
. They aredso divisble by 100, in which casethey are not leap years, except.
. Yearsthat are divisble by 400 are leap years.

While we no longer worry whether the sun will come up or the moon will fal from the sky, we
are now concerned with whether power will stay on and planes will continue to fly. In some cases we
have changed so dramaticdly in the last 400 years, yet are remarkably smilar. We have just
modernized our worries and given time the chance to outsmart us. So if you need to excuse yoursdlf to
gather water, dust off your Y 2K emergency shelter or test run your generator, | will understand.

Y ou may be surprised to know that the NRC and the Federa government are taking some extra
precautions during the “legp day” trangtion. Federd agencies have staffed the Information
Coordination Center (ICC) Operations Center and Joint Public Information Center (JPIC). Thesetwo
centerswere in operation during the Y 2K trangition. During the “legp day” period asmal NRC
response team will be available to provide reportsto the ICC. Nuclear power plant status information
will be obtained by the NRC Headquarters Operations Officer shortly after midnight local time. The
Y 2K Early Warning System (Y EWS), an internet-based communication system, will be operationd this
evening and NRC plansto use this system to notify the nuclear industry of potentia |egp-day
problems.

At arecent meeting between the Commissoners and the Advisory Committee on Reactor
Safeguards, one esteemed member of the Committee, present with us today, remarked, and | quote,
“[b]ut the intent, Commissioner, was not to solve the problem. It was to contribute to the debate” See
if that approach works on your next exam.

So let me adopt a smilar gpproach and, together, we can contribute to the debate on two
important topics. Those topics are nuclear careers and the role of research in a changing regulatory
environment.

CAREERSIN NUCLEAR ENGINEERING AND HEALTH PHYSICS

| resisted the temptation to give you the “We need you” speech. But we do need you and the
nuclear industry needsyou. Y ou are the best and brightest and | believe that one day, in the not too
digtant future, there will be aresurgence. The nuclear industry will grow and your skills and knowledge
will bein high demand. That day may betoday. Acquisitions and mergers are occurring at a record
pace and Wall Street and foreign investors are more bullish on nuclear power investiment opportunities.



Annualy, NRC and DOE contract with the Oak Ridge Ingtitute for Science and Education to
prepare labor market trends for nuclear engineers and health physicists. The latest report, dated
October 1999, provides some important insghts that | would like to share with you.

First for Nuclear Engineers, the current labor market in terms of job opportunities for new
nuclear engineering graduates continues to improve subgtantidly since the mid-1990s. Starting sdlaries
for nuclear engineersin the nuclear energy/nuclear wegpons fidds increased 6.6% for B.S. level
graduates, 5.2% for M.S. level graduates, and 5.8% for Ph.D. level graduates between 1998 and 1999.

These are the largest increases reported during the 1990s. Moreover, the increases in starting
salaries between 1997 and 1998 for B.S. and M.S. level graduates (3.6% and 4.6%, respectively) were
aso larger than any increases experienced since 1991. The
improvement in job opportunities for nuclear engineering graduates resulted from a combination of two
primary factors and one secondary factor. The primary factors were:

C The number of nuclear engineering degrees earned annually decreased by over 45% between
1995 and 1998 and

C Nuclear engineering maors are finding many job opportunities outsde of the “traditiond”
nuclear energy/nuclear wegpons fieds.

Information provided by alimited number of university academic departments indicate that as
many as 50% of their graduates are currently obtaining employment outside of the traditiona nuclear
energy/nuclear weapons fields either as nuclear engineers or in related occupationa categories. Some
new nuclear engineering positions are occurring in the nuclear energy/nuclear wegpons fields due to
growth and, as attrition occurs, more of the vacated positions are being replaced rather than left empty.
Part of the growth has been in the DOE |aboratories, epecidly in wegpons laboratories. Based on data
from asample of utilities, employment of nuclear engineersin nuclear dectric utilities has aso
increased dightly and some replacement hiring is occurring.

For hedth physicigts, the total number of health physics degrees earned in 1999 was 215. The
number of degrees earned in 1999 represented a decrease of over one-third in just two years. Hedlth
physics enrollments aso decreased in asmilar manner.

In addition, the employment of hedlth physicists gppears to have stabilized or to be decreasing
very dowly. Thus, after severa years of somewhat excess supply of new graduates, the demand for
and supply of new graduates now gppearsto be fairly balanced. Asaresult, we saw ajump in the
percentage increase in entry level sdariesin 1999,

Projections of employment trends, job openings, and the supply of new graduates through
2005, indicates that the relative number of job openings available for new graduates should continue to
increase as the employment level dabilizes. At the same time, the decreases in enrollments
experienced during the 1997 to 1998 academic years should result in four-year or two-year college
graduates with awide variety of mgors, and provided the training
for them to become radiation protection technicians.

CHANGING REGULATORY ENVIRONMENT



Now for the good stuff. But, before | continue | need to first describe the NRC' s regulatory
environment to provide the context for my views of research in the future. In the last few years, the
NRC has been trandforming itsdf, with sweeping changes to many of our regulatory functions. Why
are we doing this? We are doing it because the industry’ s environment is changing, and we must
change with it if we are to carry out our mission effectively. We have taken ahard look -- helped by
input from our stakeholders -- at the way we are doing business, and we have embarked on apath to
change and to improve our regulatory programs. We are seeking grester efficiencies and effectiveness
in our processes, and trying to eiminate unnecessary regulatory burdens where they may exist. At the
same time, we are continuing to maintain safety and public confidence. Thisis no smdl undertaking,
and | can tell you that the NRC gtaff and the Commission have devoted a greet ded of time and energy
to accomplishit.

The U.S. nuclear industry has accumulated a greet ded of operating experience. The issues that
we are deding with today are more likely to be variations on issues that we are familiar with, rather than
the new licenang issues that were present when we were forming our regulatory framework. For the
near future, the issues of concern are those associated with aging, renewd of expiring licenses, and
decommissioning. Although we have certified several advanced reactor designs, and stand ready to
license new power reactor facilities, no orders are projected in the foreseesble future.

Asareault of industry restructuring, severd difficult issues have emerged. For example, cost-
cutting measures and reduced staffing must be done in amanner that maintains safety; the availability
of funds for decommissioning must be ensured when companies consolidate or split; the extent of
foreign ownership must be considered on purchases to ensure the nation’ s security is protected; the
extent of control by non-owner or contract operators of nuclear power plants must be evaduated to
determine compliance with licensing requirement. Moreover, increased numbers of independent
system operators supplying power to the North American grid can affect the rdiability of offste power
supplies and increase the importance of emergency diesel generators.

NRC INITIATIVESIN RESPONSE TO THE ENVIRONMENT

In response to the changing environment, we sarted severd initiatives. Firdt, we have just
launched a pilot version of our new power reactor oversight program. The new program offers
sweeping changes to our ingpection, assessment, and enforcement processes. We received feedback
from our stakeholders that our processes were too subjective, difficult to understand, and therefore not
predictable. In addition, our processes did not adequately recognize the improving performance of the
nuclear industry asawhole. The new framework is designed to address these issues. We have worked
closdly with industry and our stakeholders to develop a concept of “cornerstones’-- key areas of
licensee performance that must be monitored to ensure that unacceptable public risks do not arise from
nuclear reactor operations. We utilized the results of our ongoing research in measures of performance
to develop quantitative performance indicators in each of these cornerstones. Thiswill alow both
licensees and the NRC to more easily identify areas that need attention, and to focus our resources
accordingly. We began testing this pilot program at nine Sitesin June of thisyear, and we are
cautioudy optimigtic that the program will be able to be implemented for the entire industry in April
2000.

Another focus area for the NRC has been the renewal of licenses for our older plants, and | am
very pleased to report to you on the progress that we have made. We have aggressively worked
through literaly hundreds of technica issues on the first two applications by Cavert Cliffs and Oconee



nuclear power plants, and the projected time to review alicense has been reduced from over five years
to about 24 months. The staff developed atechnical basis for the reviews through research on aging
issues, then reached regulatory resolution on the issues by working closdly with indugtry. It redly isa
good example of firm, fair regulation, while considering stakeholder concerns.

Y ou may have heard a good ded about “risk-informing” our regulations, but you may not be
too sure what that means. In generd terms, it represents a philosophy whereby risk insgghts are
consdered, along with other factors, to establish requirements that better focus attention on issues
commensurate with their importance to public hedth and safety. Looking back, our regulatory
framework was established years ago using experience, testing programs, engineering margins, and a
philosophy of defense-in-depth, but without the benefit of quantitative estimates of risk. That
framework has served our nation quite well for many years, and we don't expect to throw it out and
dart over. Rather, we are researching the technical basis for our current regulations, with an objective
of reducing unnecessary conservation where gppropriate and possibly identifying areas with
insufficient conservatiam. Isthis easy? Absolutely not! But that doesn't mean we should not doit. |
expect that we will gpproach this very carefully, and as our methods of andyzing risk improves, we will
continue to refine our approach. The U.S. hastaken aleadership rolein thisarea, and | can tdll you that
the ret of the world iswatching to see what we will come up with.

As | mentioned, decommissioning appears to be agrowth area. We dl recognize that our
nuclear facilitiesare aging. Those that cannot demondtrate their vaue or are not economica will be
shut down and decommissioned. We have recognized that there may be inefficienciesin our current
regulatory framework, since we hold our decommissioned facilities bound by regulations that were
designed primarily for operating facilities. Asaresult, in the power reactor areg, the NRC istaking a
formal look at our whole gpproach to decommissioning to see if we need to create a new regulatory
framework, and to see if we can focus on the areas of greatest risk. Research is contributing by
examining various andytica tools and studying the viability of possible goproachesto
decommissioning, such as entombment.

In developing these initiatives, the Commission has actively worked with our stakeholdersto
implement new processes that are commensurate with increased regulatory ingghts, improved industry
performance, and continuing advancements in risk assessment methodology. | believe that we have
demondtrated the willingness to re-examine our existing programs in a fundamental manner. However,
this does not mean we are bowing to industry complaints and political pressures! In dl of our efforts,
we have not logt sight of our focus on the most safety significant aspects of facilities. We will not
promise that our efforts will satisfy dl of our stakeholders. However, we are committed to consdering
al inputs in making our regulatory decisons, and we grive to ensure that our stakeholders understand
how we arrived a our decisons. My experience isthat even if our stakeholders don’t aways agree
with our decisons, if the processis understood, then their confidence in the NRC is enhanced. At the
end of the day, we believe that what we are doing will both ensure safety and provide ability, clarity,
and predictability to our regulatory processes. The key to ensuring this happensis having a solid
technical basisfor our decisons, abassthat is established by our research program.

NRC RESEARCH YESTERDAY AND TODAY

How should research continue to support our initiatives? To address this question, | will
provide some historica perspective on our research program. The NRC has funded research on nuclear



issuesfor dl of its existence, but not dways at the same level. Inthe early 1980's, the NRC' s budget
for the Office of Research peaked at over $200 million. At the time, this research supported the
development of the technical basis for many broad aress, including Three Mile Idand items, severe
accident phenomena, formulation of the NRC's Safety Goal and Severe Accident Policies, and
modeling of thermd-hydraulic behavior. Many of these endeavors required the use of large scde
experimentd facilities. Subsequently, the focus of research shifted to issues such as the development
and application of risk methods, revising the source term, aging research, and support of advanced
reactor design reviews and certifications. However, this research has been less resource-intensive, and
with no new plants being ordered in this country over the last two decades, the funding for research has
gradudly declined.

Today, as | look at where we are, | see that our research program sill spans awide variety of
relevant technical issues. We categorize our research into two broad areas. Thefirgt iswhat we call
Confirmatory Research, and it congtitutes perhaps 80-90% of our budget. This area supports user
needs requests from our front-line regulatory offices, and therefore focuses on current safety issues.
This purpose of this type of research can generdly be described as to remove unnecessary
conservatism in our regulations and to provide assurance that our regulatory judgements are vaid.
Examples of thisin the reactor areaiincludes risk-informing our regulationsin 10 CFR Part 50,
independently reviewing industry operating experience, ongoing research into structurd and geologicd
engineering issues, and radionuclide transport and hedlth effects.

A second area of NRC research is called Anticipatory Research, and it congtitutes the remaining
10-20% of our research budget. The purpose of this type of research is to anticipate future needs, and
to provide the technical basis to support future regulatory actions for emerging safety issues. Examples
of thistype of research include addressng PRA limitations as the NRC trangtions to a risk-informed
regulatory process, development of risk-based performance indicators, assessing links between
performance and plant safety, and deregulation and itsimpact on plant safety.

From a program perspective, | believe that we are focusing our research in appropriate arees,
and we are anticipating our future needs. From aresource perspective, we are operating with a Fy 2000
budget for research of around $40 million. We are actively pursuing opportunities to leverage our
research funds through cooperative efforts. We are prioritizing our research activities in consderation
of risk, uncertainties, and future chalenges. And yet, | fed that we can do more, and | will elaborate on
that in just aminute.

RESEARCH IN THE NEW MILLENNIUM

What isavison for research for the new millennium? The chalenge in answering this question
isto be able to successfully project yoursdf into the future based on trends today. Of course, if | could
do that consistently, my stock portfolio would be much hedthier than it is, so you must treet any
predictions with that fact in mind. Nonetheless, | shdl atempt this rather lofty godl.

For trends, | think the industry is maturing and will focus on optimizing their current plant
configurations rather than developing new and innovative designs. | aso think that industry
consolidation will continue, thereby reducing the number of utilities as well as the number of
companies supporting the utilities. In addition, commercidly available parts and hardware may be used
more often rather than parts with along Quality Assurance pedigree. Findly, the use of computers for
modding in lieu of actud experimentation will likely increase.



The NRC has aready taken action to address some of the trends, and these are the new NRC
initiatives that | had previoudy described to you. But these are just the start. New technology, such as
advanced instrumentation and controls, can certainly have an impact on plant safety. For example,
advancement in computers and information technology are coming at arapid pace today, but research
is needed on the rdiability of thistechnology before it can be widdy applied to nuclear power plants.

Advancementsin fud design and materids are an emerging area, particularly the use of high
burnup and mixed oxide fuels. In addition, dthough the NRC is nearing a decison on issuance of the
firdt renewds of licenses, research into aging and associated materias research will continue. Findly,
risk-informing our regulations will require research to establish a sound basis in both technica issues
and probabiligtic risk assessment (PRA) techniques. | must aso briefly mention high-level nudear
waste disposd, which remains a difficult problem that will only be resolved with continued research.
Let me say that the Commission remains firmly convinced that a permanent geologic repostory isthe
appropriate mechanism for the U.S. to ultimately manage spent fud and other high-leve radioactive
wagte. We are continuing to develop a 'Y ucca Mountain review plan and to resolve key technica issues
to prepare for reviewing a DOE license application for Y ucca Mountain, should that occur. If a
decison is made to submit alicense application for Y ucca Mountain, it is expected in 2002.

Earlier | said that | would elaborate on ways | thought we could continue to improve our
research processes. | believe that we must reassess the way we do our research, just like we have done
in other regulatory aress. Let me say at the outset that | believe in the value of research, and believe
that the budget for it should be maintained as a minimum, and perhaps should even beincreased. Asa
regulatory agency, we must preserve our independence and maintain a broad perspective to fulfill our
misson of maintaining safety. Nonetheless, | o recognize that the environment is changing, and we
do not have the ability to conduct extensive exploratory research. Long term research has a place, but
many things today do not lend themselvesto that. Instead, we must develop feedback mechanisms so
that our programs can be continuoudy examined to ensure that the research isrdevant. We must
develop and refine our prioritization processes to ensure that our resources are being focused on the
most sgnificant issues. We must ensure that our research islinked to the needs of our stakeholders. In
other words, our research programs must have a certain agility to respond to the environment.

Our research programs must be timely and responsive to both internal and externa
stakeholders. Too many times | have seen awdl-thought out and well-executed research project
completed, but not really used because it was ether not timely or not responsive to user needs, or both.
| recognize that high quality research takes time, so the chalenge is to focus our available resourcesin a
way that ensures a qudity product in atimely manner. In addition, we must emphasize ddlivering
products that contain recommendations for gpplicability. Again, | cannot tell you how many fine two-
inch thick research projects | have seen that do not provide relevant recommendations and leave it up
to the reader to figure out how the research should be gpplied. One way to improve our programsisto
adopt the approach the NRC has learned in responding to the changing environment: listening
carefully to its stakeholders. We recognize that our stakeholders have very vauable insghts, and we
have dso found that they are not bashful about volunteering them! These insights can be used to help
focus our resources and to shape our effortsin the future.

My vision of the NRC Office of Research in the new millennium would be a center of
excellence and source of expertise. This center would maintain a cadre of reactor safety specidistsin
various key areas, with independent and unbiased expertise across a broad spectrum of advanced



nuclear technology, to provide the technicd basis for robust and transparent regulatory decisons.
Experimentd facilities and resources would be maintained to ensure our ability to respond in atimey
manner to new or emerging issues. The Office would complement the front-line regulatory activities of
the agency and independently examine evolving technology and anticipated issues.

Finally, new and creative approaches to research will increasingly be used. Partnerships with
industry, foreign organizations, and other government agencies will become more common. Our joint
research with the European Union, and the recent Memorandum of Understanding with DOE on
Cooperative Nuclear Safety Research are good examples of this. Asthe costs of large-scae
experimentation rise, we will have an increased need to leverage the work of others, even while
maintaining our necessary independence on regulatory matters.

So thank you for you patience and attention and | would be pleased to answer any questions.



