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OVERSIGHT OF THE NUCLEAR REGULATORY
COMMISSION

THURSDAY, MAY 20, 2004

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
SUBCOMMITTEE ON CLEAN AIR, CLIMATE CHANGE, AND
NUCLEAR SAFETY,
Washington, DC.

The subcommittee met, pursuant to notice, at 10:33 a.m. in room
406, Senate Dirksen Building, the Hon. George V. Voinovich,
(chairman of the subcommittee) presiding.

Present: Senators Voinovich, Carper, Reid, Clinton, Jeffords [ex
officio] and Inhofe [ex officio].

OPENING STATEMENT OF HON. GEORGE V. VOINOVICH, U.S.
SENATOR FROM THE STATE OF OHIO

Senator VOINOVICH. The subcommittee will come to order. I
would like to thank the witnesses for being here today.

I apologize for the delay in starting the hearing today. We had
the pleasure of spending 45 minutes with the President of the
United States where he did an outstanding job of laying out where
we have been and where we are going with our domestic policy,
and also in foreign relations.

Today’s hearing continues our ongoing oversight of the Nuclear
Regulatory Commission. This is the sixth in a series of oversight
hearings that began in 1998 when Senator Inhofe was Chairman
of this subcommittee. I thank Chairman Inhofe for his leadership
on this issue as strong oversight of the NRC is critical to the wel-
fare of the American people.

Nuclear power is necessary and a sound part of our energy fu-
ture. It makes sense for our environment and for our economy. It
is a reliable and stable source of energy, providing 20 percent of
the country’s electricity with zero harmful air emissions. In my
State it provides about 12 percent of the energy that is produced.

In order to harmonize our economic, energy, and environmental
needs, nuclear power must continue to grow. The NRC plays a vital
role in its future. The three basic components of NRC’s mission are
to regulate the Nation’s civilian use of nuclear materials in order
to promote the common defense and security, protect the environ-
ment, and ensure fail safe protection of public health and safety.

While we so often talk about the goals of our Agencies, we need
to also talk about whether they have the work force and the budget
to get the job done. We have goals that we set. Too often, my obser-
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vation has been, that we do not spend enough time on the human
resources and the budget we need to get the job done.

As I have done in the two previous oversight hearings that I
have chaired, I want to make myself perfectly clear.

The No. 1 issue for the NRC is safety. Period. There is no greater
issue. It is critical that the NRC be a credible Agency that can
guarantee the safety of the Nation’s 103 operating nuclear plants.

Unfortunately, the NRC’s credibility is in serious questions these
days due to the March 2, 2002, shutdown of the Davis-Besse Nu-
clear Power Station, which is located in my home State in Oak
Harbor. The discovery of a pineapple-sized cavity in the plant’s ves-
sel head forced the shutdown of the plant for 2 years. This incident
has been referred to as: “The most serious safety issue confronting
the Nation’s commercial nuclear power industry since the accident
at Three Mile Island in 1979.”

While I am pleased that the plant has been restarted, is running
at 100 percent, and has had no additional problems, many ques-
tions remain about the NRC’s actions before and after this inci-
dent. I asked the General Accounting Office: “The NRC needs to
more aggressively and comprehensively resolve issues related at
the Davis-Besse Nuclear Power Plant shutdown.” The report was
released this week to be put into the record.

Without objection, so ordered.

[The referenced document follows on page 73.]

Senator VOINOVICH. This report looked at three questions: No. 1,
why did not the NRC identify and prevent the vessel head corro-
sion at Davis-Besse? No. 2, was NRC’s process for deciding to allow
the plant to delay shut down credible? No. 3, is sufficient action
being taken to prevent similar future problems?

I have serious concerns about the answers GAO found to these
three questions. I want to hear from the Commissioners today on
the following issues: Communication failures, questionable risk
analysis, and the NRC’s refusal to assess licensee safety culture, or
to develop specific guidelines for when to shut down a plant.

Let me be clear. I do not want these issues addressed in the con-
text of what happened, but what is going to be done to make sure
that nothing like this happens again. Since this is my main con-
cern, the following from the GAO report is even more appalling:

“The underlying causes of the Davis-Besse incident underscore the potential for
another incident to occur. This potential is reinforced by the fact that both prior
NRC Lessons Learned Task Forces and we, GAO, have found similar weakness in
many of the same NRC programs that led to the Davis-Besse incident. NRC has not

followed up on prior Task Force recommendations to assess whether the lessons
learned were institutionalized.”

They are talking about not only the lessons learned from this in-
vestigation that was made, but other investigations that have been
made in the past. They have said that the lessons learned from
those other incidents have not been followed through by the Nu-
clear Regulatory Commission.

Basically, the GAO found that many of the same problems identi-
fied in this investigation were also identified in incidents before
Davis-Besse but never have been fully addressed. This is unaccept-
able. I am not going to let the Davis-Besse Lessons Learned Task
Force recommendations fall by the wayside.
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Unfortunately, the GAO claims that this may happen because of
resource constraints at the NRC which gets back to their budget
and the number and quality of individuals that are working for the
Commission.

At this point, I want to state for the record that this is not a
Davis-Besse hearing. This incident basically serves as the model to
what can happen when we lose focus on the main issue—safety.
The NRC and the industry must hold themselves to a higher stand-
ard. In fairness to the Commission, I was impressed by their fas-
tidiousness in deciding when Davis-Besse was ready to be re-
started. This is the kind of scrutiny that I want to see for all the
facilities of our country.

As Chairman of the Subcommittee on Oversight of Government
Management in the Federal Work Force, and the Governmental Af-
fairs Committee, I know that this level of oversight is dependent
upon the human capital needs of the NRC, which I have long been
concerned about. I am convinced that if both the NRC and
FirstEnergy had the right people with the right knowledge and
skills and the right place at the right time, the Davis-Besse inci-
dent would never have happened.

Moreover, if the NRC is going to be able to move forward and
credibly guarantee the safety of our nuclear facilities, they need to
make sure they have enough people with the necessary level of
knowledge and experience. I was shocked when I first reviewed the
NRC and found that they had six times as many employees over
the age of 60 than under 30. I know, Mr. Diaz, you have been
working on that. But I want to hear more about it today. I know
the Commission has been working hard, as I said, on this issue. I
am interested to know what progress is being made in that regard.

In addition to the implementation of the Lessons Learned Task
Force recommendations, several important licensing issues are all
occurring at the same time—relicensing for existing plants, which
is an enormous responsibility, potential applications to build new
facilities, and Yucca Mountain.

Everybody should understand this.

I am interested in hearing from all the witnesses today about the
human capital situation throughout the industry. I am glad we
have representatives here from academia on what is being done out
there to address this issue.

I welcome all the witnesses here today and look forward to a
good and thorough discussion about how the NRC and the industry
will move forward with credibility with the right people and with
safety at the forefront of all actions to ensure that nuclear power
continues to be an important part of meeting our economic energy
and environment needs.

That being said, the most important thing we need to do is to
give complete assurance to the people of this country that our nu-
clear facilities are fail safe. This is very important because many
people have come to me over the last 2 years and expressed con-
cerns about being safe.

I will never forget the telephone calls I got from friends of mine
after the Davis-Besse incident that are in the area and said,
“George, what is going on? I thought things were fine. People of
this country have to know when they go to bed at night that these
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are fail safe. They have nothing to worry about. Our stress level
is enough as it is to be worrying about nuclear power in this coun-
try.” Simply put, people ought not to go to bed, as I said, worrying
about the safety of our nuclear power plants.

I notice that our distinguished Chairman is here, who was the
Chairman of this subcommittee. Before you came in, I acknowl-
edged to our witnesses and to those here that you started this in
1998 to review the Nuclear Regulatory Commission.

OPENING STATEMENT OF HON. JAMES M. INHOFE, U.S.
SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. That is right; we did. Mr. Chairman, I appre-
ciate your carrying this on. That is right; in 1998 we had an over-
sight hearing when I became Chairman of this subcommittee. It
was the first oversight hearing in over 10 years. That is not right.
We corrected it. Many good things have happened since that time.
We have made progress. Each one of you has been a part of that.
You are aware of this progress.

The relicensing program, which no one thought would work in
1998, has become almost routine. Major reforms have taken place
on the enforcement side. We have seen real progress with the NRC
moving toward risk-based approaches.

Recent events have tested the NRC and thus far I am generally
pleased with how the Commission has responded. We need to learn
from these challenges, implementing solutions, and moving for-
ward. Backsliding into the inefficient and ineffective days of the
past is not an option. We are just not going to do it.

Acting Chairman Diaz, Commissioners Merrifield and
McGaffigan—the three of you and the staff of the NRC should be
commended for the work that you have done. Of course, no job is
ever finished. I believe that you have as many challenges facing
you today as we did in 1998, if not more.

Unfortunately, unless the White House can find a replacement
for Admiral Grossenbacher, whose nomination languished over 7
months before he withdrew in pursuit of other opportunities—in
frustration, I might add—I fear that you will be the three-person
Commission for a while.

During today’s hearing and over the coming months, I would like
to hear your thoughts and views from the second panel on this
issues. There have been a few safety issues in the last few years,
such as: No. 1, some recent events at Vermont Yankee. No. 2, how
well is the risk-based approach working? As an Agency are you
able to identify the real risks and address them in a safe manner?

No. 3, the NRC and the nuclear industry has a large number of
employees, close to retirement age, as was stated by the Chairman,
do you and will you have a staff to replace them in order to address
the major problems that are coming up, such as the continuing reli-
censing process, the permit application for Yucca Mountain, and
the potential permits from the different consortiums who are inter-
ested in building new nuclear facilities? All three of these events
will be occurring at roughly the same time. Do you have the re-
sources that you need to address these?

In addition to the employees that the NRC headquarters and the
Resident Inspectors, we also have four NRC regions which have
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been in place since the 1970’s. Would the NRC function more effec-
tively if we consolidated all of the staff to the headquarters keeping
the Resident Inspectors in place?

This could eliminate some redundancy and overhead and help
provide the headquarters with the experienced staff they need.

How is the interaction between the EPA and the NRC on the set-
ting of radiation standards? I have long thought the EPA does not
do an adequate job assessing the real risks involved in radiation.
Now that the politics of the standards set by the EPA for Yucca
Mountain are over, perhaps it is time to address EPA’s perform-
ance also.

I would just like to say both Senator Voinovich and I are very
concerned with the crisis we have in this country. It is an energy
crisis. I cannot think of any group, any Commission, that is going
to have to be more proactive in helping to resolve this. We often
say that we had a good Energy bill that passed the House. It just
did not pass the Senate. But it addressed nuclear energy as well
as all the other forms. I think Senator Voinovich and I are together
in saying that we need all of them. We need fossil fuel. We need
coal. We need nuclear. We need renewables. You folks will be play-
ing a very active part in that as we pursue new opportunities in
nuclear energy.

I look forward to hearing my three good friends who are wit-
nesses.

[The prepared statement of Senator Inhofe follows.]

STATEMENT OF HON. JAMES M. INHOFE, U.S. SENATOR FROM THE
STATE OF OKLAHOMA

First, I would like to thank Chairman Voinovich for holding today’s annual over-
sight hearing which continues the process I started in 1998 when I was the Chair-
man of this subcommittee. Since 1998 the NRC has made tremendous progress.

The relicensing program, which no one thought would work in 1998, has become
almost routine. Major reforms have taken place on the enforcement side, and we
have seen real progress with the NRC moving toward risk-based approaches.

Recent events have tested the NRC—and thus far I am generally pleased with
how the Commission has responded. We need to learn from these challenges, imple-
ment solutions and move forward. Backsliding into the inefficient and ineffective
days of the past is not an option.

Acting Chairman Diaz, and Commissioner’s Merrifield and McGaffigan; the three
of you and the staff at the NRC should be commended for the work you have done.
Of course no job is ever finished and I believe you have as many challenges facing
you today as we did in 1998, if not more. Unfortunately, unless the White House
can find a replacement for Admiral Grossenbacher, whose nomination languished
for over 7 months before he withdrew to pursue other opportunities, I fear you will
be a three-person Commission for awhile.

During today’s hearing and over the coming months, I would like to hear your
thoughts, and the views from the second panel, on several issues.

(1) There have been a few safety issues in the last few years, such as some recent
events at Vermont Yankee. How well is the risk-based approach working. As an
Agency, are you able to identify the real risks and address them in a safe manner?

(2) The NRC, and the nuclear industry, has a large number of employees close
to the retirement age. Do you and will you have the staff in place to address the
major upcoming issues such as:

the continuing relicensing process,

the permit application for Yucca Mountain, and

the potential permits from the different consortiums, who are interested in
building new nuclear facilities.

All three of these events will be occurring at roughly the same time, do you have
the resources that you need?
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(3) In addition to the employees at the NRC headquarters and the resident inspec-
tors, we also have four NRC Regions, which have been in place since the 70’s. Would
the NRC function more efficiently if we consolidated all of the staff to the head-
quarters, keeping the resident inspectors in place? This could eliminate some redun-
d}a;lncy indoverhead and help provide the Headquarters with the experienced staff
they need.

(4) How is the interaction between the EPA and the NRC on the setting of radi-
ation standards? I have long thought that the EPA does not do an adequate job as-
sessing the real risks involved in radiation. Now that the politics of the standards
set by EPA for Yucca Mountain are over, perhaps it is time to address EPA’s per-
formance.

With these issues in mind, I am interested in today’s testimony and the views of
the witnesses from both panels. Thank you.

Senator VOINOVICH. Thank you very much, Senator Inhofe.

Due to the late start of the hearing, I am going to ask my col-
leagues and the witnesses to limit their remarks to 5 minutes.

Mr. Diaz, I think we made it clear that we expect you to lead
off. We are expecting 2-minute summaries from Mr. McGaffigan
and Mr. Merrifield. We welcome you. You have a heavy responsi-
bility. We know that. We are anxious to hear from you.

Mr. Diaz.

STATEMENT OF NILS J. DIAZ, CHAIRMAN, U.S. NUCLEAR
REGULATORY COMMISSION

Mr. DiAz. Thank you, Mr. Chairman, Senator Inhofe, and mem-
bers of the subcommittee. I appreciate the opportunity to appear
before you today with Commissioner McGaffigan and Commis-
sioner Merrifield. We are, of course, here to discuss the Nuclear
Regulatory Commission’s activities, to protect the public health and
safety, to protect the common defense and security, and to protect
the environment. We also appreciate the past support that we have
received from the subcommittee and the committee as a whole, and
we look forward to continuing working with you.

In recent years we have seen significant changes in the oversight
exercised by the NRC in the areas of safety, security, and emer-
gency preparedness. Perhaps, like Senator Inhofe said, we have
seen significant changes since 1998. We are pleased to be working
Wi;chl the subcommittee since that time, and the committee as a
whole.

Overall, the industry has performed well in these three areas of
safety, security, and preparedness. The NRC has become increas-
ingly focused on those matters that are most important to safety
and continues to increase the use of risked-informed decision-
making.

From a regulator’s viewpoint, there are grounds for cautious opti-
mism about the state of nuclear safety today.

The level of reactor safety has increased steadily. From the
standpoint of American public protection, the record is indeed ad-
mirable with not a single member of the public ever exposed to a
harmful level of radiation from a U.S. nuclear power plant. We in-
tend to keep it that way.

The revised Reactor Oversight Process, which we established
over 3 years ago, continues to provide to the Agency a disciplined
approach to the determinations of licensees’ performance. At the
end of the 2003 calendar year, there were two plants designated for
the highest level of scrutiny under the Reactor Oversight Process—
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the Cooper Plant in Nebraska, and the Point Beach Plant in Wis-
consin.

The Cooper and Point Beach Plants have received significant at-
tention from our regional and headquarters office. We are confident
that these plants are on the path to resolving long—standing prob-
lems.

Over the past 2 years, the NRC staff has also devoted significant
resources for enhanced regulatory oversight of the Davis-Besse
Plant following the discovery of extensive degradation of the reac-
tor vessel head, including the in-depth assessment of the startup
oversight process.

The existence, undetected for so long, of a hole in the head of the
reactor was an unacceptable failure on the part of the licensee and
of the NRC. Specifically, it was a failure to conduct the activities
necessary to minimize the potential for degradation of the primary
coolant pressure boundary. In other words, process execution, in-
cluding communications, broke down.

On March 8, 2004, after an extensive plant recovery program and
comprehensive corrective actions by the licensee,

FirstEnergy, and after considerable NRC inspection and assess-
ment, the staff gave approval for the restart of Davis-Besse. Our
full statement discusses the critical review and actions the NRC
has taken to address the Davis-Besse Lessons Learned Task Force
and the Inspector General’s recommendations.

We have already provided our comments on the GAQO’s draft re-
port on Davis-Besse. We are reviewing the GAO’s recently finalized
report.

Let me turn for a minute to other significant achievements, spe-
cifically in our reactor licensing programs.

A significant type of reactor licensing action, called a power
uprate, is a request to raise the maximum power level at which a
plant may be operated. Power uprates range from requests for
small increases of less than 2 percent based on the recapture of
power measurement uncertainty, to large increases in the range of
15 percent to 20 percent of full power that require substantial
hardware modification to the plants.

To date, the NRC has approved 101 power uprates which have
added safely approximately 4,175 megawatts electric to the nation’s
electric general capacity, and this is the equivalent of about four
large nuclear power plants.

Currently, the NRC has four power uprate applications under re-
view and expects to receive an additional 25 applications through
calendar year 2005. This would add approximately 1,760
megawatts electric to the Nation’s electric generating capacity. The
focus of our review of this application has been, and will continue
to be on safety.

License renewals are another significant type of licensing action.
In 2003, 13 units had their licensees renewed for an additional 20
years. We expect that almost all of the 104 reactors licensed to op-
erate will apply for renewal of their licenses. The NRC also is
ready to accept applications for new power plants. In September
and October of last year, we received three early site permit appli-
cations for sites in Virginia, Illinois, and Mississippi where oper-
ating reactors already exist.
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We have already certified three new reactor designs. In addition,
the NRC is currently reviewing the Westinghouse AP—1000 design
certification application. The staff has met all scheduled milestones
for the AP-1000 design review and is on track to issue a rec-
ommendation to the Commission this fall on final design approval.
The NRC staff is also actively reviewing pre-application issues on
two additional designs and has four other designs in various stages
of pre-application review.

The Commission has continued to enhance security of licensed
nuclear facilities and materials through close communication and
coordination with other Agencies in the intelligence and law en-
forcement communities, and with the Department of Homeland Se-
curity. We have established an enhanced set of security require-
ments for power reactors that are appropriate in the post-9/11
threat environment.

In treating emergency preparedness as another level of defense
in-depth, we are recognizing it as an integral part of our approach
to protecting the public. Reactor fuel, reactor coolant system, con-
tainment, emergency preparedness—these are four barriers, each
one complementing the others and each one designed, tested, and
inspected to provide reasonable assurance of protecting the public
and the environment from radiological releases.

In the area of material security, we have coordinated closely with
other Federal Agencies, State, and affected licensee groups to de-
velop additional security requirements for two classes of materials
licensees who possess high-risk radioactive materials. Our full
statement discusses our activities and comprehensive programs for
ensuring the safety of importing, exporting, and transportation of
nuclear materials.

The Commission’s activities also extend to the front end of the
fuel cycle and they continue to increase. The first proposed new en-
richment facility will be located in New Mexico and the second in
Ohio. Louisiana Energy Services submitted an application for its
facility in Eunice, New Mexico, to the NRC in December 2003. U.S.
Enrichment Corporation is expected to submit its application to the
NRC for its site in Piketon, OH, in August 2004.

The Commission has directed its staff to conduct reviews of the
applications for the two proposed enrichment facilities in a timely
manner. The staff continues to review a request to authorize con-
struction of a mixed oxide fuel fabrication facility at the Savannah
River site in South Carolina as part of the Department of Energy’s
program to dispose of excess weapons grade plutonium.

The NRC has also made progress on a wide array of programs
relating to the safe disposal of nuclear waste. A central focus on
these programs is to ensure that the Agency is prepared to review
an application by the Department of Energy to construct a high-
level radioactive waste repository at Yucca Mountain, NV. The ap-
plication is expected to be submitted to NRC in December 2004,
and we are prepared to fulfill our role.

We continue to develop the programs and dedicate resources to
ensure that the human capital of the Agency is adequate to meet
the needs of the Agency and, in this respect, we also are adding
significant resources to develop the critical thinking skills of our
work force.
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Mr. Chairman, I can assure you that the Commission will con-
tinue to be very active in directing and managing the staff efforts
in ensuring adequate protection of public health and safety, pro-
moting the common defense and security, and protecting the envi-
ronment in the application of nuclear technology for civilian use.

We appreciate the opportunity to appear before you today.

We welcome your questions. I would ask that my written state-
ment be placed in the record in its entirety.

Senator VOINOVICH. Thank you very much, Mr. Diaz.

I appreciate your testimony this morning. I notice you went over
the 5 minutes, but I wanted to give you more of an opportunity to
get your statement out in front of us.

Mr. Diaz. I appreciate that, Mr. Chairman.

Senator VOINOVICH. Mr. Merrifield.

STATEMENT OF JEFFREY S. MERRIFIELD, COMMISSIONER,
U.S. NUCLEAR REGULATORY COMMISSION

Mr. MERRIFIELD. Mr. Chairman, in light of the time, I would just
want to say thank you for the opportunity and the challenges you
have presented for us, the opportunity to show off what we do, a
challenge to do better in terms of our effort to make sure that safe-
ty remains our No. 1 issue, as you outlined it.

I think also today we want to thank you for the strong interest
that the committee as a whole has shown in issues of human cap-
ital and your particular interest. Again, I think that is something
that we would be prepared to discuss in our testimony and ques-
tions.

Thank you, Mr. Chairman.

Senator VOINOVICH. Thank you, Mr. Merrifield.

Mr. McGaffigan.

STATEMENT OF EDWARD McGAFFIGAN, JR., COMMISSIONER,
U.S. NUCLEAR REGULATORY COMMISSION

Mr. MCGAFFIGAN. Mr. Chairman, I concur in Chairman Diaz’s
statement. I look forward to your questions. I want to maximize
the amount of time to answer your questions.

Senator VOINOVICH. Thank you, very much, Mr. McGaffigan.

The Ranking Member of the subcommittee is here. Senator Car-
per, would you like to share with us an opening statement?

Senator CARPER. I have a statement for the record that I would
like to insert into the record.

Senator VOINOVICH. Without objection, so ordered.

OPENING STATEMENT OF HON. THOMAS R. CARPER, U.S.
SENATOR FROM THE STATE OF DELAWARE

Senator CARPER. Thank you. I would just like to jump right into
questions. I thank our witnesses. We are delighted that you are
here. Thank you.

Senator VOINOVICH. We have had six NRC oversight hearings, as
I mentioned, since 1998. Before this time, it is my understanding
that not many of these hearings were held, and that the Commis-
sion basically had a free reign.

Over the past 2 years, I have watched the NRC disagree with
just about anyone who has analyzed the Commission’s actions sur-
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rounding the Davis-Besse incident, including the Inspector Gen-
eral, and now the GAO. I am concerned about that. I feel strongly,
and I know my fellow colleagues agree with me that this committee
must provide strong oversight.

Based on some of your recent actions, what kind of assurances
can you give us and the American public that you take our over-
sight seriously? We have talked at past hearings about the human
capital needs in the NRC and the industry as a large number of
employees are close to retirement age. There are several important
licensing. You have gone into them.

The list of things that you have to do is just overwhelming. It
must be unique in the history of the NRC to have so much work
that is on your plate that you need to deal with. The GAO claims
that you have been slow in implementing lessons learned because
of resource constraints. They specifically cite too few staff and ex-
perience levels among existing staff.

What I want to know is: Is that true? What are some of the con-
straints? How can we fix this? I want you to be candid with me.
If you do not have the budget, or if there is something wrong that
you need that you do not have that you cannot get the job done,
we want to know about it today.

Mr. Diaz, we will start with you. If the other Commissioners
want to chime in, we would welcome that.

Mr. Diaz. Mr. Chairman, I want to say that we welcome the
oversight. I believe that it has actually helped the Agency to be-
come more focused on the issues that are of concern to the Con-
gress and to the Nation. In no way do we see this as anything but
actually helping us do our job better.

We do disagree with some of the criticism from outside, and
probably it is because we are always looking forward at what we
are going to do, and not only going back. Some of the criticisms are
probably past their time. Some of them have a significant basis and
we have taken the necessary actions to correct them.

Senator VOINOVICH. Mr. Diaz, one of the things I like to do is
this. Let us zero in on your budget and the human resources that
you have. Are they adequate to get the job done? That is what I
want to hear. Where are you on this?

Mr. Diaz. Our budget is adequate. Our human resources are get-
ting systematically upgraded. We have established a program to
improve the capabilities of our inspectors and our staff to deal with
issues. We are working in a very disciplined manner to address the
issues of communications.

We want everybody in the Agency that needs information to have
that information. We want that information to go up the ladder.

Senator VOINOVICH. Let me ask you this. How much retirement
have you had in the last years? How many new people have you
brought in? What is the level of the number of employees that you
have versus what you had before?

Mr. Diaz. We are increasing our staffing to over 3,100 FTEs. We
were around 2,850 in fiscal year 2002. So we actually have an in-
crease of about 250. I do not know the exact number. We continue
to bring in not only people that are young that we can train, but
we bring in mature people with the right skills. We have been able
to develop a data base that allows us to match skills with the
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needs. We continue to work these issues in a very systematic man-
ner.

Mr. MERRIFIELD. Mr. Chairman, one of the things you mentioned
and pointed out before is the concern about the age of our work
force. That is one that we have worked very hard on in the last
few years. You mentioned the statistic that at one time we had six
times as many people over the age of 60 as we did under the age
of 30. I do not know the exact ratio at this point. I think it is some-
where in the nature of about 1%2-to-1 or 2-to-1. We have dramati-
cally reduced that number by a significant effort to reach out to a
wide diversity of universities and colleges. We have brought in a
lot of very exciting, new, well educated, members of our work force
that are really going to allow us to grow in the future and maintain
that high level of expertise we have had in the past.

Senator VOINOVICH. My past recollection is that some of the uni-
versities where they have some of these reactors at the univer-
sities, that they were closing those down. I recall for example, the
University of Michigan. What is the status out there in terms of
the availability of people?

Mr. Diaz. The level of the decline has stabilized. In fact, many
of the large programs have actually experienced some increases.
We continue to be concerned with the capability of the infrastruc-
ture to give us the right person.

I think it is a problem across the industry.

But I do believe that right now we are getting the talent that we
need. It might be more difficult in the years to come as more people
retire and we lack the experienced personnel to fill their places.
That is why one of the things that we have asked, Mr. Chairman,
is the ability to retain some of our senior people that are retiring
without a penalty. In other words, when they retire from the Fed-
eral work force, if they come to work for us, they lose some of their
benefits.

Senator VOINOVICH. I understand that. One of the things that I
am trying to do with the legislation that we introduced would deal
with that problem. But right now you are being restricted because
if you bring them back, they lose their retirement. Would you like
to be able to bring them back to work part-time to help you with
the transition?

Mr. Diaz. We have had exceptions made, but we certainly will
welcome your support in that area.

Mr. MERRIFIELD. Mr. Chairman, I would also say that you have
championed in the Energy bill legislation that would enhance the
training programs for our Agency and provide an additional $1 mil-
lion in training. That is Section 622 of the Energy bill on the House
side and a similar provision on the Senate side. We would certainly
appreciate your support of that legislation. It would certainly help
us as well.

Mr. McGAFFIGAN. Mr. Chairman, if I could, I would respond to
your question on resources. Chairman Diaz is absolutely correct.
We have the resources if we got our budget to do what we need
to do in the year ahead. All of you know better than we do what
the prospects of our getting our budget this year are.

If we are in a continuing resolution situation with a flat budget,
we basically are flat in all areas except for preparing for the Yucca
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Mountain application and in advanced reactors. There could be sig-
nificant instability in those two areas. But in areas such as fol-
lowing up on the Davis-Besse lessons learned, we are absolutely
committed to dedicating the resources necessary there.

I have been at all six of these hearings. Chairman Diaz has as
well. Agencies over their lifetimes go through ups and downs.
When Chairman Diaz and I came on the Commission in 1996, we
were in a sustained down period. There had been significant ero-
sion in staff. There had been no promotions, essentially. We had
not had an SES development class for many years. Our first SES
development class was chosen in 1999.

We have had a second, and we are about to have a third. But
for many years, with declining budgets and the need to manage an
Agency in decline, things were postponed.

We, over the last 5 years, have been actively trying to recover
from that period. Will the recovery be complete?

We are going to face challenges in the years ahead because there
was that period where we had to manage a very significant decline
in resources, anticipating an industry in decline, which turned out
not to be true.

Senator VOINOVICH. Thank you very much.

Senator Carper.

Senator Carper. Thank you, Mr. Chairman.

I know we have a couple of panels here. Is the expectation that
we would have one round of questions for each panel?

Senator VOINOVICH. Well, I anticipated two rounds for the Com-
mission of 5 minutes each.

Senator CARPER. Thank you. I think I want to start with a more
general question and then maybe come to something more specific
to a part of the country in which I live and represent. A couple of
months ago I took a bunch of Boy Scouts from Wilmington, DE
down to the Norfolk Naval Station, as I do every few years. Both
our boys are active in scouting. I took Troop 67 back to the Norfolk
Naval Station.

We visited submarines and nuclear powered submarines and
ships, and an aircraft carrier in port.

The aircraft carrier itself is about 1,000 feet long. It is at least
20 stories high. There are roughly 5,000 sailors aboard the ship.
When the airplane is on board, I think it brings a lot more people
and maybe 75 or so aircraft. The interesting thing for me about the
nuclear-powered carrier is that it stops to refuel about once every
25 years, unlike the other ships that were on either side of it which
need to refuel about every week. For me, that is always a good re-
minder that nuclear energy is not just an important part of our
military and our naval forces, but it is also an important part of
our energy.

Looking over the briefing materials, I was reminded again of the
amount of CO,, carbon dioxide, that the nuclear power plants do
not put into the air. I was reminded of the amount of dollars that
reliance on nuclear energy does not add to our trade deficit. I was
reminded of the reduction in imported oil that a reliance on nuclear
power for the generation of electricity affords us.

I sit here today as one who believes that it is important that we
continue to maintain and strengthen going forward our reliance on
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nuclear energy as part of, not all of, but part of our energy needs
in this country.

I was going to get into some of the questioning that our Chair-
man got into with respect to qualified personnel. I think he has
covered that about as much as I would want to. I would to focus
instead on the future of nuclear energy in our country and a little
bit about the transportation of nuclear waste. Then I have a couple
of specific questions that deal with the nuclear power plant on the
other side of the Delaware River from us in Salem, NdJ.

I would just start off with a couple of questions about nuclear en-
ergy. I am going to ask you to be fairly brief in responding to these
questions. I will direct them, Chairman Diaz, to you and ask you
to defer to your colleagues and your fellow Commissioners to jump
in whenever you feel the need.

I think today about 22 percent of our electricity supply comes
from nuclear energy. I guess my first question is: Twenty years
from now, do you think we will still be getting 22 percent of our
electricity from nuclear power? Do you think it will be more? Do
you think it will be less?

Mr. DiAz. 1 believe that that question probably should be an-
swered by the next panel. We are ready to do our job of regulating
the industry. The industry is considering additions to the fleet. We
believe that we have done what we needed to do which was to en-
sure that anyone that wanted a license to be renewed for an extra
period of time of 20 years would have a fair, equitable, and dis-
ciplined approach to renewing that license. I think the process that
is in place is working well.

So in many respects, one of the things that has happened is that
we have been able to have the existing fleet working. We have also
been able to certify new designs that if the industry wants to, they
will be able to use those certified designs to add new plants to the
fleet. But it is the industry which needs to make that decision.

I believe that the best that they can do under the present cir-
cumstances is to maintain over the next 15 years the 20 percent
to 21 percent that they are presently generating. That would in-
clude a few new nuclear power plants because the overall capacity
is increasing.

Senator CARPER. Thank you. You alluded to this. Maybe some-
body is going to be proposing to build a new nuclear plant or two.
Just sketch for me very briefly the approval process that they go
through with respect to your Agency.

Mr. Diaz. Very quickly, we have two processes—an old process
and a new process, that we believe is better, which the Congress
actually established. These new processes combine an operating li-
cense, which allows the industry to apply simultaneously for the
construction license and the operating permit. We already have
three applications for early site permits to clear the environmental
concerns of a site. We also have certified the designs, which means
that the industry or the utility can actually apply to put that cer-
tified design on a pre-approved site, making the period of the li-
cense for their construction and operation shorter, something the
industry is very much in favor of. The Congress approved that
process in 1992.
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Senator CARPER. Thank you. Could we talk a little bit about the
transportation of nuclear waste to Yucca Mountain? I seem to re-
call that there is some full-scale testing of these casks that were
to carry the nuclear waste that was either scheduled to take place
or has taken place. Can you just bring us up to speed on that?
What is involved in these tests? What kind of schedule do you have
for them? Is there some kind of system for double-checking the re-
sults from those tests?

Mr. Diaz. We have conducted what is called one-quarter scale
testing. The science and technology for such a test is sufficient to
scale this one-quarter scale to full size. We have had one railroad
cask built under these conditions. But I think 2 years ago precisely
in the Senate, the Commission concurred that we were going to do
full-scale testing, meaning that we were going to take a cask and
actually in its full size we are going to conduct all the necessary
testing to ensure that it will be protective of public health and safe-
ty, as it is used to transport spent fuel.

We have not done the tests. They are scheduled. The Commission
just approved the purchase of a full-scale rail cask. We have now
published and we have received comments on the testing proce-
dures. We expect that this will be done probably in the next 3 to
4 years.

Senator CARPER. Thank you.

Thank you, Mr. Chairman.

Senator VOINOVICH. Without objection, I would like to enter into
the record the amendment to the Energy bill, S. 14, which was an
amendment that was part of the bill that passed in 2003 and to
bring to the committee’s attention that these very important
amendments are in the Energy bill, which we have not passed. I
think that the public should understand that this Energy bill, in
addition to dealing with natural gas, oil, and so many other areas,
including another issue that was before this committee, and that
in terms of the reliability of standards that we need in order to
avoid a black out as we had last year, are all in this Energy bill.

If this Congress goes home without passing an Energy bill, we
are doing a great disservice to the people of this country. So I just
want to enter these into the record so that it appears why it is so
important that we get that legislation passed.

Without objection, so ordered.

[The referenced document follows:]
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Senator VOINOVICH. One other thing, before I forget it.

We had a big hearing here on the issue of the security of our nu-
clear facilities. I believe Senator Jeffords was the one who insti-
gated that. As a result of that hearing, there were some questions
asked, and you were kind enough to come and meet with us in
closed session. I want to compliment Senator Jeffords because he,
at that time, said that he thought it was a good idea.

I want you to know that in the near future, after talking with
the members of this committee, we may again ask you to come into
a closed session to update us on where you are in terms of the se-
curity of those facilities from terrorist actions.

Mr. MCGAFFIGAN. Mr. Chairman, if I could, I would make one
comment on the legislation. In 1998, when Senator Inhofe had the
first hearing, we also had not had a lot of legislation passed in
many years. The Energy Policy Act of 1992 was the last significant
piece of legislation that affected the NRC. Chairman Diaz just re-
ferred to one of its provisions.

In the intervening 6 years, aside from Senator Inhofe’s provision
with regard to the fee base, we are still anxiously waiting for the
legislation. There are a whole series of provisions in the Energy bill
that we believe are noncontroversial. We appreciate both Houses’
support in the safety, security, and budgeting area. We would dear-
ly appreciate this being passed.

Some provisions involve safety, some security, others budgeting
matters, such as our ability to have fees for other Agencies. There
are a whole host of provisions that you, Senator Inhofe, Senator
Jeffords, and others have supported, which we would very much
like to see enacted, if at all possible.

Senator VOINOVICH. There is one other thing that I would like
would be a memo from the Commission about the harm that is
done to you with a continuing budget resolution. We have, in the
last couple of years, had this continuing resolution. I do not think
my colleagues in the Senate and the House of Representatives un-
derstand how negative and how bad that has been for our Agen-
cies. We just kind of take it for granted. “Well, we were not able
to get the job done, so we are going to have a continuing resolu-
tion.”

But they do not understand what a terrible impact that has on
your ability to plan and get things done in your respective Agen-
cies. It is not only yours, it is right across the board. We do not
talk about it enough. So I would like you to prepare something that
maybe I can share with our colleagues and let them know why we
need to get our appropriations passed on time around this place.

Mr. DiAz. We will be pleased to do so.

Senator VOINOVICH. Without objection, so ordered.

[The referenced document follows.]
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

*okk k¥ June 2, 2004
CHAIRMAN

The Honorable George V. Voinovich, Chairman

Subcommittee on Clean Air, Climate Change, and Nuclear Safety
Commitiee on Environment and Public Works

United States Senate

Washington, D.C. 20510

Dear Mr. Chairman:

During the U.8. Nuclear Regulatory Commission (NRC) oversight hearing on May 20,
2004, you requested a letter from the Commission on the impacts of having to operate under
an FY 2005 continuing resolution. As discussed in greater detail below, operating under an
FY 2005 continuing resolution would delay the NRC'’s review of the Department of Energy’s
(DOE’s) high-level waste repository application and the NRC'’s review of various advanced
reactor applications. It would likely have lesser impacts on other key programs, such as the
licensing of new uranium enrichment facilities.

The FY 2005 President’s budget for the NRC is $670.3 million, a $44.2 million increase
from the FY 2004 budget. Most of that requested increase is in the NRC high-leve! waste
program. Our FY 2005 budget includes $69.1 million for high-level waste regulation, which is
$36 miliion above the FY 2004 appropriation. Consistent with that request, NRC was planning
substantial increases in staffing, contractor, administrative, and infrastructure support to meet
the statutory time period for NRC review of the DOE's application to build a high-leve! waste
repository at Yucca Mountain, Nevada. That application is currently expected to be submitted
in December 2004. Since NRC must fund high-level waste repository-related expenditures
from the high-level waste fund appropriation, a continuing resolution that provides FY 2005
high-level waste funding at the FY 2004 appropriation level would disrupt our preparation to
review the DOE application and delay our review of that application, once submitted. A
continuing resolution would also delay our full-scale testing of a certified transportation rail cask
for spent nuclear fuel.

The Commission has much more flexibility in the rest of our budget. The President's
FY 2005 budget for non-high-level waste repository activities increases by only $8.2 million to a
total of $801.2 million. Under a continuing resolution at the $593 million FY 2004 appropriations
level, the Commission would plan to delay our review of various advanced reactor applications
(three early site permit requests, the pre-application reviews related to the Advanced CANDU
Reactor (ACR-700), and the GE Economic Simplified Boiling Water Reactor (ESBWR), and to
delay review of other new license applications, such as those for two new enrichment facilities
in New Mexico and Ohio. Since our first priority must be to ensure the safe and secure
operation of existing facilities, the Commission would plan to fund fully our oversight programs
in both safety and security and to fund fully such key activities as the Davis-Besse lessons
learned follow-up items and prompt resolution of generic safely issues.



18

-2

Should the President’s FY 2005 request uliimately be fully funded in spring 2005, many
of these impacts of a continuing resolution would be ameliorated. But the time lost through
spring 2005 in various licensing reviews, particularly the review of the high-level waste
repository application, will not be recoverable.

In summary, a continuing resolution would have significant adverse impacts on our
ability to conduct some very important programs and activities.

Sincerely,
Nils J. Diaz

cc: Senator Thomas R. Carper
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Senator VOINOVICH. Senator Inhofe.

Senator INHOFE. I think you ought to get it to him today.

[Laughter.]

Senator INHOFE. We talked about this back in 1998. We want ac-
tion now. I have to say, Commissioner Diaz, I was disappointed in
your answer to Senator Carper’s question on what you see in the
future. I cannot imagine with the serious, serious energy crisis that
we have today that we would not be looking out there saying, “Yes,
we are going to have more.”

I am looking at a chart right now—France, 77 percent; Ukraine,
44 percent; South Korea, 37 percent. I just cannot imagine that we
would be looking in the future and not saying, “This is probably
singularly the most available one that we can go to, to resolve this
crisis.”

It is a crisis right now. Finally, the prices have gone up to the
point where people realize it is. We have held two hearings in our
full committee on natural gas prices, on gasoline, and all this. We
know we have to get out there and go after all forms of energy
which means exploring in places we have not explored. Yesterday
on the Senate floor I reminded the Senators that in my State of
Oklahoma, which is a big State in terms of marginal production,
that is 15 barrels a day or less.

If we had all the marginal wells flowing today that have been
closed in the last 10 years, it would produce more oil than we are
currently importing from Saudi Arabia. Then you get into nuclear.
I was surprised. I did not know about all these new tests coming
up, Senator Carper. I just wonder why you need new tests. I can
remember the old tests when they dropped a container a quarter
of a mile on concrete and it is sustained it. It went through fire.
They put in on the railroad tracks and a train coming along at a
hundred miles an hour.

We have progressed to the point where I hope we do not just
keep replowing those fields over and over again. Then you look at
some of the ways that some of the extreme environmentalist’s com-
munity look at nuclear. It is kind of interesting that same Green
Party that has shut down nuclear in Germany is encouraging it in
France, and France is the beneficiary because they are selling the
electricity or the power to Germany.

I just hope that you become aggressive and recognize that we
have a great need in this country to resolve our energy crisis, and
nuclear has to be a major part of it. Are there any comments from
any of the Commissioners?

Mr. Diaz. Senator, we are aggressive in doing our role. My re-
sponse is based on what the industry estimates their plan is, which
is called “2020.” My response is based on what the Department of
Energy, which is actually actively trying to develop nuclear power,
indicates. The electrical capacity of the Nation is growing. There-
fore, the 20 percent that nuclear power generates now, 15 years
from now, will be less, and maybe will be 15 percent or 16 percent.
The industry has proposed a plan to build additional capacity. The
Commission is ready to do its role of licensing.

Senator INHOFE. OK. That is the other thing I want to get before
my time expires here. In 1999, Chairman Jackson said that the re-
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licensing they are anticipating would take from 30 months to 36
months.

Mr. Diaz. We are down, sir, to about 25 months.

Senator INHOFE. That is good. I like to hear that. But the con-
cern is with the process slowed down on relicensing when you start
preparing for Yucca Mountain. Can you keep the progress going?

Mr. Diaz. We can keep the progress going. We have to manage
our resources because the resources are limited. But we do not be-
lieve that there will be a significant impact on the relicensing proc-
ess. We are going to manage it this year to about 12. We have said
that we can manage eight per year. We are working with the in-
dustry to make sure they have a disciplined approach in providing
us with the applications. So I do not think there is going to be any
significant impact.

Mr. MERRIFIELD. In fact, Mr. Chairman, our staff had come to
the Commission last year and said, “We want to budget and be pre-
pared to deal with ten license renewals a year.” The Commission
said that was not good enough. We wanted them to do 12 a year.
We recognize, as you do, we want to deal with this in a disciplined
process, but deal with it in a timely way. I agree with the Chair-
man. We are going to make sure we do both.

Senator INHOFE. Thank you. My time has expired.

You talked about when the Chairman in his opening remarks re-
ferred to 60 percent of the employees are over 60. I thought you
were describing the U.S. Senate at that time. I thought that we
might be having some serious problems in the NRC if that is the
case.

[Laughter.]

Senator INHOFE. Thank you, Mr. Chairman.

Senator VOINOVICH. Senator Jeffords, I know that you wanted to
have a statement made. Do you want to do that now or do you
want to continue the questioning of these witnesses and perhaps
give your statement before the second panel of witnesses are called
up? I will let you decide that.

Senator JEFFORDS. I think I would like to do that now if I can.
I have another engagement I have to get to.

Senator VOINOVICH. All right.

OPENING STATEMENT OF HON. JAMES M. JEFFORDS, U.S.
SENATOR FROM THE STATE OF VERMONT

Senator JEFFORDS. Thank you, Mr. Chairman. Today’s hearing
continues our ongoing oversight of the Nuclear Regulatory Commis-
sion. I believe this is the sixth oversight hearing the subcommittee
has had in the last 7 years.

Chairman Voinovich, you and Ranking Member Carper deserve
1cre1dit for continuing to commitment to hold these hearings regu-
arly.

Today I want to discuss both the NRC’s handling of extended
power uprates and a recent incident involving missing pieces of
fuel rods at the Vermont Yankee Nuclear Power Plant in my State.
I appreciate that Chairman Diaz and Commissioner Merrifield
have been willing to discuss my concerns about the recent events
in Vermont Yankee with me directly.
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I also want to say to the Chairman and all the Commissioners
that I am pleased that you are all here today.

The mission of the Nuclear Regulatory Commission is one of the
most vital missions carried on by the Federal Government.

Regulating the Nation’s civilian use of nuclear materials, ensur-
ing adequate protection of public health and safety when these ma-
terials are used or disposed of, and protecting the environment are
all critical.

I want to make myself perfectly clear, and I know the Chairman
and the Ranking Member of the subcommittee share my views,
that the top priority for the NRC is safety. There is no greater
issue than safety. I want the people of Vermont and across the
country to be safe. It is NRC’s job to guarantee that.

As you are well aware, there has been serious problems at
Vermont Yankee since this panel’s last oversight hearing. Vermont
Yankee operated by Entergy, discovered that two pieces of radio-
active fuel rods were missing from the plant’s storage facilities last
month. Officials with Energy Nuclear have said that they could not
find the two rods—one 7 inches and one 17 inches long. Either is
capable of quickly giving a lethal dose of radiation to an unshielded
handler.

The NRC has been involved in Vermont Yankee inspections
using a remote control camera to see if they have misplaced the
rods among the 2,787 spent fuel rods in the plant’s spent fuel pool.
The NRC is also working with the utility to review records to see
if the two missing fuel rods from the plant are in the waste facili-
ties at South Carolina or Washington.

Company officials speculate that the rods may have been con-
fused with low-level waste and shipped out to out-of-State storage
sites. So far, efforts to locate the rods at the Vermont Yankee facil-
ity have failed. This is an outrageous and frightening situation for
Vermont families. The Commission must commit its resources to
ensure that the material is accounted for immediately.

I stand ready to assist the NRC in any way possible to make
sure that these materials are found and secured. But I note that
this is the second incident of missing nuclear fuels at Northeast
nuclear plants in 5 years. When the Millstone incident occurred,
NRC said that fuel rods had never before gone missing in the his-
tory of the commercial nuclear plants in the United States.

I know that the materials at the Vermont Yankee were found to
be missing due, in part, to the new inspection procedures the NRC
instituted after Millstone. The sad fact is that the fuel is again
missing. I do not want missing fuel to become the norm. It is not
enough to tell the public that we think it is likely that highly radio-
active material went into storage.

We must improve our nuclear materials accounting system and
we must do so now. I want to know what the NRC is going to do
to prevent this from ever happening again in Vermont Yankee or
anywhere.

Keeping with my view that the safety is job one at the NRC, I
would also like to know what the NRC is doing to ensure that any
boost in Vermont Yankee’s power will be reviewed in a thorough
manner. Entergy has asked the NRC to approve its proposal to
boost the power from Vermont Yankee by 20 percent. As you know,
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the NRC must determine whether or not such an extended power
uprate will jeopardize the plant’s ability to operate safely.

I expect the NRC to explain, design, and conduct a review that
will allow Vermonters to have confidence when the uprate is ap-
proved for Vermont Yankee. In the long term, I am pleased that
the NRC agreed with Senator Leahy and my request to hold a pub-
lic meeting in Vermont in March to explain the uprate review proc-
ess.

Many constituents have told me that this was a helpful meeting,
but more needs to be done to inform and assure Vermonters. The
review of the Vermont Yankee uprate will be the first time that the
NRC will conduct such a review using the new extended power rate
guidelines issued in December 2003.

I am also pleased that the NRC has agreed to conduct a pilot in-
spection and collection of additional information as requested by
the Vermont Public Service Board. The purpose of this additional
inspection will be to collect data about the plant’s operations under
the proposed boosted power conduction.

This is the information Vermonters want. I am pleased that my
State will be doing a service to the country as they work with the
NRC through the use of the new guidelines and implementation of
the new pilot inspection program.

The NRC has an opportunity to assure this subcommittee that
they will make their new site guidelines and inspections work, that
they will implement them in a thoroughly transparent way, and
that they will strive to address the concerns of the public.

If we are going to be serious about protecting our environment
while providing safe, reliable, and affordable electricity for all
Americans, we need to increase our use of renewables, improve
how to burn fossil fuels, promote energy efficiency, and make sure
that nuclear plants operate well and safely.

Thank you, Chairman Diaz and the rest of the Commissioners.
I look forward to your response.

Thank you, Mr. Chairman.

Senator REID. Mr. Chairman?

Senator VOINOVICH. Senator Reid?

Senator REID. I apologize to you and the Ranking Member for
being late. I have a relatively short statement I would like to give.

Senator VOINOVICH. Without objection, certainly.

OPENING STATEMENT OF HON. HARRY REID, U.S. SENATOR
FROM THE STATE OF NEVADA

Senator REID. Thank you very much.

First of all, let me say to Chairman Diaz, Commissioner
McGaffigan, and Commissioner Merrifield, I think you have one of
the most responsible jobs we have in our entire Government. There
is no way that I can adequately portray the importance, I think,
of the work that you have to do. You have such a long list of crit-
ical duties. All of these duties have been made more important as
a result of what happened on 9/11. Of course, we know you license,
inspect, and oversee nuclear facilities. This is done to assure their
safety and make sure that the operations go well at overseas de-
commissioning of facilities and enforce the laws that we write in
conjunction with the President.
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The NRC cannot perform these critical functions properly,
though, when it is not operating with its full compliment of five
Commissioners. But that is the situation we have today. The NRC
is operating with only three Commissioners.

For example, the distinguished Chair of the full committee, Sen-
ator Inhofe, my friend, indicated earlier today that he thinks that
there has been enough testing done on casks. I think if the Com-
mission goes forward on the information, scientific in nature that
we now have on these casks, it would be a terrible disservice, not
only to our country, but to the world.

In February, the President sent to the Senate a member of my
staff to fill one of the two vacancies that now exist with this very
short-bodied Nuclear Regulatory Commission. The President’s will-
ingness to do this says more about Dr. Jaczko’s qualifications than
any testimonials that I could offer on his behalf. He has met with
every member of this committee that has wanted to discuss his ex-
perience, his background, and his views. The committee’s view of
that role of the NRC has also been something that he has discussed
with Senators I thank my colleagues for taking this time to meet
with Dr. Jaczko.

But despite these meetings and the fact that several other nomi-
nees have had hearings and have been marked up by this com-
mittee, his nomination has languished. While I would like to fill
the remaining fifth slot at the NRC, there is simply is a nominee
with clear paperwork and other items in order to do that. In that
way, we could have a Democrat and a Republican.

But I do not think that waiting is an option. The President of the
United States felt the same way. I have pledged to work against
the committee completing other business here on the floor until
this nominee gets a markup. I have served on this committee for
18 years now, and have done so because I really like the work on
this committee. I have had opportunities to go elsewhere, but I like
what we do. I like our jurisdiction.

I do not take the action of blocking the committee’s other busi-
ness lightly. But I do so here because the Commission is charged
with ensuring the safety of the Nation’s nuclear power plants. That
is very important, as I have already indicated. I do not think you
can do your job when you do not have the adequate staff.

I believe not having a hearing is abdication of this committee’s
duty. At least one of the three Commissioners who has already tes-
tified before this committee to date, Commissioner McGaffigan,
agrees with me. I think the other two would also acknowledge that
it would be better if you had a full complement of Commissioners.
In 2003, Commissioner McGaffigan commented, “I personally do
not like vacancies. I think we would best when there are five.”

I acknowledge that. I would hope that my colleagues here on the
subcommittee would do whatever they could to get this committee
to move forward and put Dr. Greg Jaczko on the Senate floor. Then
we will take whatever chances we have there. But to hold this up
in committee is not going to be good for the work of this committee.

Again, Chairman Voinovich and Ranking Member Carper, I ap-
preciate very much your allowing me to speak, me coming in late
and leaving early. I appreciate it very much. The work that is
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being done here, the oversight of this subcommittee, is extremely
important.

Senator VOINOVICH. Thank you, Senator Reid. I, too, am con-
cerned about the lack of two individuals on the committee.

Perhaps we can spend some time working on it. But I would like
to remind you from what my staff tells me that your side of the
aisle blocked a hearing on Admiral Grossenbacher for 7 months.

Senator REID. That is really not quite true. They gave you some
bad information, Senator Voinovich. What happened is that there
was an agreement that we would do both of these together. By the
time the togetherness came, he had found another job, which was
really too bad, because I thought he had some extremely good
qualifications to serve on this Commission. I think these gentlemen
here would have been better for having had the Admiral on this
Nuclear Regulatory Commission.

I would also say this, Senator Voinovich. Up here there is a lot
of blame to go around. “He did it; I did it; you did it.” But the fact
of the matter is that we now have a Commission and we have a
man who has a Ph.D., in physics who has had experienced adminis-
tratively. He has had it in the Legislative Branch of Government.
He would do an outstanding job working with these three gentle-
men.

I have said a long time ago, but the Admiral withdrew not be-
cause of anything I did, I wish the Administration would come for-
ward with someone else. For reasons I do not understand they have
not. I am willing to work any way that I can to make sure that
there are five and not four.

Thank you very much.

Senator VOINOVICH. Senator Carper.

Senator Carper. I have a story that relates to the Admiral before
you got here, Senator Reid, I shared with my colleagues that every
couple of years I take a bunch of Boy Scouts down to the Norfolk
Naval Station to spend a weekend and sleep in the barracks, eat
in the galleys, and climb all over the submarines, ships, and air-
craft carriers.

You and I are runners. We like to exercise. One morning, 2 years
ago when I was down there, I got up real early and went out and
ran on a Sunday morning. As I was running around the base, it
was just about daybreak, I ran by this one house.

There are some beautiful homes on the Norfolk Naval Station
where some of the senior officers live. I went by this one home and
I looked. There was a flag in front of the home. It looked just like
the Delaware flag. Just like it. It was about half dark. I stopped
my run. I went over there and I held the flag in my hands. By
golly, it was the Delaware flag.

It turned out that the house was the Delaware House. They have
like 20 or 25 houses on bases that are named after various States.
The person who lives in the Delaware House is the head of U.S.
Submarine Forces around the world. That person was the Admiral.
He lived there at the time.

We went back after breakfast that Sunday morning and knocked
on his door and got him up to let him know that there were some
people there from Delaware. Later on he came back for a hearing
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to be nominated. He seemed like a good guy. I am sorry it did not
work out.

Senator REID. Yes, he is the best. I would just say that anytime
we talk about submarines, my being from Searchlight, NV, I hope
you understand that we are responsible for the submarines commu-
nicating with each around the world. We have a huge Lorenz Sta-
tion there in Searchlight. Those very interesting lights are flashing
at night all the time. They have all kinds of ghost stories and ev-
erything. But the Lorenz Station makes our submarine fleet as suc-
i:es}?ful as it, and that is in Searchlight. Well, a little out of Search-
ight.

Senator CARPER. Would that be the suburbs of Searchlight?

Senator REID. Yes.

[Laughter.]

Senator VOINOVICH. We will be continuing with the questioning.

NRC’s concern about safety culture was one of the last issues re-
solved before Davis-Besse was allowed to restart. As a condition of
the restart, you required FirstEnergy to conduct an independent
assessment of the safety culture at Davis-Besse annually for the
next 5 years. I remember that part of the reason why you did not
do it was that you came in and you said, “The safety culture has
not changed. Get it right.” You came back. It may have been three
times that you did that before you let it open up.

Additionally, NRC’s Advisory Committee on Reactor Safeguards
recommended that the NRC pursue the development of a method-
ology for assessing safety culture. This assessment is performed
widely in other countries.

With all that being said, why do you disagree with everyone that
you should put in place a regulation to monitor safety culture? Why
do we not have a regulation in terms of safety culture? It seems
to me that if the internal people that are running these operations,
if there is not a high safety culture, that is something that we
should be very concerned about it. You were concerned about it.

The issue is: Why are you not doing something about it?

Why have you looked at the GAO report and said, “We are not
going to do that.”?

Mr. DiAz. Sir, obviously the Commission is very concerned with
the safety culture at each and every one of our facilities. However,
we believe that the safety culture as a whole becomes sometimes
ambiguous. We are not in the business of managing these utilities
or these reactors.

Senator VOINOVICH. The question I have is this. Why do the Eu-
ropeans do it? They have a lot of nuclear facilities in Europe. It is
my understanding that they do go in and they do monitor the safe-
ty culture. You are going to be going into Davis-Besse for the next
5 years. You certainly are going to have to have some standard
that you used to assess the safety culture during that period.

You had a standard to use because you said you were not going
to let them open because they did not have the safety culture. Why
do not we make that applicable to all the facilities?

Mr. DiAz. Because it will get into an area that the Commission
believes that we should not be, which in managing the facility.

Senator VOINOVICH. But you are doing it at Davis-Besse. You are
going to go in there for the next 5 years.
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Mr. Diaz. But what we are going to do is that we are going to
assess what the safety culture is and then we are going to assess
how the management of the facility deals with the safety issues.
That is our responsibility. We will deal with how they manage safe-
ty. We have indicators. We have many ways of actually addressing
that issue. The safety culture issue becomes imbedded inside of the
relationships between the employees and the management. We do
not believe that is the role of the Commission.

Senator VOINOVICH. We have another 102 of these facilities
around the country. The Commission does not have, as part of their
regulatory responsibilities, some appraisal to come back? Somebody
says, “Hey, we talked to some of the employees. It appears that
they are not really that cognizant of safety. They are not concerned
about it.”

Mr. MERRIFIELD. We are concerned with safety.

Mr. MCGAFFIGAN. Mr. Chairman, we do deal with safety culture
issues as they arise, but they tend to manifest themselves some-
where else in our system. We can get our hands around it that
way. We have an allegations process. We take allegations that we
get from individuals at nuclear power plants very, very seriously.

Senator VOINOVICH. Do you have a survey of employees about
certain questions you ask about safety?

Mr. McGAFFIGAN. We do not ourselves survey, but if we detect
that there is a problem at a facility—and we have done this on
more than one occasion—we require the licensee to do surveys. I
believe we did this at South Texas.

Senator VOINOVICH. I have to tell you there is a disagreement
here. I think you should do it. I want to talk to you about it. I do
not think you are giving a good enough reason. If they do it in Eu-
rope, you are doing it at Davis-Besse, you ought to have the same
kind of thing. An independent survey. You might have disgruntled
employees. But there are certain questions that you can ask. There
are certain observations that you can make in terms of whether or
not you have that kind of safety consciousness there. That is very
important because it deals with the internal people that are there
every day. If they do not have safety utmost in their mind, they
are not going to get the job done.

Mr. MERRIFIELD. Senator, there is something that we do that
some of the Europeans do not. We have onsite inspectors every day
who talk to plant personnel in the control room, in the engineering
spaces, to line staffs, the mechanics who are doing the piping
work—we have an opportunity first hand

Senator VOINOVICH. You did not find it out at Davis-Besse. You
had somebody there. That is the next question I am asking is about
the communication. GAO and the Inspector General identified com-
munications as one of the major factors that led to the NRC not
to prevent the Davis-Besse incident. Perhaps most concerning is
the statement in the GAO report, “The Resident Inspector at the
Davis-Besse Plant never saw generic bulletins and letters issued by
NRC on boric acid and corrosion, although only a few are generated
each year.”

That is communication. So you had somebody on board and they
did not know that the safety culture there was not there because
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of some reason that it was not part of their job. Second of all, you
get into the issue of communications.

Mr. Diaz. We do agree that communications were faulty. We
have taken every necessary step to address the issue of commu-
nications. I believe that it was more than communications. It was
lack of the technical know-how that this issue could really result
in a significant corrosion of the head.

We have addressed both the communication issues and the tech-
nical issues and how to deal with them.

Senator VOINOVICH. Do you have people on board on all 103
other facilities?

Mr. Diaz. Yes, sir.

Mr. MERRIFIELD. Yes, sir.

Mr. MCGAFFIGAN. Yes, sir.

Senator VOINOVICH. And probably the company pays for it, I
would suspect.

Mr. MERRIFIELD. Yes, they do.

Mr. DiaAz. Through fees.

Senator VOINOVICH. I have to tell you something. If I were run-
ning a show, those would be the most important people that I
would have in my organization. They are onsite. I would have them
really trained. I would have them being watchdogs, to know the
technical aspects of it, to be able to look at the management, to
look at the attitudes of the employees, and to be able to get back
to you. How much training do you give these people?

Mr. Diaz. We totally agree. We give significant training, but if
you look at the directives and what the staff has been asked to do
during the last year and a half, we are going to increase the train-
ing, both the technical capabilities and the communication capabili-
ties.

I believe we have been responsive to the issues. I assure you that
we have taken this very seriously. Corrections are being put in
place.

Senator VOINOVICH. I am going to tell you. I am going to visit
a couple of facilities and I am going to check up for myself. I want
to know what you are doing on those individuals. I would like some
further discourse with you about this issue of safety. I think the
attitude of people, in terms of safety, is paramount. They are the
ones that are doing the work.

Mr. Di1Az. Absolutely. I will work on the opportunity Senator.

Mr. MERRIFIELD. Senator, I was going to say that obviously you
have gotten into some areas we can give additional detail through
your staff, through briefings. Obviously this is something you have
a great interest in. We will make sure that we get you the informa-
tion.

Senator VOINOVICH. Without objection, so ordered.

Mr. MCcGAFFIGAN. Mr. Chairman, I would just mention that we
have been following Resident Inspector demographics. You are in-
terested in our demographics as a whole Agency. But we require
an annual report from our staff on Resident Inspector demo-
graphics. We discuss Resident Inspector demographics at an an-
nual meeting that we have with the staff. We have had problems.
Clearly Davis-Besse was our worst hour. We have challenged our
regional administrators to bring in additional people. In some in-
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stances, they are double encumbering these positions now so that
you will have a trainee there while the person who is rotating out
is still there.

We are dedicated to having at least two individuals at every site.
At some sites like Indian Point we have a lot more, but at least
two individuals. We have three, I believe, at the moment, at Davis-
Besse. We have turnover. About the time that Chairman Diaz and
I came on the Commission, we mandated instead of a 5-year rota-
tion for Residents, that it be a 7-year rotation. Well, we are coming
up on the 7th year. At the moment, there is a tremendous amount
of movement from one site to another.

We do that because we do not want people to homestead and get
too comfortable. We want new eyes coming into the site and a new
perspective, a different engineering background, perhaps, so they
will see different things. But we have a lot of turnover at the mo-
ment in our Resident Inspector corps. They move from one site to
another. But we have been monitoring it and we have been chal-
lenging our regional administrators to do a good job in managing
it. We pay attention to it. We have all the data we can share with
your staff.

Senator VOINOVICH. Thank you.

Senator Jeffords.

Senator JEFFORDS. Thank you, Mr. Chairman.

I have several questions about our little problem in Vermont. I
would like to try a couple here and then will submit others in writ-
ing.

At the briefing in preparation for this hearing, your staff indi-
cated that the remote camera search of the spent fuel pool in
Vermont Yankee is complete and the missing fuel rod pieces have
not been found. This information was repeated in a May 19, 2004
story, in the Rutland Herald.

Is it the case that the search pool is complete? What are the next
steps that will be taken to locate the missing fuel?

Mr. Diaz. The licensee, with oversight from the NRC, has com-
pleted the search of the spent fuel pool. They have not found the
missing fragments of the spent fuel. That does not mean that the
issue is closed. We will continue to work with the licensee to ascer-
tain whether these pieces of fuel were shipped outside of the facil-
ity with other waste. We are going to try to make sure that we find
out where it ended. We are not sure that we can really find these
pieces. I am going to be perfectly honest with you.

In the case of Millstone, we conducted with the licensee a major
year-and-a-half process. The possibility is that this was packaged
with other radioactive waste and it did not alarm. Therefore, it did
not show up as a significantly radioactive piece. It ended up prob-
ably in one of the low—Ilevel waste disposal sites.

Mr. MERRIFIELD. But just to clarify, too, we are still doing our
investigation. But as we found with Millstone, it is plausible that
those activities may be a legacy issue for us and the licensee and
may have been activities that dated back to the early 1980’s.

Mr. Diaz. It was a 1980 piece of fuel; yes.

Senator JEFFORDS. On May 4, 2004, NRC responded to the
Vermont Public Service Board’s request for additional independent
reviews of Vermont Yankee. Your letter stated that “A pilot engi-
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neering assessment would be conducted. The assessment team will
be comprised of NRC staff, State officials, and at least two inde-
pendent contractors.”

What will the NRC do to ensure that the independence of the
independent contractors? What will be the process for selecting
them? What qualifications will they need to have?

Mr. Di1Az. Our staff has very defined procedures for selecting con-
tractors. This is a new type of risk-informed inspection that we be-
lieve that would become a mainstay of the way we do things with
facilities. As an engineering assessment, we are going to ensure
that there is absolutely no connection between the contractors or
even the staff that is going to be dedicated to this activity. They
will have a certain amount of separation from the Vermont facility.

We, of course, are an independent Agency. We are going to en-
sure that this work is done independently. You can have our com-
plete assurances of that.

Senator JEFFORDS. I have additional questions, Mr. Chairman
which I will submit to you in writing for answers in writing.

Thank you, Mr. Chairman.

Senator VOINOVICH. Without objection, so ordered. Thank you,
Senator Jeffords.

Senator Clinton.

OPENING STATEMENT OF HON. HILLARY RODHAM CLINTON,
U.S. SENATOR FROM THE STATE OF NEW YORK

Senator CLINTON. Thank you, Mr. Chairman. Mr. Chairman I
thank you for holding this hearing. I appreciate your statement
with respect to Davis-Besse. I would like to associate myself with
the concerns in this GAO report. It is clearly a finding that we
need additional resources and support for the safety mission that
the NRC is responsible for implementing.

I am concerned, as the Commissioners know, about the overall
safety of these aging plants and, in particular, the situation at In-
dian Point. In March of this year the NRC upgraded the Indian
Point safety rating to green. It is my understanding that this
change in rating reflected work that had been done to conduct
training, modify electrical systems, fix a firewall, and take other
steps to improve safety. These are all welcome steps.

But I am concerned that one consequence of this green rating is
less frequent inspections by the NRC. I am concerned for three rea-
sons: First, NRC’s year-end inspection report for Indian Point lists
a range of tasks that have yet to be done, including a repair back-
log and improving staff performance.

Second, Indian Point is unique among nuclear facilities in that
about 20 million people live within a 50-mile radius of the plant.
Third, the documented oversight failures by the NRC at Davis-
Besse call into question the effectiveness of the NRC’s business-as-
usual oversight.

My question is this: How does the NRC justify less frequent in-
spections at Indian Point? Would you not agree that the unique
setting, and certainly the public concern about Indian Point argue
for continued NRC oversight at the highest possible levels?

Mr. Diaz. Senator, we are continuing to increase oversight at In-
dian Point. You are correct that we found that the licensee has
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made progress in addressing a series of issues. That does not mean
that we are satisfied or that we are going to actually do much less
than what is required.

We intend to maintain oversight at a level that is commensurate
to the findings that we have. We believe that we have sufficient
oversight to maintain the facility in the safe condition that it
should be. We have an extra inspector. Yesterday I was at the
plant. I was assured by the Regional Administrator that we are
maintaining the level of oversight that is commensurate with the
needs of Indian Point.

Mr. McGAFFIGAN. I might add that our Regional Administrator,
Mr. Miller, has asked for a deviation from our normal oversight
process for heightened oversight at Indian Point. Similarly, our Re-
gional Administrator in Region IV has asked for continued mainte-
nance of heightened oversight at the Cooper Station in Nebraska.

Both of those plants got themselves into Column 4 of our so-
called “action matrix” which is the multiple degraded cornerstone
column. In both cases, our Regional Administrators are saying, “We
are going to be extra careful and do extra inspections until such
time as we are really satisfied that everything is OK.”

They are in Column 2 of our action matrix at the moment, but
they are being treated as if they are in a higher column. Mr. Miller
has maintained the inspection resources, I believe, at Indian Point,
that are unprecedented at any other plant.

Mr. Diaz. Absolutely. So it is recognizing that the licensee has
made progress and it should be so indicated. But we are continuing
to increase the oversight at Indian Point.

Senator CLINTON. Thank you. As you know, the Federal Emer-
gency Management Agency is scheduled to conduct a drill at Indian
Point during the week of June 7th to gauge the effectiveness of the
emergency plans for the surrounding counties. This whole issue of
evacuation in the event of an emergency has been one of my high-
est priorities.

Now I know that FEMA has the primary responsibility to evalu-
ate emergency planning at nuclear power plants, but ultimately an
effective emergency plan is a condition of an operating license from
the Nuclear Regulatory Commission. It just impractical and not be-
lievable that a 10-mile radius, as currently envisioned in the emer-
gency plan, in an area as densely populated as metro New York
City, represents a fair and realistic emergency evaluation plan.

Let me ask you this. To what extent is the NRC involved in the
planning of the June 7th drill? Would it not make sense to be real-
istic and broaden the geographic scope of the exercise to get a
clearer idea of what our real challenges are?

Mr. DiaAz. Senator, the NRC is directly, intensely, and aggres-
sively participating in the issue of the exercise. The fact is that was
the reason for my visit yesterday. It was exclusively dedicated to
the exercise. I did this at the plant, but it was all emergency plan-
ning.

I believe that from yesterday we had very fruitful meetings, in-
cluding meeting with the county executives. Out of the meeting,
eifen a more realistic plan that we have devised is now taking
place.

Senator CLINTON. Good.
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Mr. DiAz. We actually addressed some of the issues of concern di-
rectly with those who have the responsibility of carrying out those
responsibilities. We did not resolve all the issues, as you can imag-
ine. We still have some questions to answer. But I believe we went
a long way toward planning and eventually executing an exercise
that is realistic. I believe the exercise calls for a series of measures
that will be testing the capability of the counties to evacuate peo-
ple. I believe that many of those things are now being put in a bet-
ter perspective. I really appreciate the opportunity to have been
there and to listen directly to what their concerns were. They are
being addressed.

Senator CLINTON. Thank you.

Thank you, Mr. Chairman.

Senator VOINOVICH. Senator Carper, you have one last round,
and then we are going to go to the next panel.

Senator CARPER. Thank you, Mr. Chairman.

I think it was last year it was revealed that a small amount of
a substance called tritium was discovered in the ground water ei-
ther next to or beneath the ground on part of the Salem One Nu-
clear Reactor. Over the last year or so, efforts have been underway
to try to understand and to respond to the contamination that had
been ongoing.

I have a couple of questions. Let me just sort of run through
them and then we can go back and pick them up, if you will. What
is the role of the NRC in a case like this? Could we start when the
reactor’s owner, which is PSEG, notified your Agency of the ele-
vated readings in the ground water. What steps does the NRC take
in order to protect workers and to protect public safety? How do
you go about identifying the scope of the problem? How do you en-
sure that the response plan is adequate? If we could start there,
that would be helpful.

Mr. DiAz. Sure. The NRC is directly involved, not only in the
oversight of the protection of the workers and of the people, but in
any release of radioactivity from the side boundary. That is one of
our major areas of responsibilities.

In the case of tritium, tritium is not a very hazardous radioactive
material. If we put them on a scale, it probably comes, I would call,
at the very bottom. However, that does not mean that we are not
concerned with it. We, of course, do things in a risk-informed man-
ner. Tritium is a very insidious material. You think you have got
it, and it will escape. It mixes with water. It mixes with steam. It
really has many ways of flowing where it should not be.

In the case of the Salem Hope Creek, tritium was found outside
leaking from the spent fuel pool in a very small concentration. We
have been working with the licensee. We have ascertained that
there has been no further contamination of the water which is our
main concern. The dilutions are still relatively low, but we are try-
ing to make sure that the licensee addresses why this escaped.
They think they know where the issue is. It is a liner error of the
spent fuel pool.

We have taken this issue very seriously and continue to work
with them to make sure the issue is addressed and satisfied.

Mr. MERRIFIELD. Senator, just to put a little of a boundary
around this, this leak was identified as a result of a well that is
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very close in proximity to the plant. The water that had come from
the pool containing the tritium has not gone across the boundaries
of the plant property. It does not present any danger to the wildlife
or people who live around the plant.

So we are very much on top of it in terms of monitoring that re-
lease. We are working very closely with the State of New Jersey
to make sure that we monitor that and have the licensee deal with
it in the appropriate way.

Senator CARPER. What is the responsibility, if you will, of the
owner of the plant, PSEG in this particular case? Do you believe
that they have met their responsibilities to the NRC and to the
community?

Mr. Diaz. Yes, presently they are meeting those responsibilities
in this particular operation.

Senator CARPER. The second question also relates to the Salem
Hope Creek Plant. It deals with the culture of safety that exists at
the plant. I understand that over the past year or so that the NRC
has been engaged in a special review of the safety culture of the
Salem Hope Creek reactors in New Jersey.

This is a couple of plants that are about 15 miles away from my
house on the other side of the Delaware River. You can see it on
a pretty clear day. Apparently this review that was launched in re-
sponse to questions about the ability of the plant management and
the operators to maintain an environment where questions, includ-
ing those about the operation and the safety of the place could be
freely raised by the employees and would be fully addressed by the
management.

I just want to know what is the status of this review by the NRC.
Are you satisfied that the plant operator, PSEG, has addressed any
areas that need improvement? Are there any additional steps that
need to be required of the plant and the plant operator?

Finally, is the safety culture a concern at other reactors and at
other plants?

Mr. DiAz. Safety culture is an issue that we gauge from my view-
point from how the managers of the plant manage safety.

In the case of the Salem Hope Creek, our Regional Administrator
saw signs that there could be a degradation of the safety culture.
He aggressively addressed it even before there were really any
major issues that were identified. He used the processes that we
have to call it to the attention of the licensees. The licensees have
been responding.

We are not satisfied yet that everything that needs to be done
has been done, but a process has begun. We believe they are doing
the right thing. We are going to be watching carefully to make sure
that they actually take the entire matter not only very seriously,
but take it into a completion that we can say, “Yes, you have satis-
fied what we wanted you to do.” It is ongoing.

Mr. MERRIFIELD. One thing, also, both Senator Carper and Mr.
Chairman, that we did not mention when we were answering the
Chairman’s questions on safety culture. We, in fact, are sponsoring
as an Agency a workshop in which we bring licensees in to meet
with our staff to try to identify best practices in safety culture. So
we do have a direct engagement on this issue in terms of trying



33

to enhance and identify better ways for licensees to enhance the
culture of their own plants.

The Institute for Nuclear Power Operations, which is a separate
industry-funded organization in Atlanta has 300 or 400 people who
work for it. They have a separate initiative underway in which
they are intensively looking at this very same issue, again to try
to enhance the overall level of the safety culture at the plants. We
are collaborating with them to the extent that they are keeping us
informed of their activities. We are very interested in the work that
they are doing. We want to assess where they are in relation to
where we are.

I did want to fill that in to give you a little bit better under-
standing that we do take the issue of safety culture quite seriously.
We recognize what other of our international partners are doing.
We want to make sure that we are doing it in the right way for
the licensees that we oversee.

Mr. DiaAz. If I may add, on the issue of Davis-Besse, on safety
culture, the licensee did not meet its own standards of safety cul-
ture. We do hold them accountable for those standards. We want
every licensee to have very high standards.

Senator VOINOVICH. You should set the standards for them.

Mr. Diaz. Well, that is an issue that is a very difficult issue.
Again, we might be getting into the prerogative of the management
of this facility. The Commission has been discussing this for many
years. We actually do much more than our European colleagues in
the area of oversight, much more intrusive, much more in there,
much more looking over what happened.

I do not think there is a match in the world for the way that the
NRC conducts oversight of nuclear facilities anywhere. I will stand
by that statement.

Mr. MCGAFFIGAN. Mr. Chairman, I might just add that you are
citing the European example. The main European example that I
am aware of is that our UK counterparts have a license condition
that they have imposed on their reactors that basically gets the
regulator, the Nuclear Installations Directorate involved in any
staff change at the plant. So if you want to decrease the number
of people in Department “X” by “y,” you have to come in to the reg-
ulator and talk to him about it.

I remember Chairman Inhofe got wind of that a few hearings ago
and asked us about whether we thought that that was our role. We
said very firmly that that was not our role. I am not sure that gets
at safety culture.

Senator VOINOVICH. The thing is that is not the role I am asking
you to make.

Mr. MCGAFFIGAN. No, no; I understand. But that is a European
precedent. The European precedent that is often—times cited is the
UK license condition that gets them involved in essentially labor
management issues and having a regulator trying to determine
what number of people are needed in each department.

We have respectfully said no to that. There are other approaches
to safety culture. I think our approach, which is when we find a
problem, whether it is at Hope Creek Salem, or South Texas, or
Davis-Besse, we then ask the licensee to do a lot of the surveying
that you do. But do you do that for all 103 plants where, for the
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most part, we do not have any other symptom coming up? That
could be quite burdensome. Then in judging the results, it gets to
Pe vgry, very subjective. So that has been the problem that we have
aced.

Mr. MERRIFIELD. Mr. Chairman, if I may, I would add two quick
things. When I worked as a counsel on this committee, it was quite
popular to look at what are the Europeans doing versus what we
are doing. I think those translations are not always made correctly.
There is an issue of what does the regulation or law look like on
paper versus where are you in terms of the enforcement of those
regulations. There are quite stark differences between the Euro-
peans and between this country.

Senator VOINOVICH. In the GAO report, “The International Atom-
ic Energy and its member nations have developed guidance and
procedures for addressing safety culture at nuclear power plants.
Today, several countries, such as Brazil, Canada, Finland, Sweden,
and the United Kingdom assess plant safety culture or licensee’s
own assessments of their safety culture.”

I am just saying that we are going to have to spend a little more
time on this issue of safety. I want to know just exactly what you
are doing. Why did not the person who was on board at Davis-
Besse understand that they did not have a culture of safety in the
place? Where were the standards? Do you negotiate the standards?

There are a lot of questions here in terms of management. I am
not asking you to micro-manage these outfits. We should set some
standards that are agreed upon, and then make sure that they are
being upheld.

Mr. MERRIFIELD. Mr. Chairman, one of the very important things
that we do as an Agency is benchmark. We meet collaboratively
with our international partners and try to identify best practices.
Members of the Commission do as well. I have been to most of the
major European partners, as have others. These are most of our
counterparts internationally.

I could tell you in private my observations about some of them.
I think we do a pretty damn good job in this country. I am not
going to back away from that statement. Now, the heart of your
matter is that we missed an issue of safety culture at Davis-Besse.
It led to an identifiable problem. I think there is complete agree-
ment with you that we need to get to the heart of the issue.

Senator VOINOVICH. Well, there is the other facility that Senator
Carper mentioned where they missed a safety culture.

Mr. MCGAFFIGAN. Mr. Chairman, one of the issues Commissioner
Merrifield mentioned is INPO’s involvement. INPO has a lot more
credibility, frankly, than Federal bureaucrats do going in and talk-
ing frankly with their industry peers, “We do not like your incen-
tive system for your executives here.”

But to legislate a rule that says that you will have a safety gate
for executive incentive payments is another issue. The South Texas
project last year did absolutely wonderfully in dealing with a prob-
lem that showed up in March of last year. We have commended
them for it. The industry has commended them for it. They took
an absolutely first-rate approach to dealing with the issue.

But their incentive structure, they once told me, is that they
have a safety gate in their executive incentives. Should that be a
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rule that you first have to meet all your safety goals before you get
paid other incentive payments?

Senator VOINOVICH. You let them decide how they achieve it. If
they want to put a safety rule in, and that is the way they get high
performance evaluation of their people to meet the standard, if
they want to do it that way, fine. They can do it anyway they want
to. The main thing is to make sure that we have the highest stand-
ards of safety and the people working in the plant get it.

Mr. McCGAFFIGAN. We agree. That is the benchmarking that
Commissioner Merrifield talks about. We think we are going to get
to a point where people adopt very good practices in areas that are
very hard to regulate through the processes that the industry itself
regulates.

I think this industry, through the Institute of Nuclear Power Op-
erations established after Three Mile Island, is absolutely com-
mitted to what the late Bill Lee, the Duke executive said, “They
are only as good as the weakest member.” They are trying to learn
the lessons of Davis-Besse every bit as much as we are trying to
learn the lessons of Davis-Besse. Davis-Besse was on their good
guy list, too, just like they were on ours. They are committed to not
letting that happen again. They are looking at these issues that ex-
ecutives peer reviewing each other——

Senator VOINOVICH. I want to know if you are dedicated to mak-
ing sure that it does not happen again.

Mr. Di1aAz. Of course, we are.

Mr. MERRIFIELD. Yes, sir; yes, sir.

Senator VOINOVICH. You are a regulatory Agency.

Mr. MCGAFFIGAN. Yes, sir. And we are going to do everything
that we can do within the bounds of what a Federal regulator
should do to make sure that Davis-Besse do not happen. We are
absolutely dedicated to that. We wake up every day. Our staff
wakes up every day dedicated to that purpose.

Mr. MERRIFIELD. Mr. Chairman, you have shown great leader-
ship in holding our feet to the fire on the safety issues arising from
Davis-Besse. We fully appreciate and recognize the concern that
you have and the concerns raised by GAO. The issues of the safety
culture are tough issues. They are not easily discussed or resolved.

I think that you are pointing out that we need to have further
dialog with you and others on this matter. I think that is a reason-
able request and one that we can certainly say that we will con-
tinue in the future.

Mr. Diaz. But I would like to reassure you that we are totally
dedicated to making sure that every aspect of the safety of these
plants, including how the managers manage safety culture, is not
only important, but we are committed to making sure that hap-
pens.

Senator VOINOVICH. We are going to talk about setting stand-
ards. If you will not do it, I will get legislation passed to get it
done. But we are going to talk about it. I would rather do by regu-
lation and by working with the industry. But this is a big issue.
I have run some operations. It is the mentality of the people who
work there that make the difference. If they slough it off and they
do not care about it, and it is not high on the list—performance



36

evaluations are very important. That is one of the ways that you
get people’s attention.

They ought not to be mandated, but if I were a business and
safety was very important, I would give that some consideration in
terms of performance evaluations so everybody knew this was im-
portant and if you did not do your job in that area, then you are
not doing your job.

Mr. MCGAFFIGAN. Sir, I could not agree with you more that that
is exactly what we would like all of our licensees to do—to make
sure that the incentive system puts safety first. I do not think that
necessarily was the case at Davis-Besse. I think the industry is
learning that lesson, but it is very, very hard. We have gotten re-
ports from GAOQO, as they have said before, that we should regulate
in this area. No one has given us an existence proof of a regulation
that can be implemented. That is what we are looking for.

Senator VOINOVICH. We can talk about that.

We should get onto to the next panel. Thank you very much. We
look forward to spending some time with you about this issue and
a couple of others.

Mr. DiaAz. Thank you.

Mr. MCcGAFFIGAN. Thank you.

Mr. MERRIFIELD. Thank you.

Senator VOINOVICH. The record is going to be held open for ques-
tions from Members of the committee.

Without objection, so ordered.

Senator Inhofe asked that this be submitted in the record in re-
sponse to Senator Reid.

“I understand in my absence that Senator Reid said there was an agreement to
hold Admiral Grossenbacher until a Democrat had been nominated, thereby linking
the two nominees. I want to state for the record that we never had such an agree-

ment. We tried to hold a hearing on Admiral Grossenbacher several times. Each
time we were blocked by the minority.”

Without objection, we will put this in the record.

Senator VOINOVICH. I apologize to the second panel for the delay.
I hope it has not inconvenienced you too much. We are going to ask
that you limit your statements to 5 minutes. We want to assure
you that your full statements will be in the record before this com-
mittee.

We are pleased to have Marvin Fertel, senior vice president of
Nuclear Generation; David Lochbaum, nuclear safety engineer,
Union of Concerned Scientists; Marilyn Kray, vice president for
project development, Exelon Generation; and Barkley Jones, pro-
fessor, Department of Nuclear, Plasma, and Radiological Engineer-
ing, University of Illinois at Urbana—Champaign.

Thank you all for being here today with us. We will start with
Mr. Fertel.

STATEMENT OF MARVIN FERTEL, SENIOR VICE PRESIDENT
OF NUCLEAR GENERATION, NUCLEAR ENERGY INSTITUTE

Mr. FERTEL. Thank you, Chairman Voinovich, and Ranking
Member Carper.

I appreciate the opportunity to represent NEI’'s member compa-
nies before this subcommittee today. While my written testimony
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is much broader, my comments today will briefly discuss three key
points.

No. 1, our country’s 103 nuclear power plants are critical to our
economy, energy security, and environmental goals, and currently
produce electricity for one in every five homes and businesses.

No. 2, an effective, credible, stable, and efficient NRC is vital to
both assuring protection of public health and safety, and to pro-
viding an environment that allows for positive business decisions
concerning our existing plants and those of tomorrow.

No. 3, I will comment on industry actions to address the issue
of the degradation of materials used in nuclear plant components
and systems.

Over the past decade, our 103 nuclear plants have achieved
record levels of production and efficiency while maintaining the
highest levels of safety. As our second largest source of electricity,
U.S. nuclear power plants produced 767 billion kilowatt hours in
2003, which represents a 25 percent increase compared to 10 years
ago.

Nuclear power plants are also the most affordable baseload
source of electricity today, with costs lower than those for coal and
natural gas and oil. In an economy that is seeing great volatility
in the course of oil, gas, and coal, electricity from nuclear plants
provides consumers and businesses with a high degree of price sta-
bility.

As this subcommittee is responsible for Federal clean air policy,
I am sure that you are aware that nuclear power generates three-
fourths of all emission-free electricity in the United States. This
Monday, Exxon-Mobile ran a full-page ad in the Washington Post,
talking about its efforts to reduce greenhouse gas emissions. The
company was rightfully proud to advertise that its 80 co-generation
facilities reduced emissions by an amount equivalent to taking a
million cars off the road, a rather impressive feat.

But to put nuclear’s clean air value to our Nation in perspective,
annually the nuclear energy industry impact on greenhouse gas
emissions is over 100 times greater, the equivalent of eliminating
the greenhouse gas emissions from 138 million cars, or about 9 out
of every 10 U.S. passenger cars.

Nuclear is indeed our largest source of emission-free electricity.
To enjoy this benefit, our existing plants must continue to operate
and new plants must be built in the coming years. This depends
on the NRC’s effectiveness as a safety regulator as well as its effi-
ciency.

As others on this panel will emphasize, regulatory uncertainty is
the largest perceived risk with new nuclear plant construction. Pro-
viding certainty, predictability, and stability will be essential to at-
tract investment in our new advanced design reactors.

We now have 4 years of experience with the NRC’s revised over-
sight process. This new oversight process is a major success for
safety and for improved regulatory stability. The new process fo-
cuses on those areas of the plant that are most important to safety.
It has improved transparency to all stakeholders, as well as en-
hanced objectivity and regulatory stability.

The industry fully supports the NRC’s efforts to make the regu-
latory process more safety focused. We believe it work is far from
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complete. The Agency must move forward systematically and ag-
gressively to incorporate its safety focused approach into the rules
themselves.

We also acknowledge the Agency for its progress in reviewing ap-
plications for license renewal of existing plants. Four years ago the
process was anything but certain. Today the Agency’s businesslike
approach to the reviews has resulted in a renewal of the licenses
for about one-quarter of the Nation’s plants. We expect almost all
plants will go for license renewal.

The lessons learned from the license renewal process and the dis-
cipline inherent in it must be applied as the Agency faces new chal-
lenges in the licensing process for the Yucca Mountain project, and
the licensing of new facilities such as the new uranium enrichment
facilities.

We urge this committee to systematically monitor NRC’s
progress on changing the regulations to be more risk—informed, on
their continued activities to review license renewable applications,
and on all of their new facility licensing reviews.

As you are aware, the nuclear industry fully pays for all the costs
associated with NRC regulation. In fact, nuclear power plant own-
ers pay for all costs associated with their operation, including all
externalities. We are the only industrial facilities to do so.

Four years ago this committee supported, and Congress passed,
a law that reduced the fees paid by the industry as a share of the
NRC budget by up to 10 percent. The industry urges this com-
mittee to renew carefully the NRC’s fee structure and its budget
which has grown significantly over the past few years. Industry
fees should not be used for services that do not directly support
regulation of the industry.

As discussed in my written testimony, industry also believes that
the NRC could operate more efficiently at reduced costs to licens-
ees. To achieve this would require a systematic review of NRC re-
sources, their priorities, and a holistic view of the NRC work force
and attrition issues.

Finally, I would like to mention the industry’s response to the
issue of material degradation at the Davis-Besse plant. While sig-
nificant materials management programs were in place for decades,
the industry aggressively responded and has acted on the Davis-
Besse experience. We have expanded our programs in this area,
and more importantly, through NEI have developed an integrated,
coordinated, and much more proactive material management pro-
gﬁgm. The industry will invest at least $65 million annually in this
effort.

I can assure you that along with the NRC we are fully committed
to detecting and resolving material issues well before they pose any
challenge of safe operations of our plants.

Mr. Chairman, no one values the safe operation of our plants
more than the people that work at the plants and the owners of
those plants. Sound business practice is not just regulations that
require the owners to maintain and operate the plants with safety
as the top priority. Your concern about safety culture is fully appre-
ciated and shared by us. I would welcome the opportunity to dis-
cuss with you and your colleagues the bases for achieving the type
of safety culture we all would strive for.
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The continued oversight of the NRC by this committee to ensure
a credible, effective, efficient, and stable regulatory process is both
appreciated and needed. Furthermore, a disciplined focus on NRC
resources and budget issues has never been more appropriate than
now.

We thank this committee for its past actions. We welcome your
continued focus on achieving greater efficiencies in the future.
Thank you. I would ask that my written statement be placed in the
record in its entirety.

Senator VOINOVICH. Thank you very much, Mr. Fertel.

Mr. Lochbaum.

STATEMENT OF DAVID LOCHBAUM, NUCLEAR SAFETY
ENGINEER, UNION OF CONCERNED SCIENTISTS

Mr. Lochbaum. Thank you, Mr. Chairman, and Senator Carper.

Twenty-five years ago, a Three Mile Island reactor outside Har-
risburg, PA experienced the worst nuclear power plant accident in
U.S. history. That accident was not caused by uniquely bad condi-
tions. It resulted from broad-based problems at many reactors that
eventually produced a meltdown at one of them. The post-accident
inquiries resulted in extensive changes at both the nuclear indus-
try and the NRC.

This history is relevant to today’s hearing because compelling
evidence suggests that extensive degraded conditions at many reac-
tor sites are again being tolerated. The NRC’s response to these
warning signs have amounted to little more than rearranging the
deck chairs on the Titanic.

Fortunately, there is still time for the NRC to plot a different
course so as to avoid the icebergs looming on the horizon. Earlier
this week, GAO released a report on the NRC’s mishandling of
safety issues at the Davis-Besse Nuclear Plant. GAO identified sev-
eral problems NRC should correct. The GAO and the media made
much of the fact that the NRC rejected many of the findings.

The larger concern is that the NRC has seldom fixed findings
made by its internal and external auditors, even those findings to
which it agreed. I reviewed reports issued by the NRC’s Lessons
Learned Task Forces, the NRC Inspector General and the GAO
over the past 8 years and saw the same regulatory problems con-
tributing to unacceptable safety levels at plant after plant.

Earlier this week the GAO reported that the NRC is not address-
ing three systemic problems underscored by the Davis-Besse inci-
dent. The first problem is that the NRC’s process for assessing
safety at nuclear power plants is not adequate for detecting early
indications of deteriorating safety. GAO reported this very same
finding in January 1999, July 1998, May 1997, and January 1996.

The second problem identified by GAO was NRC’s decision—
making guidance does not specifically address shutdown discus-
sions or explain how different safety considerations, such as quan-
titative estimates of risk should be weighed. The NRC Inspector
General reported virtually identical findings in May 2003, Decem-
ber 2002, and August 2002. The GAO reported this very same prob-
lem in February 1999.

The third problem identified by GAO was that the NRC does not
have adequate management controls for systematically tracking ac-



40

tions that it has taken in response to incidents at plants to deter-
mine if the actions were sufficient. GAO reported a virtually iden-
tical problem in September 2003, involving security. The NRC Les-
sons Learned Task Force reported this problem in September 2002.
The NRC’s Inspector General reported this problem in August
2000. GAO reported this problem more broadly in May 1997.

Thus, the NRC is much like Bill Murray in the movie, Ground-
hog Day. They keep relieving the same problems over and over in-
stead of fixing them. Bill Murray’s movie lasted about 90 minutes.
The NRC’s rut dates back two decades and continues today.

Davis-Besse is the 28th reactor in the past 20 years to be shut
down for a year or longer to fix safety problems. The NRC must
fix its chronic problems to end its “Groundhog Day.”

The 28 reactors that endured these lengthy outages brought in
new management to direct the recovery efforts. New managers can
assess policies and practices unencumbered by tradition. New man-
agers can strike out new paths without implicitly conceding that it
led workers down the wrong roads in the past. New management
is a tried-and-true method for bringing about timely reforms, yet
it is an untried method at NRC.

A few of NRC’s managers are new to the Agency. Most worked
their way up through the ranks. Consequently, they all come from
the same mold and have the same habits. Retirements and reorga-
nizations merely put different faces on the same management
styles. Reform efforts fail because repackaging and reapplying that
management style cannot yield meaningful changes.

UCS is not advocating a massive infusion of new managers at
the NRC. That would be unfair. That would be the fastest and sur-
est fix, but it would be unfair to oust many fine public servants.

Instead, we urge changes to the NRC’s hiring and promotion
practices. Retirements and voluntary departures should become op-
portunities for finding the most qualified replacement, not just the
most qualified replacement within NRC.

One of the NRC’s strengths is talented, capable, and dedicated
employees. Properly led, they can make sure that nuclear power’s
1costs are not too high and nuclear power safety levels are not too
ow.

On behalf of UCS, I wish to thank this subcommittee for con-
ducting this hearing and inviting our views on this subject. Thank
you. I would ask that my written statement be placed in the record
in its entirety.

Senator VOINOVICH. Thank you very much, Mr. Lochbaum.

Ms. Kray.

STATEMENT OF MARILYN KRAY, VICE PRESIDENT FOR
PROJECT DEVELOPMENT, EXELON GENERATION

Ms. KrAY. Good afternoon, Mr. Chairman and Senator Carper. I
am with Exelon Nuclear. I am also here in the capacity as a lead
representative for NuStart Energy Development.

I preface my remarks today with an observation of the opportune
timing of this hearing. There are a number of factors converging
to establish a platform requiring not only our attention but also our
action. These factors are: the heightened concern with the stability
of our electricity supply, the recognized need for fuel diversity, and
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less dependence on foreign energy sources, the increased concern
with the environment, and increasing demand for electricity, both
domestically and globally.

These factors suggest the need to revisit each component of our
generation mix. I will be here to discuss only the nuclear power
component which provides, as stated, approximately 20 percent of
our electricity needs. In response to an earlier question, it is my
opinion that our current fleet of operating reactors cannot uphold
the current 20 percent contribution.

As with any form of energy, nuclear power has both its risks as
well as its benefits. We must be forever vigilant of the need to con-
tinuously assess the operational safety of our plants, internalizing
the lessons learned from TMI, and more recently, Davis-Besse. We
must also identify a long-term solution to our nuclear waste prob-
lem.

It is fair also to acknowledge the benefits of nuclear power—
being clean, reliable, and currently economic. I assert that the ben-
efits outweigh the risks, implying that this generation alternative,
along with the others, needs to be preserved.

Preserving the nuclear power option, may sound like a passive
strategy, but the reality is that it requires coordinated actions by
both the Government and the nuclear industry. I was pleased when
the DoE announced the Nuclear Power 2010 Initiative. It was es-
tablished to confront some of the challenges which are unique to
nuclear investments. As part of this program, the DoE issued a so-
licitation inviting power companies to submit proposals to address
two of the significant investment challenges, these being regulatory
predictability and completion of designs.

The NuStart Energy Development, LLC, was formed solely for
the purpose of responding to this solicitation. It was one of three
industry consortia to submit a proposal. Since submitting my writ-
ten testimony only a few days ago, I am pleased to announce that
Florida Power and Light has also joined the consortium, making it
now eight power companies and two reactor vendors.

Our proposal to the DoE spans a 7-year-period from 2004 to
2010. The total cost is $800 million, with the industry committed
to providing one-half, or $400 million. The end result of this project
will be a full demonstration of the NRC licensing process, and the
completion of the design engineering work for the two selected U.S.
reactors. Together these will significantly reduce the time to mar-
ket for new plants and also alleviate some major areas of uncer-
tainty.

Beyond the Nuclear Power 2010 program, however, is a need to
financially incent first mover investors. Possible incentive mecha-
nisms include those modeled after other energy and public works
projects.

In summary, preserving the nuclear power option requires ac-
tion. In the near term, we must fund the Nuclear Power 2010 Ini-
tiative, specifically $80 million for fiscal year 2005, to cover all
three consortia proposals. In the long term, we must adopt energy
policy that establishes methods to promote large capital invest-
ments into our energy sector while presenting reasonable risks to
shareholders.
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Thank you for the privilege to share these thoughts with you. I
would ask that my written statement be placed in the record in its
entirety.

Senator VOINOVICH. Thank you very much, Ms. Kray.

Mr. Jones.

STATEMENT OF BARCLAY JONES, PROFESSOR, DEPARTMENT
OF NUCLEAR, PLASMA, AND RADIOLOGICAL ENGINEERING,
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

Mr. JoNES. Chairman Voinovich and Senator Carper, I am
pleased to be here as representative of the nuclear engineering
educational community. My background is listed in the front end
of the material that I have submitted for the record.

What I would like to do is highlight a few issues that I brought
up in the testimony, but would like to expand briefly upon. I listed
four of the timely jobs that the NRC has before it. Those have been
brought forward this morning.

There is discussion about whether there is sufficient manpower
available to meet job demand. From the production of manpower
point of view and where the universities fit in, it is unclear that
the present shortfall in the production of nuclear engineers will
satisfy the demand. The difference currently is in the order of hun-
dreds per year.

We are increasing our number of undergraduates in the pro-
grams, but you must realize that as you add freshmen to programs,
it is 4 years, at least, before they graduate and arrive on the work
force scene. It is several year beyond that before you would say
they are experienced to the point where they would be trusted to
handle significant positions within the power companies, NRC and
other positions into which they go.

So my urging to you is to keep track of the demographics and
look where resources can be spent in order to ensure that the pro-
duction of nuclear engineers will be there when needed.

The current work force demographic is very skewed to upper age
levels. We have heard this morning of the shortfall of experienced
people as retirements are occurring. We think that the universities
can and will play a pivotal role, but their resource base is one that
is limited by what the universities can afford to put into small pro-
grams which nuclear engineering programs typically are.

Nuclear engineering programs tend to be much smaller than
those in mechanical, electrical, computer sciences, et cetera. There-
fore, a demand for new faculty and for increased expenditures is
hard fought by other departments within the university organiza-
tion.

I indicated in my statement that it takes an enlightened admin-
istration to respond favorably to the nuclear engineering national
needs. My institution has just gone through a 1-year review of
whether our nuclear engineering program should be retained or
dismantled. This is in a State with 11 operating reactors and over
50 percent of the electrical power supplied from nuclear power. We
are the only university in the State with a nuclear engineering pro-
gram. I am happy to report that the outcome was positive and we
are now in a position of being able to recruit for new faculty.
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It is worth noting that Illinois has a similar demographic in its
work force with other nuclear engineering educational programs.
Three of us are at or past retirement age. That is out of nine fac-
ulty, currently. To replace us and to have overlap requires imme-
diate hiring. The internal competitive pressures are such that is
difficult to gain in numbers. The future at Illinois and at sister in-
stitutions requires that Government aid, which has been coming
from the Office of Nuclear Energy part of DoE, and other govern-
ment and industry sources is very helpful. It supports fellowships,
research and more recently infrastructure for the programs.

It has basically saved the day in a lot of cases for nuclear engi-
neering departments.

But the number of departments has continued to shrink. So our
ability to be able to produce the output required is still limited.
Fortunately, the young people coming into universities are signing
up in nuclear engineering departments in larger numbers. We
think that, overall we will be able to supply an increased number
of graduates and to sustain the discipline.

I would be happy to respond to other points that I have raised,
if you have questions. I appreciate the opportunity to speak with
you. I would ask that my written statement be placed in the record
in its entirety.

Senator VOINOVICH. Thank you very much, Mr. Jones.

I really am interested, Dr. Jones, in this issue of where we are
going to get the people to get the job done. Is it the Department
of Energy that is providing you some help right now?

Mr. JONES. Yes, they have instituted various research programs
which basically support the graduate side of the house, but these
supply the grist, if you will, to sustain undergraduate programs as
well. They have the Nuclear Engineering Education Research
(NEER) program, which recently has had increased funding level.
They also have had a Nuclear Energy Research Initiative (NERI)
program in conjunction with National Laboratories and Industry.
Unfortunately, that one has shrunk dramatically in funding. They
also have introduced an International Nuclear Energy Research
Initiative I-NERI which provides resources for the Federal role in
International Cooperation on Energy Innovation. The Innovations
in Nuclear Infrastructure and Education (INIE) program, which
was established in FY 2002, strengthens the Nation’s university
nuclear engineering education programs through innovative use of
the university research and training reactors and encouraging stra-
tegic partnerships between the universities, the DOE national lab-
oratories, and U.S. industry. These are restricted to being run
through universities. These programs are very helpful.

The fellowships and scholarships that DoE provides and that
INPO provides, and that NRC, to a limited extent provides, are
also very helpful. If you look back at the beginning of nuclear engi-
neering in the late 1950’s and throughout the 1960’s and into the
1970’s, the traineeships and fellowships that were provided at that
time basically attracted the interest and talent that made the ro-
bust programs that initiated the discipline. I think we need to go
back into that mode, where we have larger numbers of them to at-
tract the quality people that are needed to sustain the industry, to
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sustain the security and oversight levels that we need for the
plants, and to provide the needed continuing manpower.

Senator VOINOVICH. Do you have a national organization that
you belong to?

Mr. JONES. Yes, it is an ad hoc one. It is called NEDHO, the Nu-
clear Engineering Department Heads Organization. I chaired it 10
or 12 years ago. It interacts and works closely with the Department
of Energy, the Nuclear Energy Institute, the National Academy for
Nuclear Training (Educational Assistance Program) of the Institute
for Nuclear Power Operations (INPO) and with the American Nu-
clear Society, as well as other nuclear related entities.

Senator VOINOVICH. I would be very interested if you could get
your organization to provide me with a memorandum or whatever
that would lay out what you really think needs to be done in terms
of the Federal Government’s role in providing the people that we
are going to need for this industry in this country.

I understand that some of the schools have closed down their nu-
clear engineering departments; is that correct?

Mr. JoONES. That is correct. We are down to less than 30 now.

Senator VOINOVICH. How many were there before?

Mr. JONES. It started out in the 1970’s and 1980’s with about 60.

Senator VOINOVICH. Well, I would welcome that from you.

Mr. JONES. Absolutely.

Senator VOINOVICH. Without objection, so ordered.

[The referenced document follows on page 224.]

Senator VOINOVICH. Mr. Fertel, what is the industry doing about
this also? You have to be as much concerned as the people in the
NRC. You need them in the industry.

Mr. FERTEL. Actually, from NEI's perspective, we are actually
very much involved with the program. We work very closely with
NEDO, and actually with the American Nuclear Society and then
with NRC and DoE looking at the manpower and womanpower the
work force needs going out over the next 20 years and have identi-
fied where the real needs are.

For instance, Dr. Jones mentioned the fact that DoE supports the
program. They are now going to support program for health physics
schools because we are seeing that we are really shorted in health
physicists going out over the next 10 years. That has been very
useful.

We will provide you, Mr. Chairman, the results of the work that
we have been doing which is an effort to be much more integrated
across the entire community, not just the industry side, but really
what Government thinks they will need, what the industry thinks
it will need, and where we see the resources coming.

I was at a DoE Advisory Committee meeting in the last two days
and they talked about the program that was just mentioned. Their
program is doing pretty well there. It is run by Bill Magwashot.
They are spending about $21 million supporting everything from
fellowships and scholarships to research reactors at the univer-
sities.

While we have lost a number of schools and, in fact, lost three
research reactors in recent years, the trends are all much better
now. School programs are growing. One of the things that DoE has
been able to facilitate the universities working together rather than
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competing with each other to try to use resources. That has actu-
ally turned out to be a positive for everybody.

We will share with you, Mr. Chairman, the work that NEI has
done with the others. It is not just us.

Senator VOINOVICH. I would like to see it just to see where you
are and where you think you need to go and what role you should
be playing because you are interested in it and the university
should be in it, as well as DoE.

Without objection, so ordered.

[The referenced document follows on page 239.]

Mr. FERTEL. We just completed a survey that will be very in-
sightful as to where the resource needs really are.

Senator VOINOVICH. Are you familiar with the Partnership for
Public Service?

Mr. FERTEL. Just vaguely.

Senator VOINOVICH. Well, there is a guy named Sam Heyman
that contributed $25 million to set up this Partnership for Public
Service. The whole aim of the organization is to make universities
knowledgeable of the needs that we have in the Federal Govern-
ment for the best and brightest people. Many of the industries in
this country are participating in that program.

Dr. Jones, are you familiar with the Partnership for Public Serv-
ice?

Mr. JONES. No, I am not.

Senator VOINOVICH. I will get you information on it.

They are out talking to universities about the opportunities that
are available and how they can help them advertise those opportu-
nities.

What do you attribute the fact that you are getting more stu-
dents than you did before, more interest?

Mr. JoNES. I think partly with the support that has come in from
the several programs mentioned earlier. The job market is good,
the salaries are high. There is an enhanced recruiting program
that goes into the high schools to make the discipline more visible
to the incoming student. I think there are a variety of these activi-
ties that are occurring and making the difference. In addition, we
are working much harder at attracting students than we have pre-
viously.

Senator VOINOVICH. Good. Dr. Jones, do not retire. We need you.

In this Energy bill, we do have some really good provisions that
will help to deal with that. I am trying to get some flexibility
through. This specifically deals with this retirement and bringing
people back on a part-time basis to take care of the transition and
move along. There is other legislation that we have that bring in
people from outside on a contract basis to come in and help them
out. There is just a lot more flexibility for them.

There are little simple things like if they go out and hire some-
body that is maybe in the middle of their career, that when they
come to work for the Federal Government they do not have to wait
15 years before they get a month’s vacation. There are a lot of little
simple things that we could be done to make it a lot easier.

But I am very interested in that. I have another hat and that
is the Oversight of Government Management in the Federal Work
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Force. So that is why I am so interested in this whole issue of
human capital.

The other question I would like all of you to comment on, if you
feel that you have something constructive to say about it is this
whole little debate I had with the members of the Commission in
regard to safety and the safety culture.

Mr. Fertel, I think if I heard you right, you said we are not there
yet. I am not asking for micro-managing, but it seems to me that
there are certain kinds of standards that the NRC can recommend
through regulation or what have you, and then have people that
are onsite that are aware of the standards. They said 7 years, but
I am not sure it should be 7 years. That may be too long for people
to be at a place. I think maybe after three or 4 years it is time to
go because you do, after a while, get kind of used to the “Old Boy”
network and stuff.

It seems to me that if you had some really competent people that
were paid competitively, they could be looking after a lot of stuff.
It is a no-brainer, I think, to find out that people are pretty slop-
pily about safety.

Mr. FERTEL. First of all, on Davis-Besse, there is no excuse for
the licensee, for the NRC, or actually even for the industry overall
because SAMPO had gone into Davis-Besse on evaluations and not
identified the problem. So it was a total breakdown of every aspect
of what you should look for to make sure that those things do not
happen.

David mentioned Three Mile Island 25 years ago. He is con-
cerned that we are maybe on the crest of another situation like
that. After Three Mile Island, as he said, INPO was formed, the
Institute of Nuclear Power Operations, an awful lot of other things
happened, too, as an industry and as regulators at NRC.

As an industry, we changed the whole way we look at training.
We got into a systematic approach to training. We put simulators
at every site. There is a whole different regime for training.

We looked at procedures, the way our operators react to events.
They went from basically thinking we could figure out every event
and you could just take Event “A” and I will react to it, to a process
that is more symptom based, almost like doctors treat patients
when they come in. What are the symptoms? How do I stabilize the
patient? How do I stabilize the reactor? It was a massive culture
change.

I think when I look at the Davis-Besse event, and when I look
at it, I am saying, as a sort of collective group of people in the in-
dustry, what we felt was that it was a breakdown in safety. Now,
NRC has a role to play in helping learn from that. The industry
has a role to play in the aggregate, which is INPO, NEI, and oth-
ers. Then the licensees have a role to play. I think that the strug-
gle you are hearing when you spoke to the Commissioners, and the
s‘;m;lggle that we would have is figuring out the right roles for each
of those.

You are exactly right. The NRC should set standards. They
should set regulatory standards on safety that if you are meeting,
it is clear that you are focused on the right things. Beyond that,
the industry, and what was alluded to by the Chairman was the
industry is responsible for management. What we do not want to
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ever do is take that accountability away. You want to maintain the
accountability of safety as job one from the top CEO on down
through the people on the floor doing the work.

INPO has now gone out and basically did a self—assessment on
why they did not find a safety culture people. They are out talking
to people at the plants as part of their evaluations regularly. The
type of safety culture that allowed Davis-Besse to occur should
have been identified. So they have now reassessed how they do
their evaluations because there was a failure there.

They have also developed a safety culture program that we are
now going to out to share with the rest of the industry.

How would you know good safety culture when you saw it? How
would you know it when it was not there? Some of the easy things
that people say is: If you walk around the plant, basically cleanli-
ness is an indication. Well, if you look at what was going on at
Davis-Besse, changing filters every week rather than monthly, is
an indication of a problem.

It should have been picked up. Some of this is not rocket science.
It is a breakdown. I think that figuring out where you regulate and
where you make sure things are visible, and I think using a resi-
dent much more effectively is important. You commented that
those are your really important people. Get them trained the right
way. I think the Commission has heard that. I think it is hard for
a resident to look at everything.

Coming over here in a car, I was talking with Dr. Jones and he
said, “Well, what does the resident look for?” I said, “Well, maybe
that is one of the things that NRC has to reassess. Rather than
checking every little thing, they should be looking for bigger and
broader indications of problems.”

I would encourage right now at this point this. We are very seri-
ously looking, from an industry standpoint, what do you do about
the Davis-Besse experience? Complacency is the worst thing that
can happen in our industry. Everybody knows it. Everybody says
it. It has been said repeatedly by NRC Commissioners.

Senator VOINOVICH. I want to tell you something. The reason I
am interested in this is because I support nuclear power.

Mr. FERTEL. I understand that, sir. You want it to succeed.

Senator VOINOVICH. But the fact of the matter is that you are not
going to have more nuclear power until you resolve some issues.
One of the big issues over the years has been, and it has prevented
us from moving power, is? What do we do with nuclear waste? We
think that problem has been solved with Yucca Mountain and so
forth. We still have a long way to go with that.

But the fact of the matter is that if the public feels that these
are fail-safe, that we have a responsible way of dealing with nu-
clear waste, you will be able to get the support that we need to
move in that direction. So we agree. We should have coal. We
should have nuclear. We should have all of it and be working to-
ward renewables; the whole thing.

But if you do not have the regulation, if you do not have the en-
vironment, then in terms of support for that, it is difficult. The
same thing is even with investors. You are going to go out and try
to find investors to put it in. If you have a problem of: “Where do
you put this stuff? I have these problems with safety things. The
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public is not for it.” Then I do not want to invest in one of these
deals.

That is what we are trying to do here. It seems to me that the
industry itself should be way out in front on everything you do.

Mr. FERTEL. Well, it certainly is. David’s comment about what he
have seen on the industry side when we change people around
when there is a problem, I think is true. I think maybe that is a
lesson that NRC could look at. It may not be standards that have
to be changed, even though there probably are some. It may be the
way people look at things when they are there. Your comment that
if you are there for a long time, it all blends together.

It may not even be an “Old Boy” network as much as I have al-
ways seen it look like this. I am not seeing a difference. It is not
the kind of eyes you want looking at stuff.

What I would like to do is probably share with you what we are
doing in the industry, and share with you what INPO is doing and
maybe offer some suggestions on what we think NRC could do. I
am not sure that there is a silver bullet stand that they could
issue. I think it is more of a menu of things that we all need to
do to assure that safety culture is correct and that safety is always
on everybody’s mind.

Senator VOINOVICH. Thank you.

Mr. Lochbaum, do you want to comment on that?

Then we are going to have to wrap it up. First it was the Presi-
dent, and now it is the Secretary of Defense who is going to meet-
ing with the members of the Senate. I want to make sure I get over
there and hear what he has to say.

Mr. LocHBAUM. Just very briefly. I just wanted to say that the
NRC has a safety culture problem of its own. Surveys conducted by
the Inspector General and the GAO have shown that, for example,
that the NRC workers who have raised safety issues, one-third of
them feel that they have been retaliated against for having done
so. Those kinds of problems that Davis-Besse had to fix, we feel the
NRC needs to fix internally so it has a good safety culture, as well
as all the plants in the country. Thank you.

Senator VOINOVICH. I would be interested in working with the
GAO and maybe getting input from you folks is: What is the stand-
ard is that we use to make sure that these things that have been
long standing are taken care of?

I think that is the problem. I think we should lay this out, work
with some people, get the standards, and then just basically say,
“Here are the problems.” Then when we come back for the next
hearing, we want to do some things in the office beyond the hear-
ings. But I am just saying that you have some measuring device
to know whether or not you actually have made an improvement
in the area.

Mr. LocHBAUM. One thing the NRC has incorporated into its re-
actor oversight program is a formal feedback mechanism every year
where they go out and see: “Have we achieved the expectation we
set out for this?” I think broadening that and continuing that is a
good way to see if whatever fixes you implement, did you achieve
what you were trying to do, and not cause some unintended con-
sequences somewhere else.
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So I think that NRC initiative was a good thing to do. I think
they should continue that.

Senator VOINOVICH. Mr. Fertel, Mr. Lochbaum, or anybody,
maybe one of the nicest things that we could do for the NRC would
be to maybe find the best program in the country that monitors
those kinds of things from a business point of view, and institute
it there. It seems to me that that is missing. Maybe we could get
a little public/private partnership going here and come in and help
them out with that. It seems that they have had an ongoing prob-
lem with that.

Like Mr. Diaz, they are all conscientious people that want to do
the right thing. I do not mean hiring a consultant, but maybe the
industry should think about that. This is an Agency that is very
important to you.

Dr. Lochbaum, it is important to you. I challenge you. Could we
sit down with them and say: “Here is what you should do. Find the
best outfit in the country and say: ‘Would you be willing to come
in and spend some time over there?”

When I was Governor, I had private sector people to come in and
spend 6 months and some of them for a year pro bono to help
shape up some of the operations that we had in city and State gov-
ernment. It is very frustrating to me that we have these lessons
learned but from Mr. Lochbaum’s point, we have had lessons
learned and lessons learned. We have had GAO reports, and we
have had inspectors generals. I do not think that these are people
who do not care. But maybe they need some help.

Mr. LocHBAUM. We did send a letter to the Commission on Feb-
ruary 2nd volunteering to help on the safety culture issues. We
thought they did a good job in addressing the Hope Creek and
Salem issues. We volunteered to help work with the industry and
with the NRC to figure out what is the right answer.

Senator VOINOVICH. I am going to suggest that to Mr. Diaz that
maybe we could get a little group together in my office and talk
about it and see where we can go.

Mr. LocHBAUM. We would be glad to.

Senator VOINOVICH. That would be very good.

I want to thank you very much. You have been very patient. I
appreciate your conscientiousness. We have a challenge ahead of
us.

Thank you.

[Whereupon, at 1 p.m., the subcommittee was adjourned, to re-
convene at the call of the chair.]

[Additional statements submitted for record follow:]

STATEMENT OF CHAIRMAN NILS D1az, NUCLEAR REGULATORY COMMISSION

Mr. Chairman and members of the subcommittee, it is a pleasure to appear before
you today with my fellow Commissioners to discuss the Nuclear Regulatory Com-
mission’s programs. We appreciate the past support that we have received from the
subcommittee and the committee as a whole, and we look forward to continue work-
ing with you.

As you know, the NRC’s mission is to license and regulate the Nation’s civilian
use of byproduct, source, and special nuclear materials to ensure adequate protec-
tion of public health and safety, promote the common defense and security, and pro-
tect the environment. The Commission does not have a promotional role—rather,
the agency seeks to ensure the safe application of nuclear technology if society elects
to pursue the nuclear energy option. The Commission recognizes, however, that its
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regulatory system should not establish inappropriate impediments to the application
of nuclear technology. Many of the Commission’s initiatives over the past several
years have focused on maintaining or enhancing safety and security while simulta-
neously improving the effectiveness and efficiency of our regulatory system.

With your permission Mr. Chairman, I will highlight a few of our ongoing initia-
tives and achievements.

REACTOR SAFETY PROGRAMS

The past 3 years have seen the maturing of the reactor oversight process. We be-
lieve that this program is a significant improvement over the former inspection, en-
forcement, and assessment processes. We received external recognition of the effec-
tiveness of our Reactor Inspection and Performance Assessment program when the
Office of Management and Budget evaluated it using its Performance Assessment
Rating Tool (PART) and awarded the top rating, “effective,” a rating achieved by
only 11 percent of the Federal programs assessed. One of its strongest attributes
is its transparency and accessibility to members of the public. You will find perform-
ance indicators and inspection findings for every power reactor on NRC’s public web
site page, as well as our current assessment of each reactor’s overall performance.
The transition to the reactor oversight process has gone well, and we will strive to
make further improvements.

Overall, the industry has performed well. As of the end of CY 2003, there were
two plants designated for the highest level of scrutiny under the reactor oversight
process, the Cooper plant in Nebraska and the Point Beach plant in Wisconsin. In
addition, the Davis-Besse plant in Ohio has been treated under our Manual Chapter
0350 Startup Oversight Process. The Cooper and Point Beach plants have received
significant attention from our regional and headquarters offices, and we are con-
fident that these plants are on a path to resolving long-standing problems.

Over the past 2 years, the NRC staff has devoted significant resources for en-
hanced regulatory oversight of the Davis-Besse plant following the discovery of ex-
tensive degradation of the reactor vessel head. After an extgensive plant recovery
program and comprehensive corrective actions by the licensee, FirstEnergy, and con-
siderable NRC inspection and assessment, the staff determined that there was rea-
sonable assurance that the plant could be safely restarted and operated. This deci-
sion was made in a deliberate manner, based on sound regulatory and technical
findings, and in accordance with the requirements of Federal statutes and NRC reg-
ulations. On March 8, 2004, the NRC staff gave approval for the restart of Davis-
Besse. In addition, the staff issued a confirmatory Order requiring independent as-
sessments and inspections at Davis-Besse to assure that long-term corrective actions
remain effective. The NRC’s oversight panel will continue to coordinate the inspec-
tion and regulatory activities for Davis-Besse until plant performance warrants re-
sumption of the normal reactor oversight process.

We acknowledge the extensive interest in, and concerns about, the restart of
Davis-Besse by area residents; public interest groups; Federal, State, and local offi-
cials; and others. We have conducted our regulatory responsibilities in an open and
candid manner, keeping the public informed to the maximum extent possible at
each step of the process. We have not been able to share the results of our Office
of Investigations’ reports because those have been referred to the Department of
Justice for its consideration. Those reports have, however, been fully considered by
NRC staff prior to restart. We have had extensive communication with our stake-
holders, including establishing a web site and issuing monthly newsletters. Also
during the past 2 years, the NRC staff conducted 75 public meetings on Davis-Besse
most of these meetings were held in the vicinity of the plant and held 50 briefings
for Federal, State, and local government officials. The oversight panel will continue
to hold periodic public meetings near Davis-Besse with FirstEnergy officials to re-
view the status of ongoing activities at the plant.

Concurrently, we have undertaken a significant and critical review of our pro-
grammatic and oversight activities to evaluate our own actions associated with the
reactor vessel head degradation at Davis-Besse. These actions have considered the
Davis-Besse Lessons Learned Task Force Report. The Task Force completed its re-
view in September 2002 and issued a report that contained a number of rec-
ommendations for improvements to the reactor research, oversight, and licensing
programs. These recommendations are being implemented as part of four action
plans, encompassing: (1) stress corrosion cracking, (2) operating experience program
effectiveness, (3) inspection, assessment and project management guidance, and (4)
barrier integrity requirements. Of the 49 recommendations, 16 were completed in
2003, including all seven high priority items scheduled to be completed that year.
Inspection program guidance was revised to address the high-priority recommenda-
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tions regarding followup to long-standing equipment issues and oversight of plants
in extended shutdowns. Enhancements to inspector training programs were initi-
ated. Guidance was issued regarding the adequate documentation of certain deci-
sions. We continue to work on addressing the remaining recommendations and are
making significant progress. Except for three items, all other high-priority rec-
ommendations will be completed by the end of 2004. The remaining high priority
items will be completed during 2005.

In April 2004, we completed an examination of reactor vessel cladding and struc-
tural analyses. Based on these efforts, the staff concluded that near-term vessel fail-
ure was unlikely and that it was highly likely the vessel could have operated safely
for at least several more months following the February 2002 Davis-Besse shut-
down. As you are aware, the plant restarted with a new reactor vessel head; thus,
the degraded condition no longer exists.

The NRC’s Office of the Inspector General conducted an inquiry into our oversight
of the Davis-Besse reactor vessel head degradation. The issues identified in the IG’s
report are similar to a subset of those identified by the Lessons Learned Task Force;
and as such, corrective actions have either been completed or are in progress for
each of the IG’s findings. The IG was particularly concerned with the flow of infor-
mation within the agency—communication between headquarters, the regional of-
fices, and the resident inspector staff. We are committed to improving this commu-
nication and have already witnessed a lowering threshold for raising issues. For ex-
ample, there has been a significant increase in the scope and level of detail dis-
cussed during daily status meetings among NRC regional, headquarters, and site
offices, as well as improvements in internal communications. We have also placed
renewed emphasis on improving communication with the international nuclear com-
munity to ensure that new issues are promptly communicated as they arise. Going
forward, we are dedicated to improving our inspection and assessment programs to
prevent recurrence of this or similar significant challenges to safety.

REACTOR LICENSING PROGRAMS

Let me now turn to significant achievements in our reactor licensing programs.
The reactor licensing program ensures that operating nuclear power plants main-
tain adequate protection of public health and safety throughout the plant’s oper-
ating life. NRC licensing activities include reviewing license applications and
changes to existing licenses, reviewing reactor events for safety significance, and im-
proving safety regulations and guidance. In fiscal year 2003, the NRC met or ex-
ceeded all established measures for the timeliness and quantity of completed nu-
clear power plant licensing-related actions.

The reactor licensing program’s timeliness in responding to licensee requests has
improved dramatically since 1997. At the end of fiscal year 2003, 96 percent of li-
censing actions in the working inventory were less than 1 year old and 100 percent
of licensing actions in the working inventory were less than 2 years old. We also
completed 500 other licensing activities, most of which were associated with identi-
fication and resolution of emerging technical issues. For example, we issued generic
communications to the industry alerting them to emerging issues such as leakage
from reactor pressure vessel lower head penetrations, the potential impact of debris
blockage on emergency sump recirculation at pressurized-water reactors, and control
room habitability. We will not be able to sustain this level of timeliness in fiscal
year 2004 because of a very large volume of security licensing actions which we are
giving the highest priority. We are managing our licensing action inventory to en-
sure that appropriate timeliness goals are being established for each action, and
that no safety-significant issue is left untreated.

A significant type of reactor licensing action, called a power uprate, is a request
to raise the maximum power level at which a plant may be operated. Improvement
of instrument accuracy and plant hardware modifications have allowed licensees to
submit power uprate applications for NRC review and approval. The focus of our
review of these applications has been and will continue to be on safety. In addition,
we continue to monitor operating experience closely to identify issues that may af-
fect power uprate implementation.

Power uprates range from requests for small increases of less than 2 percent
based on the recapture of power measurement uncertainty, to large increases in the
range of 15 to 20 percent that require substantial hardware modifications to the
plants. In all instances, the NRC must be satisfied that appropriate safety margins
remain. To date, the NRC has approved 101 power uprates which have safely added
approximately 4175 megawatts electric to the nation’s electric generating capacity
and is the equivalent of about four large nuclear power plants.
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Currently, the NRC has four power uprate applications under review and expects
to receive an additional 25 applications through calendar year 2005. This would add
approximately 1760 megawatts electric to the nation’s electric generating capacity.
The NRC recently issued a Review Standard for Extended Power Uprates (i.e.,
uprates that increase the current power by 7 percent or more), which is available
publicly, that enhances the NRC’s focus on safety and improves consistency, predict-
ability, and efficiency of these reviews.

As stated earlier, the NRC monitors operating experience at plants that have im-
plemented power uprates. Cases of steam dryer cracking and flow-induced vibration
damage affecting components and supports for the main steam and feedwater lines
have been observed at some of these plants. We conducted inspections to identify
the causes of several of these issues and evaluated many of the repairs performed
by the licensees. We continue to monitor the industry’s generic response to these
issues and will consider additional regulatory action, as appropriate.

License renewals are another significant type of licensing action. In 2003, thirteen
units—North Anna Units 1 and 2 and Surry Units 1 and 2 in Virginia, Peach Bot-
tom Units 2 and 3 in Pennsylvania, Saint Lucie Units 1 and 2 in Florida, Fort Cal-
houn in Nebraska, McGuire Units 1 and 2 in North Carolina, and Catawba Units
1 and 2 in South Carolina—had their licenses extended for an additional 20 years.
Thus far in 2004, 2 units—H.B. Robinson, Unit 2 and V.C. Summer, Unit 1 in South
Carolina—have had their licenses renewed. That brings the total of renewed reactor
licenses to twenty-five. The staff currently has license renewal applications under
review for seventeen additional units. In every instance, the staff has met its timeli-
ness goals in carrying out the safety and environmental reviews required by our reg-
ulations. If all of the applications currently under review are approved, approxi-
mately 40 percent of the nuclear power plants in the U.S. will have extended their
operating licenses. We expect that almost all of the 104 reactors licensed to operate
will apply for renewal of their licenses. The staff will continue to face a significant
workload in this area with the sustained strong interest in license renewal by nu-
clear power plant operators due to many benefits of license renewal.

While improved performance of operating nuclear power plants has resulted in
significant increases in their electrical output, it is expected that continuing in-
creased demands for electricity will need to be addressed by construction of new
generating capacity. As a result, industry interest in new construction of nuclear
power plants in the U.S. has recently emerged. The NRC is ready to accept applica-
tions for new power plants. New nuclear power plants will likely utilize 10 CFR
Part 52, which provides a stable and predictable licensing process. This process en-
sures that all safety and environmental issues, including emergency preparedness
and security, are resolved prior to the construction of a new nuclear power plant.
The design certification part of the process resolves the safety issues related to the
plant design, while the early site permit process resolves safety and environmental
issues related to a potential site. The issues resolved in these two parts can then
be referenced in an application which would lead to a combined construction permit
and operating license, referred to as a combined license. This license contains in-
spections, tests, analyses, and acceptance criteria that must be attained before the
facility can commence operation.

As you know, the NRC has already certified three new reactor designs. These de-
signs include General Electric’s Advanced Boiling Water Reactor and Westing-
house’s AP600 and System 80+ designs. In addition to the three advanced reactor
designs already certified, there are new nuclear power plant technologies which
some believe can provide enhanced safety, improved efficiency, and lower costs. The
NRC staff is currently reviewing the Westinghouse AP1000 design certification ap-
plication. The staff has met all scheduled milestones for the AP1000 design review
and is on track to issue its recommendations to the Commission this fall on whether
the final design should be certified. This recommendation would be followed by the
design certification rule in 2005. The NRC staff is also actively reviewing pre-appli-
cation issues on two additional designs and has four other designs in various stages
of pre-application review.

In September and October of last year, we received three early site permit appli-
cations for sites in Virginia, Illinois, and Mississippi where operating reactors al-
ready exist. The staff has established schedules to complete the safety reviews and
environmental impact statements in approximately 2 years. The mandatory adju-
dicatory hearings associated with the early site permits will be concluded after com-
pletion of the NRC staff’s technical review. As with design certification rulemaking,
issues resolved in the early site permit proceedings will not be revisited during a
combined license proceeding absent new and compelling information.
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SECURITY

During the past year, the Commission has continued to enhance security of li-
censed nuclear facilities and materials through close communication and coordina-
tion with other agencies in the intelligence and law enforcement communities and
with the Department of Homeland Security. For commercial nuclear power reactors,
we issued Orders in April 2003 to impose a revised design basis threat (DBT) and
enhanced requirements for security officer work hour limits (to ensure officers re-
mained fit for duty) and standards for their training and qualification. With these
requirements, we have established an enhanced set of security requirements for
power reactors that is appropriate in the post-9/11 threat environment. The work-
hour limits and the previously imposed access authorization enhancements have
been fully implemented. Revisions to site security plans (including training and
qualification) and site modifications to provide protection against the revised DBT
have been submitted to the NRC for review and implementation. The review is in
progress with full implementation scheduled for October 2004. We have redefined
our baseline inspection program for security and are phasing in the new inspection
program consistent with the new requirements. As a complement to licensee secu-
rity measures, NRC is working with the Department of Homeland Security and the
Homeland Security Council, and other partners to enhance the integrated Federal,
State, and local response to threats.

We continue to conduct force-on-force exercises to evaluate licensees’ defensive ca-
pabilities and identify areas for improvement. During 2003, we implemented a pilot
force-on-force exercise program and conducted exercises at 15 power plants to evalu-
ate the significance and impact of enhanced adversary characteristics and associated
compensatory measures and to develop program improvements to enhance the real-
ism and effectiveness of the exercises. In 2004, we are conducting exercises roughly
twice a month to evaluate the effectiveness of program enhancements including the
use of Multiple Integrated Laser Enhancement System (MILES) equipment, adver-
sary force standards, improved controller training, and other enhancements to im-
prove the realism of the exercises while maintaining safety of both the plant and
personnel. In November of this year, we will begin full implementation of the tri-
ennial force-on-force exercise program for power reactors.

In the area of materials security, we have coordinated closely with State agencies
and affected licensee groups to develop additional security requirements for two
classes of materials licensees who possess high-risk radioactive materials (irradiator
licensees and manufacturers and distributors of radioactive materials). We are pre-
paring proposed Orders for other materials users. We are developing enhanced im-
port and export controls for high-risk sources. In addition, we have developed an in-
terim data base for high-risk sources and, with the assistance of other Federal agen-
cies as well as the States, we are laying the foundations for the national source
tracking system. We are also engaged with other Federal agencies to increase secu-
rity involving transportation of large quantities of radioactive materials and are con-
ducting a comprehensive review of material control and accounting requirements
and practices.

The NRC has completed most of its work on vulnerability assessments and identi-
fication of mitigation strategies for a broad range of threats to NRC-licensed activi-
ties involving radioactive materials and nuclear facilities. Thus far, the results of
these studies have validated the actions NRC has taken to enhance security. These
efforts have continued to affirm the robustness of these facilities, the effectiveness
of redundant systems and defense-in-depth design principles, and the value of effec-
tive programs for operator training and emergency preparedness. Our vulnerability
studies confirm that the likelihood of damaging the reactor core and releasing radio-
activity that could affect public health and safety is low. Further, the studies con-
firm that even in the unlikely event of a radiological release due to terrorist use
of a large aircraft, NRC’s emergency planning basis remains valid. The aircraft vul-
nerability studies also indicate that significant damage to a spent fuel pool is im-
probable, that it is highly unlikely that the impact on a dry spent fuel storage cask
would cause a significant release of radioactivity, and that the impact of a large air-
craft on a transportation cask would not result in a release of radioactive material.
Thus, we believe that nuclear power plant safety, security, and emergency planning
programs continue to provide reasonable assurance of adequate protection of the
public health and safety.

In summary, NRC licensees had robust private sector security programs long be-
fore the attacks of September 11, 2001, and those programs have been further en-
hanced over the past 30 months. We continue to ensure that our licensees imple-
ment effective security programs for the current threat environment. In addition, we
continue to work closely with our Federal, State, and local partners and with the
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private sector to ensure an appropriate integrated response to threats to licensed
nuclear facilities and materials.

EMERGENCY PREPAREDNESS PROGRAM

The events of September 11, 2001, highlighted the need to examine the way the
NRC is organized to carry out its safeguards, security, and incident response func-
tions. Consequently, the NRC has taken several actions in response to the new envi-
ronment, including the issuance of compensatory measures and Orders to licensees,
re-examination of the emergency planning basis, creation of the Office of Nuclear
Security and Incident Response, and evaluation of reactor integrity to new threats.
In addition, the NRC as well as our stakeholders have become increasingly aware
of the importance of emergency preparedness to mitigating the effects of potential
security threats. Along with this increased awareness, the NRC recognizes the need
for increased communication of our emergency preparedness activities with internal
and external stakeholders, including the public; industry; the international nuclear
community; and Federal, state, and local government agencies. As a result, the NRC
established the Nuclear Emergency Preparedness Project Office. The Project Office
is responsible for the continuing development and refinement of emergency pre-
paredness policies, regulations, programs, and guidelines for both currently licensed
nuclear reactors and potential new nuclear reactors. The Project Office provides
technical expertise regarding emergency preparedness issues to other NRC offices
and also coordinates and manages emergency preparedness communications with in-
ternal and external stakeholders including the public, industry, the international
nuclear community, and Federal, State, and local government agencies.

MATERIALS PROGRAM

The NRC, in partnership with the 33 Agreement States, conducts a comprehen-
sive program to ensure the safe use of radiological materials in a variety of medical
and industrial settings. As some of NRC’s responsibilities, including inspection and
licensing actions, have been assumed by Agreement States, our success depends in
part on their success, and we closely coordinate our activities with the States.

Recently, the Commission has completed a complex rulemaking on the medical
uses of byproduct material—a rulemaking in which there was significant interaction
with Congress. We are now implementing that rule and assuring that compatible
regulations are adopted by the Agreement States.

The NRC is developing a web-based materials licensing system. The system is ex-
pected to provide a secure method for licensees to request licensing actions and to
view the status of licensing actions on the Web. In addition, the NRC, with assist-
ance from other Federal agencies and the States, is creating a National Source
Tracking System that will be used to monitor radioactive sources in quantities of
concern with respect to a radiological dispersal device (RDD) threat. The develop-
ment of the National Source Tracking System will remain a high priority effort.

The Commission has also implemented a major rule change related to large fuel
cycle facilities. This rule requires licensees and applicants to perform an integrated
safety analysis that applies risk-based insights to the regulation of their facilities.
Major licensing reviews currently underway, or soon to be submitted, will test the
new rule. These licensing reviews include two new gas centrifuge enrichment facili-
ties.

The first proposed enrichment facility would be located in New Mexico and the
second in Ohio. Louisiana Energy Services submitted an application for its facility
in Eunice, New Mexico, to the NRC in December 2003. U.S. Enrichment Corporation
is expected to submit its application to the NRC for its site in Piketon, Ohio, in Au-
gust 2004. The Commission has directed its staff to conduct reviews of the applica-
tions for the two proposed enrichment facilities in a timely manner. The Commis-
sion will endeavor to identify efficiencies and provide the necessary resources to re-
duce the time the agency needs to complete these reviews.

The staff is currently reviewing a request to authorize construction of a mixed
oxide (MOX) fuel fabrication facility at the Savannah River site in South Carolina
as part of the Department of Energy’s program to dispose of excess weapons grade
plutonium. The staff is also providing support to its Russian counterparts regarding
}he 1licensing of a Russian MOX facility that will have a design similar to the U.S.
acility.

In addition to the new facilities discussed above, the NRC regulates several other
existing fuel facilities. NRC’s oversight of these facilities includes licensing actions,
inspection, enforcement, and assessment of licensee performance. Our Fuel Facili-
ties Licensing and Inspection program was the second of our regulatory programs
assessed under the Office of Management and Budget’s Performance Assessment



55

Rating Tool (PART) and awarded the top rating, “effective,” a rating achieved by
only 11 percent of the Federal programs evaluated.

NUCLEAR WASTE PROGRAM

The NRC staff has made progress on a wide array of programs relating to the
safe disposal of nuclear waste. A central focus of these programs is to ensure that
the agency is prepared to review an application by the Department of Energy to con-
struct a high-level radioactive waste repository at Yucca Mountain, Nevada.
Progress has been made in our pre-application interactions with DOE in addressing
technical issues that are significant to repository performance. The application is ex-
pected to be submitted to NRC in December 2004. The NRC would make a dock-
eting decision on the license application, and, if docketed, review the license applica-
tion and make a determination regarding to what extent the Yucca Mountain Final
Environmental Impact Statement can be adopted.

We are also preparing to conduct a related licensing proceeding. Our preparations
include the creation of an information technology system to handle the large number
of complex documents that will be involved and the leasing of a hearing facility near
Las Vegas, Nevada. This licensing proceeding will present the NRC with a formi-
dable challenge and the technical issues involved will be substantial. Moreover, no
single NRC decision or set of decisions, since the Three Mile Island accident, is like-
ly to be scrutinized as closely as those concerning this one-of-a-kind facility.

In our waste program, the NRC staff also has a substantial effort underway in
the area of dry cask storage of spent reactor fuel. Storage and transport cask de-
signs continue to be reviewed and certified. Independent Spent Fuel Storage Instal-
lations (ISFSIs) continue to be licensed and inspected. The Atomic Safety and Li-
censing Board currently is expected to issue its final decision on the proposed Pri-
vate Fuel Storage ISFSI in Utah early in 2005. The Surry ISFSI in Virginia is the
lead facility for license renewal. Indeed, our workload related to ISFSIs and dry
cask storage in general will increase substantially in the years ahead. This projec-
tion is based on licensees’ plans to adopt dry cask storage at their sites. We are cur-
rently formulating a major research program, the Package Performance Study,
which will include a demonstration test of the robustness of NRC-certified spent fuel
transportation casks.

The NRC staff is also continuing to make significant progress in ensuring the de-
commissioning of contaminated sites. The staff identified several policy issues re-
quiring Commission direction that will help expedite decommissioning under NRC’s
License Termination Rule, and the Commission has provided the necessary guid-
ance. Complicated decommissioning sites that pose technical challenges include the
Safety Light site near Bloomsburg, Pennsylvania. We are currently working with
the Environmental Protection Agency to have this site included on the National Pri-
ority List to make other Federal resources available for the cleanup of this site.

HUMAN CAPITAL

The NRC is very dependent on a highly skilled and experienced work force for
the effective execution of its activities. The Commission’s human capital planning
integrates strategies for finding and attracting new staff, and for promoting em-
ployee development, succession planning, and retention. The Commission has devel-
oped and implemented a strategic work force planning system to identify and mon-
itor its human capital assets and needs and to address critical skills shortages. This
includes the use of an agency-wide online skills and competency system to identify
gaps in needed skills; the ongoing review of NRC’s organizational structure to align
with its mission and goals; and the development of a web-based staffing system that
includes online application, rating, ranking, and referral features. The agency has
also implemented two leadership competency development programs to select high-
performing individuals and train them for future mid-level and senior-level leader-
ship positions. In addition, the agency has continued to support its fellowship and
scholarship programs and identified a significant number of diverse, highly qualified
entry-level candidates through participation in recruitment events and career fairs.

NRC is utilizing a variety of recruitment and retention incentives to remain com-
petitive with the private sector. So far we have been successful in attracting and
retaining new staff, particularly at entry levels. Nonetheless, it is likely to become
more difficult for NRC to hire and retain personnel with the knowledge, skills, and
abilities to conduct the safety reviews, licensing, research, and oversight actions
that are essential to our safety mission. Moreover, the number of individuals with
the technical skills critical to the achievement of the Commission’s safety mission
is rapidly declining in the Nation, and the educational system is not replacing them.
The maintenance of technically competent staff will continue to challenge govern-
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mental, academic, and industry entities associated with nuclear technology for some
time to come.

BUDGET

The NRC has proposed a Fiscal Year 2005 budget of $670.3 million. In developing
the budget, the Commission has ensured that we continue only those programs that
are effective in meeting our mission and goals. Even with our efforts to be more effi-
cient in our utilization of resources, we must still request a Fiscal Year 2005 budget
increase of approximately 7 percent ($44 million) over the Fiscal Year 2004 budget
for essential activities. This budget proposal will allow the NRC to continue to pro-
tect the public health and safety, promote the common defense and security, and
protect the environment, while providing sufficient resources to address increasing
personnel costs and new work. Approximately 32 percent ($14 million) of the budget
growth is for personnel costs, primarily the pay raise that the President has author-
ized for Federal employees. The remaining increase supports our High-Level Waste
and Nuclear Reactor Safety programs. We are requesting an increase of approxi-
mately $30 million for our High-Level Waste program to initiate the review of the
anticipated DOE application to construct a high-level waste repository at Yucca
Mountain and to conduct a Package Performance Study, which will confirm that our
regulations provide for the safe transportation of spent nuclear fuel even under acci-
dent scenarios. We are also requesting an increase of approximately $10 million for
our Nuclear Reactor Safety programs primarily to keep pace with industry interest
in new reactor initiatives and to strengthen our reactor inspection and performance
assessment activities. These increases are offset by a decrease of approximately $10
million in our Homeland Security programs for completed homeland security activi-
ties.

LEGISLATIVE NEEDS

Over the years, the NRC has repeatedly expressed its support of enactment of leg-
islation needed to strengthen the security of facilities regulated by the Commission.
Although we did not support all the provisions contained in bills that addressed nu-
clear security in the first session of this Congress, we were encouraged by Congres-
sional action on the subject. Although, the Commission has used existing authority
to ensure robust security for nuclear power plants and high risk radioactive mate-
rials, provisions that the Commission supports would provide the statutory author-
ity for steps that we believe should be taken to further enhance the protection of
the country’s nuclear infrastructure and prevent malevolent use of radioactive mate-
rial. In particular, the Commission supports enactment of the nuclear security-re-
lated provisions contained in H.R. 6, as approved by the conferees on that bill in
the last session of this Congress, and S. 2095, which has been introduced in this
session.

The proposals that the Commission believes to be most important are: (1) author-
ization of security officers at NRC-regulated facilities and activities to receive, pos-
sess, and, in appropriate circumstances, use more powerful weapons against ter-
rorist attacks, (2) enlargement of the classes of NRC-regulated entities and activities
whose employees are subject to fingerprinting and criminal history background
checks, (3) Federal criminalization of unauthorized introduction of dangerous weap-
ons into nuclear facilities, (4) Federal criminalization of sabotage of additional class-
es of nuclear facilities, fuel, and material, (5) authorization for NRC to carry out
a training and fellowship program to address shortages of individuals with critical
nuclear regulatory skills, and (6) extension of NRC’s regulatory oversight to discrete
sources of accelerator-produced radioactive material and radium—226. All but the
last of these are included in H.R. 6 and S. 2095.

In addition, enactment of the following proposals would enhance the NRC’s ability
to protect the public health and safety:

(1) long-term extension of the Price-Anderson Act;

(2) authorization to charge Federal agencies fees for licensing and inspections,
rather than recouping the costs of these activities through charges to other licens-
ees;

(3) authorization for costs of security-related activities to be covered from the gen-
eral fund (except for fingerprinting, criminal background checks, and security in-
spections);

(4) elimination of NRC’s antitrust review authority over new power reactor license
applications;

(5) clarification of the length of combined construction permits and operating li-
censes for new reactors;
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(6) allowing rehired annuitants to receive full pay from the NRC for their services
without reduction in pension payments;

(7) authorization to compensate individuals with critical skills at rates competitive
with rates paid to persons with similar skills in the private sector;

(8) modification of the organizational conflict of interest provisions in the Atomic
Energy Act to allow the agency to engage valuable expertise at a national laboratory
that also performs work for the nuclear industry; and

(9) authorization to establish and participate in science, engineering, and law
partnership outreach programs to increase the participation of Historically Black
Colleges and Universities, Hispanic Serving Institutions, and Tribes.

All but the last three proposals are included in H.R. 6 and S. 2095. We look for-
ward to working with you on the enactment of these proposals by this Congress.

CONCLUSION

Mr. Chairman, I can assure you that the Commission will continue to be very ac-
tive in managing the staff’s efforts on ensuring the adequate protection of public
health and safety, promoting common defense and security, and protecting the envi-
ronment in the application of nuclear technology for civilian use.

We appreciate the opportunity to appear before you today. My colleagues and I
welcome the opportunity to respond to your questions.

RESPONSES BY NILS J. DIAS TO ADDITIONAL QUESTIONS FROM SENATOR INHOFE

Question 1. Have you considered the possibility of consolidating the employees at
the four Regions to headquarters? Since every nuclear reactor has full-time NRC
resident inspectors located at each facility, is it really necessary to have four re-
gional offices? Please provide a breakdown as to the functions performed solely at
the Regional Offices, and those functions which are performed at both headquarters
and in the regions.

Response. The NRC reviewed regional consolidation as recently as last year. Re-
views were also conducted during the 1994-1995 timeframe, which resulted in the
closure of NRC’s Region V office in California, and in 1998 and 2002. The most re-
cent review was in response to the fiscal year 2003 Energy and Water Development
Appropriations Act, (House Report 108-10 and Senate Report 107-220), which di-
rected the NRC to report to the Congress on regulatory efficiencies that would be
gained by consolidating or eliminating regional offices. The Commission provided a
response on June 26, 2003. The report noted that the Commission believes that in
the context of its fundamental mission, a strong regional presence is essential for
the effective implementation of the agency’s health, safety, and security programs.

Public health and safety are better served with critical NRC expertise located
close to the geographical area of our licensed activities. Whether overseeing routine
licensed activities or reacting to unforseen circumstances, a regional office can rap-
idly muster critical resources to a facility when a situation needs immediate atten-
tion and time is of the essence.

The regional staff have unique expertise in the area of field inspections and are
familiar with the licensee location, procedures, strengths, and weaknesses. The four
regional offices each oversee 21 to 32 operating reactors, which enables the NRC to
deploy first responders to incidents and emergencies in four different geographical
locations. Homeland security initiatives and objectives provide additional compelling
reasons for the agency’s current regional structure. All the regional offices are in-
volved in heightened security, safeguards, and emergency preparedness activities in
light of the current threat environment.

The NRC’s regional structure aligns well with the Administration’s emphasis on
close coordination with constituents and stakeholders. Regional offices bring NRC
closer to the public it serves, giving stakeholders access to NRC officials in their
own region of the country, thereby enhancing relationships with local and state offi-
cials and increasing public confidence in the NRC.

With regard to the functions carried out by the regions and headquarters, the re-
gional offices execute established NRC policies and assigned programs relating to
inspection, licensing, incident response, governmental liaison, resource management
and human resources. Each of the regional offices implement inspection and public
interface activities in the following nine areas: investigations, public affairs, legal
affairs, allegations/enforcement, State liaison, resource management, nuclear mate-
rials safety, reactor projects, and reactor safety. NRC headquarters develops policy
and inspection guidance for programs assigned to the regional offices and assesses
the effectiveness and uniformity of the regions’ implementation of those programs.
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The Commission does look for efficiencies in the operation of its regional offices.
For example, the Commission recently consolidated responsibility for all major fuel
cycle facilities in its Atlanta office. Additionally, in 2000 the Commission attempted
to close the NRC Technical Training Center, which is located in Chattanooga, Ten-
nessee and move the approximately 27 personnel to our Rockville, Maryland head-
quarters. We had based the decision on justifiable training efficiencies to be gained
from such a move. Nevertheless, the NRC was precluded from making the change
by larfuage included in Public Law 106-246, The Military Construction Appropria-
tions Act.

Question 2. How is the interaction between the EPA and the NRC on the setting
of radiation standards? Now that the standards for Yucca Mountain have been set,
I think we should give serious consideration to consolidating the process at the
NRC. Is it feasible/possible for the EPA’s functions to be consolidated at the NRC?

Response. EPA derives its responsibility to set generally applicable radiation
standards from the statutory Reorganization Plan No. 3 of 1970. This plan gives
EPA authority to set generally applicable standards for the protection of the general
environment from radioactive material. As noted in the OMB Memorandum dated
December 7, 1973, known as the Ash Memorandum, EPA initially construed its re-
sponsibilities too broadly. The memorandum directed that EPA should continue set-
ting standards for the total amount of radiation in the general environment from
all facilities combined in the uranium fuel cycle. Facility specific standards would
be set by the NRC (formerly the AEC) with EPA review and comment. Since that
time the two agencies have continued to interact to avoid overlap and duplication
regarding standards that apply to NRC regulated facilities. However, these inter-
actions have generally been difficult and largely unsuccessful. Interface has occurred
in a number of venues, and on a variety of topics under the Atomic Energy Act.
NRC’s interactions with EPA have consistently focused upon achieving an effective
regulatory environment that protects public health and safety and minimizes dupli-
cation. NRC has worked to achieve this coordination through the Interagency Steer-
ing Committee on Radiation Standards (ISCORS), and through a Memorandum of
Understanding. Overlap in legislative mandates continues to result in differences
between the agencies.

As to EPA’s Yucca Mountain standards (the authority for which derives from the
Nuclear Waste Policy Act and the Energy Policy Act of 1992), we would note that
the U.S. Court of Appeals for the DC Circuit issued a decision on July 9, 2004, in
NEI v. EPA that vacated a part of EPA’s Yucca Mountain standards in 40 CFR Part
197 (and NRC’s identical standards in 10 CFR Part 63). Thus, at this time, we can-
not say that the “standards for Yucca Mountain have been set.”

EPA’s Yucca Mountain standard setting function aside, it would be possible, with
legislation, to transfer EPA’s radiation standard setting functions established by Re-
organization Plan No. 3 of 1970 to the NRC as well as related standard setting for
accelerator-produced radioactive material and certain discrete sources not currently
covered by the Atomic Energy Act. If such a step were taken, roles and responsibil-
ities would need to be carefully defined to clarify multiple legislative mandates from
which each agency’s authority derives. In addition, this consolidation would require
adjustment of resources.

RESPONSES BY NILS J. DIAS TO ADDITIONAL QUESTIONS FROM SENATOR JEFFORDS

Question 1. I have a question regarding record keeping related to nuclear fuel. It
is my understanding that the NRC used to have a more direct role in keeping
records on the location of nuclear fuel and waste at power plants, but that it
changed its policy in the 1980’s. Now the license holders are primarily responsible
for this task. In light of what has happened at Vermont Yankee, and with the in-
crease in buying and selling of nuclear plants to new owners, is the NRC reconsid-
erigg taking a more active role? Would you need additional authority from Congress
to do so.

Response. In general, the NRC Material Control And Accounting (MC&A) inspec-
tion program verifies whether licensees have limited their possession and use of
Special Nuclear Material (SNM), including spent fuel, to the locations and purposes
authorized by their operating licenses. In addition, during these inspections, the
NRC determines whether licensees have implemented adequate and effective pro-
grams to account for and control the SNM in their possession. Prior to 1988, the
NRC routinely inspected MC&A programs at nuclear power plants including the lo-
cation of spent fuel. This inspection process focused on fuel rod assemblies but not
individual components, such as fuel rods. However, the NRC has never had an ac-
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tive or direct role in the creation or maintenance of records for the licensee. This
has always been the licensee’s responsibility.

Findings from MC&A inspections at power reactors prior to 1988 did not indicate
that there were major deficiencies in power reactor licensees’ MC&A programs. At
that time, the NRC considered there was low risk of improper storage of spent fuel
at a power reactor since physical and radiological characteristics of spent fuel made
it highly unlikely that spent fuel could be safely removed from the fuel pool without
proper equipment and procedures. Therefore, In 1988 the NRC chose to allocate in-
spection resources to other more risk-significant areas.

In 2001, the NRC staff conducted a re-examination of MC&A vulnerabilities as
part of the comprehensive review of the NRC’s Safeguards and Security Program
which was conducted in response to a November 2000 event at Millstone Unit 1,
in which two irradiated fuel rods were reported missing from the spent fuel pool.
The Millstone events as well as subsequent equivalent events at other facilities in-
volved individual fuel rods which were removed from fuel assemblies and the dis-
assembly occurred well before 1988.

As part of the lessons learned from the Millstone Unit 1 event, the NRC staff de-
veloped Temporary Instruction (TI) 2515/154, “Spent Fuel Material Control and Ac-
counting at Nuclear Plants,” dated November 26, 2003, to enhance the NRC’s in-
spection of licensees’ MC&A programs. The TI provides specific inspection guidance
to NRC inspectors and consists of three phases. The first phase requires the NRC
resident inspector at the reactor to determine through interviews if a licensee has
ever removed irradiated fuel rods from a fuel assembly. If the answer is yes, Phase
IT of the TI is then implemented. Phase II of the TI determines, through detailed
questions and review of records and physical inspection, if a licensee’s MC&A pro-
gram is adequate to account for items located in the spent fuel pool. At a minimum,
Phase III of the TI will be implemented at plants where it has been determined that
a licensee’s MC&A program has potential deficiencies. Phase III is a much more de-
tailed inspection of the MC&A program, which will be conducted by experienced
MC&A inspectors and includes verification of records and the location in the spent
fuel pool of all spent fuel rods that have been separated from their parent fuel as-
semblies. The NRC is developing a Bulletin which will be issued to power reactor
licensees and requests information from licensees about their MC&A programs. The
responses to this Bulletin will further inform the conduct of the Phase III inspec-
tions. A longer term decision regarding NRC inspection activities will be completed
after the results of Phase III inspections have been evaluated. No additional author-
ity is needed to conduct inspection activities in this area.

Question 2. The discovery of missing fuel rods at Vermont Yankee resulted from
NRC inspections required of all plants as a followup to the loss of fuel at the Mill-
stone plant. Have other plants reported missing fuel? And when will the inspection
of other plants be completed?

Response. Yes, Humboldt Bay Nuclear Power Plant has reported missing fuel rod
segments. Pacific Gas and Electric, the licensee, was unable to locate the missing
segments in most likely and accessible locations. The NRC continues to provide
oversight of key search activities and will conduct a management meeting in late
September 2004.

MC&A inspections are being conducted under Temporary Instruction 2515/154.
Phases I and II of the temporary instruction, which are inspections conducted by
the Resident Inspectors, have been completed at all plants. NRC is currently evalu-
ating the information gathered during Phases I and II and plans to conduct addi-
tional inspections at some plants under Phase III. The temporary instruction calls
for the Phase III inspections to be completed by November 2005.

Question 3a. On May 4, 2004, the NRC responded to the Vermont Public Service
Board’s request for additional independent review at Vermont Yankee. Your letter
stated that a pilot engineering assessment would be conducted. The assessment
team will be comprised of NRC staff, state officials, and at least two independent
contractors. When will these inspections start?

Response. The inspection team was onsite at the Vermont Yankee facility during
the weeks of August 9 and 16 and is scheduled to be onsite the week of August 30.

Question 3b. On May 4, 2004, the NRC responded to the Vermont Public Service
Board’s request for additional independent review at Vermont Yankee. Your letter
stated that a pilot engineering assessment would be conducted. The assessment
team will be comprised of NRC staff, state officials, and at least two independent
contractors. Will you commit to having an independent observer in addition to the
independent contractor on the team?

Response. The Vermont Yankee team will consist of a team leader, three NRC in-
spectors, three contractors, and a member from the NRC nuclear safety professional
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development program. The team leader will come from our program office in head-
quarters and is currently responsible for the overall engineering pilot program ef-
fort. He has extensive experience leading engineering team inspections and no pre-
vious involvement or inspection experience at Vermont Yankee. The three contrac-
tors have diverse backgrounds in the electrical, mechanical, and instrumentation
areas, and have never been directly employed by Vermont Yankee or its owner,
Entergy, and have not performed contract work for Vermont Yankee or Entergy for
at least the last 2 years. The other NRC inspection team members will not have
served or participated on engineering inspections at Vermont Yankee in the past 2
years. In accordance with our Memorandum of Understanding with Vermont, there
also will be an observer from the State of Vermont who will be able to provide an
independent perspective on the inspection. There were no plans for additional ob-
servers. Additional observers who do not have unescorted access could impede the
effectiveness of the inspection effort as they would need to be continuously escorted
while onsite.

Question 4. There have been on-going allegations from nuclear advocacy groups
in New England that NRC staff “misled” Senator Leahy and me regarding the ex-
tent to which the NRC’s new power uprate guidelines were related to the Inde-
pendent Safety Assessment conducted at Maine Yankee. These allegations have
been made to the Commission in writing.

Will you clarify this issue and provide a summary to the subcommittee of the pro-
visions of the extended power uprate guidelines that were explicitly drawn from
Maine Yankee Independent Safety Assessment?

Response. The NRC received a letter from Mr. Ray Shadis on March 24, 2004,
regarding the NRC communications with yourself and Senator Leahy. He expressed
concerns that you were misinformed about the nature and the evolution of the
NRC’s newly adopted Review Standard for extended power uprates (EPUs) and the
scope of the EPU review process.

In a letter to the NRC on February 27, 2004, you accurately stated that the NRC
Review Standard for EPUs incorporates lessons learned from an independent as-
sessment conducted at Maine Yankee. On March 29, 2004, the NRC responded to
your letter and further reiterated that the Maine Yankee lessons learned was one
input, along with others, into the development of the Review Standard. Our letter
of March 29, 2004, provides a broader discussion of the NRC’s review process and
inspections related to the proposed power uprate.

The development of the Review Standard for EPUs included a review of past expe-
rience, a part of which was a review of various reports related to the Maine Yankee
Lessons Learned such as:

e Memorandum from the Office of the Inspector General to the Chairman and
Commissioners, “Event Inquiry—Maine Yankee Atomic Power Station (Case 96—
04S),” dated May 8, 1996.

e Letter to C. Frizzle, Maine Yankee Atomic Power Company, from S. Jackson,
(former) Chairman, NRC, forwarding the “Independent Safety Assessment (ISA) of
Maine Yankee Atomic Power Company,” dated October 7, 1996.

e Report of the Maine Yankee Lessons Learned Task Group, dated December
1996.

o Memorandum to W. Travers from S. Collins, “Status of NRR Staff Actions Re-
sulting from the Independent Assessment of Maine Yankee Atomic Power Com-
pany,” dated January 11, 2001.

e Power Uprate Amendment for Surry Units 1 and 2—License Amendment Nos.
203 and 203, dated August 3, 1995.

e Power Uprate Amendment for Fermi 2—License Amendment No. 87, dated Sep-
tember 9, 1992.

The Maine Yankee Lessons Learned Task Group had identified “Review Areas
Not Addressed” by comparing twenty-two previous power uprate safety evaluations
to the most recent pressurized-water reactor and boiling-water reactor safety eval-
uations (i.e., for Surry Units 1 and 2 and Fermi 2) and noting inconsistencies in
the review scope. These areas were: human factors, station blackout, standby liquid
control system, reactor vessel/internal stresses, control rod drive mechanisms, steam
generator tube integrity, reactor coolant pumps, pressurizer, piping, equipment
qualification, fire protection, control room habitability, loss-of-coolant accident
(LOCA)/main steam line break containment performance, safety-related pumps net
positive suction head, post-LOCA combustible gas control, service water, component
cooling water, spent fuel pool cooling, heating ventilation air conditioning, radwaste,
circulating water system, main steam, main turbine, instrumentation and control
setpoints, reactor coolant system flow, auxiliary feedwater, residual heat removal,
and general design criteria (GDC)-17 electric power systems.
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In the Review Standard for EPUs, the staff included the “Review Areas Not Ad-
dressed” identified by the Maine Yankee Lessons Learned Task Group, along with
information developed from other past experience reviews. The staff also reviewed
the Maine Yankee Lessons Learned Task Group recommendations for improving the
overall power uprate review process and this information was used in the develop-
ment of the process guidance portion of the Review Standard for EPUs.

Specific to the issue of what experience from the Maine Yankee Independent Safe-
ty Assessment was incorporated into the EPU review guidance, the letter to C. Friz-
zle, Maine Yankee Atomic Power Company, from S. Jackson, (former) Chairman,
NRC, forwarding the “Independent Safety Assessment of Maine Yankee Atomic
Power Company,” dated October 7, 1996, contained five issues in Section 6.0, “Regu-
latory Issues.” These areas were: (1) analytical code validation, (2) compliance with
Safety Evaluation Reports, (3) Licensing Reviews for Power Uprates, (4) Regulatory
Guide 1.1, “Net positive Suction Head for Emergency Core Cooling and Containment
Heat Removal System Pumps (Safety Guide 1),” and (5) Inspection Program.

The staff broke these issues into 33 actions in the following action categories: (1)
Adequacy of Analytical Code Validation, (2) Adequacy of NRC Review of Analysis
Codes, (3) Compliance with Safety Evaluation Reports, (4) Adequacy of Licensing
Reviews for Power Uprates, (5) Clarity and Intent of NRC Regulatory Guide 1.1
(Safety Guide 1), (6) Adequacy of the NRC Inspection Program, (7) Agency Expecta-
tions regarding Licensee Performance, (8) Cumulative Effect of Operator
Workarounds, (9) Agency Policy regarding Licensee Design Basis Recovery Efforts,
(10) Public Involvement in the Assessment Process, and (11) Licensee Response to
the ISA Report.

The staff has completed 30 of the 33 actions. Three actions are on-going. These
three actions are related to adequacy of analytical code validation. The staff’s in-
terim action is the issuance of the Draft Regulatory Guide DG-1096, “Transient and
Accident Analysis Methods,” and Draft Standard Review Plan (SRP) 15.0.2, “Review
of Analytical Computer Codes.” The staff is resolving the public comments for these
documents. The staff’s actions will be complete when the final Regulatory Guide and
SRP are issued. However, the staff placed guidance in the Review Standard for
EPUs (RS-001) for the staff to confirm that licensees used codes and methods ap-
proved for the plant-specific application and the licensee’s use of the codes and
methods complies with any limitations, restrictions, and conditions specified in the
approving safety evaluation.

Question 5a. Constituents have raised concerns with me regarding the process for
requesting a public hearing on the Vermont Yankee power uprate. I request that
you clarify two issues:

First, my constituents believe that the time in which they need to request a hear-
ing begins when the notice of the application appears on the Commission’s web site
rather than in the Federal Register. Isn’t the Federal Register notice, when one is
submitted, the official start of the clock for hearing requests? Will that be the case
for Vermont Yankee?

Response. The publication date of the Federal Register notice on the Vermont
Yankee power uprate amendment begins the period for requesting a hearing. A no-
tice of opportunity to request a hearing for the Vermont Yankee power uprate was
published in the Federal Register on July 1, 2004 (69 FR 39976), with a 60 day pe-
riod for hearing requests.

Question 5b. Constituents have raised concerns with me regarding the process for
requesting a public hearing on the Vermont Yankee power uprate. I request that
you clarify two issues:

Second, my constituents are concerned about both the evidentiary and standing
requirements contained in the new NRC hearing regulations. In response to a re-
quest for a hearing, does the NRC have the discretion to decide whether or not to
use its current or former regulations to govern the hearing process?

Response. The Commission does have considerable discretion to modify by order,
in individual cases, the adjudicatory procedures to be applied in a particular pro-
ceeding. However, the new 10 CFR Part 2 rule (69 FR 2182, January 14, 2004), ap-
plies (by its terms) to proceedings noticed after February 13, 2004, which includes
the Vermont Yankee power uprate proceeding. The new Part 2 is the product of a
long and comprehensive rulemaking effort concerning the rules of practice. It does
not change the evidentiary or standing requirements that were in the old Part 2.
The new Part 2 does include new requirements regarding the submission of admis-
sible contentions in informal proceedings, but these contention requirements are es-
sentially the same as the contention requirements that applied under the old Part
2 proceedings involving power reactor license amendment requests. The new Part
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2 requires that contentions be submitted as part of the petition to intervene/request
for hearing.

Question 6a. On May 18, 2004, Senator Inhofe and I received a letter from you
regarding the Commission’s views on nuclear waste that is incidental to reprocess-
ing at Department of Defense facilities. (NOTE: The NRC letter was in reference
to DOE facilities, not DOD facilities). I noted with some dismay that while the
Vermont Public Service Board waited 7 weeks for a reply to its questions regarding
the proposed power uprate at Vermont Yankee, this response was obtained the same
day questions were submitted to the NRC. I have a few questions regarding this
letter, and I have written to you regarding this matter.

In the letter you write that the NRC “does not have regulatory authority or juris-
diction” over the Savannah River, Hanford, or Idaho facilities. Isn’t that because the
high-level waste storage tanks at these locations were authorized only for short-
term, temporary storage, and not for permanent disposal?

Response. Section 202(4) of the Energy Reorganization Act of 1974 gives NRC li-
censing and related regulatory authority over DOE facilities “authorized for the ex-
press purpose of subsequent long-term storage of high-level radioactive waste gen-
erated by [DOE], which are not used for, or are part of, research and development
activities.” There are three important elements in this jurisdictional grant: (1) Con-
gress must have expressly authorized the facility for its purpose; (2) that purpose
must be long-term storage; and (3) the radioactive wastes to be stored must be high-
level radioactive waste (HLW). All three elements must be present for NRC’s juris-
diction to attach to a particular DOE facility. NRC currently does not have regu-
latory authority over the Savannah River Site (SRS), Hanford, and Idaho National
Engineering and Environmental Laboratory (INEEL) radioactive waste storage
tanks because Congress has not expressly authorized use of these tanks for the pur-
pose of long-term storage of DOE’s HLW. NRC’s view that it does not have regu-
latory authority over the DOE radioactive waste storage tanks has been upheld by
the courts. See Natural Resources Defense Council v. NRC, 606 F.2d 1261, 1266—
1268 (D.C. Cir. 1979).

Question 6b. On May 18, 2004, Senator Inhofe and I received a letter from you
regarding the Commission’s views on nuclear waste that is incidental to reprocess-
ing at Department of Defense facilities. (NOTE: The NRC letter was in reference
to DOE facilities, not DOD facilities). I noted with some dismay that while the
Vermont Public Service Board waited 7 weeks for a reply to its questions regarding
the proposed power uprate at Vermont Yankee, this response was obtained the same
day questions were submitted to the NRC. I have a few questions regarding this
letter, and I have written to you regarding this matter.

Isn’t it the case that under Section 202 of the Energy Reorganization Act, the
NRC has regulatory authority and jurisdiction over any “facilities authorized for the
express purpose of . . . long-term storage of high-level radioactive waste generated
by” the Department of Energy?

Response. Yes. As stated above, under Section 202(4) of the Energy Reorganiza-
tion Act of 1974, NRC has regulatory authority and jurisdiction over any facilities
authorized for the express purpose of subsequent long-term storage of HLW gen-
erated by DOE, which are not used for, or are part of, research and development
activities.

Question 6¢c. On May 18, 2004, Senator Inhofe and I received a letter from you
regarding the Commission’s views on nuclear waste that is incidental to reprocess-
ing at Department of Defense facilities. (NOTE: The NRC letter was in reference
to DOE facilities, not DOD facilities). I noted with some dismay that while the
Vermont Public Service Board waited 7 weeks for a reply to its questions regarding
the proposed power uprate at Vermont Yankee, this response was obtained the same
day questions were submitted to the NRC. I have a few questions regarding this
letter, and I have written to you regarding this matter.

Wouldn't legislation allowing DOE to say that high-level waste isn’t high-level
anymore circumvent the NRC’s responsibility for licensing and regulating the facil-
ity in which permanent disposal is to take place? Have you actually reviewed and
taken a position on Section 3116 of the DOD Authorization bill that is presently on
the Senate floor?

Response. Legislation allowing DOE to exclude radioactive material meeting cer-
tain criteria from the definition of HLW would not necessarily affect the scope of
NRC’s jurisdiction under the Energy Reorganization Act of 1974. NRC does not cur-
rently have jurisdiction nor responsibility for licensing and regulating the radio-
active waste storage tanks at SRS, Hanford and INEEL because Congress has not
expressly authorized use of these tanks for the purpose of long-term storage of
DOE’s HLW. Unless Congress expressly authorizes use of the tanks for disposal of
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DOE’s HLW, NRC would not have jurisdiction irrespective of whether the waste re-
maining in the tanks is considered to be HLW or waste-incidental-to-reprocessing
(WIR). NRC has expressed its general views on WIR in the Commission’s letter of
May 18, 2004 to you and Senator Inhofe. NRC also responded to your June 2, 2004,
letter regarding NRC’s jurisdiction over HLW tanks at SRS and possible effects of
the proposed Section 3116 in a letter to you dated July 15, 2004.

RESPONSES BY NILS J. DIAS TO ADDITIONAL QUESTIONS FROM SENATOR VOINOVICH

Question 1. GAO claims that the recommendations are being implemented slowly
because of resource constraints at the NRC. What are some of these constraints and
what needs to be done to address them?

Response. After the Davis-Besse Lessons Learned Task Force (task force) pub-
lished its final report in October 2002, the NRC convened a Senior Management Re-
view Team to prioritize the task force’s recommendations as high, medium, and low
priority and provide guidance on an overall plan to implement the recommenda-
tions. An overall plan to put the recommendations in place was provided to the
Commission in March 2003. In this plan, four specific action plans were developed
to address the high-priority recommendations in the following areas: (1) stress corro-
sion cracking; (2) operating experience; (3) inspection, assessment, and project man-
agement; and (4) barrier integrity requirements. Two medium-priority and 3 low-
priority items were included in the action plans because they were closely tied to
high-priority items. Resource implications of these action plans were specifically pro-
vided in the overall plan, and agency resources were reallocated to carry out the
high-priority recommendations effectively. In subsequent reviews as work pro-
gressed, additional resources have been allocated.

The overall plan called for implementation of the medium and low-priority rec-
ommendations that were not captured by the action plans in accordance with the
NRC’s Planning, Budgeting, and Performance Management (PBPM) process. The
PBPM process is an established process which prioritizes work in accordance with
safety benefits. All of the medium and low priority recommendations were reviewed
through the PBPM process prior to the first semiannual report (August 2003). Im-
plementation schedules and resource allocation were established commensurate
with the perceived safety benefit relative to other NRC activities. These schedules
have been periodically revised in accordance with the PBPM process, but are being
tracked to completion. Status information is reviewed semi-annually by the Commis-
sion. The Commission believes that resources have been appropriately allocated to
this program. See the answer to question No. 2 for status of task force recommenda-
tions.

The NRC is committed to the effective implementation of the task force’s rec-
ommendations. In addition to completing the implementation of recommended ac-
tions, the NRC will complete effectiveness reviews to ensure implementation meets
the intended purposes and to ensure that certain changes are “institutionalized.”

Question 2. What progress are you making in implementing the Davis-Besse les-
sons-learned task force (DBLLTF) recommendations?

Response. There were 49 DBLLTF recommendations that were recommended for
implementation after the senior management review. The 21 high-priority, 2 me-
dium priority, and 3 low priority recommendations were captured in four action
plans and the remaining 23 recommendations (14 medium-priority and 9 low-pri-
ority) were to be completed in accordance with priorities established through the
PBPM process, as described in the answer to question No. 1. The status of imple-
mentation is reviewed frequently and schedules are adjusted as needed to reflect
new information or conditions.

Since my testimony on May 20, 2004, some additional items have been completed
and the schedules for others have been changed. The status of the 49 recommenda-
tions as of August 19, 2004, is as follows:

e Sixteen were completed in 2003. This included all 7 high-priority items sched-
uled for completion during 2003, plus 9 lower priority recommendations. Seven
lower priority items were rescheduled.

e Eight additional items (4 high-priority and 4 lower priority) have been com-
pleted to date in 2004.

o Fifteen additional items (3 high-priority, 10 medium-priority, and 2 low-priority)
are planned for completion by December 2004.

e Six additional items (5 high-priority and 1 low-priority) are planned for comple-
tion by May 2005.

e The remaining 4 items (2 high-priority, 1 medium-priority, and 1 low-priority)
do not have a current completion schedule, primarily because the scope of work de-



64

pends on the outcome of other recommendations, actions by industry, or completion
of research activities. However, work on these items should be substantially com-
plete in 2005.

In summary, as of June 30, 2004, 11 of the 21 high-priority recommendations and
13 of the lower priority items have been completed and work is in progress on the
remaining items. In fact, seventy percent of all the recommendations will be in place
by the end of calendar year 2004, with the expectation that all will be substantially
complete in 2005. The activities that will extend beyond 2005 include rulemaking
activities for Reactor Vessel Head inspection, which are expected to be completed
in 2006, and other potential regulatory requirement revisions regarding Reactor
Coolant System leakage, which will be identified in 2005 following review of a re-
search report on leakage detection and monitoring technologies.

Question 3. GAO claims that several of the issues that led NRC to not prevent
the Davis-Besse incident were identified in past GAO reports, Commission lessons-
learned task force recommendations, and Inspector General reports. The GAO also
states that the NRC is reviewing “the effectiveness of its response to past NRC les-
sons-learned task force reports.” What is the progress of the review you are per-
forming on your effectiveness to fully implement past recommendations?

Response. The charter of the Davis-Besse lessons learned task force included a di-
rection to look back at previous task force reports to determine whether they sug-
gested any recurring or similar problems. The task force’s review uncovered poten-
tially recurring programmatic issues and these issues were discussed in Appendix
F of the task force report. As a result of this effort, one of the task force’s rec-
ommendations was to conduct a more detailed effectiveness review of the actions
taken in response to past lessons-learned reviews. This recommended action has
been completed. The results of the review are being considered by NRC senior man-
agement and the Commission to identify and take corrective actions, as necessary.

Question 4. How are you addressing NRC’s major communication failures that
GAO identified as playing a significant role in the Davis-Besse incident?

Response. The NRC recognize that communications failures were an underlying
cause for issues discovered at Davis-Besse (DB). The corrective actions outlined in
the lessons-learned task force (LLTF) action plans address communications beyond
the topic of boric acid corrosion control. For example, corrective actions in the area
of operating experience development and use are focused on enhancing communica-
tions. The recommendations to strengthen inspection guidance, institute training to
reinforce a questioning attitude on the part of management and staff, and change
the Inspection Manual to provide guidance for the staff to pursue issues identified
during plant status reviews are intended to establish more definitive expectations
for improved communications of operating experience. Developing the most effective
and efficient communications channels will be key to the successful implementation
of a more effective operating experience program.

Beyond the DBLLTF Action Plan, the agency has several ongoing initiatives that
provide examples of efforts to more broadly improve intra-agency communications.
These examples include establishment of a Communication Council reporting to the
Executive Director for Operations and the creation of a communications specialist
position reporting to the Office of Nuclear Reactor Regulation (NRR) Deputy Direc-
tor. NRR also continues to improve and enhance its Web site as a focused means
of communicating with both internal and external stakeholders. From a regional
perspective, examples of communication enhancements include lowering the thresh-
old for communication of plant issues on morning status calls, devoting additional
time to discussing lessons learned from plant events and inspection findings during
counterpart meetings, and developing enhanced guidance for documenting signifi-
cant operational event followup decisions. In another example, NRC has recently re-
vised guidance for NRC project managers for operating reactor sites to enhance the
expectation for communication with NRC resident inspectors at the sites with re-
gard to linkage between licensing actions and relevant operating experience at the
sites. Collectively, these examples provide a strong indication that NRC head-
quarters and regional staff have understood and sought to address two of the most
important lessons from the Davis-Besse event. These two issues are (1) that on occa-
sion, information initially considered to have low significance by the first NRC re-
cipient is later found to be of greater significance once the information is shared and
evaluated more collegially; and (2) with regard to the complex nature of commercial
nuclear power operations, no one person can be aware of all aspects of an issue. As
a result, the more information that is shared, the more likely significant problems
will be identified and appropriate action(s) taken.
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Question 5. What is NRC’s human capital situation? What are the top things Con-
gress can do to support NRC’s human capital development?

Response. Although NRC continues to make progress in acquiring, developing, de-
ploying and retaining the human capital critical to the accomplishment of its safety,
security, and emergency preparedness mission, the agency continues to be chal-
lenged by aging work force issues and by new work requiring hard-to-find skills.
The agency’s systematic strategic work force planning system is identifying poten-
tial skill gaps and the agency is devoting resources to address them. The following
additional authorities would greatly help the agency meet these challenges quickly
and successfully:

e Provide the agency $5M ($1M in fiscal year 2004 through fiscal year 2008) for
training to address knowledge transfer and close critical nuclear safety/security/
emergency preparedness skills gaps through employee training, and to fund the
grant programs described below.

e Allow the agency to establish a fellowship program at institutions of higher
learning to pay the tuition of undergraduate students in disciplines of interest to
NRC in return for an obligation for the individual to accept employment with the
NRC upon graduation. These programs support the development of a supply of grad-
uates with technical skills needed for NRC’s future work force.

e Allow the agency to establish a partnership program with historically black col-
leges and universities, Hispanic serving institutions and tribal colleges. Such a pro-
gram would broaden the recruiting base from which NRC draws new employees.

e Broaden the authority under Section 31a. and b. of the AEA to provide grants,
loans, cooperative agreements, contracts, and equipment to academic institutions in
support of courses, studies, training, curriculum, and disciplines important to nu-
clear safety. The agency would use this authority to support academic research and
analysis in disciplines important to nuclear safety. This activity fosters the mainte-
nance of centers of excellence at universities in fields of interest to the NRC. En-
hancing such excellence at academic institutions generates a pool of expert faculty
members on whom NRC might draw for consultant, advisory board, or administra-
tive judge assignments.

e Provide the agency independent authority to waive the pension offset when hir-
ing retired Federal employees. The agency already has limited authority from OPM
to waive the pension offset, but it is time-limited, expiring in fiscal year 2006, and
it applies only to engineers and scientists. It does not cover intelligence analysts,
security specialists, or others whose knowledge and skill may be critical to the agen-
cy and who would decline re-employment absent the waiver. More flexible authority
to waive the pension offset would, for example, enable the agency to deal with emer-
gency needs and accomplish knowledge transfer in critical skill areas.

e Provide the agency direct-hire authority where expedited action to meet critical
needs is required, for example, in engineering and scientific areas, intelligence anal-
ysis, and security to work on high priority safety, security, and emergency prepared-
ness projects, and authority to compensate experts in these areas at higher pay
rates. Under very restrictive circumstances, some direct-hire authority may be ob-
tained from OPM, but we believe that independent NRC legislative authority would
permit the agency to develop a direct-hire program that best meets its needs. Inde-
pendent NRC legislative authority to pay salaries and/or additional compensation at
a higher rate than the current EX-III cap, $145,600 (e.g., up to the Vice President’s
salary) would enable the agency to hire critically needed experts for whom the cur-
rent salary range is inadequate. This would be similar to DOD’s unique legislative
authority which permits higher salaries to experts, or to NASA’s, which permits
higher compensation for critical positions.

Question 6. What is required of onsite inspectors in terms of their daily respon-
sibilities? What are their weekly hours, salary, other benefits, etc.? How much do
the inspectors move around the country? How are they recruited and what are the
basic qualifications? How are they trained?

Response. NRC resident inspectors perform a basic mission in determining wheth-
er a licensee operates the plant safely and meets current regulatory requirements
and commitments, including in the area of security. Their main focus is on per-
forming in-depth evaluations of materials, systems, incidents, and abnormal condi-
tions. Resident inspectors assist in determining the safety significance of events and
findings, recommend enforcement action, and prepare reports of findings and li-
censee performance. More recently, resident inspectors have taken on an increasing
role in security. All resident offices now have secure telephone and fax capability.
Additionally, resident inspectors represent the NRC to the licensee, state and local
officials, and the news media. Resident inspectors attend daily plant status meet-
ings and review plant status reports. Major daily activities include control room and
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plant area walkdowns. They also communicate with regional offices on a daily basis
to discuss plant status. Reactor resident inspectors are required to relocate from
their site no later than at the end of a 7-year assignment. Very rarely are exceptions
granted beyond the 7-year maximum tour length. Inspectors also relocate for pro-
motions, voluntary reassignments, or at management’s discretion. It is common for
resident inspectors to occasionally participate in inspections at other sites.

To recruit and retain qualified resident inspectors, the NRC established a special
salary schedule in 1981 for inspectors at nuclear power plants. The special salary
schedule provides a 3 additional step increase. Resident inspector pay levels are in
the GG-11 ($55,904 for 2004) through GG—14 ($104,071 for 2004) pay range. In ad-
dition to this special salary schedule, inspectors receive locality pay. Inspectors typi-
cally work 40 hours a week, some of which may be on weekends or backshifts. The
inspector policy regarding backshift coverage is described in NRC Inspection Man-
ual Chapter, IMC 2515, “Light-water Reactor Inspection Program Operations
Phase.” The inspectors are compensated with premium pay for backshift coverages.
Additionally, inspectors are offered the same benefits that most other Federal em-
ployees are offered, including leave, health benefits, life insurance, retirement bene-
fits, and paid moving expenses.

Resident inspectors are mostly recruited from within the agency, usually from the
inspection staff at the regional offices. The goal is to have inspectors who are tech-
nically proficient and well-versed in NRC policy, structure, and procedures. In rare
cases, a position is advertised outside the agency and any candidate would have to
have substantial relevant experience and undertake extensive training and quali-
fication before being qualified as an inspector. The basic qualification for inspectors
typically include a bachelor’s degree in an engineering, scientific, or technical field.
Areas of study include electrical engineering, mechanical engineering, nuclear engi-
neering, fire protection, metallurgy, and health physics. In many cases, inspectors
have substantial relevant experience outside of the NRC, either in the nuclear in-
dustry or the Nuclear Navy.

NRC has specific guidance that governs inspector training and qualifications for
reactor inspectors. New hires are typically assigned to a regional office as an inspec-
tor trainee. The training and qualification program is designed to ensure the devel-
opment of competency in the four general areas of: (1) legal basis and regulatory
processes; (2) technical expertise; (3) regulatory practices; and (4) personal and
interpersonal effectiveness. The inspector qualification process begins with the
Basic-Level Program, designed to allow individuals to begin their training the first
day they start work at the NRC. The emphasis in the Basic-Level Program is main-
ly on structured, self-paced and self-directed individual study and on-the-job activi-
ties. As a competency-based program, the emphasis is on practicing specific activi-
ties until the individual can meet the evaluation criteria. Therefore, completion of
the Basic-Level Training Program can take several months.

Upon completion of the Basic-Level Training Program, the inspector completes the
Proficiency-Level Training Program, which consists of two aspects of inspector per-
formance: General Proficiency and Technical Proficiency. General Proficiency focuses
on developing the Inspection, Teamwork and Interpersonal Skills needed by an in-
spector to function either independently or as part of a team to implement the in-
spection and oversight program. Technical Proficiency develops the appropriate
depth of knowledge in one of the seven specific technical inspection areas, such as
Operations and Engineering. The final qualification activity is an oral examination
before a Board, designed to evaluate the ability of an individual to integrate and
apply the acquired knowledge, skill, and attitudes in field situations. Upon passing
the Qualification Board, the inspector is fully qualified and can be assigned the full
scope of inspection-related activities to be independently performed.

Question 7. Why specifically do you disagree with GAO’s recommendation that you
develop a set process and guidance for deciding whether to shutdown a plant?

Response. As stated in NRC’s response to the draft report entitled “Nuclear Regu-
lation: NRC Needs to More Aggressively and Comprehensively Resolve Issues Re-
lated to the Davis-Besse Nuclear Power Plant’s Shutdown” (GAO-04-415) dated
May 5, 2004, we disagreed with the GAO’s finding that the NRC does not have spe-
cific guidance for deciding on plant shutdowns and with the report’s related rec-
ommendation identifying the need for NRC to develop specific guidance and a well-
defined process to determine when to shut down a nuclear power plant. We believe
our regulations, guidance, and processes on plant shutdown provide sufficient guid-
ance in the vast majority of situations. Plant technical specifications, as well as
many other NRC requirements and processes, provide a spectrum of conditions
under which plant shutdown would be required. Plants have been shut down nu-
merous times in the past in accordance with NRC requirements, and these shut-
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downs do not require explicit actions by NRC (i.e., Orders). From time to time, how-
ever, a unique situation may present itself in which sufficient information may not
exist or the information available may not be sufficiently clear to apply existing
rules and regulations definitively. In these unique instances, the NRC’s most senior
managers, after consultation with staff experts and given all of the information
available at the time, will decide whether to require a plant shutdown. Risk infor-
mation is used consistent with Regulatory Guide (RG) 1.174, “An Approach for
Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific
Changes to the Licensing Basis.” This process considers deterministic factors as well
as probabilistic factors (i.e., risk information) to evaluate whether a proposed plant
configuration is acceptable for operation. We regard the combined use of deter-
ministic and probabilistic factors to be a strength of our decisionmaking process.

With respect to the recommendation to develop specific guidance for deciding
when to shut down a nuclear power plant, we acknowledge that the decisionmaking
guidance we used in the Davis-Besse situation, RG 1.174, is guidance for approving
license change requests. Although we continue to believe that the risk-informed de-
cisionmaking process in RG 1.174 is generally applicable to a wide range of NRC
decisionmaking, we agree that it would be useful to develop additional risk-informed
guidance on how to address emergent issues.

The NRC agrees with the GAO that NRC staff lacked sufficient and appropriate
documentation of its decision on Davis-Besse. Effective communication, including
proper documentation of our decisions, will be the key to improving the account-
ability and credibility of our decisions in the future. This was one of the task force’s
findings and a number of recommendations were made to correct this deficiency.
The agency is committed to making sure future decisions are documented in a prop-
er and timely manner.

Question 8. Does NRC have the tools needed to quickly license such applications
as the gas centrifuge plant that USEC has decided to build in Piketon, Ohio?

Response. The NRC has the tools and resources to conduct gas centrifuge plant
license application reviews expeditiously, if we receive our budget request from Con-
gress. The NRC is committed to conducting such reviews in a manner that ensures
that the plant would be safe and secure and would not be detrimental to the envi-
ronment. After the application for USEC Inc.’s commercial gas centrifuge plant in
Piketon, Ohio, is submitted, the NRC staff will conduct its safety, security and envi-
ronmental reviews on a timeframe similar to that established for Louisiana Energy
Services’ gas centrifuge enrichment plant license application submitted in December
2003. Through identifying efficiencies in the review process and reprogramming re-
sources, we have been able to reduce the projected time needed to complete such
reviews. In January 2004, the NRC completed its review for USEC Inc.’s license ap-
plication for its gas centrifuge demonstration and test “Lead Cascade” facility. This
was slightly ahead of the 1-year review schedule that the NRC had projected at the
time USEC Inc. had submitted its Lead Cascade license application in February
2003.

However, as I noted in my June 2, 2004, letter to you, a continuing resolution in
fiscal year 2005 would likely delay our review of various new license applications,
including the enrichment plants in New Mexico and Ohio.

Question 9. Why specifically do you disagree with GAQO’s recommendation that you
develop a methodology to assess early indications of deteriorating safety at nuclear
power plants?

Response. GAO’s specific recommendation was to develop a methodology to assess
licensees’ safety culture that includes indicators of and inspection information on
patterns of licensee performance as well as on licensees’ organization and processes.
GAO recommended that NRC should collect and analyze this data, either during the
course of the agency’s routine inspection program or during separate targeted as-
sessments, or during both routine and targeted inspections and assessments. The
GAO maintained this would provide an early warning of deteriorating or declining
performance and future safety problems.

Some context would be helpful in addressing this question. When some of the cur-
rent Commissioners started with the Commission in the 1996-97 timeframe, the
NRC staff was using a process for assessing and identifying plants with degraded
performance that involved a subjective assessment of licensee performance, the so-
called “systematic assessment of licensee performance (SALP).” Plants were given
subjective SALP scores in four areas. Performance indicators data, while collected,
were not systematically utilized. Indeed, which inputs were most important in a
SALP assessment often varied from region to region, even from plant to plant with-
in a region. These subjective SALP assessments then fed into a senior management
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meeting process, conducted every 6 months, the output of which was a so-called
“watch list.”

In 1997, the Commission unanimously charged the staff with replacing the SALP/
watch list process with a process that was far more uniform (in its use of perform-
ance indicators and inspection findings, more systematic, more visible to the public,
and more timely. In doing this the Commission had the benefit of an excellent
study, done in a very short time period, by a contractor, Arthur Andersen. That
study looked at significant deviations in licensee performance based on nine NRC
performance indicators, and identified plant trends going back 10 years using the
composite performance indicators. The obvious question that arose from that study
was whether the NRC staff would have made better decisions on allocating inspec-
tion resources and assessing licensee performance if they had simply used the Ar-
thur Andersen methodology rather than the highly subjective SALP/watch list proc-
ess. There is a very good discussion of the Arthur Andersen report and the NRC
staff’s and Commission’s response to that report in the transcripts (available on our
web page) of the February 18, 1997 and the April 24, 1997 Commission meetings.

At the very outset of the design of what we call today the reactor oversight proc-
ess (ROP), the Commission was interested in trying to get leading indicators of li-
censee performance. Today, 7 years later, we have an enormously improved assess-
ment process for power reactor licensees, the ROP. It systematically and objectively
uses inspection findings and performance indicators to place plants in categories
(columns of a so-called action matrix) and assigns inspection resources. It is trans-
parent. It is uniform. It is timely. It was piloted in 1999 at 13 plants at 9 sites and
went into full force at all plants on April 1, 2000.

While it is an enormous improvement over the old SALP/watch list process, the
Commission recognizes that the ROP must be constantly improved and we have es-
tablished a process for developing, testing and making improvements, such as im-
proved performance indicators. The ROP process did identify early problems at the
Cooper power plant in Nebraska and resulted in NRC and licensee actions to arrest
a decline in performance before any significant safety issues arose. However, the
ROP process, like the SALP/watch list process before it (and the parallel Institute
of Nuclear Power Operations (INPO) assessment process) missed the declining per-
formance at Davis-Besse that contributed so clearly in hindsight to the February
2002 vessel head degradation event.

That all said, the Commission continues to encourage the early identification of
declining performance and safety problems. The NRC is committed to licensees’ de-
veloping and maintaining a strong safety culture, including commitment to safety,
technical expertise, and good management. Through the years, the Commission has
taken a number of actions in the area of safety culture, including the issuance of
the Policy Statement entitled “Conduct of Nuclear Power Operations” (54 FR 3424,
01/24/89). The Commission issued the Policy Statement to help foster the develop-
ment and maintenance of a safety culture at every facility licensed by the NRC. It
also stated that “. . . management has the duty and obligation to foster the develop-
ment of a ’safety culture’ at each facility and to provide a professional working envi-
ronment, in the control room and throughout the facility, that assures safe oper-
ations. Management must provide the leadership that nurtures and perpetuates the
safety culture.”

In a 1996 Policy Statement, entitled “Freedom of Employees in the Nuclear Indus-
try to Raise Safety Concerns Without Fear of Retaliation,” the Commission stated
“. . . licensees and other employers subject to NRC authority will establish and
maintain safety-conscious environments in which employees feel free to raise safety
concerns, both to their management and to the NRC without fear of retaliation.” If
issues are noted in the maintenance of a safety-conscious work environment, the
NRC calls this to the attention of the licensee and states the problem in the NRC’s
semiannual assessment letters to the licensee.

The Commission recognizes the difficulty in objectively assessing certain aspects
of safety culture. As noted in the Commission comments on the draft GAO report,
the NRC ROP currently assesses some underlying elements of safety culture such
as identification and resolution of problems. NRC will continue to assess, based on
objective parameters and direct observations of performance, how effectively licens-
ees are managing safety at each facility. NRC’s assessments and actions include:

e direct, daily observation of licensee operation of the facilities.

e problem identification and resolution (PI&R) inspections.

o followup of individual allegations and trending.

e enforcement of employee protection regulations.

o safety-conscious work environment assessments.
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e early and aggressive action where safety performance or safety culture issues
are confirmed (e.g., recent actions taken to address safety culture issues at the
Salem and Hope Creek plants).

In March 2003, the Commission directed the NRC staff to develop guidance that
would identify to our licensees the best practices to encourage a safety-conscious
work environment. The Commission also directed the staff to monitor efforts by for-
eign regulators to develop objective measures that serve as indicators of possible
problems with safety culture. Following the Congressional hearing on May 20, 2004,
I directed the NRC staff to provide options and recommendations in this area. The
staff provided information to the Commission on July 1, 2004. The Commission has
decided to proceed with public notice of a draft generic communication on estab-
lishing and maintaining a safety-conscious work environment. The Commission also
decided to enhance the ROP treatment of cross-cutting issues to more fully address
safety culture and ensure NRC inspectors are properly trained in the area of safety
culture. This is in addition to the evaluations of the licensees’ safety-conscious work
environment, the problem identification and resolution process, and human perform-
ance already included in the ROP. The NRC notifies licensees of degraded perform-
ance in these areas in the semiannual assessment letters which are issued to all
power reactor licensees and are publicly available.

In summary, the existing regulatory infrastructure previously outlined provides a
framework for monitoring the impact of licensee safety culture on performance, and
NRC oversight will be enhanced over the next 2 years by:

e revising the ROP to more fully address safety culture.

o taking followup actions in response to the Davis-Besse Lessons Learned Task
Force recommendations.

e developing enhanced guidance to our licensees by identifying best practices to
encourage a safety-conscious work environment and to promote the NRC’s expecta-
tions.

I closely monitoring efforts by foreign regulators to measure and regulate safety
culture.

Therefore, we believe that we are continuing to make substantial progress on de-
veloping and refining an assessment process to assess early indications of deterio-
rating safety at nuclear power plants. What we can not promise is that the result
of these efforts will be a validated methodology in the area of safety culture of de-
clining licensee performance. That is clearly our goal, as it was in 1997, and as it
was for our predecessors on the Commission in 1986. A lot of excellent research has
been carried out for many years here and abroad without defining such a leading
indicator or set of indicators. By carrying out a program of constant improvement
in our ROP, the Commission believes that we are moving toward that ideal as rap-
idly as our knowledge will allow.

Question 10. What steps have you required at Davis-Besse but not at other plants
around the country? Why have these steps not been required at other plants? Addi-
tionally, you have required that Davis-Besse conduct independent assessments of
safety culture over the next 5 years. Why have you not required the same types of
assessments, such as surveys, at other plants?

Response. The requirements imposed on the Davis-Besse Nuclear Power Station
that are beyond those at other operating reactors in the United States are annual
independent assessments for 5 years in the areas of operations, engineering, correc-
tive actions, and safety culture, and inspections of the reactor coolant system pres-
sure boundary during a midcycle outage. These additional requirements are con-
tained in the Confirmatory Order issued to Davis-Besse on March 8, 2004, modi-
fying the Davis-Besse license. These plant-specific actions were designed to ensure
sustained safe performance of the facility.

One fundamental regulation applicable to all operating reactors requires that sig-
nificant conditions adverse to quality be corrected, the cause determined, and ac-
tions taken to preclude repetition (10 C.F.R. 50, Appendix B, Criterion XVI). The
licensee program in place to implement these requirements is commonly referred to
as the corrective action program. The reactor pressure vessel head degradation iden-
tified at Davis-Besse in early 2002 was a significant condition adverse to quality.
Davis-Besse was required to correct the degradation, understand the cause(s), both
from a hardware and organizational perspective, and take actions to address those
cause(s) to prevent recurrence as required by NRC regulations.

Since early 2002, following the discovery of the reactor pressure vessel head deg-
radation, Davis-Besse has been removed from the routine reactor oversight process
(ROP) applicable to operating reactors and placed under a special oversight process
in accordance with the NRC’s Inspection Manual Chapter 0350, “Oversight of Oper-
ating Reactor Facilities in an Extended Shutdown as a Result of Significant Per-
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formance Problems.” Pursuant to that manual chapter, the NRC established a spe-
cial Oversight Panel and issued a Restart Checklist listing those actions that had
to be completed prior to restart of the plant. The items on the Restart Checklist cap-
tured the critical actions necessary for the facility to comply with the corrective ac-
tion program requirements applicable to all operating reactors.

Included in the Restart Checklist is the completion of comprehensive root cause
assessments. As part of these assessments, Davis-Besse identified equipment prob-
lems, organizational and human performance issues, and program and procedure
deficiencies. The organizational and human performance issues Davis-Besse identi-
fied included safety culture concerns. Consequently, in addition to the inspection
and repair of equipment, and improvement in programs and procedures, enhance-
ments to human performance, organizational effectiveness and safety culture were
also included in the Restart Checklist. Pursuant to the corrective action program re-
quirements in 10 C.F.R. 50, Appendix B, similar actions would be required to be
accomplished at any operating reactor with equivalent performance deficiencies as
Davis-Besse.

One aspect of the performance problems at Davis-Besse was the ineffectiveness
of licensee self-assessments and audits to identify degrading performance over time.
The additional requirements for independent assessments imposed on Davis-Besse
through the Confirmatory Order are unique to Davis-Besse. They are intended to
assure lasting improvement in the effectiveness of the licensee’s own internal as-
sessments of performance and to ensure sustained safe performance of the facility.
The Confirmatory Order requires the results of these independent assessments be
provided to the NRC in publicly available documents.

Question 11. What have you changed since the Davis-Besse incident to address
the lessons-learned task force (LLTF) recommendations about safety? How do these
changes interact with other initiatives that you are doing or have done?

Response. All of the lessons-learned task force recommendations are tied to safety
in either a direct or indirect manner. The items considered by the senior manage-
ment review team to have direct linkage with corrective actions for Davis-Besse root
causes were assigned the highest priority. The NRC staff has been focused on com-
pleting actions related to these recommendations in the most expeditious and effi-
cient manner possible. Some examples of changes at the NRC related to the Davis-
Besse lessons learned activity include: (1) An enhanced focus on communications,
particularly regarding communications between the plant sites, regions, and NRC
headquarters; (2) completion of a comprehensive evaluation of the operating experi-
ence assessment function with associated organizational changes that are being im-
plemented; and (3) focused enhancements to NRC inspection guidance that relate
to maintaining a questioning attitude in all aspects of inspection and assessment
activities.

In the communications area, actions taken in response to the LLTF recommenda-
tions complement the broader agency initiative on enhancing communications both
within the NRC and with external stakeholders. Actions taken in response to LLTF
recommendations have also complemented the broader agency initiative on risk-in-
forming agency decisionmaking processes through focusing resources on areas most
critical to safety.

Question 12. In the past, have you considered regulating safety culture? If so,
what conclusions have been reached and why? What changes (if any) have you made
in response to these considerations?

Response. In 1989, the NRC first set forth its expectation that licensees establish
a strong safety culture in its “Policy Statement on the Conduct of Operations.” The
NRC continues to place a high value on the importance of establishing and main-
taining a strong safety culture at licensed facilities. The Commission has considered
various staff proposals for directly regulating the area of safety-conscious work envi-
ronment (SCWE), one attribute of safety culture, and approved assessment of SCWE
by the NRC staff on a case-by-case basis. The Commission has also directed the staff
to: (1) develop further guidance that would identify for the industry practices to en-
courage a SCWE; and (2) monitor efforts by foreign countries to develop objective
measures that may serve as indicators of possible problems with safety culture. The
Commission is taking additional measures as discussed in the response to Question
9.

Question 13a. What are other countries doing to regulate safety culture at their
nuclear plants?

Response. Currently, only one country, Finland, has a specific regulation that di-
rectly addresses safety culture. Several other countries, including England, Spain,
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Canada, Sweden and France, inspect for safety culture problems even though they
do not have specific regulations in the area of safety culture.

Question 13b. How is this different from what is done in the U.S.?

Response. The United States has no specific regulation for safety culture, but
NRC conducts safety culture evaluations on a case-by-case basis. A subset of under-
lying elements of safety culture, such as identification and resolution of problems
and maintenance of a safety conscious work environment, currently are assessed
through the Reactor Oversight Process (ROP). Please see the response to part (A)
above.

Question 13c. Are there any foreign regulations and/or practices that should be
replicated in the U.S.?

Response. The NRC staff continues to monitor activities in other countries to de-
termine how foreign regulators measure and regulate safety culture, but has not
identified any regulations or practices in other countries to be considered for imple-
mentation in the United States.

RESPONSES BY NILS J. DIAS TO ADDITIONAL QUESTIONS FROM SENATOR LIEBERMAN
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Question 1. Chairman Diaz, should there [be] a no-fly zone around the Indian
Point power plant? It is my understanding that we have established no-fly zones
around Disney theme parks, for security concerns. Why do we have no fly zones
around theme parks, but not our nuclear facilities?

Response. A publicly available map details the three nautical mile, 3000 foot alti-
tude no-fly zone around the Walt Disney theme parks. Commercial air traffic, how-
ever, is allowed to transit through the zone. Pursuant to Federal Aviation Adminis-
tration regulations (14 CFR Section 99.7), a published flight restriction is in place
for nuclear power plants, which, in part, states “. . . pilots . . . are advised to avoid
the airspace above or in proximity to all nuclear power plants. Pilots should not cir-
cle or loiter in the vicinity of such facilities. Pilots who do so can expect to be inter-
viewed by law enforcement personnel . . .”
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May be exempt from public release under the Freedom of Information Act (5
U.S.C. 552)

Exemption Number, 5, Nuclear Regulatory Commission review required before
public release.

Name and organization of person making determination, John E. Tomlinson,
NSIR/DO

Date of Determination, July 12, 2004
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The Indian Point facility is located in proximity to two major airports and within
miles of a third airport. Instituting a broad “no-fly” zone for the Indian Point facility
would be problematic and have substantial repercussions for each of those airports
and for area transportation. The protection of nuclear plants, including the Indian
Point facility, is dependent on multiple measures, which in the aggregate result in
the ability to maintain public health and safety. The Federal Aviation Administra-
tion (FAA), the North American Aerospace Defense Command (NORAD); and the
Transportation Security Administration (TSA) manage programs that are intended
to prevent assaults by air. For example, the TSA continues to oversee the implemen-
tation of multiple countermeasures such as the Federal Air Marshal program, en-
hanced passenger and baggage screening, and hardened flight decks. The FAA and
NORAD have much improved ability to detect deviations from flight paths today
than on 09/11/01. NORAD has the ability to communicate with every nuclear power
plant control room, either directly or through the NRC Incident Response Center,
upon detection of a possible threat. This allows the plant operator to place the plant
in a safe condition while NORAD attempts to intercept this threat. These programs,
combined with the response capabilities of local authorities provide a significant de-
fense-in-depth to address such threats.

OFFICIAL USE ONLY
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Question 2. I am concerned about the Evacuation Plans for the area around In-
dian Point. My constituents have first-hand experience with the fact that our roads
are already carrying nearly twice as much traffic as they were designed for. I-95
and I-84 are reduced to stop-and-go speeds on a daily basis. It will require very
careful planning based on realistic assumptions to be sure that our roads aren’t re-
duced to a standstill in the event of an evacuation. Is it realistic to assume, for ex-
ample, that families will be willing to separate to facilitate the evacuation, or would
it be more realistic to assume that families will gather together first, and that each
family will stay together, to evacuate as a family? Have we done the best demo-
graphic studies possible to facilitate evacuation plans?

Response. The NRC is responsible for evaluating the adequacy of onsite emer-
gency plans developed by the nuclear power plant licensee. The Federal Emergency
Management Agency (FEMA) is responsible for assessing the adequacy of offsite
(state and local) radiological emergency planning and preparedness activities.
FEMA informed the NRC and Governor Pataki of New York, on July 25, 2003, that,
“after carefully considering all available information, we have reasonable assurance
that appropriate protective measures to protect the health and safety of surrounding
communities can be taken and are capable of being implemented in the event of a
radiological incident at the Indian Point facility.”

FEMA’s finding recognized that the affected counties had received an updated
“evacuation time estimate “ (ETE) study (incorporating 2000 census data and shad-
ow evacuation estimates) for the 10 mile emergency planning zone. The counties
had specifically included the updated ETE study in their Radiological Emergency
Preparedness Plans. The ETE revisions included the latest census data, consider-
ation that some family units will reunite prior to evacuation, an expanded geo-
graphic area of analysis, and an analysis of shadow evacuation. Shadow evacuation
refers to people outside the evacuation zone who also decide to evacuate. In addi-
tion, the evacuation estimates required for nuclear evacuation plans must examine
the sensitivity of evacuation times to key variables, including the nature and limits
of transportation facilities in the affected area and other factors that may affect
evacuation time, such as the public’s use of public transportation or need for special
transportation. The New York State and affected county plans provide for an active
response to traffic obstructions in the event of a radiological emergency at Indian
Point. Alternate evacuation routes are pre-designated. Responsibilities are assigned
and resources identified for detecting and responding to traffic bottlenecks using law
enforcement and public works personnel and equipment.

Considering those FEMA findings and determinations in conjunction with the
NRC onsite assessments, the NRC did not alter its determination that the overall
state of emergency preparedness at Indian Point 2 and 3 provides reasonable assur-
ance that adequate protective measures can and will be taken in the event of a radi-
ological emergency.
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report’s five recommendations—
that it develop (1) additional means
to better identify safety problems
early and (2Z) gnidance for making
decisions whether to shut down a
plant. GAO continues to believe
these recommendations are
appropriate and should be
implemented.

WWW,g80.gov/ogi-bin/getmt?GAC-04-418.

To view the full product, including the stope
and methodology; click an the link above.
For more information, contact Jim Wells at
{202) 512-3841 or welisj@gao.gov.
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NUCLEAR REGULATION

NRC Needs to More Aggressively and
Comprehensively Resolve Issues Related
to the Davis-Besse Nuclear Power Plant’s
Shutdown

What GAO Found

NRC should have but did not identify or prevent the corrosion at Davis-
Besse because its oversight did not generate accurate information on plant
conditions. NRC inspectors were aware of indications of leaking tubes and
corrosion; however, the inspectors did not recognize the indications’
importance and did not fully communicate information about them. NRC
also considered FirstEnergy—Davis-Besse's owner—a good performer,
which resulted in fewer NRC inspections and questions about plant
conditions. NRC was aware of the potential for cracked tubes and corrosion
at plants like Davis-Besse but did not view them as an immediate concern.
Thus, NRC did not modify its inspections to identify these conditions.

NRC’s process for deciding to allow Davis-Besse to delay its shutdown lacks
credibility, Because NRC had no guidance specifically for making a decision
on whether a plant should shut down, it used guidance for deciding whether
a plant should be allowed to modify its operating license. NRC did not
always follow this guidance and generally did not document how it applied
the guidance. The risk estimate NRC used to help decide whether the plant
should shut down was also flawed and underestimated the amount of risk
that Davis-Besse posed. Further, even though underestimated, the estimate
still exceeded risk levels generally accepted by the agency.

NRC has taken several significant actions to help prevent reactor vessel
corrosion from recurring at nuclear power plants. For example, NRC has
required more extensive vessel inations and ted inspector
training. However, NRC has not yet completed all of its planned actions and,
more importantly, has no plans to address three systemic weaknesses
underscored by the incident. Specifically, NRC has proposed no actions to
help it better (1) identify early indications of deteriorating safety conditions
at plants, (2) decide whether to shut down a plant, or (3) monitor actions
taken in response to incidents at plants. Both NRC and GAO had previously
identified problems in NRC programs that contributed to the Davis-Besse
incident, yet these problems continue to persist.

The Davis-Besse Nuclear Power Plant in Oak Barbor, Ohio

Source: FirstEnergy.
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United States General Accounting Office

Washington, D.C. 20548

May 17, 2004
Congressional Requesters

In 2002, the most serious safety issue confronting the nation’s commercial
nuclear power industry since the accident at Three Mile Island in 1979 was
identified at the Davis-Besse nuclear power plant in northwestern Ohio. On
March 7, 2002, during shutdown for inspection and refueling, the owner of
the Davis-Besse plant—FirstEnergy Nuclear Operating Company-—
discovered a pineapple-sized cavity in the plant’s carbon steel reactor
vessel head. The reactor vessel head is an 18-foot-diameter, 6-inch-thick,
80-ton cap that is bolted to the reactor vessel. The vessel head is an integral
part of the reactor coolant pressure boundary that serves as a vital barrier
for protecting the environment from any release of radiation from the
reactor core. In pressurized water reactors such as the one at Davis-Besse,
the reactor vessel contains the nuclear fuel, as well as water with diluted
boric acid that cools the fuel and helps control the nuclear reaction. At the
Davis-Besse plant, vertical tubes had cracked that penetrate the reactor
vessel head and that contain this water as well as drive mechanisms used to
lower and raise the fuel, thus allowing leaked boric acid to corrode the
reactor vessel head. The corrosion had extended through the vessel head to
a thin stainless steel lining and had likely occurred over a period of several
years. The lining, which is less than one-third of an inch thick and was not
designed as a pressure barrier, was found to have a slight bulge with
evidence of cracking. Had this lining given way, the water within the
reactor vessel would have escaped, triggering a loss-of-coolant accident,
which—if back-up safety systems had failed to operate—likely would have
resulted in the melting of the radioactive core and a subsequent release of
radicactive materials into the environment. In March 2004, after 2 years of
increased NRC oversight and considerable repairs by FirstEnergy, NRC
approved the restart of Davis-Besse’s operations.

Under the Atomic Energy Act of 1954, as amended, and the Energy
Reorganization Act of 1974, as amended, the Nuclear Regulatory
Commission (NRC) and the operators of nuclear power plants share the
responsibility for ensuring that nuclear reactors are operated safely. NRC is
responsible for issuing regulations, licensing and inspecting plants, and
requiring action, as necessary, to protect public health and safety; plant
operators have the primary responsibility for safely operating the plants in
accordance with their licenses. NRC has the authority to order plant
operators to take actions, up to and including shutting down a plant, if
licensing conditions are not being met and the plant poses an undue risk to
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public health and safety. In carrying out its responsibilities, NRC relies on,
among other things, on-site NRC resident inspectors to assess plant
conditions and guality assurance programs, such as those for maintenance
and operations, that operators establish to ensure safety at the plant.

Before the discovery of the cavity in the Davis-Besse reactor vessel head,
NRC had requested that operators of Davis-Besse and other similar
pressurized water reactors (1) thoroughly inspect the vertical tubing on
their reactor vessel heads by December 31, 2001, for possible cracking, or
(2) justify why their tubing and reactor vessel heads were sufficiently safe
without being inspected. This request was a reaction to cracked vertical
tubing found on a pressurized water reactor vessel head at another plant.
Such thorough inspections require that the reactor be shut down.
FirstEnergy, believing that its reactor vessel head was safe, asked NRC if its
shutdown could be delayed until the end of March 2002 to coincide with an
already scheduled shutdown for refueling—during which time it would
conduct the requested inspection. FirstEnergy provided evidence
supporting its assertion that the reactor could continue operating safely.
After considerable discussion, and after NRC developed a risk assessment
estimate for deciding that Davis-Besse would not pose an unacceptable
level of risk, NRC and FirstEnergy compromised, and FirstEnergy agreed
to shut down the reactor in mid-February 2002 for inspection. Soon after
Davis-Besse was shut down, the cracked tubes and the significant reactor
vessel head corrosion were discovered.

You asked us to determine (1) why NRC did not identify and prevent the
vessel head corrosion at Davis-Besse, (2) whether the process NRC used
when deciding to allow FirstEnergy to delay its shutdown was credible,
and (3) whether NRC is taking sufficient action in the wake of the Davis-
Besse incident to prevent similar problems from developing in the future at
Davis-Besse and other nuclear power plants. As agreed with your offices,
our review focused on NRC's role in the events leading up to Davis-Besse’s
shutdown, NRC’s response to the problems discovered, and NRC'’s
management controls over programs and processes that may have
contributed to the Davis-Besse incident. We did not evaluate the role of
FirstEnergy because, at the time of our review, NRC’s Office of
Investigations and the Department of Justice were conducting separate
inquiries into the potential liability of FirstEnergy concerning its
knowledge of conditions at Davis-Besse, including the condition of the
reactor vessel head. We also did not review NRC's March 2004 decision to
allow the plant to restart.
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Scope and
Methodology

To determine why NRC did not identify and prevent the vessel head
corrosion at the Davis-Besse nuclear power plant, we reviewed NRC's
lessons-learned task force report;' FirstEnergy’s root cause analysis
reports;* NRC’s Office of the Inspector General reports on Davis-Besse;”
NRC’s augmented inspection team report;* and NRC’s inspection reports
and licensee assessments from 1998 through 2001. We also reviewed NRC
generic communications issued on boric acid corrosion and on nozzle
cracking. In addition, we interviewed NRC regional officials who were
involved in overseeing Davis-Besse at the time corrosion was occurring,
and when the reactor vessel head cavity was found, to learn what
information they had, their knowledge of plant activities, and how they
communicated information to headquarters. We also held discussions with
the resident inspector who was at Davis-Besse at the time that corrosion
was occurring to determine what information he had and how this
information was communicated to the regional office. Further, we met with
FirstEnergy and NRC officials at Davis-Besse and walked through the
facility, including the containment building, to understand the nature and
extent of NRC'’s oversight of licensees. Additionally, we met with NRC
headquarters officials to discuss the oversight process as it related to
Davis-Besse, and the extent of their knowledge of conditions at Davis-
Besse. We also met with county officials from Ottawa County, Ohio, to
discuss their views on NRC and Davis-Besse plant safety. Further, we met
with representatives from a variety of public interest groups to obtain their
thoughts on NRC'’s oversight and the agency's proposed changes in the
wake of Davis-Besse.

'NRC, Degradation of Davis-Besse Nuclear Power Station Reactor Pressure Vessel Head
Lessons-Learned Report {Washington, D.C.; Sept. 30, 2002).

*FirstEnergy, Davis-Besse Nuclear Power Station, Root Cause Analysis Report: Significant
Degradation of the Reactor Pressure Vessel Head CR 2002- 089 (Oak Harbor, Ohio; Aug. 27,
2002) and Root Cause Analysis Report: Failure to Identi, Degradation of the
Reactor Pressure Vessel Head, CR-02-0685, 02-0846, 02- 0891 02-1053, 02 1128, 02-
1583, 02-1850, 02-258%, and 02-2585 (Oak Harbor, Ohio; Aug. 13, 2002).

*NRC, Office of the Inspector General, NRC's Regulation of Davis-Besse Regarding
Damage to the Reactor Vessel Head (Washington, D.C.; Dec. 30, 2002) and NRC’s Quersight
of Davis-Besse Boric Acid Leakage and Corrosion during the April 2000 Refueling Outage
{Washington, D.C.: Oct. 17, 2003).

NRC, Davis-Besse Nuclear Power Station NRC Augmented Inspection. Team—
Degradation of the Reactor Pressure Vessel Head (Washington, D.C.; May 3, 2002).

Page 3 GAQ-04-415 Davis-Besse Nuclear Power Plant



80

To determine whether the process NRC used was credible when deciding
to allow Davis-Besse to delay its shutdown, we evaluated NRC guidelines
for reviewing licensee requests for temporary and permanent license
changes, or amendments to their licenses. We also reviewed NRC guidance
for making and documenting agency decisions, such as those on whether to
accept licensee responses to generic comrunications, as well as NRC's
policies and procedures for taking enforcement action. We supplemented
these reviews with an analysis of internal NRC correspondence related to
the decision-making process, including e-mail correspondence, notes, and
briefing slides. We also reviewed NRC’s request for additional information
to FirstEnergy following the issuance of NRC's generic bulletin for
conducting reactor vessel head and nozzle inspections, as well as
responses provided by FirstEnergy. In addition, we reviewed the draft
shutdown order that NRC prepared before accepting FirstEnergy’s
proposal to conduct its inspection in mid-February 2002. We reviewed
these docurnents to determine whether the basis for NRC’s decision was
clearly laid out, persuasive, and defensible to a party outside of NRC.

As part of our analysis for determining whether NRC's process was
credible, we also obtained and reviewed NRC'’s probabilistic risk
assessment (PRA) calculations that it developed to guide its decision
making. To conduct this analysis, we relied on the advice of consultants
who, collectively, have an extensive background in nuclear engineering,
PRA, and metallurgy. These consultants included Dr. John C. Lee, Professor
and Chair, Nuclear Engineering and Radiological Sciences at the University
of Michigan's College of Engineering; Dr. Thomas H. Pigford, Professor
Emeritus, at the University of California-Berkeley's College of Engineering;
and Dr. Gary S. Was, Associate Dean for Research in the College of
Engineering, and Professor, Nuclear Engineering and Radiological Sciences
at the University of Michigan’s College of Engineering. These consultants
reviewed internal NRC correspondence relating to NRC's PRA estimate,
NRC’s calculations, and the basis for these calculations, These consultants
also discussed the basis for NRC's estimates with NRC officials and outside
contractors who provided information to NRC as it developed its estimates.
These consultants were selected on the basis of recommendations made by
other nuclear engineering experts, their résumés, their collective
experience, lack of a contlict of interest, and previous experience with
assessing incidents at nuclear power plants such as Three Mile Island.

To determine whether NRC is taking sufficient action in the wake of the

Davis-Besse incident to prevent similar problems from developing in the
future, we reviewed NRC's lessons-learned task force recommendations,
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NRC'’s analysis of the underlying causes for failing to identify the corrosion
of the reactor vessel head, and NRC’s action plan developed in response to
the task force recommendations. We also reviewed other NRC lessons-
learned task force reports and their recommendations, our prior reports to
identify issues related to those at Davis-Besse, and NRC's Office of the
Inspector General reports. We met with NRC officials responsible for
implementing task force recommendations to obtain a clear understanding
of the actions they were taking and the status of their efforts, and discussed
NRC's recommendations with NRC regional officials, on-site inspectors,
and representatives from public interest groups. We conducted our review
from November 2002 through May 2004 in accordance with generally
accepted government auditing standards.

Results in Brief

NRC should have but did not identify or prevent the vessel head corrosion
at Davis-Besse because both its inspections at the plant and its assessments
of the operator’s performance yielded inaccurate and incomplete
information on plant safety conditions. With respect to inspections, NRC
resident inspectors had information revealing potential problems, such as
boric acid deposits on the vessel head and air monitors clogged with boric
acid deposits, but this information did not raise alarms about the plant’s
safety. NRC inspectors did not know that these indications could signal a
potentially significant problem and therefore did not fully communicate
their observations to other NRC staff, some of whom might have
recognized the significance of the problem. However, even if these staff had
been informed, according to NRC officials, the agency would have taken
action only if these indications were considered significant safety
concerns. Furthermore, NRC's assessments of Davis-Besse, which include
inspection results as well as other data, did not provide complete and
accurate information on FirstEnergy's performance. For example, NRC
consistently assessed Davis-Besse’s operator as a “good performer” during
those years when the corrosion was likely occurring, and the operator was
not correctly identifying the source of boric acid deposits. NRC had been
aware for several years that corrosion and cracking were issues that could
possibly affect safety, but did not view them as immediate safety concerns
and therefore had not fully incorporated them into its oversight process.

NRC’s process for deciding whether Davis-Besse could delay its shutdown
to inspect for nozzle cracking lacks credibility because the guidance NRC
used was not intended for making such a decision and the basis for the
decision was not fully documented. In the absence of written guidance
specifically intended to direct the decision-making process for a shutdown,
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NRC used guidance designed for considering operator requests for license
amendments. This guidance describes safety factors that NRC should
consider in deciding whether to approve a license amendment, as well as a
process for considering the relative risk the amendment could pose.
However, the gaidance does not specify how NRC should use the safety
factors, and we could not determine if NRC appropriately followed this
guidance because it did not clearly document the basis for its decision. For
example, NRC initially decided that several safety factors were not met and
considered issuing a shutdown order. Regardless, the agency allowed
FirstEnergy to delay its shutdown, even though it is not clear whether—
and if so, how—the safety factors were subsequently met. Further, NRC did
not provide a rationale for its decision for more than a year. NRC also did
not follow other aspects of its guidance. In the absence of specific
guidance, and with little documentation of the decision-making process, we
could not judge whether the agency's decision was reasonable. Our
consultants identified substantial problems with how NRC developed and
used its risk estimate when making the decision. For example, NRC did not
perform an analysis of the uncertainty associated with the risk estimate; if
it had, our consultants believe the uncertainty would have been so large as
to render NRC's risk estimate of questionable value. Further, the risk
estimate indicated that the likelihood of an accident occurring at Davis-
Besse was greater than the level of risk generally accepted as being
reasonable by NRC.

Responding to the Davis-Besse incident, NRC has taken several significant
actions to help prevent boric acid from corroding reactor vessel heads at
nuclear power plants, NRC issued requirements that licensees more
extensively examine their reactor vessel heads, revised NRC inspection
guidance used to identify and resolve licensee problems before they affect
operations, augmented training to keep its inspectors better informed
about boric acid and cracking issues, and revised guidance to better ensure
that licensees implement commitments to change their operations.
However, NRC has not yet implemented more than half of its planned
actions, and resource constraints could affect the agency’s ability to fully
and effectively implersent the actions. More importantly, NRC is not
addressing three systemic problems underscored by the Davis-Besse
incident. First, its process for assessing safety at nuclear power plants is
not adequate for detecting early indications of deteriorating safety. In this
respect, the process does not effectively identify changes in the operator’s
performance or approach to safety before a more serious safety problem
can develop. Second, NRC's decision-making guidance does not specifically
address shutdown decisions or explain how different safety
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considerations, such as quantitative estimates of risk, should be weighed.
Third, NRC does not have adequate management controls for
systematically tracking actions that it has taken in response to incidents at
plants to determine if the actions were sufficient to resolve underlying
problems and thereby prevent future incidents. Analyses of earlier
incidents at other plants identified several issues, such as inadequate
communication, that contributed to the Davis-Besse incident. Such
management controls may have helped to resolve these issues before the
Davis-Besse incident occurred. While NRC is monitoring how it
implements actions taken as a result of the Davis-Besse incident, the
agency has not yet committed to a process for assessing the effectiveness
of actions taken.

Given NRC’s actions in response to Davis-Besse, severe vessel head
corrosion is unlikely to occur at a plant any time soon. However, in part
because of unresolved systeraic probleras, another incident unrelated to
vessel head corrosion could occur in the future. As a result, we are
recommending that NRC take more aggressive and specific actions in
several areas, such as revising how it assesses plant performance,
establishing a more specific methodology for deciding to shut down a
plant, and establishing management controls for monitoring and assessing
the effectiveness of changes made in response to task force findings,

In commenting on a draft of this report, NRC generally addressed only
those findings and recommendations with which it disagreed. While
commenting that it agreed with many of our findings, the agency said that
the report overall does not appropriately characterize or provide a
balanced perspective on NRC’s actions surrounding the discovery of the
reactor vessel head condition at Davis-Besse or its efforts to incorporate
the lessons learned from that experience into its processes. More
specifically, NRC stated that the report does not acknowledge that NRC
must rely heavily on its licensees to provide complete and accurate
information. NRC also expressed concern about the report’s
characterization of its use of risk estimates. We believe that the report
fairly and accurately describes NRC’s actions regarding the Davis-Besse
incident. Nonetheless, we expanded our discussion of NRC’s roles and
responsibilities to point out that licensees are required to provide NRC with
complete and accurate information.

NRC disagreed with our recommendations to develop (1) specific guidance

and a well-defined process for deciding when to shut down a plant and (2)
a methodology to assess early indications of deteriorating safety at nuclear
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power plants. NRC stated that it has sufficient guidance to make plant
shutdown decisions. NRC also stated that, as regulators, the agency is not
charged with managing licensees’ facilities and that direct involvement
with those aspects of licensees’ operations that could provide it with
information on early indications of deteriorating safety crosses over to a
management function. We continue to believe that NRC should develop
specific guidance and a well-defined process to decide when to shut down
a plant. In absence of such guidance for making the Davis-Besse shutdown
decision, NRC used its guidance for considering operators’ requests for
amendments to their licenses. This guidance describes safety factors that
NRC should consider in deciding whether to approve license changes, as
well as a process for considering the relative risk the amendment would
pose. This guidance does not specify how NRC should use the safety
factors. We also continue to believe that NRC should develop a
methodology to assess aspects of licensees’ operations as a means to have
an early warning of developing safety problerns. In implementing this
recommendation, we envision that NRC would be analyzing data for
changes in operators’ performance or approach to safety, not prescribing
how the plants are managed.

————

Background

NRC’s Role and NRC, as an independent federal agency, regulates the commercial uses of
Responsibilities nuclear material to ensure adequate protection of public health and safety

and the environment. NRC is headed by a five-member commission
appointed by the President and confirmed by the Senate; one
commissioner is appointed as chairman.® NRC has about. 2,900 employees
who work in its headquarters office in Rockville, Maryland, and its four
regional offices. NRC is financed primarily by fees that it imposes on
coramercial users of the nuclear material that it regulates. For fiscal year
2004, NRC's appropriated budget of $626 million includes about $546
million financed by these fees.

NRC regulates the nation’s commercial nuclear power plants by
establishing requirements for plant owners and operators to follow in the
design, construction, and operation of the nuclear reactors. NRC also

5Two commissioner positions are currently vacant.
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licenses the reactors and individuals who operate them. Currently, 104
commercial nuclear reactors at 65 locations are licensed to operate.® Many
of these reactors have been in service since the early to mid-1970s. NRC
initially licensed the reactors to operate for 40 years, but as these licenses
approach their expiration dates, NRC has been granting 20-year extensions.

To ensure the reactors are operated within their licensing requirements and
technical specifications, NRC oversees them by both inspecting activities
at the plants and assessing plant performance.” NRC’s inspections consist
of both routine, or baseline, inspections and supplemental inspections to
assess particular licensee programs or issues that arise at a power plant.
Inspections may also occur in response to a specific operational problem
or event that has occurred at a plant. NRC maintains inspectors at every
operating nuclear power plant in the United States and supplements the
inspections conducted by these resident inspectors with inspections
conducted by staff from its regional offices and from headquarters.
Generally, inspectors verify that the plant’s operator qualifications and
operations, engineering, maintenance, fuel handling, emergency
preparedness, and environmental and radiation protection programs are
adequate and comply with NRC safety requirements. NRC also oversees
licensees by requesting information on their activities. NRC requires that
information provided by licensees be complete and accurate and,
according to NRC officials, this is an important aspect of the agency’s
oversight.? While we have added information to this report on the
requirement that licensees provide NRC with complete and aceurate
information, we believe that NRC's oversight program should not place
undue reliance on this requirement.

Nuclear power plants have many physical structures, systems, and
components, and licensees have numerous activities under way, 24-hours a

“These licensed reactors include Browns Ferry Unit 1—one of three reactors owned by the
Tennessee Valley Authority in Alabama—which was shut down in 1985. The Tennessee
Valley Authority plans to restart the reactor in 2007, which will require NRC approval.

“NRC'’s oversight program has changed significantly since the heginning of 1998. The third
and most recent change occurred in mid-2000, when the agency adopted its Reactor
Oversight Process. Under this process, NRC continues to rely on inspection resuits to assess
licensee performance. However, it supplements this information with other indicators of
self-reported licensee performance, such as how freguently unscheduled shutdewns ocear.

510 C.FR. § 50.9 requires that information provided by bec lete and in
all material respects.
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day, to ensure the plants operate safely. Programs to ensure quality
assurance and safe operations include monitoring, maintenance, and
inspection. To carry out these programs, licensees typically prepare several
thousand reports per year describing conditions at the plant that need to be
addressed to ensure continued safe operations. Because of the large
number of activities and physical structures, systems, and components,
NRC focuses its inspections on those activities and pieces of equipment or
systeras that are considered to be most significant for protecting public
health and safety. NRC terms this a “risk-informed” approach for regulating
nuclear power plants. Under this risk-informed approach, some systeras
and activities that NRC considers to have relatively less safety significance
receive little NRC oversight. NRC has adopted a risk-informed approach
because it believes it can focus its regulatory resources on those areas of
the plant that the agency considers to be most important to safety. In
addition, it was able to adopt this approach because, according to NRC,
safety performance at nuclear power plants has improved as a result of
more than 25 years of operating experience.

To decide whether inspection findings are minor or major, NRC uses a
process it began in 2000 to determine the extent to which violations
compromise plant safety. Under this process, NRC characterizes the
significance of its inspection findings by using a significance determination
process to evaluate how an inspection finding impacts the margin of safety
at a power plant. NRC has a range of enforcement actions it can take,
depending on how much the safety of the plant had been compromised. For
findings that have low safety significance, NRC can choose to take no
formal enforcement action. In these instances, nonetheless, licensees
remain responsible for addressing the identified problems. For more
serious findings, NRC may take more formal action, such as issuing
enforcement orders. Orders can be used to modify, suspend, or even revoke
an operating license. NRC has issued one enforcement order to shut down
an operating power plant in its 28-year history—in 1987, after NRC
discovered control room personnel sleeping while on duty at the Peach
Bottom nuclear power plant in Pennsylvania. In addition to enforcement
orders, NRC can issue civil penalties of up to $120,000 per violation per day.
Although NRC does not normally use civil penalties for violations
associated with its Reactor Oversight Process, NRC will consider using
them for issues that are willful, have the potential for impacting the
agency's regulatory process, or have actual public health and safety
consequences. In fiscal year 2003, NRC proposed imposing civil penalties
totaling $120,000 against two power plant licensees for the failure to
provide complete and accurate information to the agency.
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NRC uses generic communications—such as bulletins, generic letters, and
information notices-—to provide information to and request information
from the nuclear industry at large or specific groups of licensees. Bulletins
and generic letters both usually request information from licensees
regarding their compliance with specific regulations. They do not require
licensees to take any specific actions, but do require licensees to provide
responses to the information requests. In general, NRC uses bulletins, as
opposed to generic letters, to address significant issues of greater urgency.
NRC uses information notices to transmit significant recently identified
information about safety, saft ds, or enviror tal issues. Lic

are expected to review the information to determine whether it is
applicable to their operations and consider action to avoid similar
problems.

Operation of Pressurized
Water Nuclear Power Plants
and Events Leading to the
March 2002 Discovery of
Serious Corrosion

The Davis-Besse Nuclear Power Station, owned and operated by
FirstEnergy Nuclear Operating Company, is an 882-megawatt electric
pressurized water reactor located on Lake Erie in Qak Harbor, Ohio, about
20 miles east of Toledo. The power plant is under NRC's Region Il
oversight, which is located in Lisle, Ilinois. Like other pressurized water
reactors, Davis-Besse is designed with multiple barriers between the
radioactive heat-producing core and the outside environment—a design
concept called “defense-in-depth.” Three main design components provide
defense-in-depth. First, the reactor core is designed to retain radioactive
material within the uranium oxide fuel, which is also covered with a layer
of metal tubing. Second, a 6-inch-thick carbon steel vessel, lined with three-
sixteenth-inch-thick stainless steel, surrounds the reactor core. Third, a
steel containment structure, surrounded by a thick reinforced concrete
building, encloses the reactor vessel and other systems and components
important for maintaining safety. The containment structure and concrete
building are intended to help not only prevent a release of radioactivity to
the environment, but also shield the reactor from external hazards like
tornados and missiles. The reactor vessel, in addition to housing the
reactor core, contains highly pressurized water to cool the radioactive
heat-producing core and transfer heat to a steam generator. Consequently,
the vessel is referred to as the reactor pressure vessel. From the vessel, hot
pressurized water is piped to the steam generator, where a separate supply
of water is turned to steam to drive turbines that generate electricity. (See
fig. 1.)
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Figure 1: Major Ci
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The top portion of the Davis-Besse reactor pressure vessel consisted of an
18-foot-diameter vessel head that was bolted to the lower portion of the
pressure vessel. At Davis-Besse, 69 vertical tubes penetrated and were
welded to the vessel head. These tubes, called vessel head penetration
nozzles, contained control rods that, when raised or lowered, were used to
moderate or shut down the nuclear reaction in the reactor.” Because
control rods attach to control rod drive mechanisms, these types of nozzles
are referred to as control rod drive mechanism nozzles. A platform, known
as the service structure, sat above the reactor vessel head and the control
rod drive mechanism nozzles. Inside the service structure and above the
pressure vessel head was a layer of insulation to help contain the heat
emanating from the reactor. The sides of the lower portion of the service

*While Davis-Besse had 69 nozzles, 7 were spare and ! was used for head vent piping.
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structure were perforated with 18 5- by 7-inch rectangular openings,
termed “mouse-holes,” that were used for vessel head inspections. In
pressurized water reactors such as Davis-Besse, the reactor vessel, the
vessel head, the nozzles, and other equipment used to ensure a continuous
supply of pressurized water in the reactor vessel are coliectively referred to
as the reactor coolant pressure boundary. (See fig. 2.)

Figure 2: Major Comp of the Davis-Bi Reactor Vessel Head and Pressure
Boundary
‘w. Vessel head insufation 1

Service struck 4T

18 access openingsj 2-inch minimum
{mouse-holes) at — gap between insulation
Davis Besse and top of vessel head

Source: FirstEnergy.

To better control the nuclear reaction at nuclear power plants, boron in the
form of boric acid crystals is dissolved in the cooling water contained
within the reactor vessel and pressure boundary. Boric acid, under certain
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conditions, can cause corrosion of carbon steel. For about 3 decades, NRC
and the nuclear power industry have known that boric acid had the
potential to corrode reactor componernts. In general, if leakage occurs from
the reactor coolant system, the escaping coolant will flash to steam and
leave behind a concentration of impurities, including noncorrosive dry
boric acid crystals. However, under certain conditions, the coolant will not
flash to steam, and the boric acid will remain in a liquid state where it can
cause extensive and rapid degradation of any carbon steel components it
contacts. Such extensive degradation, in both domestic and foreign
pressurized water reactor plants, has been well documented and led NRC
to issue a generic letter in 1988 requesting information from pressurized
water reactor licensees to ensure they had implemented programs to
control boric acid corrosion. NRC was primarily concerned that boric acid
corrosion could compromise the reactor coolant pressure boundary. This
concern also led NRC to develop a procedure for inspecting licensees’
boric acid corrosion control programs and led the Electric Power Research
Institute to issue guidance on boric acid corrosion control.*®

NRC and the nuclear power industry have also known that nozzles made of
alloy 600," used in several areas within nuclear power plants, were prone
to cracking. Cracking had become an increasingly topical issue as the
nuclear power plant fleet has aged. In 1986, operators at domestic and
foreign pressurized water reactors began reporting leaks in various types of
alloy 600 nozzles. In 1989, after leakage was detected at a domestic plant,
NRC identified the cause of the leakage as cracking due to primary water
stress corrosion.'? However, NRC concluded that the cracking was not an
immediate safety concern for a few reasons. For exanple, the cracks had a
low growth rate, were in a material with an extremely high flaw tolerance
and, accordingly, were unlikely to spread. Also, the cracks were axial—that
is, they ran the length of the nozzle rather than its circumference. NRC and

The Electric Power i is a nonp energy consortium whose
members include utilities. I provides science and techmology-based solutions to members
through its scienti h, technology devel and product implementation
program.

Y AHoy 600 is an alloy of nickel, chromium, iron, and minor amounts of other elements. The
alloy is highly resistant to general corrosion but can be susceptible to cracking at high
temperatures.

*Primary water stress corrosion cracking refers to cracking under stress and in primary
coolant water. The primary water coolant system is that portion of a nuclear power plant’s
coolant system that cools the reactor core in the reactor pressure vessel and deposits heat
1o the steam generator.
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the nuclear power industry were more concerned that circumferential
cracks could result in broken or snapped nozzles. NRC did, however, issue
a generic information notice in 1990 to inform the industry of alloy 600
cracking. Through the early 1990s, NRC, the Nuclear Energy Institute,” and
others continued to roonitor alloy 600 cracking. In 1997, continued concern
over cracking led NRC to issue a generic letter to pressurized water reactor
licensees requesting information on their plans to monitor and manage
cracking in vessel head penetration nozzles as well as to examine these
nozzles.

In the spring of 2001, licensee inspections led to the discovery of large
circumferential cracking in several vessel head penetration nozzles at the
Oconee Nuclear Station, in South Carolina. As a result of the discovery, the
nuclear power industry and NRC categorized the 69 operating pressurized
water reactors in the United States into different groups on the basis of (1)
whether cracking had already been found and (2) how similar they were to
Oconee in terms of the amount of time and the temperature at which the
reactors had operated. The industry had developed information indicating
that greater operating time and teraperature were related to cracking, In
total, five reactors at three locations were categorized as having already
identified cracking, while seven reactors at five locations were categorized
as being highly susceptible, given their similarity to Oconee.™

In August 2001, NRC issued a bulletin requesting that licensees of these
reactors provide, within 30 days, information on their plans for conducting
nozzle inspections before December 31, 2001.'* In Heu of this information,
NRC stated that licensees could provide the agency with a reasoned basis
for their conclusions that their reactor vessel pressure boundaries would
continue to meet regulatory requirements for ensuring the structural
integrity of the reactor coolant pressure boundary until the licensees

©The Nuclear Energy Institute comprises companies that operate commercial power plants
and supports the commercial nuclear industry; and universities, research laboratories, and
labor unions affiliated with the nuclear industry. Among other things, it provides a forum to
resolve technical and business issues and offers information to its members and
policymakers on nuclear issues.

“Reactors that were categorized as having already identified cracking or were highty
susceptible included Arkansas Nuclear reactor unit 1; D.C. Cook reactor unit 2; Davis-Besse;
North Anna reactor units 1 and 2; Oconee reactor units 1, 2 and 3; Robinson reactor unit 2;
Surry reactor units 1 and Z; and Three Mile Istand reactor unit 1.

*NRC, “Circumferential Cracking of Reactor Pressure Vessel Head Penetration Nozzles”
(Bulletin 2001-01, Aug. 8, 2001).
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conducted their inspections. NRC used a bulletin, as opposed to a generic
letter, to request this information because cracking was considered a
significant and urgent issue. All of the licensees of the highly susceptible
reactors, except Davis-Besse and D.C. Cook reactor unit 2, provided NRC
with plans for conducting inspections by December 31, 2001.%

In September 2001, FirstEnergy proposed conducting the requested
inspection in April 2002, following its planned March 31, 2002, shutdown to
replace fuel. In making this proposal, FirstEnergy contended that the
reactor coolant pressure boundary at Davis-Besse met and would continue
to meet regulatory requirements until its inspection. NRC and FirstEnergy
exchanged information throughout the fall of 2001 regarding when
FirstEnergy would conduct the inspection at Davis-Besse. NRC drafted an
enforcement order that would have shut down Davis-Besse by December
2001 for the requested inspection in the event that FirstEnergy could not
provide an adequate justification for safe operation beyond December 31,
2001, but ultimately compromised on a mid-February 2002 shutdown date.
NRC, in deciding when FirstEnergy had to shut down Davis-Besse for the
inspection, used a risk-informed decision-making process, including
probabilistic risk assessment (PRA), to conclude that the risk that Davis-
Besse would have an accident in the interim was relatively low. PRA is an
analytical tool for estimating the probability that a potential accident might
occur by examining how physical structures, systerss, and components,
along with employees, work together to ensure plant safety.

Following the mid-February 2002 shutdown and in the course of its
inspection in March 2002, FirstEnergy removed about 900 pounds of boric
acid crystals and powder from the reactor vessel head, and subsequently
discovered three cracked nozzles. The number of nozzies that had cracked,
as well as the extent of cracking, was consistent with analyses that NRC
staff had conducted prior to the shutdown. However, in examining the
extent of cracking, FirstEnergy also discovered that corrosion had caused
a pineapple-sized cavity in the reactor vessel head. (See figs. 3 and 4.)

*The licensee for D.C. Cook reactor unit 2 proposed to shut down in mid-January 2002 for
its inspection. NRC agreed to the delay after crediting D.C. Cook for having been shut down
for about & month during the fall of 2001, thus reducing the reactor’s operating time.
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Figure 3: Diagram of the Cavily in Davis-Besse’s Reactor Vesse! Head
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L ]
Figure 4: The Cavity in Davis-Besse’s Reactor Vessel Head after Discovery

Source; FirstEnergy.

After this discovery, NRC directed FirstEnergy to, among other things,
determine the root cause of the corrosion and obtain NRC approval before
restarting Davis-Besse. NRC also dispatched an augmented inspection
team consisting of NRC resident, regional, and headquarters officials.!” The
ingpection team concluded that the cavity was caused by boric acid
corrosion from leaks through the control rod drive mechanism nozzles in
the reactor vessel head. Primary water stress corrosion cracking of the
nozzles caused through-wall cracks, which led to the leakage and eventual
corrosion of the vessel head. NRC's inspection team also concluded, among
other things, that this corrosion had gone undetected for an extended
period of time—at least 4 years—and significantly compromised the plant’s

NRC forms such inspection teams to ensure that the agency investigates significant
operational events in a timely, objective, systematic, and technically sound manner, and
identifies and docuwments the causes of such events.
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safety margins. As of May 2004, NRC had not yet completed other analyses,
including how long Davis-Besse could have continued to operate with the
corrosion it had experienced before a vessel head loss-of-coolant accident
would have occurred.’® However, on May 4, 2004, NRC released preliminary
results of its analysis of the vessel head and cracked cladding. Based on its
analysis of conditions that existed on February 16, 2002, NRC estimated
that Davis-Besse could have operated for another 2 to 13 months without
the vessel head failing. However, the agency cautioned that this estimate
was based on several uncertainties associated with the complex network of
cracks on the cladding and the lack of knowledge about corrosion and
cracking rates, NRC plans to use this data in preparing its preliminary
analysis of how, and the likelihood that, the events at Davis-Besse could
have led to core damage. NRC plans to complete this preliminary analysis
in the summer of 2004.

NRC also established a special oversight panel to (1) coordinate NRC's
efforts to assess FirstEnergy’s performance problerus that resulted in the
corrosion damage, (2) monitor Davis-Besse’s corrective actions, and (3)
evaluate the plant’s readiness to resume operations. The panel, which is
referred to as the Davis-Besse Oversight Panel, comprises officials from
NRC’s Region II1 office in Lisle, Illinois; NRC headquarters; and the resident
inspector office at Davis-Besse. In addition to overseeing FirstEnergy's
performance during the shutdown and through restart of Davis-Besse, the
panel holds public meetings in Oak Harbor, Ohio, where the plant is
located, and nearby Port Clinton, Ohio, to inform the public about its
oversight of Davis-Besse's restart efforts and its views on the adeguacy of
these efforts. The panel developed a checklist of issues that FirstEnergy
had to resolve prior to restarting: (1) replacing the vessel head and
ensuring the adequacy of other equipment important for safety, (2)
correcting FirstEnergy programs that led to the corrosion, and (3) ensuring
FirstEnergy's readiness to restart. To restart the plant, FirstEnergy, among
other things, removed the damaged reactor vessel head, purchased and
installed a new head, repiaced management af the plant, and took steps to
improve key programs that should have prevented or detected the
corrosion, As of March 2004, when NRC gave its approval for Davis-Besse
to resume

¥NRC has an Accident Sequence P; o lysis Program to analyze significant events
that occur at nuclear power plants to determine how, and the likelihood that, the events
could have led to core damage.
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operations, the shutdown and preparations for restart had cost FirstEnergy
approximately $640 million.**

In addition, NRC established a task force to evaluate its regulatory
processes for assuring reactor pressure vessel head integrity and to identify
and recommend areas for improvement that may be applicable to either
NRC or the nuclear power industry. The task force’s report, which was
issued in Septeraber 2002, contains 51 recommendations aimed primarily at
improving NRC'’s process for inspecting and overseeing licensees,
communicating with industry, and identifying potential emerging technical
issues that could impact plant safety. NRC developed an action plan to
implement the report’s recommendations.

.
NRC'’s Actions to
Oversee Davis-Besse
Did Not Provide an
Accurate Assessment
of Safety at the Plant

NRC'’s inspections and assessments of FirstEnergy’s operations should
have but did not provide the agency with an accurate understanding of
safety conditions at Davis-Besse, and thus NRC failed to identify or prevent
the vessel head corrosion. Some NRC inspectors were aware of the
indications of corrosion and leakage that could have alerted NRC to
corrosion problems at the plant, but they did not have the knowledge to
recognize the significance of this information. These problems were
compounded by NRC's assessments of FirstEnergy that led the agency to
believe FirstEnergy was a good performer and could or would successfully
resolve problems before they became significant safety issues. More
broadly, NRC had a range of information that could have identified and
prevented the incident at Davis-Besse but did not effectively integrate it
into its oversight.

“pirstEnergy spent about $293 million on operations, maintenance, and capital projects
{including $47 raillion for the new reactor vessel head) and $348 million to purchase power
to replace the power that Davis-B would have d over the 2-year shutdown
period. In contrast, during a more routine refueling outage, Davis-Besse would spend about
$60 million—about $37 million on operations, maintenance, and capital projects and $23
million on replacing the power that would have been generated over a 42-day shutdown
period. These latter estimates are based on the Davis-Besse refueling outage in midcalendar
year 2000.
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Several Factors Contributed
to the Inadequacy of NRC’s
Inspections for Determining
Plant Conditions

Inspectors Did Not Know Safety
Significance of Observed
Problems

Three separate, but related, NRC inspection program factors contributed to
the development of the corrosion problems at Davis-Besse. First, resident
inspectors did not know that the boric acid, rust, and unidentified leaking
indicated that the reactor vessel head might be degrading. Second, these
inspectors thought they understood the cause for the indications, based on
licensee actions to address them. Therefore, resident inspectors, as well as
regional and headquarters officials, did not fully communicate information
on the indications or decide how to address them, and therefore took no
action. Third, because the significance of the symptoms was not fully
recognized, NRC did not direct sufficient inspector resources to
aggressively investigate the indicators. NRC might have taken a different
approach to the Davis-Besse situation if its program to identify emerging
issues important to safety had pursued earlier concerns about boric acid
corrosion and cracking and recognized how they could affect safety.

NRC limits the amount of unidentified leakage from the reactor coolant
system to no more than 1 gallon per minute. When this limit is exceeded,
NRC requires that licensees identify and correct any sources of
unidentified leakage. NRC also prohibits any leakage from the reactor
coolant pressure boundary, of which the reactor vessel is a key component.
Such leakage is prohibited because the pressure boundary is key to
maintaining adequate coolant around the reactor fuel and thus protects
public health and safety. Because of this, NRC's technical specification
states that licensees are to monitor reactor coolant leakage and shut down
within 36 hours if leakage is found in the pressure boundary.

In the years leading up to FirstEnergy’s March 2002 discovery that Davis-
Besse's vessel head had corroded extensively, NRC had several indications
of potential leakage problems. First, NRC knew that the rates of leakage in
the reactor coolant system had increased. Between 1995 and mid-1998, the
unidentified leakage rate was about 0.06 gallon per minute or less,
according to FirstEnergy’s monitoring. In mid-1998, the unidentified
reactor coolant system leakage rate increased significantly—to as much as
0.8 gallon per minute. The elevated leakage rate was dominated by a known
problem with a leaking relief valve on the reactor coolant system
pressurizer tank, which masked the ongoing leak on the reactor pressure
vessel head. However, the elevated leak rate should have raised concerns.

To investigate this leakage, as well as to repair other equipment,

FirstEnergy shut down the plant in mid-1999. It then identified a faulty
relief valve that accounted for much of the leakage and repaired the valve.
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However, after restarting Davis-Besse, the unidentified leakage rate
remained significantly higher than the historical average. Specifically, the
unidentified leakage rate varied between 0.15 and 0.25 gallon per minute as
opposed to the historical low of about 0.06 gallon or less. While NRC was
aware that the rate was higher than before, NRC did not aggressively
pursue the difference because the rate was well below NRC’s limit of no
more than 1 gallon per minute, and thus the leak was not viewed as being a
significant safety concern. Following the repair in 1999, NRC’s inspection
report concluded that FirstEnergy's efforts fo reduce the leak rate during
the outage were effective.

Second, NRC was aware of increased levels of boric acid in the
containment building—an indication that components containing reactor
coolant were leaking. So much boric acid was being deposited that
FirstEnergy officials had to repeatedly clean the containment air cooling
system and radiation monitor filters, For example, before 1998, the
containment air coolers seldom needed cleaning, but FirstEnergy had to
clean them 28 times between late 1998 and May 2001. Between May 2001
and the mid-February 2002 shutdown, the containment air coolers were not
cleaned, but at shutdown, FirstEnergy removed 15 5-gallon buckets of
boric acid from the coolers—which is almost as much as was found on the
reactor pressure vessel head. Rather than seeing these repeated cleanings
as an indication of a problem that needed to be addressed, FirstEnergy
made cleaning the coolers a routine maintenance activity, which NRC did
not consider significant enough to require additional inspections.
Furthermore, the radiation monitors, used to sample air from the
containment building to detect radiation, typically required new filters
every month. However, from 1998 to 2002, these monitors became clogged
and inoperable hundreds of times because of boric acid, despite
FirstEnergy's efforts to fix the problem.

Third, NRC was aware that FirstEnergy found rust in the containment
building. The radiation monitor filters had accurulated dark colored iron
oxide particles—a product of carbon steel corrosion—that were likely to
have resulted from a very small steam leak. NRC inspection reports during
the summer and fall of 1999 noted these indications and, while recognizing
FirstEnergy’s aggressive attempts to identify the reasons for the
phenomenon, concluded that they were a “distraction to plant personnel.”
Several NRC inspection reports noted indications of leakage, boric acid,
and rust before the agency adopted its new Reactor Oversight Process in
2000, but because the leakage was within NRC'’s technical specifications
and NRC officials thought that the licensee understood and would fix the
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problem, NRC did not aggressively pursue the indications. NRC's new
oversight process, implemented in the spring of 2000, limited the issues
that could be discussed in NRC inspection reports to those that the agency
considers to have more than minor significance. Because the leakage rates
were below NRC'’s limits, NRC's inspection reports following the
implementation of NRC’s new oversight process did not identify any
discussion of these problems at the plant.

Fourth, NRC was aware that FirstEnergy found rust on the Davis-Besse
reactor vessel head, but it did not recognize its significance. For instance,
during the 2000 refueling outage, a FirstEnergy official said he showed one
of the two NRC resident inspectors a report that included photographs of
rust-colored boric acid on the vessel head. (See fig. 5.)

Figure 5: Rust and Boric Acld on Davis-Besse’s Vessel Head as Shown to Resident
Inspector during the 2000 Refueling Outage

Source: FirstEnergy.
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NRC Did Not Fully Communicate
Indications

According to this resident inspector, he did not recall seeing the report or
photographs but had no reason to doubt the FirstEnergy official’s
statement. Regardless, he stated that had he seen the photographs, he
would not have considered the condition to be significant at the time. He
said that he did not know what the rust and boric acid might have
indicated, and he assumed that FirstEnergy would take care of the vessel
head before restarting. The second resident inspector said he reviewed ail
such reports at Davis-Besse but did not recall seeing the photographs or
this particular report. He stated that it was quite possible that he had read
the report, but because the licensee had a plan to clean the vessel head, he
would have concluded that the licensee would correct the matter before
plant restart. However, FirstEnergy did not accomplish this, even though
work orders and subsequent licensee reports indicated that this was done.
According to the NRC resident inspector and NRC regional officials,
because of the large number of licensee activities that occur during a
refueling outage, NRC inspectors do not have the time to investigate or
follow up on every issue, particularly when the issue is not viewed as being
important to safety. While the resident inspector informed regional officials
about conditions at Davis-Besse, the regional office did not direct more
inspection resources to the plant, or instruct the resident inspector to
conduct more focused oversight. Some NRC regional officials were aware
of indications of boric acid corrosion at the plant; others were not.
According to the Office of the Inspector General’s investigation and 2003
report on Davis-Besse,” the NRC regional branch chief—who supervised
the staff responsible for overseeing FirstEnergy’s vessel head inspection
activities during the 2000 refueling outage—said that he was unaware of
the boric acid leakage issues at Davis-Besse, including its effects on the
containment air coolers and the radiation monitor filters. Had his staff been
requested to look at these specific issues, he might have directed
inspection resources to that area. (App. I provides a time line showing
significant events of interest.)

NRC was not, fully aware of the indications of a potential problem at Davis-
Besse because NRC’s process for transmitting information from resident
inspectors to regional offices and headquarters did not ensure that
information was fully comnmunicated, evaluated, or used. NRC staff
communicated information about plant operations through inspection
reports, licensee assessmuents, and daily conference calls that included

BNRC, Office of the Inspector General, NRC's Oversight of Davis-Besse during the April
2000 Refueling Outage (Washington, D.C.x Oct. 17, 2003).
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resident, regional, and headquarters officials. According to regional
officials, information that is not considered important is not routinely
communicated to NRC management and technical specialists. For
example, while the resident inspectors at Davis-Besse knew all of the
indications of leakage, and there was some level of knowledge about these
indications at the regional office level, the knowledge was not sufficiently
widespread within NRC to alert a technical specialist who might have
recognized their safety significance. According to NRC Region 1II officials,
the region uses an informal means—memorandams sent to other regions
and headquarters—of communicating information identified at plants that
it considers to be important to safety. However, because the indications at
Davis-Besse were not considered iraportant, officials did not transmit this
information to headquarters. Further, because the process is informal,
these officials said they did not know whether-—and if so, how—other NRC
regions or headquarters used this information.

Similarly, NRC officials said that NRC headquarters had no systematic
process for communicating information, such as on boric acid corrosion,
cracking, and small amounts of unidentified leakage, that had not yet risen
to a relatively high level of concern within the agency, in a timaely manner to
its regions or on-site inspectors. For example, the regional inspector that
oversaw FirstEnergy's activities during the 2000 refueling outage, including
the reactor vessel head inspection, stated that he was not aware of NRC's
generic bulletins and letters pertaining to boric acid and corrosion, even
though NRC issues only a few of these bulletins and generic letters each
year. In addition, according to NRC regional officials and the resident
inspector at Davis-Besse, there is little time to review technical reports
about emerging safety issues that NRC compiles because they are too
lengthy and detailed. Ineffective communication, both within the region
and between NRC headquarters and the region, was a primary factor cited
by NRC’s Office of the Inspector General in its investigation of NRC’s
oversight of Davis-Besse boric acid leakage and corrosion. # For example,
it found that ineffective communication resulted in senior regional
management being largely unaware of repeated reports of boric acid
leakage at Davis-Besse. It also found that headquarters, in communications
with the regions, did not emphasize the issues discussed in its generic

*Over the last 10 years, NRC has issued an average of about two generic bulletins and about
four generic letters a year.

“NRC, Office of the Inspector General, NRC's Oversight of Davis-Besse during the April
2000 Refueling Outage (Washington, D.C.; Oct. 17, 2003).
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Resource Constraints Affected
NRC Oversight

letters or bulletins on boric acid corrosion or cracking. NRC programs for
informing its inspectors about issues that can reduce safety at nuclear
power plants were not effective, As a result, NRC inspectors did not
recognize the significance of the indications at Davis-Besse, fully
communicate information about the indications, or spend additional effort
to follow up on the indications.

NRC also did not focus on the indications that the vessel head was
corroding because of several staff constraints. Region IIl was directing
resources to other plants that had experienced problems throughout the
region, and these plants thus were the subject of increased regulatory
oversight. For example, during the refueling cutages in 1998 and 2000,
while NRC oversaw FirstEnergy’s inspection of the reactor vessel head, the
region lacked senior project engineers fo devote to Davis-Besse. A vacancy
existed for a senior project engineer responsible for Davis-Besse from June
1997 until June 1998, except for a one month period, and from September
1999 until May 2000, which resulted in fewer inspection hours at the facility
than would have been normal. Other regional staff were also occupied with
other plants in the region that were having difficulties, and NRC had
unfilled vacancies for resident and regional inspector positions that
strained resources for overseeing Davis-Besse.

Even if the inspector positions had been filled, it is not certain that the
inspectors would have aggressively followed up on any of the indications.
According to our discussions with resident and regional inspectors and our
on-site review of plant activities, because nuclear power plants are so large,
with many physical structures, systerus, and components, an inspector
could miss problems that were potentially significant for safety. Licensees
typically prepare several hundred reports per month for identifying and
resolving problems, and NRC inspectors have only a limited amount of time
to follow up on these licensee reports. Consequently, NRC selects and
oversees the most safety significant structures, systems, and components.

NRC'’s Assessment Process
Did Not Indicate
Deteriorating Performance

Under NRC's Reactor Oversight Process, NRC assesses licensees’
performance using two distinct types of information: (1) NRC's inspection
results and (2) performance indicators reported by the licensees. These
indicators, which reflect various aspects of a plant’s operations, include
data on, for example, the failure or unavailability of certain important
operating systems, the number of unplanned power changes, and the
amount of reactor coolant system leakage. NRC evaluates both the
inspection results and the performance indicators to arrive at licensee
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assessments, which it then color codes to reflect their safety significance.
Green assessments indicate that performance is acceptable, and thus
connote a very low risk significance and impact on safety. White, yellow,
and red assessments each represent a greater degree of safety significance.
After NRC adopted its Reactor Oversight Process in April 2000, FirstEnergy
never received anything but green designations for its operations at Davis-
Besse and was viewed by NRC as a good performer until the 2002 discovery
of the vessel head corrosion.? Similarly, prior to adopting the Reactor
Oversight Process, NRC consistently assessed FirstEnergy as generally
being a good performer. NRC officials stated, however, that significant
issues were identified and addressed as warranted throughout this period,
such as when the agency tock enforcement action in response to
FirstEnergy's failure to properly repair important components in 1999—a
failure caused by weaknesses in FirstEnergy's boric acid corrosion control
program.

Key Davis-Besse programs for ensuring the quality and safe operation of
the plant’s engineered structures, systems, and components include, for
example,

* acorrective action program to ensure that problems at the plant that are
relevant to safety are identified and resolved in a timely manner,

s an operating experience program to ensure thai experiences or
problems that occur are appropriately identified and analyzed to
determine their significance and relevance to operations, and

* aplant modification program to ensure that modifications important to
safety are implemented in a timely manner.

As at other commercial nuclear power plants, NRC conducted routine,
baseline inspections of Davis-Besse to determine the effectiveness of these
programs. Reports documenting these inspections noted incidences of
boric acid leakage, corrosion, and deposits. However, between February
1997 and March 2000, the regional office’s assessment of the licensee’s
performance addressed leakage in the reactor coolant system only once
and never noted the other indications. Furthermore, Davis-Besse was not

*Before adopting the Reactor Oversight Process, NRC also assessed licensee performance
based on inspection results and other information; however, NRC did not assign color codes
10 assessmuent results,
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the subject of intense scrutiny in regional plant assessment meetings
because plants perceived as good performers—such as Davis-Besse—
received substantially less attention. Between April 2000—when NRC’s
revised assessment process took effect—until the corrosion was
discovered in March 2002, none of NRC's assessments of Davis-Besse's
performance noted leakage or other indications of corrosion at the plant.
As a resuit, NRC may have missed opportunities to identify weaknesses in
the Davis-Besse programs intended to detect or prevent the corrosion.

After the corrosion was discovered, NRC analyzed the problems that led to
the corrosion on the reactor vessel head and concluded that FirstEnergy's
programs for overseeing safety at Davis-Besse were weak, as seen in the
following examples:

* Davis-Besse's corrective action program did not result in timely or
effective actions to prevent indications of leakage from reoccurring in
the reactor coolant system.

* FirstEnergy officials did not always enter equipment problems into the
corrective action program because individuals who had identified the
problem were often responsible for resolving it.

* For over a decade, FirstEnergy had delayed plant modifications to its
service structure platform, primarily because of cost. These
modifications would have improved its ability to inspect the reactor
vessel head nozzles. As a result, FirstEnergy could conduct only limited
visual inspections and cleaning of the reactor pressure vessel head
through the small “mouse-holes” that perforated the service structure.

NRC was also unaware of the extent to which various aspects of
FirstEnergy’s safety culture had degraded—that is, FirstEnergy's
organization and performance related to ensuring safety at Davis-Besse.
This degradation had allowed the incident to occur with no forewarning
because NRC's inspections and performance indicators do not directly
assess safety culture. Safety culture is a group of characteristics and
attitudes within an organization that establish, as an overriding priority,
that issues affecting nuclear plant safety receive the atiention their
significance warrants. Following FirstEnergy’s March 2002 discovery, NRC
found numerous indications that FirstEnergy eraphasized production over
plant safety. First, Davis-Besse routinely restarted the plant following an
outage, even though reactor pressure vessel valves and control rod drive
mechanisms leaked. Second, staff was unable to remove all of the boric
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acid deposits from the reactor pressure vessel head because FirstEnergy’s
schedule to restart the plant dictated the amount of work that could be
performed. Third, FirstEnergy management was willing to accept degraded
equipment, which indicated a lack of commitment to resolve issues that
could potentially comprormise safety. Fourth, Davis-Besse’s program that
was intended to ensure that employees feel free to raise safety concerns
without fear of retaliation had several weaknesses. For example, in one
instance, a worker assigned to repair the containment air conditioner was
not provided a respirator in spite of his concerns that he would inhale boric
acid residue. According to NRC's lessons-learned task force report, NRC
was not aware of weaknesses in this program because its inspections did
not adequately assess it.

Given that FirstEnergy concluded that one of the causes for the Davis-
Besse incident was human performance and maragement failures, the
panel overseeing FirstEnergy’s efforts to restart Davis-Besse requested that
FirstEnergy assess its safety culture before allowing the plant to restart. To
oversee FirstEnergy’s efforts to improve its safety culture, NRC (1)
reviewed whether FirstEnergy had adequately identified all of the root
causes for management and human performance failures at Davis-Besse,
(2) assessed whether FirstEnergy had identified and implemented
appropriate corrective actions to resolve these fatlures, and (3) assessed
whether FirstEnergy’s corrective actions were effective. As late as
February 2004, NRC had concerns about whether FirstEnergy's actions
would be adequate in the long term, As a result, the Davis-Besse safety
culture was one of the issues contributing to the delay in restarting the
plant. In March 2004, NRC’s panel concluded that FirstEnergy's efforts to
improve its safety culture were sufficient to allow the plant to restart. In
doing so, however, NRC officials stated that one of the conditions the panel
imposed was for FirstEnergy to conduct an independent assessment of the
safety culture at Davis-Besse annually over the course of the next 5 years.

NRC Did Not Effectively
Incorporate Long-Standing
Knowledge about
Corrosion, Nozzle Cracking,
and Leak Detection into Its
Oversight

NRC has been aware of boric acid corrosion and its potential to affect
safety since at least 1979. It issued several notices to the nuclear power
industry about boric acid corrosion and, specifically, the potential for it to
degrade the reactor coolant pressure boundary. In 1987, two licensees
found significant corrosion on their reactor pressure vessel heads, which
heightened NRC’s concern. A subsequent industry study concluded that
concentrated solutions of boric acid could result in unacceptably high
corrosion rates—up to 4 inches per year-—when primary coolant leaks onto
surfaces and concentrates at temperatures found on the surface of the
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reactor vessel.” After considering this information and several more
instances of boric acid corrosion at plants, NRC issued a generic Ietter in
1988 requesting licensees to implement boric acid corrosion control
programs,

In 1990, NRC visited Davis-Besse to assess the adequacy of the plant’s boric
acid corrosion control program. At that time, NRC concluded that the
program was acceptable. However, in 1999, NRC became aware that
FirstEnergy’s boric acid corrosion control program was inadequate
because boric acid had corroded several bolts on a valve, and NRC issued a
violation. As a result of the violation, FirstEnergy agreed to review its boric
acid corrosion procedures and enhance its program. NRC inspectors
evaluated FirstEnergy’s completed and planned actions to improve the
beric acid corrosion control program and found them to be adequate.
According to NRC officials, they never inspected the remaining actions—
assuming that the planned actions had been implemented effectively, In
2000, NRC adopted its new Reactor Oversight Process and discontinued its
inspection procedure for plants’ corrosion control programs because these
inspections had rarely been conducted due to higher priorities. Thus, NRC
had no reliable or routine way to ensure that the nuclear power industry
fuily implemented boric acid corrosion control programs.

NRC also did not routinely review operating experiences at reactors, both
in the United States and abroad, to keep abreast of boric acid
developments and determine the need to emphasize this problem. Indeed,
NRC did not fully understand the circumstances in which boric acid would
result in corrosion, rather than flash to steam. Similarly, NRC did not know
the rate at which carbon steel would corrode under different conditions.
This lack of knowledge may be linked to shortcomings in its program to
review operating experiences at reactors, which could have been
exacerbated by the 1999 elimination of the office specifically responsible
for reviewing operating experiences.” This office was responsible for,
among other things, (1) coordinating operational data collection, (2)

“Westinghouse Electric Company, Corrosion Effects of Boric Acid Leakage on Steel under
Plant Operating Conditi A Review of Available Data (Pittsburgh: October 1987).

®NRC’s Office for Analysis and Evaluation of Operating Data was i in response to
arecommendation that we made to the agency in 1978 that it have a systematic process for
analyzing operating experience and feeding this information back to licensees and the
industry. NRC eliminated this office, and its responsibilities were transferred to other NRC
offices in an effort to gain efficiencies.
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systematically analyzing and evaluating operational experience, (3)
providing feedback on operational experience to improve safety, (4)
assessing the effectiveness of the agencywide program, and (5) actingas a
focal point for interaction with outside organizations on issues pertaining
to operational safety data analysis and evaluation. According to NRC
officials who had overseen Davis-Besse at the time of the incident, they
would not have suspected the reactor vessel head or cracked head
penetration nozzies as the source of the filter clogging and unidentified
leakage because they had not been informed that these could be potential
problems. According to these officials, the vessel head was “not on the
radar screen.”

With regard to nozzle cracking, NRC, for more than two decades, was
aware of the potential for nozzles and other cornponents made of alloy 600
to crack. While cracks were found at nuclear power plants, NRC
considered their safety significance to be low because the cracks were not
developing rapidly. In contrast, other countries considered the safety
significance of such cracks to be much higher. For example, concemn over
alloy 600 cracking led France, as a preventive measure, to institute

Tequir ts for an extensive nondestructive examination inspection
program for vessel head penetration nozzles, including the removal of
insulation, during every fuel outage. When any indications of cracking were
observed, even more frequent inspections were required, which, because of
economic considerations, resulted in the replacement of vessel heads when
indications were found. The effort to replace the vessel heads is still under
way. Japan replaced those vessel heads whose nozzles it considered most
susceptible to cracking, even though no cracks had yet been found. Both
France and Sweden also installed enhanced leakage monitoring systems to
detect leaks early. However, according to NRC, such systems cannot detect
the small amounts of leakage that may be typical from cracked nozzles.

NRC recognized that an integrated, long-term program, including periodic
inspections and monitoring of vessel heads to check for nozzle cracking,
was necessary. In 1997, it issued a generic letter that suramarized NRC's
efforts to address cracking of control rod drive mechanism nozzles and
requested information on licensees’ plans to inspect nozzles at their
reactors. More specifically, this letter asked licensees to provide NRC with
descriptions of their inspections of these nozzles and any plans for
enhanced inspections to detect cracks. At that time, NRC was planning to
review this information to determine if enhanced licensee inspections were
warranted. Based on its review of this information, NRC concluded that the
current inspection prograrn was sufficient. As a result, between 1998 and
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2001, NRC did not issue or solicit additional information on nozzle cracking
or assess its requirements for inspecting reactor vessels to determine
whether they were sufficient to detect cracks. At Davis-Besse, NRC also did
not determine if FirstEnergy had plans or was implementing any plans for
enhanced nozzle inspections, as noted in the 1997 generic letter. NRC took
no further action until the cracks were found in 2001 at the Oconee plant, in
South Carolina. NRC attributed its lack of focus on nozzle cracking, in part,
to the agency’s inability to effectively review, assess, and follow up on
industry operating experience events. Furthermore, as with boric acid
corrosion, NRC did not obtain or analyze any new data about cracking that
would have supported making changes in either its regulations or
inspections to better identify or prevent corrosion on the vessel head at
Davis-Besse.

NRC’s technical specifications regarding allowable leakage rates also
contributed to the corrosion at Davis-Besse because the amount of leakage
that can cause extensive corrosion can be significantly less than the level
that NRC's specifications allow. According to NRC officials, NRC’s
requirements, established in 1973, were based on the best available
technology at that time. The task of measuring identified and unidentified
leakage from the reactor coolant system is not precise. It requires licensees
to estimate the amount of coolant that the reactor is supposed to contain
and identify any difference in coolant levels. They then have to account for
the estimated difference in the actual amount of coolant to arrive at a
leakage rate; to do this, they identify all sources and amounts of leakage by,
among other things, measuring the amount of water contained in various
sump collection systems. If these sources do not account for the difference,
licensees know they have an unidentified source of leakage. This estimate
can vary significantly from day to day between negative and positive
numbers.

According to analyses that FirstEnergy conducted after it identified the
corrosion in March 2002, the leakage rates from the nozzle cracks were
significantly below NRC's reactor coolant system unidentified leakage rate
of 1 gallon per minute. Specifically, the leakage from the nozzle around
which the vessel head corrosion occurred was predicted to be 0.025 gallon
per minute. If such smali leakage can result in such extensive corrosion,
identifying if and where such leakage occurs is important. NRC staff
recognized as early as 1993 it would be prudent for the nuclear power
industry to consider implementing an enhanced method for detecting small
leaks during plant operation, but NRC did not require this action, and the
industry has not taken steps to do so. Furthermore, NRC has not
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consistently enforced its requirement for reactor coolant pressure
boundary leakage. As a result, the NRC Davis-Besse task force concluded
that inconsistent enforcement may have reinforced a belief that alloy 660
nozzle leakage was not actually or potentially a safety significant issue.

NRC'’s Process for
Deciding Whether to
Allow a Delayed Davis-
Besse Shutdown
Lacked Credibility

Although FirstEnergy operated Davis-Besse without incident until shutting
it down in February 2002, certain aspects of NRC’s deliberations allowing
the delayed shutdown raise questions about the credibility of the agency's
decision making, if not about the Davis-Besse decision itself. NRC does not
have specific guidance for deciding on plant shutdowns. Instead, agency
officials turned to guidance developed for a different purpose—reviewing
requests to amend license operating conditions—and even then did not
always adhere to this guidance. In addition, NRC did not document its
decision-making process, as called for by its guidance, and its letter to
FirstEnergy to lay out the basis for the decision—sent a year after the
decision—did not fully explain the decision. NRC's lack of guidance,
coupled with the lack of documentation, precludes us from independently
Jjudging whether NRC’s decision was reasonable. Finally, some NRC
officials stated that the shutdown decision was based, in part, on the
agency’s probabilistic risk assessment (PRA) calculations of the risk that
Davis-Besse would pose if it delayed its shutdown and inspection.
However, as noted by our consultants, the calculations were flawed, and
NRC's decision makers did not always follow the agency’s guidance for
developing and using such caleulations.

NRC Did Not Have Specific
Guidance for Deciding on
Plant Shutdowns

NRC believed that Davis-Besse could have posed a potential safety risk
because it was, in all likelihood, failing to comply with NRC’s technical
specification that no leakage oceur in the reactor coolant pressure
boundary. Its belief was based on the following indicators of probable
leakage:

* Al six of the other reactors manufactured by the same company as
Davis-Besse’s reactor had cracked nozzles and identified Jeakage.®

* Three of these six reactors had identified circuraferential cracking.

®Davis-Besse’s manufacturer was the Babcock and Wilcox Corapany, which is an operating
unit of McDermott International.
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* FirstEnergy had not performed a recent visual examination of all of its
nozzles.

Furthermore, a FirstEnergy manager agreed that cracks and leakage were
likely.

NRC has the authority to shut down a plant when it is clear that the plant is
in violation of important safety requirements, and it is clear that the plant
poses a risk to public health and safety.” Thus, if a licensee is not
complying with technical specifications, such as those for no allowable
reactor vessel pressure boundary leakage, NRC can order a plant to shut
down. However, NRC decided that it could not require Davis-Besse to shut
down on the basis of other plants’ cracked nozzles and identified leakage or
the manager’s acknowledgement of a probable leak. Instead, it believed it
needed more direct, or absolute, proof of a leak to order a shutdown. This
standard of proof has been questioned. According to the Union of
Concerned Scientists,” for example, if NRC needed irrefutable proof in
every case of suspected problems, the agency would probably never issue a
shutdown order. In effect, in this case NRC created a Catch-22: It needed
irrefutable proof to order a shutdown but could not get this proof without
shutting down the plant and requiring that the reactor be inspected.

Despite NRC's responsibility for ensuring that the public is adequately
protected from accidents at commercial nuclear power plants, NRC does
not have specific gnidance for shutting down a plant when the plant may
pose a risk to public health and safety, even though it may be complying
with NRC requirements. It also has no specific guidance or standards for
quality of evidence needed to determine that a plant may pose an undue
risk. Lacking direct or absolute proof of leakage at Davis-Besse, NRC
instead drafted a shutdown order on the basis that a potentially hazardous
condition may have existed at the plant. NRC had no guidance for
developing such a shutdown order, and therefore, it used its guidance for
reviewing license amendment requests. NRC officials recognized that this
guidance was not specifically designed to determine whether NRC should
shut down a power plant such as Davis-Besse. However, NRC officials

FQrdinarily, NRC would not suspend a license for a failure to meet a requirement unless the
failure was willful and adequate corrective action had not been taken.

BThe Union of Concerned Scientists is a nonprofit partnership of scientists and citizens that

augments scientific analyses and policy development for identifying environmental
solutions to issues such as energy production.
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stated that this guidance was the best available for deciding on a shutdown
because, although the review was not to amend a license, the factors that
NRC needed to consider in making the decision and that were contained in
the guidance were applicable to the Davis-Besse situation.

To use its guidance for reviewing license amendment requests, NRC first
determined that the situation at Davis-Besse posed a special circumstance
because new information revealed a substantially greater potential for a
known hazard to occur, even if Davis-Besse was in compliance with the
technical specification for leakage from the reactor coolant pressure
boundary. The special circumstance stemmed from NRC's determination
that requirements for conducting vessel head inspections were not
sufficient to detect nozzle cracking and, thus, small leaks.® According to
NRC officials, this determination allowed NRC to use its guidance for
reviewing license amendment requests when deciding whether to order a
shutdown.

The Extent of NRC's
Reliance on License
Amendment Guidance Is
Not Clear

Under NRC’s license amendment guidance, NRC considers how the license
change affects risk, but not how it has previously assessed licensee
performance, such as whether the licensee was viewed as a good
performer. With regard to the Davis-Besse decision, the guidance directed
NRC to determine whether the plant would comply with five NRC safety
principles if it operated beyond December 2001 without inspecting the
reactor vessel head. As applied to Davis-Besse, these principles were
whether the plant would (1) continue to meet requirements for vessel head
inspections, (2) maintain sufficient defense-in-depth, (3) maintain
sufficient safety margins, (4) have little increase in the likelihood of a core
damage accident, and (5) monitor the vessel head and nozzles. The
guidance, however, does not specify how to apply these safety principles,
how NRC can demonstrate it has followed the principles and ensured they
are met, or whether any one principle takes precedence over the others.
The guidance also does not indicate what actions NRC or licensees should
take if some or all of the principles are not met.

*Specifically, reactor vessel head inspection requirements do not require that insulation be
removed. Because of this, reactor vessel head inspections performed without removing the
insulation above the vessel head could not result in 100 percent of the nozzles being visually
inspected.
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In mid-September 2001, NRC staff concluded that Davis-Besse complied
with the first safety principle but did not meet the remaining four.
According to the staff, Davis-Besse did not meet three safety principles
because the requirements for vessel head inspections were not adequate.
Specifically, the requirements do not require the inspector to remove the
insulation above the vessel head, and thus allow all of the nozzles to be
visually inspected. NRC therefore could not ensure that FirstEnergy was
maintaining defense-in-depth and adequate safety margins or sufficiently
monitoring the vessel head and nozzles. The staff believed that Davis-Besse
did not meet the fourth safety principle because the risk estimate of core
damage approached an unacceptable level and the estimate itself was
highly uncertain.

Between early October and the end of November 2001, NRC requested and
received additional information from FirstEnergy regarding its risk
estimate of core damage—its PRA estimate-—and met with the company to
determine the basis for the estimate. NRC was also developing its own risk
estimate, although its numbers kept changing. At some point during this
time, NRC staff also concluded that the first safety principle was probably
not being met, although the basis for this conclusion is not known.

At the end of November 2001, NRC contacted FirstEnergy and informed it
that a shutdown order had been forwarded to the NRC comumissioners and
asked if FirstEnergy could take any actions that would persuade NRC to
not issue the shutdown order. The following day, FirstEnergy proposed
measures to mitigate the potential for and consequences of an accident.
These measures included, among other things, lowering the operating
temperature from 605 degrees Fahrenheit to 598 degrees Fahrenheit to
reduce the driving force for stress corrosion cracking on the nozzies,
identifying a specific operator to initiate emergency cooling in response to
an accident, and moving the scheduled refueling outage up from March 31,
2002, to no later than February 16, 2002. NRC staff discussed these
measures, and NRC management asked the staff if they were concerned
about extending Davis-Besse's operations until mid-February 2002. While
some of the staff were concerned about continued operations, none
indicated to NRC management that cracking in control rod drive
mechanism nozzles was likely extensive enough to cause a nozzle to eject
from the vessel head, thus making it unsafe to operate. NRC formally
accepted FirstEnergy’s compromise proposal within several days, thus
abandoning its shutdown order.
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NRC Did Not Fully Explain
or Document the Basis for
Its Decision

We could not fully assess NRC’s basis for accepting FirstEnergy’s proposal.
NRC did not document its deliberations, even though its guidance requires
that it do so. This documentation is to include the data, methods, and
assessment criteria used; the basis for the decisions made; and essential
correspondence sufficient to document the persons, places, and matters
dealt with by NRC. Specifically, the guidance requires that the
documentation contain sufficient detail to make possible a “proper
scrutiny” of NRC decisions by authorized outside agencies and provide
evidence of how basic decisions were formed, including oral decisions.
NRC’s guidance also states that NRC should document all important staff
meetings.

In reviewing NRC'’s documentation on the Davis-Besse decision, we found
no evidence of an in-depth ot formal analysis of how Davis-Besse's
proposed measures would affect the plant’s ability to satisfy the five safety
principles. Thus, it is unclear whether the safety principles contained in the
guidance were met by the measures that FirstEnergy proposed. However,
several NRC officials stated that FirstEnergy’s proposed measures had no
impact on plant operations or safety. For example, according to one NRC
official, FirstEnergy’s proposal to reduce the operating temperature would
have had little impact on safety because the small drop in operating
temperature over a 7-week period would have had little effect on the
growth rate of any cracks in a nozzle. As such, this official considered the
measures as “window dressing.” A proposed measure that NRC staff did
consider as having a significant impact on the risk was for FirstEnergy to
dedicate an operator for manually turning on safety equipment in the event
that a nozzle was ejected. Subsequent to approving the delayed shutdown,
NRC learned that FirstEnergy had nof, in fact, planned to dedicate an
operator for this task--rather, FirstEnergy planned to have an operator do
this task in addition to other regularly assigned duties.

According to an NRC official, once NRC decided not to issue a shutdown
order for Deceraber 2001, NRC staff needed to discuss how NRC's
assessment of whether the five safety principles had been met had changed
in the course of the staff’s deliberations. However, there was no evidence in
the agency's records to support that this discussion was held, and other key
meetings, such as the one in which the agency made its decision to allow
Davis-Besse to operate past December 31, 2001, were not documented.
Without documentation, it is not clear what factors influenced NRC's
decision. For example, according to the NRC Office of the Inspector
General's December 2002 report that examined the Davis-Besse incident,
NRC'’s decision was driven in large part by a desire to lessen the financial

Page 37 GAO-04-415 Davis-Besse Nuclear Power Plant



114

impact on FirstEnergy that would result from an early shutdown.>® While
NRC disputed this finding, we found no evidence in the agency's records to
support or refute its position.

In December 2001, when NRC informed FirstEnergy that it accepted the
company's proposed measures and the February 16, 2002, shutdown date, it
also said that the company would receive NRC's assessment in the near
future. However, NRC did not provide the assessment until a full year
later-—in December 2002. In addition, the December 2002 assessment,
which includes a four-page evaluation, does not fully explain how the
safety principles were used or met—other than by stating that if the
likelihood of nozzle failure were judged to be small, then adequate
protection would be ensured. Even though NRC’s regulations regarding the
reactor coolant pressure boundary dictate that the reactor have an
extremely low probability of failing, NRC stated it did not believe that
Davis-Besse needed to demonstrate strict conformance with this
regulation. As evidence of the small likelihood of failure, NRC cited the
small size of cracks found at other power plants, as well as its preliminary
assessment of nozzle cracking, which projected crack growth rates. NRC
concluded that 7 weeks of additional operation would not result in an
appreciable increase in the size of the cracks.” While NRC included its
calculated estimates of the risk that Davis-Besse would pose, it did not
detail how it calculated its estimates.

NRC's PRA Estimate Was
Flawed and Ifs Use in
Deciding to Delay the
Shutdown Is Unclear

In moving forward with its more risk-informed regulatory approach, NRC
has established a policy to increase the use of PRA methods as a means to
promote regulatory stability and efficiency. Using PRA methods, NRC and
the nuclear power industry can estimate the likelihood that different
accident scenarios at nuclear power plants will result in reactor core
damage and a release of radioactive materials. For example, one of these
accident scenarios begins with a “medium break” loss-of-coolant accident
in which the reactor coolant system is breached and a midsize—about 2- to
44inch-hole is formed that allows coolant to escape from the reactor

*NRC, Office of the Inspector General, NRC’s Regulation. of Davis-Besse Regarding
Damage to the Reactor Vessel Head (Washington, D.C.; Dec. 30, 2002).

ANRC, Preliminary Staff Technical for Pressurized Water Reactor Vessel
Head Penetration Nozzles Associated with NRC Bulletin 2001-01, “Circumferential
Cracking of Reactor Pressure Vessel Head Penetration Nozzles” (Washington, D.C.; Nov. 6,
2001).
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pressure boundary. The probability of such an aceident scenario occurring
and the consequences of that accident take into account key engineering
safety system failure rates and human error probabilities that influence
how well the engineered systems would be able to mitigate the
consequences of an accident and ensure no radioactive release from the
plant.

For Davis-Besse, NRC needed two estimates: one for the frequency of a
nozzle gjecting and causing a loss-of-coolant accident and one for the
probability that a loss-of-coolant accident would result in core damage.
NRC first established an estimate, based partially on information provided
by FirstEnergy, for the frequency of a plant developing a cracked nozzle
that would initiate a medium break loss-of-coolant accident. NRC
estimated that the frequency of this occurring would be about 2x10%, or 1
chance in 50,” per year. NRC then used an estimate, which FirstEnergy
provided, for the probability of core damage given a medium break loss-of-
coolant accident. This probability estimate was 2.7x10%, or about 1 chance
in 370.% Multiplying these two numbers, NRC estimated that the potential
for a nozzle to crack and cause a loss-of-coolant accident would increase
the frequency of core damage at Davis-Besse by about 5.4x10% per year, or
about 1 in 18,500 per year.* Converting this frequency to a probability
associated with continued operation for 7 weeks, NRC calculated that the
increase in the probability of core damage was approximately 5x10°, or 1
chance in 200,000 While NRC officials currently disagree that this was the
number it used, this is the number that it included in its December 2002
assessment provided to FirstEnergy. Further, we found no evidence in the
agency's records to support NRC'’s current assertion.

According to our consultants, the way NRC calculated and used the PRA
estimate was inadequate in several respects. (See app. Il for the
consultants’ detailed report.) First, NRC's calculations did not take into

#Here is how to cal the fr i 2x10* equates to 0.02, or 2/100, which
equals 1/50,

“Here is how to calculate the probability estimate: 2.7x10° equates to 0.0027, or 27/10,000,
which equals 1/370.37.

*Here is how to calculate the frequency estimate: 5.4x10° equates to 0,000054, or
54/1,000,000, which equals 1/18,518.52.

SHere is how to the il i Bx10° equates to 0.000005, or 51,000,000,
‘which equals 1/200,000.
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account several factors, such as the possibility of corrosion and axial
cracking that could lead to leakage. For example, the consultants
concluded that NRC's estimate of risk was incorrectly too small, primarily
because the calculation did not consider corrosion of the vessel head. In
reviewing how NRC developed and used its PRA estimates for Davis-Besse,
our consultants noted that the calculated risk was smaller than it showld
have been because the calculations did not consider corrosion of the
reactor vessel from the boric acid coolant leaking through cracks in the
nozzles. According to the consuitants, apparently all NRC staff involved in
the Davis-Besse decision were aware that coolant under high pressure was
leaking from valves, flanges, and possibly from cracks but evidently
thought that the coolant would immediately flash into steam and
noncorrosive compounds of boric acid. Qur consultants, however, stated
that because boric acid could potentially cause corrosion, except at
temperatures much higher than 600 degrees Fahrenheit, NRC should have
anticipated that corrosion could occur. Qur consultants further stated that
as evaporation occurs, boric acid becomes more concentrated in the
remaining liquid—making it far more corrosive—and as vapor pressure
decreases, evaporation is further slowed. They said it should be expected
that some of the boric acid in the escaping coolant could reach the metal
surfaces as wet or moist, highly corrosive material underlying the surface
layers of dry noncorrosive boric acid, which is evidently what happened at
Davis-Besse.

Our consultants concluded that NRC staff should have been aware of the
experience at French nuclear power plants, where boric acid corrosion
from leaking reactor coolant had been identified during the previous
decade, the safety significance had been recognized, and safety procedures
to mitigate the problem had been implemented. Furthermore, tests had
been conducted by the nuclear power industry and in government
laboratories on boric acid corrosion that were widely available to NRC.
They stated that keeping abreast of safety issues at similar plants, whether
domestic or foreign, and conveying relevant safety information to licensees
are important functions of NRC's safety program. According to NRC, the
agency was aware of the experience at French nuclear power plants. For
example, NRC concluded, in a December 15, 1994, internal NRC memo,
that primary coolant leakage from a through-wall crack could cause boric
acid corrosion of the vessel head. However, because it concluded that some
analyses indicated that it would take at least 6 to 9 years before any
corrosion would challenge the structural integrity of the head, NRC
concluded that cracking was not a short-term safety issue.
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Our consultants also stated that NRC'’s risk analysis was inadequate
because the analysis concerned only the formation and propagation of
circumferential cracks that could result in nozzle failure, loss of coolant,
and even control rod ejection. Although there is less chance of axial cracks
causing complete nozzle failure, these cracks open additional pathways for
coolant leakage. In addition, their long crevices provide considerably
greater opportunity for the coelant to concentrate near the surface of the
vessel head. However, according to our consultants, NRC was convinced
that the boric acid they saw resulted from leaking flanges above the reactor
vessel head, as opposed to axial cracks in the nozzles.

Second, NRC's analysis was inadequate because it did not include the
uncertainty of its risk estimate and use the uncertainty analysis in the
Davis-Besse decision-making process, aithough NRC staff should have
recognized large uncertainties associated with its risk estimate. Our
consultants also concluded that NRC failed to take into account the large
uncertainties associated with estimates of the frequency of core damage
resulting from the failure of nozzles. PRA estimates for nuclear power
plants are subject to significant uncertainties associated with human errors
and other common causes of system component failures, and it is
important that proper uncertainty analyses be performed for any PRA
study. NRC guidance and other NRC reports on advancing PRA technology
for risk-informed decisions emphasize the need to understand and
characterize uncertainties in PRA estimates. Our consultants stated that
had the NRC staff estimated the margin of error or uncertainty associated
with its PRA estimate for Davis-Besse, the uncertainty would likely have
been so high as to render the estimate of questionable value.

Third, NRC's analysis was inadequate because the risk estimates were
higher than generally considered acceptable under NRC guidance. Despite
PRA’s important role in the decision, our consultants found that NRC did
not follow its own guidance for ensuring that the estimated risk was within
levels acceptable to the agency. NRC required the nuclear power industry
to develop a baseline estimate for how frequently a core damage accident
could occur at every nuclear power plant in the United States. This baseline
estimate is used as a basis for deciding whether changes at a plant that
affect the core damage frequency are acceptable. The baseline core
damage frequency estimate for the Davis-Besse plant was between 4x10°
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and 6.6x10° per year (which is between 1 chance in 25,000% per year and
about 1 chance in 15,150 per year). NRC guidance for reviewing and
approving license amendment requests indicates that any plant-specific
change resulting in an increase in the frequency of core damage of 1x10°
per year (which is 1 chance in 100,000 per year) or more would fall within
the highest risk zone: In this case, NRC would generally not approve the
change because the risk criterion would not be met. If a license change
would result in a core damage frequency change of 1x10%per year to 1x10%
per year {which is 1 chance in 100,000 per year to 1 chance in 1 million per
year), the risk criterion would be considered marginally met and NRC
would consider approving the change but would require additional
analysis. Finally, if 2 license change would result in a core damage
frequency change of 1x10° per year (which is 1 chance in 1 million per
year) or less, the risk would fall within the lowest risk zone and NRC would
consider the risk criterion to be met and would generally consider
approving the change without requiring additional analysis. (See fig. 6.)

“Here is how to cal the fr i ; 4x10° equates to 0.00004, or 4/100,000,
which equals 1/25,000.

Here is how to calculate the frequency estimate: 6.6x107 equates to 0.0000686, or
66/1,000,000, which equals 1/15,151.51.
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M
Figure 6: NRC’s Acceptance Guidelines for Core Damage Frequency
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require additional analysis.

°Risk criterion is not met and license changes are generally not allowed.

However, NRC'’s PRA estimate for Davis-Besse-—an increase in the
frequency of core damage of 5.4x10°, or 1 chance in about 18,500 per
year—was higher than the acceptable level. While an NRC official who
helped develop the risk estimate said that additional NRC and industry
guidance was used to evaluate whether its PRA estimate was acceptable,
this guidance also suggests that NRC’s estimate was too high. NRC's
estimate of the increase in the frequency of core damage of 5.4x10° per
year equates to an increase in the probability of core damage of 5x10°, or 1
chance in 200,000, for the 7-week period December 31, 2001, to February
16, 2002.%° NRC’s guidance for evaluating requests to relax NRC technical
specifications suggests that a probability increase higher than 5x107, or 1
chance in 2 million®, is considered unacceptable for relaxing the
specifications. Thus, NRC's estimate would not be considered acceptable

*Here is how to calculate the probability estimate: 5x107 equates to 0.00000085, or
5/16,000,000, which equals 1/2,000,000.
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under this guidance. NRC’s estimate would also not be considered
acceptable under Electric Power Research Institute or Nuclear Energy
Institute guidance unless further action were taken to evaluate or manage
risk. According to NRC officials, NRC viewed its PRA estimate as being
within acceptable bounds because it was a temporary situation—7
weeks—and NRC had, at other times, allowed much higher levels of risk at
other plants. However, at the time that NRC made its decision, it did not
document the basis for accepting this risk estimate, even though NRC’s
guidance explicitly states that the decision on whether PRA results are
acceptable must be based on a full understanding of the contributors to the
PRA results and the reasoning must be well documented. In defense of its
decision, NRC officials said that the process they used to arrive at the
decision is used to make about 1,500 licensing decisions such as this each
year.

Lastly, NRC'’s analysis was inadequate because the agency does not have
clear guidance for how PRA estimates are to be used in the decision-
making process. Our consultants concluded that NRC's process for risk-
informed decision making is ill-defined, lacks guidelines for how it is
supposed to work, and is not uniformly transparent within NRC. According
to NRC officials involved in the Davis-Besse decision, NRC’s gunidance is
not clear on the use of PRA in the decision-making process. For example,
while NRC has extensive guidance, this guidance does not outline to what
extent or how the resultant PRA risk number and uncertainty should be
weighed with respect to the ultimate decision. One factor complicating this
issue is the lack of a predetermined methodology to weigh risks expressed
in PRA numbers against traditional deterministic results and other
factors.”® Absent this guidance, the value assigned to the PRA analysis is
largely at the discretion of the decision maker. The process, which NRC
stated is robust, can result in a decision in which PRA played no role, a
partial role, or one in which it was the sole deciding factor. According to
our consultants, this situation is made worse by the lack of guidelines for
how, or by whom, decisions in general are made at NRC.

It is not clear how NRC staff used the PRA risk estimate in the Davis-Besse
decision-making process. For example, according to one NRC official who

“The deterministic approach considers a set of safety challenges and how those challenges
should be mitigated through engineering safety margins and quality assurance standards,
The probabilistic approach extends this by allowing for the consideration of a broader set of
safety challenges, prioritizing safety challenges based on risk significance, and allowing for
a broader set of mitigation mechanisms,
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was familiar with some of the data on nozzle cracking, these data were not
sufficient for making a good probabilistic decision. He stated that he
favored issuing an order requiring that Davis-Besse be shut down by the
end of December 2001 because he believed the available data were not
sufficient to assure a low enough probability for a nozzle to be ejected.
Other officials indicated that they accepted FirstEnergy's proposed
February 16, 2002, shutdown date based largely on NRC'’s PRA estimate for
a nozzle to crack and be gjected. According to one of these officials,
allowing the additional 7 weeks of operating time was not sufficiently risk
significant under NRC’s guidance. He stated that safety margins at the plant
were preserved and the PRA number was within an acceptable range. Still
another official said he discounted the PRA estimate and did not use it at ali
when recommending that NRC accept FirstEnergy’s compromise proposal.
This official also stated that it was likely that many of the staff did base
their conclusions on the PRA estimate. According to our consultants,
although the extent to which the PRA risk analysis influenced the decision
making will probably never be known, it is apparent that it did play an
important role in the decision to allow the shutdown delay.

NRC Has Made
Progress in
Implementing
Recommended
Changes, but Is Not
Addressing Important
Systemic Issues

NRC has made significant progress in implementing the actions
recommended by the Davis-Besse lessons-learned task force. While NRC
has implemented slightly less than half—21 of the 51—recommendations
as of March 2004, it is scheduled to have more than 70 percent of them
implemented by the end of 2004. For example, NRC has already taken
actions to improve staff training and inspections that would appear to help
address the concern that NRC inspectors viewed FirstEnergy as a good
performer and thus did not subject Davis-Besse to the level of scrutiny or
questioning that they should have. It is not certain when actions to

ipl t the r ining reco fations will occur, in part because of
resource constraints. NRC also faces challenges in fully implementing the
recoramendations, also in part because of resource constraints, both in the
staff needed to develop specific corrective actions and in the additional
staff responsibilities and duties to carry them out. Further, while NRC is
making progress, the agency is not addressing three systemic issues
highlighted by the Davis-Besse experience: (1) an inability to detect
weakness or deterioration in FirstEnergy's safety culture, (2) deficiencies
in NRC's process for deciding on a shutdown, and (3) lack of management
controls to track, on a longer-term basis, the effectiveness of actions
implemented in response to incidents such as Davis-Besse, so that they do
not occur at another power plant.
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NRC Does Not Expect to
Complete Its Actions until
2006, in Part Because of
Resource Constraints

NRC’s lessons-learned task force for Davis-Besse developed 51
recommendations to address the weaknesses that contributed to the Davis-
Besse incident. Of these 51 recommendations, NRC rejected 2 because it
concluded that agency processes or procedures already provided for the
recommendations’ intent to be effectively carried out.*® To address the
remaining 49 recommendations, NRC developed a plan in March 2003 that
included, for each recommendation, the actions to be taken, the
responsible NRC office, and the schedule for completing the actions. When
developing its schedule, NRC placed the highest priority on implementing
recommendations that were most directly related to the underlying causes
of the Davis-Besse incident as well as those recommendations responding
to vessel head corrosion. NRC assigned a lower priority to the remaining
recommendations, which were o be integrated into the planning activities
of those NRC offices assigned responsibility for taking action on the
recommendations. In assigning these differing priorities, NRC officials
stated they recognized that the agency has many other pressing matters to
address that are not related to the Davis-Besse incident, such as renewing
operating licenses, and they did not want to divert resources away from
these activities. (App. I contains a complete list of the task force's
recommendations, NRC actions, and the status of the recommendations as
of March 2004.)

To better track the status of the agency’s actions to implement the
recommendations, we split two of the 49 recommendations that NRC
accepted into 4; therefore, our analysis reflects NRC's response to 51
recommendations. As shown in table 1, as of March 2004, NRC had made
progress in implementing the recommendations, aithough some
completion dates have slipped.

“These two recommendations were for NRC to (1) review how industry considers
economic factors in making decisi t0 repair equi and ider these factors in
developing guidance for nonvisual inspections of vessel head penetration nozzles, and (2)
revise the criteria for reviewing industry topical reports that have not been formally
submitted to NRC for review but that have generic safety implications.
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Table 1: Status of Davis-Besse Lessons-Learned Task Force Recommendations, as
of March 2004

Number of
Status recommendations
Completed as of March 2004 21
Scheduled for completion April through December 2004 17
Bcheduled for completion in 2005 8
Completion date yet to be determined 7
Total 51

Source: GAQ analysis of NRC data.
Note: This table does not include the two recommendations NRC rejected.

As the table shows, as of March 2004, NRC had implemented 21
recommendations and scheduled another 17 for completion by December
2004. However, some slippage has already occurred in this schedule-—
primarily because of resource constraints—and NRC has rescheduled
completion of some recoramendations. NRC's time frames for completing
the recommendations depend on several factors—the recommendations’
priority, the amount of work required to develop and implement actions,
and the need to first complete actions on other related recoramendations.

Of the 21 impl ted recc lations, 10 called upon NRC to revise or
enhance its inspection guidance or training. For example, NRC revised the
guidance it uses to assess the implementation of licensees’ programs to
identify and resolve problems before they affect operations. It took this
action because the task force had concluded that FirstEnergy's weak
corrective action program implementation was a major contributor to the
Davis-Besse incident. NRC has also developed Web-based training modules
to improve NRC inspectors’ knowledge of boric acid corrosion and nozzle
cracking. The other 11 completed recommendations concerned actions
such as

¢ collecting and analyzing foreign and dornestic information on alloy 600
nozzle cracking,

* fully implementing and revising guidance to better assure that licensees
carry out their commitments to make operational changes, and

* establishing measurements for resident inspector staffing levels and
requirements.
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By the end of 2004, NRC expects to complete another 17 recommendations,
12 of which generally address broad oversight or programmatic issues, and
5 of which provide for additional inspection guidance and training. On the
broader issues, for example, NRC is scheduled to complete a review of the
effectiveness of its response to past NRC lessons-learned task force reports
by April 2004. By December 2004, NRC expects to have a framework
established for moving forward with impl ting rece ded
improvements to its agencywide operating experience program.

In 20085, 4 of the 6 recommendations scheduled for completion concern
leakage from the reactor coolant system. For example, NRC is to (1)
develop guidance and criteria for assessing licensees’ responses to
increasing leakage levels and (2) determine whether licensees should
install enhanced systems to detect leakage from the reactor coolant
system. The fifth recommendation calls for NRC to inspect the adequacy of
licensees’ programs for controlling boric acid corrosion, and the final
recommendation calls on NRC to assess the basis for canceling a series of
inspection procedures in 2001.

NRC did not assign completion dates to 7 recommendations because,
among other things, their completion depends on completing other
recommendations or because of limited resources. Even though it has not
assigned completion dates for these recommendations, NRC has begun to
work on 5 of the 7:

¢ Two recommendations will be addressed when requirements for vessel
head inspections are revised. To date, NRC has taken some related, but
temporary, actions. For example, since February 2003, it has required
licensees to more extensively examine their reactor vessel heads. NRC
has also issued a series of temporary instructions for NRC inspectors to
oversee the enhanced examinations. NRC expects to replace these
temporary steps with revised requirements for vessel head inspections.

* Two recomumendations call upon NRC to revise requirements for
detecting leaks in the reactor coolant pressure boundary. In response,
NRC has, for example, begun to review its barrier integrity requirements
and has contracted for research on enhanced detection capabilities.

¢ One recommendation is directed at improving follow-up of licensee
actions taken in response to NRC generic communications. NRC is
currently developing a temporary inspection procedure to assess the
effectiveness of licensee actions taken in response to generic
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communications, Additionally, as a long-term change in the operating
experience program, the agency plans to improve the verification of
how effective its generic communications are.

Ther ining two reco dations address NRC's need to (1) evaluate
the adequacy of methods for analyzing the risks posed by passive
components, such as reactor vessels, and integrate these methods and risks
into NRC's decision-making process and (2) review a sample of plant
assessments conducted between 1998 and 2000 to determine if any
identified plant safety issues have not been adequately assessed. NRC has
not yet taken action on these recommendations.

Some recommendations will require substantial resources to develop and
implement. As a result, some implementation dates have slipped and some
plans in response to the recommendations have changed in scope. For
example, owing to resource constraints, NRC has postponed indefinitely
the evaluation of methods to analyze the risk associated with passive
reactor components such as the vessel head. Also, in part due to resource
constraints, NRC has reconceptualized its plan to review licensee actions
in response to previous generic communications, such as bulletins and
letters.

Staff resources will be strained because implementing the
recommendations adds additional responsibilities or duties—that is, more
inspections, training, and reviews of licensee reports. For example, NRC’s
revised inspection guidance for more thorough exarninations of reactor
vessel heads and nozzles, as well as new requirements for NRC oversight of
licensees’ corrective action programs, will require at least an additional 200
hours of inspection per reactor per year. As of February 2004, NRC was
also revising other inspection requirements that are likely to place
additional demands on inspectors' time. Thus, to respond to these
increased demands, NRC will either need to add inspectors or reduce
oversight of other licensee activities.

To its credit, in its 2004 budget plan, NRC increased the level of resources
for some inspection activities. However, it is not certain that these
increases will be maintained. The number of inspection hours has fallen by
more than one-third between 1995 and 2001. In addition, NRC is aware that
resident inspector vacancies are filled with staff having varying levels of
experience—from the basic level that would be expected from a newly
qualified inspector to the advanced level that is achieved after several
years’ experience. According to the latest available data, as of May 2003,
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about 12 percent of sites had only one resident inspector; the remaining 88
percent had two inspectors of varying levels of experience. Because of this
situation, NRC augments these inspection resources with regional
inspectors and contractors to ensure that, at a minimurm, its baseline
inspection program can be implemented throughout the year. Because of
surges in the demand for inspections, NRC in 2003 increased its use of
contractors and temporarily pulled qualified inspectors from other jobs to
help complete the baseline inspection program for every plant. According
to NRC, it did not expect to require such measures in 2004.

Similarly, NRC may require additional staff to identify and evaluate plants’
operating experiences and communicate the results to licensees, as the
task force recornmended. NRC has currently budgeted an increase of three
full-time staff in fiscal year 2006 to irplement a centralized system, or
clearinghouse, for managing the operating experience program. However,
according to an NRC official, guestions remain about the level of resources
needed to fully implement the task force recommendations. NRC's
operating experience office, before it was disbanded in 1999, had about 33
staff whose primary responsibility was to collect, evaluate, and
communicate activities associated with safety performance trends, as
reflected in licensees’ operating experiences, and participate in developing
rulemakings. However, it is too early to know the effectiveness of this
clearinghouse approach and the adequacy of resources in the other offices
available for collecting and analyzing operating experience information.
Neither the operating experience office before it was disbanded nor the
other offices flagged boric acid corrosion, eracking, or leakage as problems
warranting significantly greater oversight by NRC, licensees, or the nuclear
power industry.

NRC Has Not Proposed Any
Specific Actions to Correct
Systemic Weaknesses in
Oversight and Decision-
Making Processes

NRC’s Task Force
Recommendations Did Not
Address Licensee Safety Culture

NRC's Davis-Besse task force did not make any recommendations to
address two sy ic problems: luating licensees’ commitment to
safety and improving the agency’s process for deciding on a shutdown.

NRC’s task force identified numerous problems at Davis-Besse that
indicated human performance and management failures and concluded
that FirstEnergy did not foster an environment that was fully conducive to
ensuring that plant safety issues received appropriate attention. Although
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the task foree report did not use the term safety culture, as evidence of
FirstEnergy's safety culture problems, the task force pointed to

* animbalance between production and safety, as evidenced by
FirstEnergy's efforts to address symptoms (such as regular cleanup of
boric acid deposits) rather than causes (finding the source of the leaks
during refueling outages);

* alack of management involvement in or oversight of work at Davis-
Besse that was important for maintaining safety;

o alack of a questioning attitude by senior FirstEnergy managers with
regard to vessel head inspections and cleaning activities;

» ineffective and untimely corrective action;
¢ along-standing acceptance of degraded equipment; and
* inadequate engineering rigor.

The task force concluded that NRC’s implementation of guidance for
inspecting and assessing a safety-conscious work environment and
employee concerns programs failed to identify significant safety problems.
Although the task force did not make any specific recommendations that
NRC develop a means to assess licensees’ safety culture, it did recommend
changes to focus more effort on assessing programs to promote a safety-
conscious work environment.

NRC has taken little direct action in response to this task force
recoramendation. However, to help enhance NRC's capability to assess
licensee safety culture by indirect means, NRC modified the wording in,
and revised its inspection procedure for, assessing licensees’ ability to
identify and resolve problems, such as malfunctioning plant equipment.
These revisions included requiring inspectors to

* review ail licensee reports on plant conditions,

* analyze trends in plant conditions to determine the existence of
potentially significant safety issues, and

* expand the scope of their reviews to the prior 5 years in order to identify
recurring issues.
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This problem identification and resolution inspection procedure is
intended to assess the end results of management’s safety commitment
rather than the commitment itself. However, by measuring only the end
results, early signs of a deteriorating safety culture and declining
management performance may not be readily visible and may be hard to
interpret until clear violations of NRC's regulations occur. Furthermore,
because NRC directs its inspections at problerns that it recognizes as being
more important to safety, NRC may overlook other problems until they
develop into significant and immediate safety problems. Conditions at a
plant can quickly degrade to the extent that they can compromise public
health and safety.

The International Atomic Energy Agency and its member nations have
developed guidance and procedures for assessing safety culture at nuclear
power plants, and today several countries, such as Brazil, Canada, Finland,
Sweden, and the United Kingdom, assess plant safety culture or licensees’
own assessments of their safety culture.” In assessing safety culture, an
advisory group to the agency suggests that regulatory agencies examine
whether, for example, (1) employee workloads are not excessive, (2) staff
training is sufficient, (3) responsibility for safety has been clearly assigned
within the organization, (4) the corporation has clearly communicated its
safety policy, and (5) managers sufficiently emphasize safety during plant
meetings. One reason for assessing safety culture, according to the
Canadian Nuclear Safety Corumission, is because management and human
perforrance aspects are among the leading causes of unplanned events at
licensed nuclear facilities, particularly in light of pressures such as
deregulation of the electricity market. Finland specifically requires that
nuclear power plants maintain an advanced safety culture and its
inspections target the importance that has been embedded in factors
affecting safety, including management. NRC had begun considering
methods for assessing organizational factors, including safety culture, but
in 1998, NRC's commissioners decided that the agency should have a
performance-based inspection program of overall plant performance and
should infer licensee management performance and competency from the
results of that program. They chose this approach instead of one of four
other options:

*The International Atomic Energy Agency is an infernational organization affiliated with the
United Nations that provides advice and assi toits bers on nuclear safety
matters.
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conduct performance-based inspections in all areas of facility operation
and design, but not infer or articulate conclusions regarding the
performance of icensee management;

¢ assess the performance of licensee management through targeted
operations-based inspections using specific inspection procedures,
trained staff, and contractors to assess licensee management—a task
that would require the development of inspection procedures and
significant training—and to document inspection results;

¢ assess the performance of licensee management as part of the routine
inspection program by specifically evaluating and documenting
management performance attributes—a larger effort that would require
the development of assessment tools to evaluate safety culture as well
as additional resources; or

* assess the competency of licensee t by evaluating
management competency attributes-—an even larger effort that would
require that implermentation options and their impacts be assessed.

When adopting the proposal to infer licensee management performance
from the results of its performance-based inspection program, NRC
eliminated any resource expenditures specifically directed at developing a
systematic method of inferring management performance and competency.
NRC stated that it currently has a number of means to assess safety culture
that provide indirect insights into licensee safety culture. These means
include, for example, (1) insights from augmented inspection tearns, (2)
lessons-learned reviews, and (3) information obtained in the course of
conducting inspections under the Reactor Oversight Process. However,
insights from augmented inspection teams and lessons-learned reviews are
reactionary and do not prevent problems such as those that occurred at
Davis-Besse. Further, before the Davis-Besse incident, NRC assumed its
oversight process would adequately identify problems with licensees’
safety culture. However, NRC has no formalized process for collectively
assessing information obtained in the course of its problem identification
and resolution inspection to ensure that individual inspection results would
identify poor management performance. NRC stated that its licensee
assessiments consider inputs such as inspection results and insights,
correspondence to licensees related to inspection observations, input from
resident inspectors, and the results of any special investigations. However,
this information may not be sufficient to inform NRC of problems at a plant
in advance of these problems becoming safety significant.
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In part because of Davis-Besse, NRC’s Advisory Committee on Reactor
Safeguards” recommended that NRC again pursue the development of a
methodology for assessing safety culture. It also asked NRC to consider
expanding research to identify leading indicators of degradation in human
performance and work to develop a consistent comprehensive
methodology for quantifying human performance. During an October 2003
public meeting of the advisory committee’s Human Performance
Subcommittee, the subcommittee’s members again reiterated the need for
NRC to assess safety culture. Specifically, the members recognized that
certain aspects of safety culture, such as beliefs, perceptions, and
management philosophies, are ultimately the nuclear power industry’s
responsibility but stated that NRC should deal with patterns of behavior
and human performance, as well as organizational structures and
processes, At this meeting, NRC officials discussed potential safety culture
indicators that NRC could use, including, among other things, how many
times a problem recurs at a plant, timeliness in correcting problems,
number of temporary modifications, and individual program and process
error rates. Committee members recommended that NRC test various
safety culture indicators to determine whether (1) such indicators should
ultimately be incorporated into the Reactor Oversight Process and (2) a
significance determination process could be developed for safety culture.
As of March 2004, NRC had yet to respond to the advisory committee’s
recommendation.

Despite the lack of action to address safety culture issues, NRC’s concern
over FirstEnergy's safety culture at Davis-Besse was one of the last issues
resolved before the agency approved Davis-Besse's restart. NRC undertook
a series of inspections to examine Davis-Besse's safety culture and
determine whether FirstEnergy had (1) correctly identified the underlying
causes associated with its declining safety culture, (2) implermented
appropriate actions to correct safety culture problems, and (3) developed a
process for monitoring to ensure that actions taken were effective for
resolving safety culture problems. In December 2003, NRC noted
significant improvements in the safety culture at Davis-Besse, but
expressed concern with the sustainability of Davis-Besse’s performance in
this area. For example, a survey of FirstEnergy and contract employees
conducted by FirstEnergy in November 2003 indicated that about 17

“The Advisory Cc ittee on Reactor ds is an indk d ittee comprising
ruclear experts that advises NRC on matters of licensing and safety-related issues, and
provides technical advice to aid the NRC issi ! decision-making process.
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NRC's Task Force
Recommendations Did Not
Address NRC's Decision-Making
Process

percent of employees believed that management cared more about cost
and schedule than resolving safety and quality issues—again, production
over safety.

NRC’s task force also did not analyze NRC's process for deciding not to
order a shutdown of the Davis-Besse plant. It noted that NRC’s written
rationale for accepting FirstEnergy’s justification for continued plant
operation had not yet been prepared and recommended that NRC change
guidance requiring NRC to adequately document such decisions. It also
made a recommendation to strengthen guidance for verifying information
provided by licensees, According to an NRC official on the task force, the
task force did not assess the decision-making process in detail because the
task force was charged with determining why the degradation at Davis-
Besse was not prevented and because NRC had coordinated with NRC's
Office of the Inspector General, which was reviewing NRC’s decision
making.

NRC'’s Failure to Track the
Resolution of Identified
Problems May Allow the
Problems to Recur

The NRC task force conducted a preliminary review of prior lessons-
learned task force reports to determine whether they suggested any
recurring or similar problems. As a result of this preliminary review, the
task force recommended that a more detailed review be conducted to
determine if actions that NRC took as a result of those reviews were
effective. These previous task force reports included: Indian Point 2 in
Buchanan, New York, in February 2000; Millstone in Waterford,
Connecticut, in October 1993; and South Texas Project in Wadsworth,
Texas, from 1988 to 1994.¥ NRC's more detailed review, as of May 2004, was
still under way. We also reviewed these reports to determine whether they
suggested any recurring problems and found that they highlighted broad
areas of continuing programmatic weaknesses, as seen in the following
examples:

* Inspector training and information sharing. All three of the other task
forces also identified inspector training issues and problems with
information collection and sharing. The Indian Point task force called

“NRC formed the Indian Point lessons-learned task force in response to a stear-generator-
tube rupture that forced a reactor shutdown. NRC formed the Millstone lessons-learned task
force because the plant operated outside its design standards while refueling. NRC formed
the South Texas task force in response to concerns about the effectiveness of NRC's

i i and the ad of the Hi ’s employee ¢ program.
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upon NRC to develop a process for promptly disseminating technical
information to NRC inspectors so that they can review and apply the
information in their inspection program.

s Owersight of licensee corrective action programs. Two of the three task
forces also identified inadequate oversight of licensee corrective action
programs. The South Texas task force recommended improving
assessments of licensees’ corrective action programs to ensure that
NRC identifies broader licensee problems.

* Better identification of problems. Two of the three task force reports
also noted the need for NRC to develop a better process for identifying
problem plants, and one report noted the need for NRC inspectors to
more aggressively question licensees’ activities.

QOver the past two decades, we have also reported on underlying causes
similar to those that contributed, in part, to the incident at Davis-Besse.
(See Related GAO Products.) For example, with respect to the safety
culture at nuclear power plants, in 1986, 1995, and 1997, we reported on
issues relevant to NRC ing plant t so that significant
problems could be detected and corrected before they led to incidents such
as the one that later occurred at Davis-Besse. Regardless of our 1997
recommendation that NRC require that the t of s
competency and performance be a mandatory component of NRC'’s
inspection process, NRC subsequently withdrew funding to accomplish
this. In terms of inspections, in 1995 we reported that NRC, itself, had
concluded that the agency was not effectively integrating information on
previously identified and long-standing issues to determine if the issues
indicated systemic weaknesses in plant operations. This report further
noted that NRC was not using such information to focus future inspection
activities. In 1997 and 2001, we reported on weaknesses in NRC's
inspections of licensees’ corrective action programs. Finally, with respect
to learning from plants’ operating experiences, in 1984 we noted that NRC
needed to improve its methods for consolidating information so that it
could evaluate safety trends and ensure that generic issues are resolved at
individual plants. These recurring issues indicate that NRC's actions, in
response to individual plant incidents and recommendations to improve
oversight, are not always institutionalized.

NRC guidance requires that resolutions to action plans be described and
documented, and while NRC is monitoring the status of actions taken in
response to Davis-Besse task force recommendations and preparing
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quarterly and semiannual reports on the status of actions taken, the Davis-
Besse action plan does not specify how long NRC will monitor them. It also
does not describe how long NRC will prepare quarterly and semiannual
status reports, even though, according to NRC officials, these semiannual
status reports will continue until all items are completed and the agency is
required to issue a final summary report. The plan also does not specify
what criteria the agency will use to determine when the actions in response
to specific task force recommendations are completed. Furthermore,
NRC’s action plan does not require NRC to assess the long-term
effectiveness of recommended actions, even though, according to NRC
officials, some activities already have an effectiveness review included. As
in the past and in response to prior lessons-learned task force reports and
recommendations, NRC has no management control in place for assessing
the long-term effectiveness of efforts resulting from the recommendations.
NRC officials acknowledged the need for a management control, such as an
agencywide tracking system, to ensure that actions taken in response to
task force recommendations effectively resolve the underlying issue over
the long term, but the officials have no plans to establish such a syster.

L
Conclusions

It is unlikely, given the actions that NRC has taken to date, that extensive
reactor vessel corrosion will occur any time soon at another domestic
nuclear power plant. However, we do not yet have adequate assurances
from NRC that many of the factors that contributed to the incident at Davis-
Besse will be fully addressed. These factors include NRC’s failure to keep
abreast of safety significant issues by collecting information on operating
experiences at plants, assessing their relative safety significance, and
effectively communicating information within the agency to ensure that
oversight is fully informed. The underlying causes of the Davis-Besse
incident underscore the potential for another incident unrelated to boric
acid corrosion or cracked control rod drive mechanism nozzles to occur.
This potential is reinforced by the fact that both prior NRC lessons-learned
task forces and we have found similar weaknesses in many of the same
NRC programs that led to the Davis-Besse incident. NRC has not followed
up on prior task force recommendations to assess whether the lessons
learned were institutionalized. NRC'’s actions to implement the Davis-Besse
lessons-learned task force recommendations, to be fully effective, will
require an extensive effort on NRC’s part to ensure that these are
effectively incorporated into the agency’s processes. However, NRC has not
estimated the amount of resources necessary to carry out these
recommendations, and we are concerned that resource limitations could
constrain their effectiveness. For this reason, it is important for NRC to not
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only monitor the implementation of Davis-Besse task force
recommendations, but also determine their effectiveness, in the long term,
and the impact that resource constraints may have on them. These actions
are even more iraportant because the nation’s fleet of nuclear power plants
is aging.

Because the Davis-Besse task force did not address NRC’s unwillingness to
directly assess licensee safety culture, we are concerned that NRC’s
oversight will continue to be reactive rather than proactive. NRC'’s
oversight can result in NRC making a determination that a licensee’s
performance is good one day, yet the next day NRC discovers the
performance to be unacceptably risky to public health and safety. Such a
situation does not occur overnight: Long-standing action or inaction on the
part of the licensee causes unacceptably risky and degraded conditions.
NRC needs better information to preclude such conditions. Given the
complexity of nuclear power plants, the number of physical structures,
systems, and components, and the manner in which NRC inspectors must
sample to assess whether licensees are complying with NRC requirements
and license specifications, it is possible that NRC will not identify licensees
that value production over safety. While we recognize the difficulty in
assessing licensee safety culture, we believe it is sufficiently important to
develop a means to do so.

Given the limited information NRC had at the time and that an accident did
not oceur during the delay in Davis-Besse’s shutdown, we do not
necessarily question the decision the agency made. However, we are
concerned about NRC’s process for making that decision. It used guidance
intended to make decisions for another purpose, did not rigorously apply
the guidance, established an unrealistically high standard of evidence to
issue a shutdown order, relied on incomplete and faulty PRA analyses and
licensee evidence, and did not document key decisions and data. It is
extremely unusual for NRC to order a nuclear power plant to shut down.
Given this fact, it is more imperative that NRC have guidance to use when
technical specifications or requirements may be met, yet questions arise
over whether sufficient safety is being maintained. This guidance does not
need to be a risk-based approach, but rather a more structured risk-
informed approach that is sufficiently flexible to ensure that the guidance
is applicable under different circumstances. This is important because NRC
annually makes about 1,500 licensing decisions relating to operating
commercial nuclear power plants. While we recognize the challenges NRC
will face in developing such guidance, the large number and wide variety of
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decisions strongly highlight the need for NRC to ensure that its decision-
making process and decisions are sound and defensible.

]
Recommendations for
Executive Action

To ensure that NRC aggressively and comprehensively addresses the
weaknesses that contributed to the Davis-Besse incident and could
contribute to problems at nuclear power plants in the future, we are
recommending that the NRC commissioners take the following five
actions:

¢ Determine the resource implications of the task force’s
recommendations and reallocate the agency’s resources, as appropriate,
to better ensure that NRC effectively implements the recommendations.

* Develop a management control approach to track, on a long-term basis,
impl tation of the recc dations made by the Davis-Besse
lessons-learned task force and future task forces. This approach, at a
minimum, should assign accountability for implementing each
recommendation and include information on the status of major actions,
how each recommendation will be judged as completed, and how its
effectiveness will be assessed. The approach should also provide for
regular—quarterly or semiannual—reports to the NRC commissioners
on the status of and obstacles to full iraplementation of the
recommendations.

* Develop a methodology to assess licensees’ safety culture that includes
indicators of and inspection information on patterns of licensee
performance, as well as on licensees’ organization and processes. NRC
should collect and analyze this data either during the course of the
agency’s routine inspection program or during separate targeted
assessments, or during both routine and targeted inspections and
assessments, to provide an early warning of deteriorating or declining
performance and future safety problems.

* Develop specific guidance and a well-defined process for deciding on
when to shut down 2 nuclear power plant. The guidance should clearly
set out the process to be used, the safety-related factors to be
considered, the weight that should be assigned to each factor, and the
standards for judging the quality of the evidence considered.

* Improve NRC's use of probabilistic risk assessment estimates in
decision making by (1) ensuring that the risk estimates, uncertainties,
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and assumptions made in developing the estimates are fully defined,
documented, and communicated to NRC decision makers; and (2)
providing guidance to decision makers on how to consider the relative
importance, validity, and reliability of quantitative risk estimates in
conjunction with other qualitative safety-related factors.

Agency Comments and
Our Evaluation

We provided a draft of this report to NRC for review and comment. We
received written comments from the agency's Executive Director for
Operations. In its written comments, NRC generally addressed only those
findings and recommendations with which it disagreed. Although
commenting that it agreed with many of the report’s findings, NRC
expressed an overall concern that the report does not appropriately
characterize or provide a balanced perspective on NRC's actions
surrounding the discovery of the Davis-Besse reactor vessel head condition
or NRC’s actions to incorporate the lessons learned from that experience
into its processes. Specifically, NRC stated that the report does not
acknowledge that NRC must rely heavily on its licensees to provide it with
complete and accurate information, as required by its regulations. NRC
also expressed concern about the report’s characterization of its use of risk
estimates—specifically the report’s statement that NRC’s estimate of risk
exceeded the risk levels generally accepted by the agency. In addition, NRC
disagreed with two of our recommendations: (1) to develop specific
guidance and a well-defined process for deciding on when to shut down a
plant and (2) to develop a methodology to assess licensees’ safety cuiture.

With respect to NRC's overall concern, we believe that the report
accurately captures NRC's performance. Our draft report, in discussing
NRC’s regulatory and oversight role and responsibilities, stated that
according to NRC, the completeness and accuracy of the information
provided by licensees is an important aspect of the agency’s oversight. To
respond further to NRC’s concern, we added a statement to the effect that
licensees are required under NRC’s regulations to provide the agency with
complete and accurate information, While we do not want to diminish the
importance of this responsibility on the part of the licensees, we believe
that NRC also has a responsibility, in designing its oversight program, to
implement managernent controls, including inspection and enforcement, to
ensure that it has accurate information on and is sufficiently aware of plant
conditions. In this respect, it was NRC’s decision to rely on the premise that
the information provided by FirstEnergy was complete and accurate. As we
point out in the report, the degradation of the vessel head at Davis-Besse
occurred over several years. NRC knew about several indications that
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problems were occurring at the plant, and the agency could have requested
and obtained additional information about the vessel head condition.

We also believe that the report’s characterization of NRC's use of risk
estimates is accurate. The NRC risk estimate that we and our consultants
found for the period leading up to the December 2001 decision on Davis-
Besse's shutdown, including the risk estimate used by the staff during key
briefings of NRC management, indicated that the estimate for core damage
frequency was 5.4x10%, as used in the report. The 5x10° referenced in
NRC’s December 2002 safety evaluation is for core damage probability,
which equates to a core damage frequency of approximately 5x10°—a level
that is in excess of the level generally accepted by the agency. The
impression of our consultants is that some confusion about the differences
in these terms may exist among NRC staff.

Concerning NRC’s disagreement with our recommendation to develop
specific guidance for making plant shutdown decisions, NRC stated that its
regulations, guidance, and processes are robust and do provide sufficient
guidance in the vast majority of situations. The agency added that from
time to time a unique situation may present itself wherein sufficient
information may not exist or the information available may not be
sufficiently clear to apply existing rules and regulations definitively.
According to NRC, in these unique instances, the agency’s most senior
managers, after consultation with staff experts and given all of the
information available at the time, decide whether to require a plant
shutdown. While we agree that NRC has an array of guidance for making
decisions, we continue to believe that NRC needs specific guidance and a
well-defined process for deciding when to shut down a plant. As discussed
in our report, the agency used its guidance for approving license change
requests to make the decision on when to shut down Davis-Besse. Although
NRC's array of guidance provides flexibility, we do not believe that it
provides the stracture, direction, and accountability needed for important
decisions such as the one on Davis-Besse’s shutdown.

In disagreeing with our recommendation concerning the need for a
methodology to assess licensees’ safety culture, NRC said that the
Commission, to date, has specifically decided not to conduct direct
evaluations or inspections of safety culture as a routine part of assessing
licensee performance due to the subjective nature of such evaluations.
According to NRC, as regulators, agency officials are not charged with
managing licensees’ facilities, and direct involvement with organizational
structure and processes crosses over to a management function. We
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understand NRC’s position that it is not charged with managing licensees’
facilities, and we are not suggesting that NRC should prescribe or regulate
the licensees’ organizational structure or processes. Our recommendation
is aimed at NRC monitoring trends in licensees’ safety culture as an early
warning of declining performance and safety problems. Such early
warnings can help preclude NRC from assessing a licensee as being a good
performer one day, and the next day being faced with a situation that it
considers a potentially significant safety risk. As discussed in the report,
considerable guidance is available on safety culture assessment, and other
countries have established safety culture programs.

NRC’s written response also contained technical comments, which we have
incorporated into the report, as appropriate. (NRC's comments and our
responses are presented in app. IV.)

As arranged with your staff, unless you publicly announce its contents
earlier, we plan no further distribution of this report until 30 days from its
issue date. At that time, we plan to provide copies of this report to the
appropriate congressional committees; the Chairman, NRC; the Director,
Office of Management and Budget; and other interested parties. We will
also make copies available to others upon request. In addition, this report
will be available at no charge on the GAO Web site at htip:/www.gao.gov. If
you or your staff have any questions, please call me at (202) 512-3841. Key
contributors to this report are listed in appendix V.

Jim Wells

Director, Natural Resources
and Environment
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List of Congressional Requesters

The Honorable George V. Voinovich
United States Senate

The Honorable Dennis J. Kucinich
House of Representatives

The Honorable Steven C. LaTourette
House of Representatives
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Appendix I

Time Line Relating Significant Events of
Interest
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Analysis of the Nuclear Regulatory
Commission’s Probabilistic Risk Assessment
for Davis-Besse
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NRC's Oversight of the
Davis-Besse Nuclear Power Station
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Report of the Commitfee to Review the
NRC's Oversight of the Davis-Besse Nuclear Power Station

1. Scope of the Review

The U. S. General Office formed a i October 2003 to
review the oversight that the U. S. Nuclear Regulatory Commlsswn provided on matters
related to the pressure vessel head corosion at the Davis-Besse (DB) Nuclear Power
Station. The GAO charge to the committee was (o respond to the questions:

(1) What pmbabilistic risk assessment model did NRC use and is it an appropriate
mode!

{2) What ‘was the source of key data used to run NRC’s probabilistic risk assessment and
were these data valid?

3) What key assumptions implicit in the mode] did NRC use to govern the estimated risk
of different scenarios and were these reasonable?

@Dls risk an tool for making such decision in these
instances?

{5 How could NRC improve its use of probabilistic risk assessment to make more

informed decisions?

The committee was initially provided with a set of 53 documents, which included
‘GAO's preliminary analysis of the issues involved and chronology of the DB events
during 2001 and 2002. The GAO reports summarized NRC-DB interactions in fall 2001
related to NRC Bulletin 2001-01 on control rod drive mechanism (CRDM) nozzle
cracking, the eventual shutdown of the plant on 16 February 2002, and the subsequent
discovery of pressure vessel head corrosion.  Included aiso were:

(1) Official NRC documents, Generic Letters, Builetins, and Information Notices
transmitted to licensees including Davis-Besse,

2) DB reports submitted to NRC related to the CRDM nozzle issues,

{3) NRC documents summarizing the staff’s positions and discussions,

(4) Summaries of NRC staff presentations to NRC's Advisory Committee on Reactor
Safeguards (ACRS) and to the Commission Technical Assistants,

5) Evem mqulry report of the NRC Office of Inspector General (OIG) and response

e NRC Chair,
8) deacled transcripts of OfG interviews of NRC staff, and
{7) Transcripts of GAQ interviews with NRC staff.

The committee reviewed the initial set of documents received from GAQ and
conducted discussion on the phone and quite frequently via email. One member (GSW)
provided a set of initial questions, which GAOQ used in a meeting with the NRC staff in
October 2003. Another member (JCL) met with Mark Reinhart of NRC at the November
American Nuclear Society meeting to discuss relevant technical issues and to prepare for
a meeting of the review committee with NRC staff, which took place on December 11,
2003, Atthe meeung. two members (GSW, JCL) discussed technical and management
issues with 2 total of nine NRC officials.

The review committee also consulted a number of expents from the industry and
nationa} faboratories, and reviewed a number of additional materials including:

(1) Several NRC Regulatory Guides,
{2) NRC Augmented Inspection Report and Lessons-Learned Task Force Report,
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2

(3) Additional NRC reports on ssgmf icance assessment of the DB CRDM degradations
and the October 2003 OIG review of NRC's oversight on DB,

{4) Rej gons (including one proprietary version) from Electric Power Research Institute

Nuclear Energy Institute,

(5) Notes from William Shack, Argonne National Laboratory {ANL), describing his

calculation of CRDM nozzle failure probability,
6) DB p risk (PRA) study for NRC by the ldaho

National Engineering and Environmental Laborator

(7) Transcripts of several ACRS meetings during 2001-2003 and

{8) Select papers in engineering journals and proceedings.

The i an extensive review and di ion on the risk

both by the Nuclear Operating Company (FENOC)
and NRC for Davis-Besse. One committee member (JCL) also developed a simplified
analytical model to determine the CRDM failure probability, which provided a rough
check on numerical calculations performed at AN

Following the 11 December 2003 meeting with the NRC staff, the committee made
an effort to follow up on a number of questions that required additional information or
clarifications. One essential piece of information is the core damage probability due to
the postoiated CRDM failure and ejection that NRC actually used in connection with the
decision to allow continved DB opclatmn until February 16, 2002.  After a long wait,
finally on February 24, 2004, the comumittee received a response from Jin Chung, Richard
Barrett, and Gary Holahan, summarizing, to the extent they could reconstruct, how NRC
arrived at key g ive risk estimates in 2001,

We present in Section 2 key findings of the committes on NRC's oversight related to
the DB issues. We provide responses to the first four GAQ charges in Sections 3 through
6, in a slightly restructured format, covermg {a) PRA methodology and data used i m
NRC’s nsk ( ) and in the nisk

and {(d 2001 NRC decision. Our response
to the ﬁﬂh GAO charge is fi mally presented in Section 7.

2. Key Findings of the Committee

The committee presents key findings of its review on NRC's oversight on Davis-Besse
and related safety and regulatory issues:

(1) NRC's Ri lysis for Dayis:|
{a) To guide a risk-informed decision on whether to grant an extension beyond its
December 31, 2001 date for of D By for nozzte i NRC

relied on its PRA of risks from crack-induced failure of control-rod housing nozzles.
The calculated risk was incorrectly small because the calculations did not consider
corroston of the reactor vesse! due to boric acid in coolant leaking through the cracks.
The calculated risk was also subject to large : uncenzmucs Asa rcsnlt NRC staff
found it difficult to balance results of g inst g
considerations. Regulatory Guide 1. 174 provided !m.le help in this rcgud

{b) NRC did not perform uncertainty analysis in applying PRA in the DB decision-
making process and there was the of core damage
frequency (CDF) and core damage pmbab:hty {CDP) as risk attributes within the
framework of RG 1.174. NRC staff should have recognized large uncertainties
associated with the CDF estimated for CRDM nozzle failures
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{c) NRC’s risk analysis was poorly and i ) by NRC
staff.

{d} Even now, NRC is unable to provide estimates of the risk from continued operation
of Davis-Besse from December 31, 2001 to February 16, 2002, taking into account
the large corrosion cavity in the reactor vessel head found in March 2002. The risks
from that operation prior to shutdown arc likely to have been unacceptably large.
Thus, with proper risk analysis, quantified risk calculations would have provided
clear guidance for prompt shutdown.

(2) Refevant Regulations apd Guidelines

(=) Coolant leakage through flanges and valves was allowed under the DB Technical
Specifications, leading the DB personne} and NRC resident inspectors to treat boric
acid deposits in various Jocations in the containment as routine events, and hence not
risk significant.

{b) NRC has no predetermined methodology to weigh PRA against deterministic factors.
NRC needs to develop a set of guidelines for the use of PRA in decision-making.

(3) November 2001 Davis-Besse Decision

{a) The d date of 31 D 2001 was arbitrary, There was
sxgmf cant pressure from DB to delay the shutdown for financial reasons, but no cost-
benefit analysis was presented.

{b) Communication was seriously lacking between NRC headquarters and Region 1 and
also between resident inspectors and Region IIf administrators regarding the extent of
coolant leakage and boric-acid corrosion.

{c) NRC staff incorrectly assumed that the visible white deposits of anhydrous boric acid
resulted entirely from rapid evaporation and drying of the leaking coolant and were
not associated with corrosion.

{d) The transparency of the decnsmmmakmg prosess within NRC is not uniform, The
NRC jacks an 1-defined process for d g

{4) General Safety and Regulatory Issues

{a) How to ensure safety from comosion by leaking coolant is generic to all pressurized
water reactors (PWRs). There is no evidence that it has been evaluated as such by
NRC's Advisory Commitiee on Reactor Safeguards.

(b) The root cause of this near miss of a serious accident at Davis-Besse is human error:
inadequate evaluation of the effect of simplifying assumptions in the risk analysis and
and of the many clues that challenged those

assumptions.

(c) NRC is slow to integrate new safety information into its programs, and to share that
information with its licensees.
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3.NRCP istic Risk A Model and

3.1 Basic PRA Methodology and Data Used for the DB Risk Analysis

The NRC staff relied on a Standardized Plant Analysis Risk (SPAR) study [Sat00] for
Davis-Besse that Idaho National Engineering a i 1 y
The Saphire code [Sap98] provided the PRA tools and database for key system failure
tates and human error probabilities in the SPAR study. The PRA methodology combines
semi-pictorial structures of event and fault trees to estimate the probability of occurrence
of rare events, in particular, the core damage frequency (CDF) and large early release
(LERP) of radioactivi iated with the operation of » nuclear power plant.
An event tree is constructed for each major sequence of events beginning with an
initiating event, e.g., a medium-break loss-of-coolant accident (MBLOCA), and
following through multiple stages of safety systems to be activated. The probability of
failure or unrehiability of a safety system that is cafled vpon to function is determined as
the probability of the top event of a fault free, which is determined through Boolean logic
ing failure ilities of comp making up the top event. Uncertainties
in the CDF and LERF are then obtained by a Monte Carlo convolution of probability
density functions representing failure rates of components in fault trees and of safety
systems in event trees.

The MBLOCA, which is assumed to occur following the failure and ejection of
CRDM nozzles at Davis-Besse, is analyzed in the SPAR report [Sat00] as one of 12
major internal events postulated to lead o core damage and mdioactivity release. A
‘baseline CDF of 1.0x10" lyear for M?LOCA results from a generic value {Pol99] of the
initiating event frequency of 4.0x107/year for the MBLOCA combined with the failure
probabilities of a number of engineered safety features, including bigh- and low-pressure
injection systems. This results in an estimate of 2.5x10™ for the conditional core damage
probability (CCDP) for MBLOCA. The CCDP of 2.5x10™ is almost entirely due to the
fatlure of Jow-pressure recirculation pumps, which in turn depends heavily on the ability
of the operator to pmpsrly atign and start the pumps. Based on human factor analysis,
an estimate of 1.0x10™ for the operator ervor is included in dﬂ%rmining the CCDP of
2.5x107°. The baseline or point-gstimate CDF of 1.0x}0 '/year for MBLOCA
contributes 0.5% toward the total baseline CDF of 2.0x107/year, with nmcenm’mie
repmscl}xed as CDF = {5th percentile, median, mean, 95th percentile 1 6.3x107, 1.6x107,
5.1x107, 9.6x107°} per year. The SPAR report for Davis-Besse provides only baseline
CDF estimates for individual core damage events; hence no uncertainty estimates are
available for the MBLOCA event. The mean overall CDF = $.1x107/year for Davis-
Besse compares well with the those for internal initialing events for three PWR plants
analyzed extensively as part of NRC's severe accident cvs!uatign praject in NUREG-
1150 ngcQO}: Surry Unit 1, 4x10 year; Sequoyah Unit 1, 6x107/year; and Zion Unit 1,
6x10 /year. The CDF estimates for the four PWRs are, however, an order of magnitude
Targer than th_gsc for two boiling water reactors analyzed in NUREG-1150: Peach Bottom
Unit 2, 5x107%year, and Grand Guif Unit 1, 4107 /year.

3.2 DB Calculation of Risk due to CRDM Nozzie Failures

The DB calculation of the nozzle failure ilit isted of the ing steps
{Cam0lc]. The pozzles were divided into three groups based on the extent of visual
inspection possible during refucling outage (RFO) 10, 11 and 12. Group 1 consisted of
15 nozzles that were not inspected during RFO 10 and 11, Group 2 consisted of 3
additional nozzles that were not inspected during RFO 12. Group 3 consisted of 45
nozzles, all of which were inspected during all outages. This analysis accounts for 65
nozzies, four short of the total number of nozzles on the DB head. The four nozzles not
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included in this analysis are at the center of the head. They were determined by a
Stmcmml Intcgnty Associates analysis {Cam014] to bave no demonstrablc annular gaps,

as not p o i cracking and were
excluded ﬁom thc i? This ion turned out w be quite
inappropriate, since the February-March 2002 mspccmm reveated that three central
nozzies (Nos. 1,2, 3) had developed through-wall axial cracks and that nozzle 2 also had

a circumferential rack.

Leak frequencies were determined for each group according to the equation: leak
fre cy = 1.1/year x F;, where F is the fraction of the total nozzles (65) in group i, and
the value of 1.1 is the estimated frequency of CRDM leaks per reactor year based on
observations on S other Babcock and Wilcox (B&W) plants. Data on CRDM cracking
noted in the 200101 NRC Builetin were mcorpm-awd into the PRA analysis {CamOlc] in

the leak cent had revealed that there
were sixteen leaking nozzies identificd in the B&W plants, Arkansas Nuclear One Unit 1
(ANO-1), Crystal River Unit 3 (CR-3), Oconee Nuclear Station Unit 1 (ONS-1), ONS-2
and ONS-3. The assumption was made that alf leaks appeared during the most recent two
fuel cycles. Assuming 1.5 years per fuel cycle, 2 cycles per plant and 5 plants, a product
of these three values yields 15 reactor years of operation. Sixteen ieaking nozzies over
15 years of operation yields a leak frequency of about 1.1 leaks per reactor year. This
vaiue then incorporated the most recent data on CRDM cracking at other B&W plants,

An event tree was constructed for each CRDM group, beginning with the CRDM leak
frequency, accounting for crack growths and failures during subsequent operation and
CRDM nozzle inspection fml\nesi and culminating with a total CDF. The event tree
analysis included CCDP = 2,7x}0° for all groups. The resulting total CDF summed over
all three groups was 6.97x10"/year. Dividing hy the CCDP yielded a valve of the
initiating event (IE) frequency of 2.58x107"/year representing an MBLOCA due to

M nozzle ejection. Using the IE frequency, one would then calculate an IE
probability of 3.4x10™* for continued DB operation for another 0.13 year, representing
the period between 31 Deceinber 2001 and (6 February 2002, We note here also that the
DB estimation of CCDP = 2.7x10® agrees closely with the SPAR estimate of 2.5x107
discussed in Section 3.1,

The probebility of missing a leak in an i ion was

{CamO01b] vsing human reliability analysis. Their estimates (CamOld] mdxca(cd that the
probability of missing a feak was 0.06 in the first mspccnon (RFO 10), 0.065 in the
second inspection (RFO 11) and 0.11 in subsequent inspections. Davis-Besse's analysis
{Cam01c), however, uses a single probability of value 0.05 applied to all of the nozzies
covered in RFQ 10, 11 and in The {CamQic}
references the Framatome analysis {cam01b], but does not indicate why a different value
wag used and why a single, lower value was applied for all inspections. Correcting,
however, the calculation to account £ gr the three separa}c failure detection probabilities
results in an IE frequency of 2.64x107/year vs, 2.58x107/year assumed {Cam0lc).

3.3 NRC Calculation of Risk due to CRDM Nozzle Failures

Although documents provided to the review committee do not provide sufficient details
on how NRC arrived at the incremental CDF or core damage probabxhty (CDP), it
appears that the NRC staff used the DB estimate of CCDP = 2. 7x107 for the OCA
initiated by CRDM nozzle failure and cjection. The NRC did not bave 'hc in house
expertise to determine the nozzle qectxm probability for Davis-Bessic. They had two
sources for estimates of the nozzle ejection probability. One source was Dr. William
Shack at Argonne National Laboratory (ANL). Dr. Shack conducted a rather extensive
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analysis of the failure probability consisting of 5 steps: 1) the number of cracked nozzles,
2) the crack size distribution, 3) the crack growth rate, 4) a time to failure based on initial
crack size and crack growth rate, and 5) a prohubxhty of failure, based on a Monte Carlo
analysis of failure times. The end result was a plot and a table with failure probability vs.
time that was provided to NRC and is described in several references {ShaG1, Sha03,
Nreclia]. The second source of information on the MBLOCA frequency was the DI
estimate {Cam01c] for IE frequency of 2.58x10° 3iyear, discussed in Section 3.2.

Documents provided 1o the review committee \'ch03 Chu04] list the IE probability
of 2.0x107 for continued operation for another 0.13 year, representing the period
between 31 December 2001 and 16 February 2002, but reference Dr. Shack as the source.
However, the values provided by Shack to the NRC [Shat1} do not agree with this
number and apparently NRC decided not to use the ANL analysis, as it was viewed as
preliminary, and a work in progress.

In a final response [Chu04] to questions the review ccmmmce msed following the 11
December 2003 meelmg wuh nine NRC staff, Jin Chung, Ri Barrett, and Gary
Holahen confirmed that NRC used the DB estimate of CCDP = 2 7x10’ coupled with
the IE frequency of 2. Oxlozlycar, to obtain an incremental CDF = 5.4x10"/year,
assocxated with the postulated CRDM failure and ejection leading to an MBLOCA.

dicate that, instead of allowing for the inspection failure probability of 0.05 for RFQ
10 assumed in the Framatome risk calculation {Cam01c}, NRC slowed no cred)t to
discover the nozzle cracking, NRC, however, used the same crack growth
rates as in the Framatome PRA submittal to amvc at the IE frequency of 3. 4x10 /yw,
which is an order of targer than estimate of 2.58x10%/year.
Dr. Chung then decided to rcduce the IE fre ucncy 10 2.1 Oxlﬂ‘zlyeu' to “reflect best
estimate rather than 75 percmnle fracture oot ics," which is the best description of
the adinstment that NRC is able to present in February 2004. The adjusted value of IE
frequency = 2.0x10%/year is then used together with CCDP = 2.7x10° to yield the
mcremenul CDF = 5, AxIO"/yea.r Fmally, 1o convert the incremental CDF to an
P, with the DB for 0.13 year, NRC again
rounded off the resulting CDP = 7.0x10% 0 5.0x10°. In the deliberations leading to the
28 November 2001 DB decision, NRC apparently used the adjusted, rmmded~oﬂ‘ risk
estimates: incremental CDF = 5.4x10%/year and incremental CDP = 5,010,

The lusion of the review ittee is that the ination of IE
questionable, and that the emor or i with this ility is hkely to
be very hxsh rendering it of qnesnmmble value. In the February 2004 response [Chu(4]
to the review committee questions, NRC confirms that po uncertainty analysis was

formed on the incremental CDF and CDP estimates they used in November 2001.

sermore, NRC proposes an unusual use of the incremental CDF and CDP values to
compare with the guantitative guidelines given in RG 1.174 {Nrc02a]. This will be
discussed further in Section 5.1.

4. Assumptions and Uncertainties in NRC Risk Analysis

4.1 The Discovery of Massive Corrosion Wastage at Davis-Besse

The most serious shortcoming in NRC's risk analysis was the complete neglect of any
consideration of corrosion of the reactor vessel by boric acid in reactor coolant known to
be leaking from the ‘high-pressure cooling system. Aﬂer finally shutting down the reactor
and inspecting the contro! housing nozzles, D: extensive

wastage of the steel pressure vessel. Boric acid in leakmg coolant had reacted with iron to
form & mass of comosion products which, when removed, left a cavity the size of 2
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pineapple. Corrosion had penetrated the 6-inch thick steel head of the reactor vessel and
exposed the thin corrosion-resistant vessel liner, found to be only about 0.2 inches thick
at that location.

The reactor had been operating for months, maybe years, perilously close to rupture
of the vessel Jiner and rapid loss of reactor coolant. In response 1o our repeated requests
to NRC to share with us what it has learned about the risks from corrosion-induced
failure of the coolant pressure boundary, NRC states that such analysis has not been
completed, awaiting completion of faboratory tests on relevant failure mechanics at the
Oak Ridge National Laboratory. That answer is most disappointing.

An earmark of a responsive safety program is prompt incorporation of new safety
information, by undertaking new risk analysis, whether detenministic, probabilistic, or
both, to guide new procedures that would avoid such a potential accident and to guide
research and testing necessary for proper risk-informed decision making. Now, some two
years since the discovery of massive and dangerous corrosion wastage at Davis-Besse,
NRC scems unable to supply even preliminary analysis of the magnitude of potential
safety problems arising from coolant leakage and corrosion. This harks back to the 1977-
79 era, when NRC failed to recognize the implications of a near miss of a serious reactor
aceident at Davis-Besse, discussed further in Section 6.6. If NRC had made a prompt
analysis of Davis-Besse’s 1977 operator errors apd the implications for a more serious
accident if not corrected, and if that apalysis had been communicated to other licensees,
the tragic accident at Three Mile Istand could have been avoided. It appears that NRC has
not fully recovered from its mistakes in 1977-79.

4.2 Assumption that Boric Acid in Hot Escaping Coolant Will Not Cormrode

Apparently all NRC staff who were involved in the November 2001 decision on Davis-
Besse were aware that hig‘}hpressure coolant was leaking from valves, flanges, and
possibly from cracks, but they evidently thought that the hot coolant, at 600 °F, would
immediately flash into steam and non-corrosive anhydrous compounds of bode acid. As
evidence, they referred to the readily visible deposits of white fluffy anhydrous boric acid
observed on plant equij But i boric acid in the remaining
liquid, which becomes far more corrosive. Its vapor pressure decreases and slows further
evaporation. Thus, one should expect that some of the boric acid in the escaping coolant
can reach the metal surfaces as wet or moist highly corrosive material underlying the
white ﬂ‘:dffy surface layers. That is evidenily what happened. It should have been
anticipated.

Also the geometry of a cracked nozzle was not considered in NRC’s thoughts about
boric acid corrosion. NRC was focused on the metal surface because they were
convinced that the boric acid they saw came from “dripping”" from the leaky valves above
the head. However, in a leaking nozzle, the escape path of the water is some 6-8 inches ~
from the clad to the vessel surface. Such a long crevice provides considerably greater
opportunity for concentration of the liquid behind the evaporation front at or near the
vessel head surface where the steam escapes.

NRC staff should also have been aware of experience at the French nuclear plants,
where boric acid corrosion from leaking reactor coolant had been identified during the
previous decade, the safety signi bad been ized, and safety p 10
mitigate the problem had been implemented. Keeping abreast of safety issues at similar
plants, whether domestic or abroad, and conveying relevant safety information to its

licensees is an important function of NRC's safety program.
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NRC staff were involved 2 few years earlier in discussions regarding boric acid
deposits on the reactor pressure vessel head {Epr01}. Beric-acid corrosion programs were
initiated. But to the NRC staff involved in the November 2001 decision on Davis-Besse,
boric-acid corrosion was not viewed as a sigrificant safety concern; rather, there was
concern that the anhydrous crystals could obscure indication of leakage from the nozzles
above the reactor head. But afready several tests of beric acid corrosion had been
underway in industry and g B ive tests of nozzle leakage
showed that corrosion rates from boric acid solutions dripping onto carbon steel at 600 °F
can be in the range of four inches per year [Nrc02b). Dnp tests sponsored by the Electric
Power Research Institute [$ri98, Epr01] showed that the corrosion rate is much higher for
carbon-steel surfaces at 600 °F than at lower temperature. Only at temperatures much
higher than 600 °F is the vaporization rate high enough to produce ankydrous boric acid
crystals with little corrosion.

NRC 1 involved in the Ni ber 2001 safety review evidently were not
aware of these comrosion tests or else they had forgotten about them. An NRC resident
inspector at Davis-Besse was shown, by & Davis-Besse engincer, a photograph that
revealed streaks of rust-colored corrosion products on the head of the reactor vessel, in
the midst of the expected white crystals. But the inspector was not aware of the
significance of these rust streaks, and he did not report this information to other NRC
personnel. At other times, Davis-Besse reported the presence of airborne rust particles
that had lodged on the il filters, but the signi of this & ion was not
recognized.

After the discovery of the corrosion wastage in 2002, an NRC official was asked
sbout the corrosion data reported by the Electric Power Research Institute (EPRI). He -
replied that those data were not ' in the di ions with Davis-Bi ause
EPRI had not “submitted” the report of those data to NRC. EPRI points out that the
corrosion data bad been published in 1998 in a widely available technical report, well
known to industry and NRC. EPRI bad not formally “submitted” the report becanse
NRC charges a fee for the submittal process.

4.3 Control Rod Ejection and Reactivity Transient

In discussions related to the conseguences of CRDM nozzle ¢jections st Davis-Besse,
NRC duty considered the effects of the control rods ejected, thereby made inoperable, in
the resuiting LOCA. They apparently concluded before the 28 November 2001 Davis-
Besse decision that the negative reactivity feedback resulting from the overheating and
boiling of coolant in a LOCA would easily overshadow any potential decrease in the
amount of subcritical reactivity that would ensure safe shutdown of the reactor.
Furthermore, 2 more recent NRC repost {Dye03] evaluating the significance of the Davig-
Besse CRDM penetration cracking and pressure vessel head degradation presents a
similar fusion. Here, a2 ined thermal-hydranlic and reactivity transient analysis
performed with the RELAP code indicates that the boiling of the reactor coolant coupled
with the addition of boric acid in the emergency coolant water injected is sufficient to
maintain the dit thereby iating the concern for an anticipated
transient without scram (ATWS).

One conseguence of the CRDM nozzle ejection that has not been, however, analyzed
is the positive reactivity inserted into the reactor core when the control rod ejection
oceurs in a hot zero power (HZP) rather than 2 hot full power (HFP) condition. The
consequences of postulated control rod ejection accidents are generally more severe, if
initiated in a HZP condition when the system is fully pressurized but at low power. This
is becanse at HZP the control rods would be inserted deeply into the core, thereby adding
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a larger positive reactivity when the rods are ejected, than that resulting in a HFP rod
ejection accident. Thus, a HZP CRDM nozzle ejection could result in a power level
above rated power before a significant coolant heating or boiling occurs. This
combination of postulated accidents requires an integrated analysis of two PWR design
basis accidents, {‘)OCA and rod ejection accident, and should be performed for a complete
evaluation of CRDM nozzle ejection consequences.

4.4 Need to Account for Corrosion in Risk Analysis

NRC’s analysis of risks from nozzle cracking was concerned only with the formation and
propagation of circumferential cracks that could result in nozzle failare, loss of coolant,
and even control rod ejection. The formation of axial cracks was neglected in the risk
analysis. There is less chance of axial cracks causing complete failure of a nozzle but
they do open additional pathways for coolant leakage. Leakage from axial cracks is
believed to have been the main source for the massive corrosion wastage at Davis-Besse.

‘Neglecting axial cracking and corrosion wastage that could result in rupture of the
reactor vessel and a more serions loss-of-coolant accident was a principal deficiency in
NRC’s risk assessment.

NRC has not deseribed to us any plans for extensions to its risk analysis that would
predict the dangers of corrosion wastage. In our view, the necessary additional
ingredients of the probabilistic risk anatysis must include:

» Formation and growth of axial cracks in control-rod-housing nozzles,

+ Flow of leaking coolant from cracks,

» Evaporation of leaking coolant and concentration of boric acid,

+ Corrosion of the steel pressure vessel,

« Time-dependent penetration of the corrosion front into the pressure vessel,

» Corrosion and stress-corrosion cracking of the vessel liner,

« Time-dependent calculation of stress on the vessel and its failure if ruptured, and
= Less-of-coolant analysis of reactor core damage if rupture occurs,

Some of the possible parameters for such an analysis were developed for this report
from sources other than NRC, as outlined in the next section. The wide variations in
some of the key parameters illustrate uncertainties that must be resolved to make accurate
predictions of risk and its uncertainty. -

4.5 Uncertainties in Predicting Risks from Nozzle Cracking

For risk-informed decision making, it is to include calculation of T
in the predicted risks. NRC informs us that it has not calculated uncertainties in its
present risk assessments of nozzle cracking. It does believe that its present results on
core-damage risks are accurate “to within a factor of 2 or 3" NRC did not provide the
basis for their belief. The i necessary fo ion should
m;:lufe epough data for uncertainty analyss. N‘RC should perform uncertainty
calculations.

A major inty arises in. 5 to predict thc ion wastage that would
rupture the reactor vessel, parti ced has

all the way through the carbon stee! and expcoscd the thin stam]css steel liner that would
serve as the 1eactor coolant system pressure boundary, as occurred at Davis-Besse. From
other sources [Pin03a,b], we are informed that in early 2003 an internal NRC memo
concluded that there was no danger of imminent rupture of the Davis-Besse reactor prior
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to its shutdown in February 2002. The memo cited calculations by the Oak Ridge
National Laboratory that the ss-discovered cavity could bave supported twice the
operating pressure of 2185 psia before rupturing and that, “had the cavity enlarged under
continued operation, at least twelve months remained before the cavity would reach a size
that rupture would occur at normal operating temperatare and pressure.” It was assumed
that “the wastage cavity was actively growing at a maximum rate of seven inches per
year” {Pin03a}, much greater than the 4 inches per year quoted earlier by NRC. The
NRC memo stated that the need for more accurate data on the morphology and depth of
cladding cracks necessitates a revision of these ca!culanons and expects a possible
reduction in the amount of margin that was originally cak

A report by 1 Integrity Associates [Sia02],
cnlculm:d that the cladding could withstand pressures of more than 5000 psia. Davis-
Besse concluded that vessel mupture “was therefore considered not to be a credible event”,
Later in 2003, an Oak Ridge National Laboratory study, conducted on a spare reactor-
vessel head with a machined-out cavity simulating wastage, reported two rupture tests,
one ocourring at 2000 psia, the other at 2700 psia. If these two results are applicable,
Davis-Besse had been operating at 2185 psia with significant probability of vessel
rupture. NRC’s project manager for these tests stated in October 2003 that the Qak Ridge
test results would be made public “probably within weeks.” The report is not yet
rele:

An important feature of the Oak Ridge tests was taking into account the “dissimilar
weld” between the carbon-steel vessel head and the stainless steel cladding. The Union
of Concerned Scientists pointed out that the Oak Ridge tests revealed that the weld
overlay process used for the Davis-Besse vessel left a thin interface that was not as strong
as either of the adjoining layers. Also, the tests were conducted quasi-statically, whereas
pressure transients during reactor operation must be considered [Pin03b]

These are examples of crucial data uncertainties that need to be resolved. Such

1t is pot enough to finesse such inties by instituting new d intended
to climinate the possibility of operator error. The near accident at Davis-Besse resulted
from hutnan error, errors by reactor operators, by NRC on-site inspectors and by the
staffs at Davis-B and NRC. The at Three Mile Island has taught us that
hurman errors can oecur and must be included in mponsxble risk analysis.

4.6 Lack of Uncertainty Analysis in DB Risk Estimation

As discnssed in Section 4.5, an i issue ing the ication of kS
and regulatory decisi as in the Davi; case
under revww, is the need to account for ies in risk vaives ined through

PRA techniques. It was noted in Sections 3.1 and 3.3 that we e unable to obtain any
uncertainty estimates for the SPAR baseline CDF of 1.0x107 /ysar for stvxs'Besse
MBLOCA, without CRDM rozzle failures, or the NRC cstimate of 5.4x10™/year for the
corresponding MBLOCA CDF accounlmg for CRDM nozzle faitures. It is well known
among the PRA ity that all g sk for nuclear power plants
are subject to significant unccrmmnes and that it is imperative that proper uncertainty
analysis be performed for any PRA study for nuclear power plants. This point was made
abundantly clear in a recent NRC report [Fle03], prepared at the request of NRC's
Advisory Committee on Reactor Safeguards (ACRS), for the purpose of evaluating
- practices_and issues regarding PRA applications. The need to understand and
characterize uncertainties in PRA and risk-informed regulatory activities was also
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emphasized in both RG 1.174 [Nrc02a] and RG 1.200 [Nrc03]. hFunhermorc, it was

primarily for the purpose of duly for in the risks of
postulated severe accidents that NRC and its contractors had to go through two draft
versions of the massive volumes of the severe accidents risk study of NUREG-1150
[Nrc90] before releasing the final version in 1990. Nonetheless, it is rather clear to the
review committee that the NRC staff and management did not give due considerations to
the impact of large uncertainties, in particular, in the frequency of MBLOCA initiated by
the postufated Davis-Besse CRDM nozzle ejection in their Davis-Besse dq}iberations in
November 2001, In addition, the SPAR calculation of CCDP = 2.5x107 is subject to
significant uncertaintics associated with human errors and common cause failures
represented in the fault tree analysis. Questions were also raised in GAQ interviews with
the NRC staff if the staff had the proper understanding of the impact on the CCDP
estimate of the compensatory measures proposed by Davis-Besse before the November

2001 decision.

During the 11 December 2003 meeting with the NRC staff, we got the indication that
several NRC staff felt that Regulatory Guide 1,174 [Nre02a], with its PRA framework,
does account for uncertzinties i risk estimates including the effects of unknown events,
e.g., the Davis-Besse pressure vessel head wastage, through the defense-in-depth
philosophy. As discussed in detail in the February 2003 NRC Region UII report {Dye03},
it is very much doubtful how the system modeling uncertainties and unknown events
could possibly have been represented through a simple application of RG 1174, It is
noteworthy that the ACRS, at its first full committee meeting {Acr0)2] afier the Davis-
Besse cavity findings, repeatedly criticized the NRC staff for not having performed any
uncertainty analysis for the CRDM nozzle failure issues and suggested that the staff had
drifted away from the RG 1.174 guidelines. Had the staff gone through even a simple
analysis, without any detailed uncertainty ca]c\llaliong or invoking RG 1.174, they should
have realized that the incremental CDF of 5.4x10 "/year would resuit in doubling the
total CDF for Davis-Besse, even with the mean SPAR value of 5.1x10"/year. Note
furthermore that the SPAR baseliae CDF is 1.6x lO’flyeaL Thus, the staff should have
readily ized the risk signi of the i CDF = 5.4x10 /year
estimated in November 2001 for the CRDM nozzle failure event,

One regulatory decision-making case where PRA applications were questioned is the
ATWS jssue. A recent review [Rae03} izes that ] inity ¥

vahies of the reactor scram system relisbility requires maintaining defense in depth
regarding ATWS, rather than relying heavily on PRA results. Thus, despite small values
of scram failure probabilities calculated in the early 1980s, system changes, including
improved reactor shutdown systems and circuits, were implemented but only afier
incipient ATWS events had occurred at the Salem Unit 1 plant in 1983 [Sci83], We
suggest that the NRC staff should have applied the lessons learned from the ATWS
rulemaking case to the DB case, which would have reduced the NRC staff's heavy
reliance on the quantitative risk. Although we will never be able to determine the extent
by which the incremental CDF or CDP values influenced the decision making, it is rather
apparent to the review committee that the guantitative risk valuves, without due

i ons for inties, did play an i role in the 28

decision.
5. Relevant Regulations and Guidelines
5.1 Use of Regalatory Guide 1.174 and Other Guidelines in the DB Decision

One key set of guidelines discussed extensively among the NRC staff and management
before the 28 November 2001 DB decision is RG 1.174 [Nrc02a], which is intended to
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promote risk-informed decisions on plant-specific changes. Inciuded in RG 1.174 is one
particular quantitative metric in the form of incremental CDF. According to Figure 3
i i cP ideli any ph pecific changes resulting in an incremental
CDF of 1x107/year or higher should not be allowed. In addition, there apparently was
considerable discussion and Jack of unanimity among the NRC staff prior to the 28
November 2001 decision if the other four safety grincip{es of RG 1.174 were satisfied.
The February 2003 NRC Region 1 report {Dye03] documenting the significance of the
Davis-Besse CRDM penetration cracking and pressure vessel head degradation leaves,
however, no question that all five safety principles of REG 1.174 were violated at Davis-
Bessc in November 2001. Incluged in this report is a revised estimate of incremental
MBLOCA fnqgency 3.0x107/year, yielding estimates of incremental CDF in the
range of {1x107, Ix} per year, due to the cjection of three cgntml CRDM nozzies.
These estimates of incremental CDF bracket the value of 5.4x107/year presented to the
review committee [Rei03] and would have clearly resulted in violaton of the sole
quantitative metric of RG 1.174,

Although the February 2003 findings of NRC rendering Davis-Besse in the "red"
status are attained certainly with the benefits of hindsight, it is worth summarizing the
reasoning presented in the report, rather than presenting the review committee's
evaluations:

(1) Principle 1: Regulations were not met, because reactor coolant system (RCS) pressure
boundary leakage occurred over an extended period of time and the RCS was not
inspected and maintained properly. This resulted in viclation of the General Design
Criteria.

{2) Principie 2: and mail degraded the level of defense in

th required for safe operation of the plant,

(3) Principle 3: Safety margins were not maintained because the integrity of the RCS
pressure boundary relied solely on the vessel lining, which was not designed for this

se.
(4) Principle 4: Calculated risk violated the quantitative guideline,
(5) Principle 5: There was no basis for assuring that degradations due to CRDM leaks
would be properly monitored and managed.

It goes without saying that nobody anticipated in November 2001 the severe vessel
wastage that was uncovered in March 2002, which resulted in an unambiguous verdict
regarding Principle 3 above. Nonetheless, there were sufficient indications in November
2001 to question if safety margins were not vislated, as voiced by 2 number of the NRC
staff before the 28 November 2001 decision. This in turn raises questions if NRC made
proper application of RG 1.174 in arriving at the decision to allow a delay of the
shutdown of Davis-Besse for the pressure vessel head inspection required in NRC
Bulletin 2001-01 [NreOic).

During the 11 Decernber 2003 meeting with the NRC staff, the review committee was
offered & number of other NRC and industry guidelines that the NRC staff apparently
used for the Davis-Besse decision. A review of these additional guidelines further
suggests that the NRC value for the incremental CDF = 5.4x10™/year for seven weeks of
additional Davis-Besse operation could not have satisfied these guidelines either. To
clarify t;ue point here, we follow the process NRC used to convert the incremental CDF =
5.4x 10 /year to the incremental core damage probability (CDF) for seven weeks or 0.1
year: incremental CDP = 5.4x10™ slycxr x 0.13 year = 7.0x10°°, rounded off to 5.0x107°,
which is roughly equivalent to approximating 7 weeks as 0.1 year, We may now
compare this incremental COP estimate with three additi idelines for risk-inft 4
decision-making processes:
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(1) RG 1.177 [Nrc98] intended for eyaluating ‘Technical Specification changes suggests
that an incremental CDP of 5x107 is acceptable for relaxation of allowed outage time
or surveillance test intervals.

(2) PSA Applications Guidelines [Tru95] proposed by the Electric Power_Research
Institute indicates that an incremental CDP in the range of [1x107%, 1x107) requires
assessment of non-quantifiable factors.

3) NUM?RC 9301 [Nei96] suggests that an incremental CDP in the range of {1xi0"%,
1x107} requires risk management at:tionss adding further that any decisions resulting
in an incremental CDP greater than 1x10™ should not be allowed.

Thus, NRC's incremental CDP value of 5x10°® would have resulted in violation of
RG 1.177 and would have required risk management actions according to both the EPRI
and Nuclear Energy Institute guidelines. In addition, during the 11 December 2003
meeting with the NRC staff, Richard Barrett insisicd that the quantitative RG 1.174
guidelines are supposed to be applied in terms of incremental CDF, not incremental CDF
as stipulated clearly in the Regulatory Guide. In the February 2004 response {Chu04] to
the review commitlee questions, NRC now proposes that the incremental CDF used as a
key metric in RG 1.174 is meant to be an annual average. Thus, NRC now suggests that
the incremental CDF = 5.4x10~ Slyea! for 13% of a year shouid be combined with CDF =
0.0 for the remaining 87% of the year to yield an annual-average incremental CDF =
5x10°%/year. This new interpretation i at best unusual and certainly is inconsistent with
clear RG 1.174 guidelines regarding the use of incremental CDF. This reinforces the
impression of the review committee that perhaps there was in November 2001 and
possibly is still some confusion among the NRC staff regarding basic quantitative metrics
that should be considered in evaluating regulatory and safety issues.

A recent release of RG 1.200 {Ntc03} is intended to provide guidance for determining
the technical adequacy of PRA results in vegulatory decision making. The Regulatory
Guide discusses various technical characteristics and attributes that should be included in
PRA, and highlights the importance of capturing system dependencies in risk evaluations.
RG 1.200 also izes that i inties in PRA is an essential aspect
of risk characterization and refers to RG 1.174 for guidance on how to address the
uncertainties. As reviewed in ion with the DB decisi king process,
however, we feel that the guidelines in RG 1.174 are not specific enough, especially for
PRA resuits subject to large uncertainties and for representing events not well
understood.

5.2 Technical Specifications and General Design Criteria Regarding Coolant Leak

Davis-Besse technical specification 3.4.6.2 requires that no reactor coolant pressure
boundary (RCPB) leakage is allowed. The General Design Criteria, 16 CFR 50
Appendix A, addresses reactor coolant pressure boundary leakage in GDC 14, GDC 31,
and GDC 32. GDC 14 specifies that the RCPB have an extremely low probability of
abnormat leakage, or rapidly propagating failure, and of gross mpture. GDC 31 specifies
that the probability of rapidly propagating fracture of the RCPB be minimized. GDC 32
specifies that components which are part of the RCPB have the capability of being
periodically inspected to assess their structural and leaktight integrity.

The FENOC response {Cam@ia] to the NRC Bulletin 2001-01 applies the GDC
against the situation of potentially cracked nozzies at Davis-Besse, Specifically the
following points were made:
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« The presence of cracked and leaking vessel head penetration (VHP) nozzies is not
consistent with GDC14 or GDC 31.

« Inspection practices that do not permit refiable detection of VHP nozzle cracking are
not consistent with GDC 32,

The situation regarding primary coolant leakage can be summarized as follows. The
Davis-Besse technical specifications (TS) present a definitive criterion that allows no
RCPB leakage. The GDC are not as definitive by virtue of their reference to probability
of occurrence, which is not an absolute or definitive condition. GDXC 14 and 31 are in
agreement with the TS in principle, but not in their Jevel of definitiveness. Therefore,
there exists the possibility that a speci diti n i 1o satisfy the GDC
but not the TS. Furthermore, the GDC implemented in the TS for DB allows for 1 gpm
of unidentified reactor coolant systert (RCS) leakage and 10 gpm of identified RCS
leakage, with the interpretation that leakage past seals, flanges, and gaskets is not
pressure boundary leakage.

GDC 32 refers to the capability to inspect the leaktight integrity of the nozzles.

ions were to be i plete bi f failure to inspect all nozzles.
They were insufficient because it was ged that visual i ion may be
inadequate in detecting cracks. By virtue of the inadequacy of the inspections in
achieving their intended purpose, GDC 32 was largely not satisfied.

According to the 2002 OIG Event Inquiry [Bel02}, FENOC’s own risk-informed

i 3 d that Davis-Bi had between one and nine feaking CRDM nozdes,
depending on the analysis used. According to the NRC, FENOC reported [NicO2c] an
estimate of 8.8 leaking nozzles to ACRS. From the results and analysis of the inspection
data from five other B&W plants that revealed 16 cracked nozzles in 15 reactor years of
operation [Cam01¢] there should be 1-2 leaking nozzles since the last outage (RFO 12 in
April 2000). So from the available data, it was highly likely that there were leaks in the

ssure boundary. These data were circumstantial as there was no direct evidence of the
eaks, in part due to the § of the visual inspecti i

Given that positive identification of nozzle leakage was not obtainable because of the
nature and capability of the inspections, and given that multiple analyses show that as
many as 9 leaking nozzles were likely, it can be concluded that Davis-Besse was likely in
violation of their Technical Specifications. This point was further discussed in the NRC
Significance Assessment Report [Dye03].

‘The incorporation of PRA into the decision-making process at NRC should have
competled the NRC 1o consider the likelihood of leaking nozzles in the decision on
whether to allow Davis-Besse to continue to operate. However, “the NRR Director told
OIG that from a legal point of view, there was an issue about constructing an order
without knowing with certainty that there were cracks” [Bel02]. This position had a
significant impact on the NRC decision as the key deciston-maker in this case, Brian
Sheron, believed that NRC had no case to shut down the plant based on the technical
specification that there be no RCPB leakage. The potential conflict between PRA and
fegal considerations must be resolved for PRA to play any role in the decision-making
process of the NRC.

5.3 Balance between F ilistic and Dy inisti i for Risk A

NRC is responsil d king. The technical staff is responsible
for providing the technical case that serves as the foundation for decisions by
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management. The technical case includes both deterministic and PRA analysis that both
involve models, data and calculations.

NRC has adopted “risk-informed” decision-making. However, the process is il
defined and lacks guidelines as to exactly how it is supposed to work. The management
does not have a set formuta, process or procedure for incorporating PRA into its decision-
making process. Brian Sheron was the key decision-maker in the Davis-Besse case. He
stated in the December 11 interview with the review team that the PRA analysis was used
as a “calibration point” that gives NRC a ballpark figure of the risk. He indicated that the
PRA value is not of much consequence unless it is of a “wildly” extreme valve. He also
indicated that there is little clear guidance on the use of PRA in the decision-making
process. This point was by from Jack ider and Gary Holahan
who confirmed in their December 11 interview with the review team that there is no
documentation of guidance that outlines to what extent or how the NRC should weigh the
resuliant risk number and uncertainty with respect to the uitimate decision.

This viewpoint indicates that NRC has no predetermined methodology to weigh the
PRA result against & deterministic result or other factors, That is, the value assigned to
the PRA analysis is largely at the discretion of the decision-maker and there is no
guidance as to the weight to assign to this result. Such a process can result in a decision
in which PRA plays a role anywhere from 0 to 100%. Clearly, there is need for the NRC
to provide guidance for the use of PRA in decision-making.

6. Review of the November 2001 NRC Decision Regarding Davis-Besse
6.1 Involvement of NRC Staff and Management in the DB Decision

The basis of the November 28 decision to allow Davis-Besse 1o operate until February 16
was a meeting involving both technical staff and management. The meeting was called
by Brian Sheron and was held on , 1. ing di ion of the
various issues regarding Davis-Besse, Brian Sheron asked the staff if they could accept
an extension of operation of the plant until February 16, 2002. Three staff members had
objections. Mr. Sheron then reframed the question and asked the staff if any of them
thought that Davis-Besse was not safe to operate until that date. None thought that this
was the case. Based on this result, NRC accepted the February 16, 2002 date proffered
by FENOC.

During the discussion, both deterministic analyses and PRA results were considered.
However, 2 cost-benefit type of analysis of the situation was not performed. In an
interview with the review team, Richard Barrett explained that NRC followed the RG.
1.174 and RIS 2001-02 [NrcOIb} argument, based on a “special circumstance.” This
special cb was that the i (ASME i jon codes) at the fime were
not adequate to detect cracked and/or leaking nozzles and thus NRC had to take special
action to address the special ¢i Once the existence of a special ci
was established, NRC used RG 1.174 to determine if the problem was risk significant
enough. NRC determined that the problem was not risk significant, per RG 1.174,
because “defense-in-depth” was preserved. Therefore, NRC did not consider the third
factor, which would have been “higher level NRC management thoughts,” such as a
“cost-benefit” analysis or impact/burden on license.

However, as noted by several staff, there was pressure on the NRC from industry,
Congress and the NRC Commissioners to keep plants running. R is not clear how much
influence this pressure had on the decision-making process.

Page 81 AO-04-415 Davis-Besse Nuclear Power Plant



158

Appendix 11
Analysis of the Nuclear Regulatory
G i ic Risk A

s F
for Davis-Besse

18

The transparency of the decision-making process within NRC is not uniform. In the
case of a shutdown order, the Executive Director for Operations (Qffice Director) would
be the official responsibie for signing the order. If the issue does not involve an order,
the process is less clear. The specification of decision-maker appears fo depend on the
imporiance of the issue. There does not appear to be a policy that identifies what
individuals are empowered to make what decisions. Strosnider and Holahan indicated
that a routine response 1o a generic letter may be handled by a project manager, or
perhaps by the Divisions of Licensing Project Management, with the concurrence of the
involved sections or other divisions. NRC has o standarg process or guidelines for
decision-making. Sometimes the decision process involves 8 memo describing the
licensee’s request and NRC's response that is routed arcund and signed off on by refevant
NRC staff, r times, NRC will pull together a meeting of decision stakeholders.

The tack of an and well-defined process for decisi king within the
agency is a significant problem that needs to be addressed.

6.2 Coordination among NRR, RES, and Inspectors

The analysis and decision-making process for the Davis-Besse case involved numerous
individuals and offices. Included in the consideration of issues regarding Davis-Besse
were the Directorate for Project Licensing & Technical Analysis, the Division of
Engineering, and Division of System Safety and Analysis and the technicat staff of the
several Branches that report to those Division Directors of the Office of Nuciear Reactor
Regulation (NRR). In addition, the Office of Research (RES) and ACRS played roles, as
did the regional office and the regional inspector at Davis-Bessc.

‘While there were a number of individuals and offices involved in the technical
assessment of nozzie cracking, the interplay between offices and individuals is
impossible o reconstruct. However, there are two cases that highlight problems with
communication between offices and between individuals, The first is in the assessment
of the initiating event probability. Based on interviews with some 12 different
individusls, all significantly involved in the Davis-Besse issue and analysis, and spanning
two Offices, one Directorate, two Divisions and several Branches, there was no sense of
understanding about how the initiating event probability used in the PRA analysis was
determined and by whom. In fact, the origin of the value for the initialing event
probability that appears to have been used in the PRA analysis was vasionsly ascribed to
Bill Shack at ANL, FENOC, Framatome and EMC”. Further, the perception of who
within NRC was responsible for establishing this quantity was not consistent. This
situation indicates a very uneven understanding of one of the key underlying quantities
for the entire PRA analysis. The origin of this term remains an outstanding issue, even
with the February 2004 NRC response {Chu04]. It was clear that there was substantial
interaction among offices and individuals during the period of intense analysis in the Fail
of 2001. However, communication did not appear to be well structured, complete or
effective in establishing a value for the initiating event probability.

A second problem was evident in the communication between the various
components {(headquarters, regional office, regional inspector at Davis-Besse) of the
NRC. The resident inspector appears o have played little or no role in providing
information refevant to the issues being analyzed at NRC HQ. Further, there appears to
have been no communication between the resident inspector and HQ, Tn the December
11th interview with the review team, Mr. Strosnider stated that it was rare one would
think a resident inspector would offer substantive help. He did not believe that the
resident inspector at Davis-Besse was, in fact, contacted. He also believed that the
resident inspector is busy with other things, and that he probably had not been part of the
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vessel head inspections, and that he Jacked the technicat aptitude needed to contribute to
the issue.

There were several indications of operational i ities that should have been
* noted by an inspector in residence at the plant. These inciude: 1) radiological surveys
showing & contamination plume effect originating from the service structure ventitation
exhaust over the East D-ring [Dye02), 2) significant increase in the cleaning of
containment air coolers, 3) the removal of fifteen, 5-gatlon buckets of boric acid from the
ductwork and plenum of the containment air coolers and the discovery of significant
boric acid elsewhere in the containment, such as service water piping, stairwells, and
other areas of low ventilation, and 4) the sndden change to rust-colored boric acid in June
of 1999, That these events were occurring without the knowledge or appreciation of the
resident NRC inspector highlights a major weakness of the role of the resident inspector
in helping to ensure safe operstion of the plant at which he/she is stationed.

6.3 Arbitrariness of the Date

The 12/31/01 date for completing inspections of reactor vessel head nozzles imposed on
ficensees by the NRC was arbitrarily set. The arbitrariness of the 12/31/01 date was
confirmed by Brian Sheron in his interview with the review coromittee in which he stated
that there was nothing magical about the December 31 date, and that it just as casily
could have been February 28 or March 31%,

The arbitrariness of the date caused difficulty for the NRC when challenged by
FENOC. The challenge resulted in a perceived reversal of the burden of proof from the
licensee 1o the NRC. NRC believed that they needed to make a case in order to force a
shutdown of DB to look for cracks. Unfortunately, their authority to act was perceived to
be undermined by the lack of a defensible rationale for the selection of the inspection
date.

NRC has been encouraging the use of risk analysis as part of the risk-informed
decision-making process, Yet NRC did not copsider including risk analysis in the
original call for inspeetion. The inclusion of risk analysis in the formulation of the
inspection date could have provided the NRC with the justification for enforcement that
they lacked under the present ci If the call for inspection were based on a
sisk-informed decision-making strategy, then the calculations of the likelihood of nozzle
faiture and LOCA would bave provided the support they nceded to call for an inspection.
The practical considerations in this strategy are not trivial. Yet had NRC followed its
commitment to incorporale risk analysis in ts decision-making process at the outset, the

- decision regarding Davis-Besse may have been much more straightforward.

6.4 The Role of NRC's Advisory Committee on Reactor Safeguards

Although we recognize that ACRS does not provide routine guidance on plant-specific
issues, we feel that NRC staffs should have recognized the CRDM nozzle faitures as a
generic issue and should have solicited in-depth assistance from ACRS before the 28
November 2001 decision, Thus, relying on a namow interpretation of the CRDM nozzle .
failure issues, the staff missed an ity to obiain imp expert perspectives on
the issues. We recommend that the NRC staff make more direct use of ACRS to
augment in-house expertise on the staff, which may be limiting at times.

6.5 NRC Staff Workload Affecting Its Ability for Detailed Risk Assessment
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An NRC manager raised the question if NRC bad sufficient personnel, given the
workload, to perform detailed studies on complex regulatory or licensing issues such as
the Davis-Besse case. Although the upper level management seems to be satisfied with
the overall staff performance, we recommend a review of the workload and technical
competence of the staff required to provide licensing and regulatory support in a timely
manner.

6.6 Davis-Besse, NRC, and Three Mile Island

The human errors on the parts of Davis-Besse and NRC, resulting in & near miss of a
serious accident, echo a similar chain of events that originated at Davis-Besse in 1977
and culminated in America’s most serious reactor accident at Three Mile Island in 1979.
It began in September 1977 at Davis-Besse when 2 relief valve on the reactor coolant
pressurizer stuck open. The coolant pressure fell but the water level in the pressurizer
increased, the result of an anomaly in the pressurizer piping. Thinking that the reactor
was gerting too much water, the operator improperly interfered with the high-pressure
injection system. 1y, a supervisor ized what was ing and closed
the relief valve twenty minutes later and re-admitted coolant. No damage was done to the
reactor because it had been operating at only 9 percent power.

The incident was investigated by both NRC and by B&W, the reactor supplier, but no
information calling attention to the correct operating actions was provided to other
utilities. A B&W engineer had stated in an internal memorandum that if the Davis-Besse
event had occurred in a reactor operating at full power, “it is quite possible, perhaps
probable, that core uncovering and possible fue] damage would have occurred.”

In 1978 an NRC official pointed out the likelihood of erroncous operator action in
B&W reactors. The NRC did not notify utilities about the lessons learned at Davis-Besse
and the pressing need for new training fo avoid the confusing interpretation of water level
indicators at B&W plants, Fourteen months later the core-melt accident happened at
Three Mile Island.

In March 1979, a similar B&W reactor was operating at full power at Three Mile
Island in Perinsylvania. Again, the pressure relief valve stuck open, reactor coolant
escaped, coolant pressure fell and t}l:e operators made the same mistake as had the
operators two years earlier at Davis-Besse. They turned off the high-pressure coolant
injection, Unfortunately, the ensuing control room confusion did not lead to early
diagnosis and restoration of reactor water. ‘With.the high-pressure injection water
incorrectly turned off, the reactor continued to generate heat and boil coolant, ultimately
uncovering the reactor core and melting a substantial portion of the reactor fuel. Whena
supervisor finally diagnosed the problem and restored high-pressure injection water,
some two hours later, enormous fuel damage had been done and considerable
radioactivity released to the reactor building. .

The President’s Commission on the Accident at Three Mile Island [Kem79]
concluded that the major factor that tumed the TMI incident into 8 serious accident was
inappropriate operator action, deficiencies in training and failure of responsible
organizations, especially the NRC, to learn the proper lessons from previous incidents.
There was a serious lack of ition of the safety implications of new i ion and
there was serious lack of questioning of the adequacy of assumptions made in the reactor
design, in the operating procedures, and in the follow up of events. The Commission
concluded that, starting with the Davis-Besse 1977 event and given ail the deficiencies of
the safety system and its regulation, an accident like Three Mile Island was eventually
inevitable.
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For many months and even years it was not realized that the TMI accident had
resulted in such extensive core damage. More responsive eartier analyses by NRC of the
1977 Davis-Besse precursor event and its potential consequences would have alerted
NRC to forewam the utilities of the incipient danger. Similarly, the sceming lack of
aggressive followup by NRC and industry to understand the risks from the recent near
miss at Davis-Besse is 2 serious concern. History should not be allowed to repeat itself,

7. fons for Imp Useof P ilistic Risk

There are several ways in which NRC can improve the use of PRA in its decision-making
process:

(1) Establish an appreciation for PRA across the spectrum of NRC technical and
managerial personnel. There is great divergence in the appreciation for, and
understanding of PRA and its value in the decision-making process. In a sense, NRC
needs to get their staff “on the same page” with regard to PRA applications in regulatory
and ficensing issues.

(2) Establish a set of guidelines for the use of PRA in decision-making. No guidelines
currently exist for how PRA should be incorp d into the decisi: king process
other than the general philosophy that risk analysis should be part of a risk-informed
decision-making process. A set of guidelines that establishes the level and nature of
consideration of PRA is needed. In particular, guidance should be provided on how to
balance PRA results against inistic of qualitati i i when

PRA results are subject to large uncertainties.

(3) Establish a set of guidelines for how decisions are made at NRC and by whom. This
is a necessary precursor to the success of ion 2. The decisit king
process must be defined in order to incorporate risk analysis into that process. Further,
the offices and individuals responsible for making decisions need to be defined in order
to successfully determine who needs 1o be aware of and familiar with PRA as discussed
in recommendation 1.

(4) Establish a better protocol for estimating and j 3 "
PRA results without associated uncertainties are of fittle value. As a result, it is difficult
to incorporate results of an analysis into a decision strategy without an understanding of
the bounds of the validity of the result.

(5) Provide for unanticipated events. Corrosion of the Davis-Bessc pressure vessel head
was not an anticipated event. As put by NRC personnel, it was not even on the radar
screen. As such, it was not incorporated into the event tree analysis in PRA. However,
PRA nceds to be able to anticipate the consequences of such oversight.

(6) Establish a better system at NRC for recognizing generic problems and transmitting
information and concemns about these potential problems to other plants.

{7) NRC should issue preliminary analyses of risks from nozzle cracking that inciude
leakage through axial cracks, evaporation of leaking coolant, concentration of and
corrosion by boric acid, corrosion of the carbon-steel vessel and the vessel liner, the time-
dependent probability of rupture of the corroded vessel, core damage resulting from loss
of coolant, and the effects of human failure to make and interpret surveillance
inspections. The results and possible interpretations of the recent Oak Ridge tests of
vessel failure should be made known to the safety community.
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Recommendation

NRC actions and status as of March 2004

¢ ”

Either fully implement or revise guidance to manage licensee
commitments. Determine whether the periodic report on
commitment changes submitted by ficensees should continue.

Revised instructions for these submittals and reviews to ensure
that these tasks are accomplished. Compieted in May 2003,

Determine if stress corrosion cracking models are appropriate for
predicting susceptibility of vesse! head penetration nozzles to
pressurized water stress corrosion cracking. Determine if additional
analysis and testing is needed to reduce modeling uncertainties for
their continued applicability in regulatory decision making.

Evaluated existing stress corrosion cracking models for their
continuing use in determining susceptibility. Completed in July
2003.

Revise the problem identification and resolution approach so that
safety problems noted in daily licensee reports are reviewed and
assessed. Enhance guidance to prescribe the format of information
that is screenad when deciding which problems to review.

Revised inspection procedure for determining licensee abiity to
promptly identify and resoive conditions adverse to quality or
safety. Completed in September 2003.

Provide enhanced inspection guidance to pursue issues and
problems identified during reviews of plant operations.

Revised inspection procedure for determining licensee capability
{o promptly identify and resolve conditions adverse to quality or
safety. Completed in September 2003,

Revise inspection guidance to provide for longer-term follow-up of
previously identified issues that have not progressed to an
inspection finding,

Revised inspection procedure for determining licensee capability
to promptly identify and resoive conditions adverse to quality or
safety. Completed in September 2003,

Revise inspection guidance to assess (1) the safety implications of
long-standing unresolved ficensee equipment problems, (2) the
impact of phased in corrective actions, and (3) the implications of
deferred plant modifications.

Revised inspection procedure for determining licensee capability
1o identify and resoive conditions adverse to quality or safety.
Completed in September 2003.

Revise inspection guidance to allow for establishing reactor
oversight panels even when a significant performance problem, as
defined under NRC's Reactor Oversight Process, does not exist.

Revised inspection guidance for establishing reactor oversight
panels. Completed in October 2003.

Assess the scope and adequacy of requirements for ficensees to
review operating experience.

included in NRC's recommendation to develop a program for
collecting, analyzing, and disseminating information on
experiences at operating reactors. Completed in November 2003.

Ensure inspector fraining includes (1) boric acid corrosion effects
and control, and (2) pressurized water stress corrosion cracking of
nickel-based alloy nozzies,

Developed and implemented Web-based training and a means lfor
ensuring training is completed. Completed in December 2003.

Provide training and reinforce expectations to managers and staff to
(1) maintain a questioning attitude during inspection activities, (2)
develop inspection insights from Davis-Besse on symptoms of
reactor coolant leakage, (3) communicate expectations to follow up
recurring and unresolved problems, and (4) maintain an awareness
of surroundings while conducting inspections. Establish
mechanisms 1o perpetuate this training.

Developed Web-based inspector training and a means for ensuring
that training has been completed. NRC headquarters provided an
overview of the training to NRC regional offices. (Training modules
will be added and updated as needed.} Completed in December
2003.

Reinforce expectations that regional management should make
every effort o visit each reactor at least once every 2 years.

Discussed at regional counterparts meeting. Completed in
December 2003,

Develop guidance to address impacts of regional oversight panels
on regional resource allocations and organizational alignment.

Evaluated past and present oversight panels. Developed
enhanced inspection approaches for oversight panels and issued
revised procedures. Completed in December 2003.
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(Continued From Previous Page)

Recommendation

NRC actions and status as of March 2004

Evaluate (1) the capacity {o retain operating experience information
and perform long-term operating experience reviews; {2) thresholds,
criteria, and guidance for initiating generic communications; (3)
opportunities for more gains in effectiveness and efficiency by

Developed program objectives and attributes and obtained
management endo of a plan to impl

recommendation. Developed specific recommendations to improve
program. Evaluation completed in November 2003.

realigning the organization {i.e., feasibility of a ¢ d operating
experience “clearinghouse”); (4) effectivensss of the generic Issues
program; and (5} effectiveness of internal dissemination of operating
experience information to end users.

{imp Hation of recor ions resulting from this evaluation
expected to be completed in December 2004.)

Ensure that generic requirements or guidance are not
inappropriately affected when making unrelated changes to other
programs, processes, guidance, etc.

Revised i ion guidance. Comp i in February 2004.

Develop inspection guidance 1o assess scheduler influences on
amount of work performed during refueling outages.

Revised the appropriate din

February 2004.

ion procedure. Cc

Establish guidance to ensure that NRC decisions allowing licensees
to deviate from guidelines and recommendations issued in generic
communications are adequately documented.

Update guidance to address documentation. Develop training and
distribute to NRC offices and regions to emphasize compliance
with the updated guidance. Follow up to assess the effectiveness
of the training. Completed follow-up in February 2004.

Develop or revise inspection guidance to ensure that NRC reviews
vessel head penetration nozzles and the reactor vessel head during
licensee inspection activities.

Develop or revise inspection guidance to ensure that nozzles and
the vessel head are reviewed during licensee inspection. lssued
interim guidance in August 2003 and a temporary inspection
procedure in September 2003. Additional guidance expected in
March 2004.

Develop inspection guidance to assess (1) repetitive or muitiple
tachnical specification actions in NRC inspection or licensee reports,
and (2) radiation dose implications for conducting repetitive tasks.

Revise the appropriate inspection procedure to reflect this need.
Completion expected in March 2004.

Develop guidance to periodically inspect licensees’ boric acid
corrosion control programs.

tssued temporary guidance in November 2003. Completion of
further inspection guidance changes expected in March 2004.

Reinforce expectations for managers responsible for overseeing
operations at nuclear power plants regarding site visits, coordination
with resident inspectors, and assignment duration. Reinforce
expectations to question information about operating conditions and
strengthen guidance for reviewing license amendments to
emphasize consideration of current system conditions, reliability,
and performance data in safety evaluation reports. Strengthen
guidance for verifying licensee-provided information.

Update project manager handbook that provides guidance on
activities to be conducted during site visits and interactions with
NRC regional staff. Also, revise guidance for considering plant
congditions during li action and reviews.
Completion expected in March 2004.

Assemble and analyze foreign and domestic information on Alloy
800 nozzle cracking. if additional regulatory action is warranted,
propose a course of action and implement a schedule to address
the resulls.

Assemble and analyze alloy 600 cracking data. Completion
expected in March 2004.

F i due to be p April and Di

ber 2004

Conduct an effectiveniess review of actions taken in response to past
NRC lessons-learned reviews.

Review past lessons-learned actions. Compietion expected in April
20

Provide inspection and oversight refresher training to managers and
staff.

Develop a training module. Completion expected in June 2004.
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{Continued From Previous Page)

Recommendation

NRC actions and status as of March 2004

Establish guidance for accepting owners group and industry
recommended resolutions for generic communications and generic
issues, including guidance for verifying that actions are taken.

Revise office instructions to provide recommended guidance.
Completion expected in June 2004.

Review Inspection gmdance to determine the inspaction level that is
sufficient during including inspecting reactor
areas inaccessible durmg normal operations and passive
components.

Revised an inspection procedure to reflect these changes. Some
inspection procedure changes were compieted in November 2003,
and additional changes are expected in August 2004.

Evaluate, and revise as necessary, guidance for proposing
candidate generic issues.

Evaluate and revise guidance. Completion expected in October
2004

Assemble and analyze foreign and domestic information on boric
acid corrosion of carbon steel. if additional regulatory action is
warranted, propose a course of action and implement a schedule to
address the results.

Review Argonne National Laboratory study on boric acid
corrosion. Analyze data to revise inspection requirements.
Compiletion expected in October 2004,

Conduct a foliow-on verification of licensee actions to implement a
sample of significant generic communications with emphasis on
those that are programmatic in nature.

Screen candidate generic communications to identify those most
appropriate for follow-up using management-approved criteria.
Develop and approve verification plan. Completion expected in
Noverber 2004.

Strengthen inspection guidance for periodically reviewing

Incorp d into the rec

operating experience.

dation pertaining to NRC's
information. Completion

capacity to retain op }
expected in December 2004.

Enhance the effectiveness of processes for collecting, reviewing,
g, storing, retrieving, and g foreign operating
experience.

incorporated into the recommendatuon pertaining to NRC's
capacity 1o retain operating information. Cc
expected in December 2004,

p jion

Update operatlng experience guidance to reflect the changes
|mplemented in response to recommendations for operating
experience.

incorporated into the recommendation pertaining to NRC's
capacity to retain operating experience information. Completion
expected in December 2004.

Review a sample of NRC evaiuations of licensee actions made in
response to owners groups’ commitments to identify whether
intended actions were effectively implemented.

Conduct the d review. Cc jon d in

Decernber 2004.

Develop general inspection guidance to periodically verify that
licensees implement owners groups’ commitments.

Develop inspection procedure o provide a mechanism for regions
to suppovt project managers’ ability fo verify that licensees
plation expected in December 2004.

ws.

Conduct follow-on verification of licensee actions pertaining to a
sample of resolved generic issues.

No specific actions have been identified. Completion expected in
2004,

Review the range of baseline inspections and plant assessmant
processes 1o determine sufficiency to identify and dispose of
problems like those at Davis-Besse.

No specific actions have been identified. Completion expected in
December 2004.

identify alternative mechanisms to independently assess licensee
plant performance for self-assessing NRC oversight processes and
determine the feasibility of such mechanisms.

No specific actions have been identified. Completion expected in
December 2004.

Establish measurements for resident )nspector staffing levels and
requi including for fying mi staffing
levels.

Develop standardized staffing measures and implement details.
Metrics were developed in December 2003. Completion expected
in December 2004.

Structute and focus inspections to assess licensee employee
concerns and a "safety conscious work environment”

No specific actions have been identified. Completion expected in
December 2004.
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(Continued From FPrevious Page)

Recommendation

NRC actions and status as of March 2004

F i due to be in year 2005

Develop inspection guidance and criteria for addressing licensee
response 1o increasing leakage levels and/or adverse trends in
unidentified reactor coolant systemn leakage.

Develop recommendations for guidance with action levels to
trigger greater NRC interaction with licensees in response to
increased leakage. Completion expected in January 2005.

Reassess the basis for the cancellation, in 2001, of certain
inspection procedures (i.e., boric acid control programs and
operationat experience feedback) to assess if these procedures are
still applicable.

Review revised procedures and reactivate as necessary.
Completion expected in March 2005.

Assess requirements for licensee procedures o respond to plant
alarms for leakage to determine whether requirements are sufficient
to identify reactor coolant pressure boundary leakage.

Review and assess adequacy of requirements and develop

rec fons to (1) improve proced to identify leakage
from boundary, (2) establish consistent technical specifications for
leakage, and (3) use enhanced leakage detection systems.
Completion expected in March 2005.

Determine whether licensees should install enhanced systems to
detect leakage from the reactor coolant system.

Re-evaluate the basis for current leakage requirements and
assess the capabilities of current leakage detection systems.
Develop recommendations 1o (1) improve procedures for
identifying leakage, (2) establish consistent technical
specifications, and (3) use enhanced leakage detection systems.
Completion expected in March 2006

inspect the adequacy of licensee’s programs 1o control boric acid
corrosion, including effectiveness of implementation.

Develop guidance to assess adequacy of corrosion controt
programs, including implementation and effectiveness, and
evaluate the status of this effort after the first year of inspections.
Guidance expected to be developed by March 2004. Follow-up
scheduled for completion in March 2005,

Continue ongoing efforts to review and improve the usefuiness of
barrier integrity performance indicators and evaluate the use of
primary system leakage that licensees have identified but not yet
corrected as a potential indicator.

Develop and implement improved performance indicators based
on current requi and Explore the use of
additional performance indicators to track the number, duration,
and rate of system leakage. Determine the feasibility of
establishing a risk-informed performance indicator for barrier
integrity. Completion expected in December 2005,

F fons whose p

dates have yet to be determined

Encourage the American Society of Mechanical Engineers to revise
inspection requirements for nickel-based alloy nozzles. Encourage
changes to requirements for nonvisual, nondestructive inspections
of vessel head penetration nozzles. Alternatively, revise NRC
regulations 1o address the nature and scope of these inspections.

Monitor and provide input to industry efforts to develop revised
inspection requirements. Participate in American Society of
Mechanical Engineers’ meetings and communicate with
appropriate stakeholders. Decide whether to endorse the revised
American Society of Mechanical Engineers’ code requirements,
These actions paraliel a larger NRC rulemaking effort. Completion
date yet to be determined.

Revise processes to require short- and fong-term verification of
licensee actions to respond to significant NRC generic
communications before closing out issues.

Target date to be set upon completion of review of NRC’s generic
communications program. Completion date yet to be determined.

Determine whether ficensee reactor vessel head inspection
summary reports should be submitted to NRC and, i so, revise
submission requirements and report disposition guidance, as
appropriate.

Will be included as part of revised American Society of Mechanical
Engineers’ requirements for inspection of reactor vesse! heads and
vessel head penetration nozzies. Completion date yet to be
determined.
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(Continued From Previous Page)}

Recommendation

NRC actions and status as of March 2004

Evaluate the adequacy of methods for analyzing the risk of passive
component degradation and integrate these methods and risks info
NRC's decision-making processes.

No specific actions have been identified. Completion date yetto be
determined.

Review pressurized water reactor technical specifications to identify
plants that have nonstandard reactor coolant pressure boundary
leakage requiremenis and change specifications to make them
consistent among all plants.

Assessed plants for nonstandard technical specifications.
Completed in July 2003. Change leakage detection specifications
in coordination with other changes in leakage detection
requirements. Completion date yet to be determined.

improve requirements for unidentified leakage in reactor coclant
system to ensure they are sufficient to (1) discriminate between
unidentified leaks from the coolant system and leaks from the
reactor coclant pressure boundary and (2) ensure that plants do not
operate with pressure boundary leakage.

Issue reguiations implementing the improved requirements when
these requirements are determined. Completion date yet to be
determined.

NRC should review a sample of plant assessments conducted
between 1998 and 2000 to determine if any identified plant safety
issues have not been adequately assessed.

No specific actions have been identified. Completion expected in
March 2004.

F i by NRC

Review industry approaches licensees use 1o consider economic
factors for inspection and repair and consider this information in
formulating future positions on the performance of non-visual
inspections of vesse! head penetration nozzles.

Recommendation rejected by NRC management. No completion
date.

Revise the criteria for review of industry topical reports to allow for
NRC staff review of safety-significant reports that have generic
implications but have not been formally submitted for NRC review in
accordance with the existing criteria.

Recommendation rejected by NRC management. No compietion
date.

Source: GAO analysis of NRC data.
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Note: GAO comments
supplementing those in
the report text appear

at the end of this os® Nsc‘,“
appendix. UNITED STATES
PP A & NUCLEAR REGULATORY COMMISSION
1 $ WASHINGTON, 5.6, 205550001
b [
% H
% gl ¢ May 5, 2
A y 5, 2004

Mr. James Wells, Director

Natural Resources and Environment
United States General Accounting Office
441 G Street, NW

Washington, D.C. 20548

Dear Mr. Wells:

On behalf of the U.S. Nuctear Begi ission (NRC), t am ing fo your

fettes of Apnl 2 2004, requesting the NRC’s teview of the dralt report entitled “Nuclear

Regulati Needs to More Aggressively and Comprehensively Resolve issues Related to
the Davls-Besss Nuclear Power Plant’s Shutdown” (GAQ-D4-415). | appreciate the oppartunity
1o provide comments to the Generat Accounting Office (GAO) on this report.

1 am congerned that the dralt report does not appropriately characterize of provide & balanced
perspective on the NRC's actions surrounding the discovery of the Davis-Besse reactor vesse!
head condition or NRC's actions to incorporate the lessons leamed from that experience into
our processes. The NRC also does not agree with two of the report’s recommendations, as
discussed in the following paragraphs.

The first sentence of the draft report states: *...oversight dict not generate accurate, complete
information on plant conditions.” | agree that our oversight program should have identified
cartain evolving plant conditions for regulatory follow-up. This was also identified in the report
of the Davis-Besse Lessons Leamed Task Force (LLTF) that the NRC formed to ensure that
See comment 1. fessons from the Davis-E fence are lsamed and fately captured in the NRC's
formal processes. However, the draft report does not acknowledge that the NRC, in carrying
out its safety responsibilities, must rely heavily on our licensees to provide s with compiets and
accurate information. In fact, Title 10 of the Code of Federal Regulations Section 50.9 requires
1hat information provided to the NRC by a licensee be compiete and accurate in all material
respects, The report should clearly indicate that NRC's licensees are responsible for providing
us with accurate and complete information. While the NRC's Davis-Besse LLTF concluded that
the NRC, the Davis-Besse licensee {FirstEnergy), and the nuciear industey failed 1o adequately
raview, assass, and follow up on relevant operating experience, they aiso noted that the
information that FirstEnergy provided in response to Bullatin 2001-01, “Circurnferential Cracking
of Reactor Prossure Vesse! Head Penetration Nozzles™ was inconsistent with information
identified by the task force. Further, the LLTF report stated that had this information beer

See comment 2. Kknown in the falf of 2001, “...the NRC may have identitied the VHP [vessel head penetration]
nozzle leaks and RPV [reactor pressure vessel] head degradation a few months sooner than
the March 2002 discovery by the licenses.” As you are aware, there is an ongoing investigation
by the Department of Justice regarding the completeness and accuracy of information that
FirstEnergy provided to the NRC on the condition of Davis-Besse.

“The NRC is particularly concerned about the draft report’s characterization of the NRC's use of
risk estimates. The statement in the report that the NRC's “estimate of risk exceeded the risk
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2-

ievels generally accepted by the agency” is not factually correct. NRC officials pointed out 1o
GAO and GAO's both in interviews and in written 1o GAD i

that our estimate of delta core damage frequency was 5x10™ per reactor year, not 5x10° per
reactor year as indicated in the report, In fact, the NRC staff safety evaluation (attached t0 a
December 3, 2002, letter to FirstEnergy) stated that the change in core damage frequency due
to the potential for control rod drive mechanism nozzle ejection was consistent with the
guidetines of Regulatory Guide 1.174, “An Approach for Using Probabilistic Risk Assessment in
See comment 3. Aisk-informed Decisions on Plant-Specific Changes tc the Licensing Basis.” The enciosure to
this Jetter provides detalled comments on issues of correctness and clarity in the report, many
of which are related to the NRC’s estimate of risk at Davis-Besse,

Wa disagree with the finding that the NRC doaes not have specific guidance for deciding on
plant shutdowns and with the report's related recommendation identifying the need for NRC to
develop specific guidance and a wefl-defined process for deciding when to shut down a nuclear
power plant. We believe our regulations, guidance, and processes that cover whether and
when to shut down a plant are robust and do, in fact, provide sufficient guidance in the vast
majority of situations. Plant technical specifications, as well as many other NRC requirements
and pracesses, provide a spectrurn of conditions under which plant shutdown would be
required. Plants have shut down numerous times in the past in accordance with NRC
requirements. From time to time, however, a unique situation may present itself wherein
sufficient information may not exist or the information available may not be sufficiently clear to
apply existing rules and regulations definitively. in these unique instances, the NRC’s most
senfor managers, after consultation with stalf experts and given all of the information available
See comment 4. at the time, will decide whether or not o require a plant shutdown. Risk information s used in
accordance with Regulatory Guide 1.174. This process considers deterministic factors as well
as probabilistic factors {i.e., risk information). We regard the combined use of deterministic and
prababifistic factors to be a strength of our decision-making process,

Anather issue identified in the draft report as a systemic weakness is that the NRC has not
proposed specific actions to address a licensee's commitment to safety, also known as safety
culture. We disagree with the report’s recommendation that NRC should develop a
methodoiogy 1o assess licensees’ safety culture that includes indicators of and/or information
on patterns of licensee behavior, as well as on licensee organizationat structures and

. To date, the C ission has i decided not to corduct direct evaluations
or ingpections of safety culture as a routine part of assessing licensee performance due to the
subjective nature of such evaluations. As regulators, we are not charged with managing our
licensees’ facilities. Dirsct involvement with safsty culture, organizationat structure, and
processes crosses over to a management function. The NRC does conduct a number of
assessments that adequately evaluate how effectively licensees are managing safety, These

i for i

include an j p jicensees’ concerns , the
NRC ion program, { i and safety-
See comment 5. fous work envi duting problem identification and resolution (PI&R)

inspections. In addition, the NRC's LLTF made several recommendations {which are being
addressed) fo enhance the NRC's capability in this area, The NRC does not assess, nor does
itplanto assess, licensee management competence, capability, or optimal organizational
structure as part of safety culture,
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While there are & number of factual errors in the draft report, as noted in the enclosure, we
agree with many of the findings in the drakt repart. Most of GAO’s findings are similar to the
findings of the NRC’s Davis-Besse LLTF. The NRAC staff has made significant progress in
implementing actions recommendsd by the LLTF and expects to complets implementation of
more than 70 percent of them, on a priositized basis, by the end of calendar year 2004.
Reports tracking the status of these actions are provided to the Commission semiannually and
will continue until aft items are completed, at which time a finai summary report will be issued,

1 have enciosed the NRC’s detailed comments on the draft report. 1f you have any questions,
please contact Stacey L. Rosenberg, of my staff, at (301} 415-3868.

Sincerely,

Witiarn D. T 74"'
Executive Director
for Oparations
Enclosure:
1. NRG Comments on GAQ Draft Report on Davis-Besse
2. Memorandum from EDO to 016 dated April 19, 2004
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NRC Comments on Draft Report, GAO-04-415

1. The draft report does not speak to a key issue, the responsibility of licensees to provide
complste and accurate information to the NRC. In carrying out its safety responsibilities,
NFAC must rely heavily on our licensees to provide us with complete and accurate
information. Title 10 of the Code of Federal Regulations Section 50.9 requires that

See comment 1. information provided to the NRC by a licensee be complete and accurate in aft material

respects. By not recognizing this explicitly and its role in this matter, the draft report

conveys the expectation that the NRC staff should have known about the thick fayer of
boron on the reactor vesset head. The Davis-Besse Lessons Leamed Task Force {LLTF),
which NRC formed to ensure that lessons from the Davis-Besse experience are learned
and appropriately captured in the NRC's formal processes, noted that the information that

FirstEnergy provided in response to Bulletin 2001-01, “Circumterential Cracking of

Reactor Pressure Vessel Head F ion Nozzles” was i is with i

identified by the task force. Further, the LLTF repont stated that had this information been
known in the fall of 2001, the NRC may have identified the vessal head penetration (VHP)
nozzie leaks and reactor pressure vessel (RPV) head degradation a few months sooner
than the March 2002 discovery by the licensee. See atso the related information in

Tesponse #2.

2. Page 7, first sentence of the last paragraph states: “NAC should have but did not
See comment 2, Identify or prevent the vessel head corrosion st Davis-Besse because both its

Inspections at the plant and its assessments of the operator’s performance yiolded

and on plant safely conditions.”

B This is mi ing. We agree that our oversight program should

have identified certain evolving plant conditions for regulatory follow-up. This was also

Enclosure 1

Page 97 GAO-04-415 Davis-Besse Nuclear Power Plant



174

Appendix ¥V
Comments from the Nuclear Regulatory
Commission

identified in the report of the Davis-Besse Lessons LLTF. Itis the responsibifity of
licensees to provide the NRC with complete and sccurate information. In fact, Title 10 of
the Code of Federa! Regulations Saction 50.9 requires that information provided to the
NRC by a licenses be complate and accurate in all material respects. The report should
clearly indicate that NAC's licensees are responsible for providing us with accurate and
compiete information. While the NRC's Davis-Besse LLTF conciuded that the NRC, the
Davis-Besse licensee (FirstEnergy), and the nuclear industry failed to adequately review,
assess, and follow up on relevant operating experience, the LLTF also noted that the
information that FirstEnergy provided in response to Bulletin 2001-01 was inconsistent
with information identified by the task force. Further, the LLTF report stated that had this
Intormation been known in the fali of 2001, the NRC may have identifiod the vessel head
penetration nozzle leaks and the reactor vessel head degradation a few months sooner

than the March 2002 discovery by the licensee. As you are awars, thera is an ongoing

by the De of Justice regarding the and accuracy of

information that FirstEnergy provided to the NRC on the condiition of Davis-Besse,

3. Page B, last sentence states: “Furiher, the risk estimate indicated that the likeliood
See comment 3. of an accident occurring at Davis-Besse was greater than the level of risk generally
acceptod as being reasonable by NRC.”

Response: This is incorrect. NRC staff explained to the GAQ consultants that NRC
guidance produces an estimate for the change in core damage frequency of 5x10%per
year, not 5x10° as indicated in the GAQ report. According to Regulatory Guide

(RG) 1.174, for Davis-Besse, this estimate is within acceptable bounds. NRC specifically
documented the acceptabitity of the estimate in the Decermber 2002 assessment. Thus,
the Dacamber 3, 2002, safety evaluation concluded that the delta core damage frequency

was consistent with the guidelines of RG 1.174.

2 Enclosure 1
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4. Page 15 states that borax (i.e., sodium borate} is dissolved in the water. This is incorreet.

See comment 6. Please replace the word "borax” with “boric acid crystals.”

& Page 18, first full paragraph states: “NRC, in deciding on when FirstEnergy had to
shutdown Davis-Besse for the inspection,...”

See comment 7. Besponse: in addition, the statt refied upon information provided by the ficensee

tegarding the condition o the vessel head (i.e., previcus leakage and action taken to

repair leaks and clean the vessel head).

6. Page 26, beginning on fine 4, states: “According to the NRC regional branch

chief—who supervised the staff tor 1] '8 vessel
See comment 8. head inspection activities during the 2000 refueling outage--he was unawars of the
borle scid jeakage Issues at Davis-Besse, inchuding its effects on the contalnment
air coolers and the radistion monitor filers.”

Responge: According to the individual to whom this statement is attributed, the statemnant
would be correct if the phrase, “he was unaware.. filters” is changed to “he was unaware

that boric acid was found on the reactor vessel haad during the outage.”

7. Page 27, first sentence states: “Similarly, NRC officials said that NRC headguarters

See comment 8. had no process lor in a timely manner to its
regions or on-site inspectors,”
Besponse: 1 the “intormation” in question refers to issues of potential satety significance

into which inspectors should ook, then this isH The

process for ity focusing i on activity in a i progs ide manner
on high-priority issues is the “Te ernporary tnstruction” {T1) process, which is well

established within the NRC ion Manual and frequently used. The fegitimate point

3 Enclosure 1
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to be made is that until the Davis-Besse event, the NRC had not concluded that boric acid
corrosion was a sufficient safety concern that reached the threshold for using the T1

progess.

8.  Page 33, middie paragraph states. “For example, concern over alicy §00 cracking led
France, as a preventive measure, to develop plang for replacing all of its reactor
See comment 10 vessel heads and instailing removable insulation to better inspect for cracking.”

French instituted

qui for an extensive, non-visual

program for vesset head penetration nozzles that
resutted in plant operators deciding, on the basis of economic considerations, te replace

vessel heads in fieu of conducting such examinations.

8. Page 34, last paragraph states: “Uf such small leakage can result in such extensive
corrosion...”

See comment 11. Response: Small leakage alone was not the cause of the corrosion. It was a combination

of prolonged leakage in conjunction with allowing caked-on boron to remain on the vesset

head.

10. Page 36, middfe paragraph states: “However, NRC decided that it couid not order
Davis-Besse to shut down on the basis of other plants' cracked nozzies and
identified leakage or the manager's acknowiedgment of 8 probable leak. Instead, it

See comment 12. betieved it needed more direct, or absolite, proof of a leak to order a shutdown.”

Response: As discussed at the NRC-GAQ exit conference, plant Technicat

Spacifications, as well as many other NRC requirements and processes, provide a

number of circumstances in which a plant shutdown would or could be required, including

the existence of reactor coolant pressure boundary leakage while operating at power.
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See comment 4.

See comment 13.

Please nole that there was no legal objections to the draft order and the stated basis for

deciding to not issue the arder was not an insufficient legal basis.

11.  Page 36, last paragraph states: “...NRC does not have specific guidance for shutting
down a plant when the piant may pose a risk to public heaith and safety even
though it may be complying with NRC requirements.”

Response: Wae disagrae with this finding and with the report's related recommendation on
Page 63 identifying the need for NRC to develop specific guidance and a weli-defined
process for deciding when to shut down a nuclear power plant. We believe our
ragulations, guidance, and processes that cover whether and whan to shut down a plant
ars robust and do, in fact, provide sutficient guidance in the vast majority of situations,
Plant technical specifications, as well as many other NRC requirements and processes,
provide a spectrum of conditions undsr which plant shutdown would be required. Plants
have shut down nurmerous times in the past in accordance with NRC requirements. From
time to time, howsver, a unique situation may prasent itself wherein sufficient information
may not exist of the information available may not be sufficiently clear to apply Bxisting
fules and regutations definitively. In these unique instances, the NRC’s most senior
managers, after consultation with staff experts and given all of the information available at
the time, will decide whethar or not to require a plant shutdown. Risk information is used
in accordance with RG 1.174. This process considers deterministic factors as well as

probabifistic tactors (i.8., fisk i i We regard the ined use of

and probabilistic factors 10 be a strength of our decisionmaking process.

12, Page 38, third paragraph states: “Af some point during this time, NRC stalf alsc
conicluded that the lirst selety princlple was probably not being met, aithough the

basis for this conclusion is not known.”

5 Enclosure 1
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Response: The repon should clarify GAO's basis for this statement. NRC staff believed

that the regulations ware met.

13. Page 40, last paragraph states: “However, NRC did not provide the assessment until
a tull year iater—in December 2002. In addition, the December 2002 assessment,
which includes a 4-page evaluation, does not fully explain how the safety principles
were used or met-—other than by stating that if the likelthood of nozzle fallure were

See comment 14. Judged to be small, then adequate protaction would be ensured.”

Bespense: The attachment to the December 3, 2002, letter is an 8-page evaluation, not

4 pages. We note this to make sure GAQ is referring 1o the same document. The

assessment addresses four of the five safety principtes. in the NRC's December 2002

safety evaiuation, the staff stated that the criterion related to compliance with the

regulations was being met because the inspections performad by the licensee were in
conformance with the ASME Code. in addition, the safety evaluation stated that Davis-

Basse met the criterion related to defense-in-depth because ail three barriers against

release of radiation were intact and rellable; they met the margin criterion because even

the largest circumferential cracks found in pressurized-water reactors had considerable
margin to stryctural failure, and they met the low-risk impact criterion basedona

comparison of delta core damage i with the guidafi of RG 1.174.

The fifth safety principle, requiring a monitoring program, was not relevant to a decision

that lasted only & weoks.

14. Page 42, first states: these two NRC that

the potential for a nozzle to crack and cause a loss-of-coolant accident would

See comment 15. Increase the frequency of core damage at Davis-Besse by about 5.4x10° per year,
or about 1 in 18,500 per yesr. this toap NRC
8 Enclosure 1
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calculated that the increase in probability of core damage was approximately
5.0x10°, or 1 chance In 200,000. While NRC officials currently dissgree that this
was the number it used, this is the number that it included in its December 2002

to Further, we found no evidence in the

agency’s records to support NAC’s current assertion.”

These ize the facts. NRC estimated that the

probabifity of nozzie cracking leading to a loss-of-coolant accident during the first 6 weeks
in 2002 would increase the annual core damage frequency {CDF) by about 5.4x10% per
year, or about 1 in 185,000 per year. The estimate of §x10° was an intermediate step in
our calculation. The estimate of 5x10°® represents the change in COF if Davis-Besse were
allowed to operate for one year without shutting down for inspection of the vesse! head.
Allowing Davis-Besse io continue o operate for one year was never a consideration.
Thus, multiplying by the fraction of time in one year under consideration (in this case

7 weeks) was the final step in the calculation of delta COF. The confusion about the
estimate NAC used in the decisionmaking process may be due to NRC’s mathod of
caleulating delta CDF for plant conditions which do not persist for the entire year, ! this
final step {the fraction of the year the plant is allowed to operate) were not part of the
caleulation, then the risk estimate of allowing the licenses to continue to operate for

7 weeks, as compared to one year, would be the same. Logically, this does not make
sense. Therefore, the estimate of 5x10° does not automatically convert to & probability,
as GAO's statement implies. Because the period of operation under consideration was
approximately 0.13 years, the annual average change in CDF was about 5x10° per year,
and the increase in the probability of core damage was about 5x10° as well. NRC officials
agree that 5x10°° was the estimate used in the decisionmaking process and is the

estimate provided in the Dacember 2002 assessment.
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15. Page 42, second paragraph states: “For example, the consuliants concluded that

NRC’s estimate of risk was too small, pi ly because the

did not consider corrosion of the vessel head.”

An it ion in any risk is that you have complete
and accurate information from the licensee. NRC staif was of the understanding that
Ses comment 16. efforts had been made to remove boric acid accumulation from the vessel head during
previous outages. For all six B&W plants that found signs of penetration leakage, the
feakage manifestad itself in the form of small amounts of dry boron crystals on the vesset
head, which are not corrosive, and did not produce any corrosion on the vessel heads of
these six B&W plants. Boron leaking onto a clean vessel head does not cause corrosion.
Theretore, corrasion this extensive was not anticipated at the time. Also, it is important to
note that had Davis-Besse shut down on December 31, 2001, the same corrosion would

have been found.

16, Page 43, first full paragraph discusses the experience at French nuclear power plants,
See comment 17. Response: The NRC staff was aware of the issue as illustrated in an internal
memorandum dated December 15, 1994, from Brian Grimes to Charles Rossi.

17, Page 44, first full paragraph states; “Third, NRC's snalysis was inadequate because

the risk estimates were higher than generally considered acceptable undsr NRC

guidance. Despite PRA's il risk 's] role in the
See comment 18. decision, our consultants found that NRC did not follow Its guidance for ensuring
that the estimated risk was within levels acceptable to the agency, Page 46, first
paragraph states: “..NRC’s PRA estimate for Davis-Bosse resulted in an increass in
the frequency of core damage of 5.4x10° or 1 chance in about 18,500 per year was
higher than the acceplable jevel.”

8 Enclosure 1
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f This ior is not by the facts and it is misleading. The
estimate by GAQ s an i i ion in our process, and was not

used, and should not be used, in the decisionmaking process. NRC staff explained {6 the
GAQ consultants that NRC guidance produces an estimate for the change in core
daimage fraquency of 5x10° per year, not 5x10° as indicated in the GAO report.
According to RG 1.174, for Davis-Besss, this estimate is within acceptable bounds. NRC

the ility of the estimate in the December 2002

assessment. Thus, the December 3, 2002, safety evaluation conciuded that the delta

CDF was consistent with the guidetines of RG 1,174,

18. Page 45, first paragraph states: “NRC's guidance for avaluating requests 1o relax

NRC it thata increase higher than 5x107
or 1 chance in 2 million is for relaxing the
See comment 19, Thus, NRC's estimate would not be under this ”

Response; This criterion in RG 1.177 is not relevant to the Davis-Besse decision, Itis
confined to decisions on allowed outage times (AOT) for equipment, and is defined to
avoid very high instantanecus risks {CDF > 10°) for very short periods (5 hours).

19.  Page 46, first full paragraph states: “Lastly, NRC’s analysis was inadequate because
the agsncy does not have clear guidance for how PRA estimates are io be used in

the decision-making process.”

See comment 20 Besponse: The NRC's process for risk-Infc o decisi king is i more
fobust than characterized in this section. Hegulatory Guida 1.174 mrises 40 pages of
guidance on how to use risk in decisions of this type, and it is backed up by equally
detalled guidance for specific types of decisions such as technical specifications, in-

service inspection programs, in-service testing, and quality assurance. The NRC has
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amassed a great deal of experience in appiication of the guidance. Risk assessmentis a

tool to help better inform decisions that are based on enginsering judgements,

20. Page 46, last paragraph states: “If is not clear how NRC siaff used the PRA risk
sstimata in the Davis-Besse decision-making process.”
Response: The Decemnber 3, 2002, safety evaluation clearly states how the PRA estimate
was used in the decisionmaking process; the estimate was compared with the guidelines
See comment 21. of RG 1.174. The safety evaluation also points out that NRC staff who are expert in non-

PRA dis such as fracture ics, gave more weight to

deterministic factors, such as the structural margin that remains in the nozzles with

circumferential cracks. The NRC i the ined use of inistic and

probabilistic factors to be a strength of our decisionmaking process.

21. Page 48, last paragraph states: “..NRC had made progress in implementing the
ithough some dates have slipped.”

See comment 22. ; : The fori tion of all high prierity recommendations have

not slipped. The implementation schedule for certain low or mediur priority

slip only in with NRC's Planning, Budgeting and

Performance Management (PBPM) process, which explicitly considers safety significance

when making budget priority decisions.

22, Page 51, top of page, first full buliet states: “One recommendation Is directed at
Improving NRC’s generic communications program. NRC is...”

f We rding this as follows: “One recommendation is directed

See comment 23,
at improving follow up of ficenses actions taken in response to NRC generic

A porary & i is currently being
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developed to assess the affectiveness of licensee actions taken in response to generic

in the verification of i of generic

communications are planned as a long-term change in the operating experience

program.”

23. Page 51, last paragraph states: “...NRC’s revised inspection guidance for more

thorough examinations of reactor vessel heads and nozzles, as well as new

See comment 24. for NRC of action witl
require at least an additional 200 hours of inspection per resctor per year.”
Besponse: tis unclear where this number comes from, but the changes to the corrective
action program procedure require only about 16 hours per reactor year for the trend

review,

24, Page 53, first paragraph discusses the NRC's Office of the Inspector General's (OIG’s)
findings on communications.
Responge: The NRC's actions are not limited primarily to improving communication about
See comment 25. boric acid corrosion and cracking. There are multiple task force recommendations, and

other NAC initiatives, that are aimed at ing the broader &

from communication apses noted by the task force and the OIG. For example, actions

have been i to more i i i operating to end

users, a ioning attituds in the ion staff, and discuss Davis-Besse

lessons leamed at various forums.

NRC's initial response to the OIG did not directly address the broader actions we are
taking to improve communications. Our response to the OIG only indirectly addressed

this by dis ing the operating i program Part of the
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gnhancements {o the operating program is the ons for improved

in addition, ication i initiatives with internal and
external stakeholders are in progress to address shoricomings in this critical area, Qur
revised response to the OIG on this issue, dated April 18, 2004, is provided as

Enclosure 2.

25.  Page 53, second paragraph states: “NRC's Davis-Besse task force did not make any

recommendations lo address two

to safety and Imp, g the agency’s process for deciding on &
shutdown.”
See comment 26. Besponse: The LLTF did not make a recommendation for improving the agency’s
procass for deciding on a shutdown. This area was not reviewed in detail by the task
foree because of coordination with the OIG. Moreover, the task force review efforts were

focused on why the ion cavity was not While related, the shutdown

issue had little to do with the degradation cavity.

The task force made multiple ions aimed at ing NRC's capability to

See comment 5. evaluate the licensees’ commitment 1o safety, by indirect means. Refer to task force

recommendations: 3.2.5(1), 3.2.5(2), 3.3.2(2), 3.3.4(5}, and Appendix F.

26. Page 54, last paragraph states: “This problem identification and resofution
inspection procedure is intended to assess the end-resuils of mansgement's safsly

commitment rather than the commitment itsell.”

E This isi Regarding its accuracy, the PI&R inspection

See comment 5.
procedure {IP 71152} actually has six stated inspection objectives (refer fo section 71152-

01} including: (1) provide for early warning of potential performance issues that could
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result in crossing threshold in the action matrix and {2} to provide insights into whether

licensees have i a safety ious work envi Using this IP,

inspectors seek factual evidence of the licensee’s assumed commitment to safety (by

reviewing their ification and on of actual ion issues

routinely are raised with regard to a licensee’s weakness in correcting recurrent problems
of in adequately addressing issues that could become a future significant safety concern.
The statement on Page 55 of the report, “Furthermore, because NRC directs its

that it as being more important to safefy, NRC

atp
may overlook other problems until they develop into significant and immediate
safety problems” doaes not accurately refiect the stated objectives and demonstrable

implementation of 1P 71152

27. Pages 55-56, discuss safety culture.
Rasponse: To a significant degres, the areas referenced in this draft report are
addressed either by NRC requirements or inspection activities. For example, the NRC

See comment 5. has requirements limiting work hours for critical plant staff members such as security

officers and plant The NRC has requis ing operator fraining.
inspectors routinely monitor various licensee meetings and job briefings to evaluate the

licensee'’s emphasis on safety.

Moreover, the NRC has a number of other mearns to indirectly assess safety cultura.

Other NRC tools that provide indirect insights into licensee safety culture include:

* inspection procedure for assessing the licensee’s employee concerns program,
+ NRC's allegation program,

. of

13 Enclosure 1

Page 109 GAO-04-415 Davis-Besse Nuclear Power Plant



186

Appendix IV
Comments from the Nuclear Regulatory
Commission

See comment 27,

See comment 28.

+  Safety-Conscious Work Environment (SCWE) assessments during problem

and

lessons-earned reviews such as the one conducted for the Davis-Basse reactor

.

pressure vessel head degradation; and
*  Reactor Oversight Process cross-cutting issuss of human performance, problem

identification and resolution, and SCWE.

28. Page 58, paragraph under the first header states: “It recognized that NRC’s written

i for ¥ s for plant was

not prepared until 1 year after its dscision...”

For clarification, the on of the decision about ane year later was

corrective action from a task force finding.

29. Page 58, paragraph under second header states: “The NRC task force did not address
IRC’s faliure to learn from previous incidents at power plants and preven! thelr

recurrence.”
Response: This sentence is factually inaccurate. The task force performed a mited
review of past lessons-learned reports and actually identified many rmore potentially
recuring programmatic issues as a result of that review than the three examples cited by
the GAQ in this section of the draft report. As discussed during the NRC-GAQ exit
conferance, the task force made a recornmendation to perform a more detalled
effectiveness review of the actions stemming from other past NRC Jessons learned

reviews (Appendix F). This review is currently in progress.
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Agprit 19, 2004
MEMORANDUM TO: Huberi T. Bell
Inspector Genaral
FROM: William ©. Travers /RA Carl J. Paperieiio Acting For/
Executive Director for Operations
SUBJECT: FEBRUARY 2, 2004, OFFICE OF INSPECTOR GENERAL (O1G)

MEMORANDUM CONCERNING AGENCY RESPONSE TO QIG
EVENT INQUIRY CASE NOQ. 03-028 (NRC'S OVERSIGHT OF
DAVIS-BESSE BORIC ACID LEAKAGE AND CORROSION DURING
THE APRIL 2000 REFUELING OUTAGE)

This mamorandum responds o your memorandum 1o Chairman Diaz, dated February 2, 2004,
Nuclear Reg {NRC) staff's response of January 12, 2004, to
OIG Event lnqulry 03-028. The referenoed OIG event inquiry was initiated in response to a
Congressional request that OIG determine how the NRC staff handied Davis-Besse Condition
Raport (CA) 2000-0782 at the time of discovery in refueling outage (RFO) 12 (2000} and
whether the CR was considered in the November 2001 decision to allow Davis-Besse 1o
continua to opsrate to February 16, 2002. The NRC staff's previous response to OIG
{January 12, 2004) regarding this issue provided a matrix of those recommendations from the
Davis-Hesse Lessons |.eamed Task Force (DBLLTF) raport that specifically addressed the
event inquiry findings and referenced the report for a complete picture of the staff's efforts. The
G response of February 2, 2004, stated that the NRC sta¥f had not addressed the probiem of
commumcatwons as an underlying cause of the findings of the O!G event inquiry and that the

agency should include an of improved between and among NRC
Headgquarters and regmnal staft and should outline specific guidance to achiave this goal. in
addition, OIG that “had the [Davis-Be Nuctear Power Station] DBNPS

inspectors boen hetter informed of ongoing NRC industry-wide efforts to address coolant
pressure boundary leakage and the effacts of boric acid corrosion, they would have recognized
the significance of Condition Report 2000-0782 and highlighted the information 1o regional
management.”

The DBLLTF report discusses the NRC's and industry’s faflure to understand the significance of
boric acid corrosion of the reactor vesse! head. The NRC staft believes that this failure caused
the underlying communications lapses. Although the potential for this type of degradation
existed previously, the significance of boric acid deposits was not understood by the staff. The
assumption throughout NRC was that the boric acid deposits would ba in a dry, powder-fike
form that could easily be removed and weuld not accumdate in a condition that would be
corrosive to the reactor vessei bead As identified in the event inquiry, the inspectors did

1o the ragion and the NRR Project Manager,
particularly regatdsng the rouhng ol the containment air coolers and radiation monitor filter

Contact: Edwin M. Hackett, NRR/DLPMWPDI
415-1485
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elements; however, the significance of this information was also not appreciated at the time.

This same failure to understand the significance of the situation was the cause of the lack of

communication from Headquarters 1o the regions, Several aiemems of me mamxed DBLLTF
of the

Action Plans address this issue of lack of

evidence. The desired autcome for these actions is for all NRC starf to maintain a quesmnmg
attitude and fower for materials corrosion.
More broadly, the NRC staff agrees that ications are of critical i inal

aspects of NRC activities and particularly important as an underlying cause for issues
discovered at DBNPS. The corractive actions outlined in the DBLLTF Action Plans address
communications bayond the topic of boric acid corrosion control, For example omrectlve
actions m the area of operating i and use are f d
The to ion guidance, institute training to

reinforce a questioning attituds on the part of management and staff, and change the
Fnspection Manual to provide guidance for the staff to pursue issues identifisd dudng plant
status revnews are intended to eslabllsh more der initive expectations for improved

of eperating As in the Fabruary 23, 2004, semiannual
update report and at the February 26, 2004, Commission meeting, impfementation plans for this
area are stil under development and may significantly influance the way the agency does
business in the future. Devsloping the most effective and efficient communications channels
will be key to the successful implemantation of an effective operating experience program,

Beyond the DBLLTF Action Plan, the agency has several ongoing initiatives that provide
examples of sforts to more broadly improve intra-agency communications. These examples
inciuds establishment of a Communication Council reporting to the Executive Director for
Operations and the creation of a communications specialist position reporting to the Office of
Nuclear Reactor Regulation (NRR) Asscciate Director for inspections and Programs. NRR alse
continues to improve and enhance its Web site as a focused means of communicating with
both internal and extemal stakeholders. From a regional perspective, examples of
communication enhancements include jowering the threshold for communication of plant issues
on morning status calls, devoting additional time to discussing lessons leamed irom p1am
‘avents and i ion tindings duting meetings, and
guidance for documenting significant operational event followup decisions. Collectively, these
exarnples provide a strong indication that NRC Headquariers and regional stalf have begun to
m(emahze two of the most important lessons from the Davis-Besse event. These are that on
ion, ion initially to have low signifi by the first NRC reciplent is
later found to be of greater significance once the information is shared and evaluated more
collegially; and with regard to the complex nature of commercial nuclear power operations, no
one parson can be aware of all aspects of an issue. As a result, the more information that is
shared, the mora likely significant problems wilf be identified and appropriate action{s) taken.

In summary, the NRC staff izes that ion faitures were an ing cause of
the agency’s problems concersing the delayed discovery or the boric acid corrosion at DBNPS
Our Januazy 12, 2004, response to the event inquiry what

to be the 100t cause of the event-specific communication failures, namely that the entire staff
did not recognize the potential significance of boric acid corrosion. Expectations for improved
communications wilf be developed as an integral part of our operaling experience program
enhancements. More broadly, communication improvement inftiatives with intemal and external
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stakeholders are in progress to enhance agency performance in this critical area of our
responsibifities. We regret that our initial response did not clearly address the broader actions
we are taking o improve and the ity to clarity our
response.

co: Chairman Diaz
Commissionar McGaffigan
Commissioner Merrifiefd
SECY
LReyes

Page 113 GAQ-04-415 Davis-Besse Nuclear Power Plant



190

Appendix IV
Comments from the Nuclear Regulatory
Commission

L
GAO Comments

The following are GAO's comments on the Nuclear Regulatory
Commission’s letter dated May 5, 2004.

1. We agree with NRC that 10 C.FR. § 50.9 requires that information
provided to NRC by a licensee be complete and accurate in all material
respects, and we have added this information to the report. NRC also
states that in carrying out its oversight responsibilities, NRC must “rely
heavily” on licensees providing accurate information. However, we
believe that NRC'’s oversight program should not place undue reliance
on applicants providing coraplete and accurate information. NRC also
recognizes that it cannot rely solely on information from licensees, as
evidenced by its inspection program and process for determining the
significance of licensee violations. Under this process, NRC considers
whether there are any willful aspects associated with the violation—
including the deliberate intent to violate a license requirement or
regulation or falsify information. We believe that management controls,
including inspection and enforcement, should be implemented by NRC
so as to verify whether licensee-submitted information considered to
be important for ensuring safety is complete and accurate as required
by the regulation. In this regard, as stated in NRC's enforcement policy
guidance, NRC is authorized to conduct inspections and investigations
{Atomic Energy Act § 161); revoke licenses for, among other things, a
licensee’s making material false statements or failing to build or
operate a facility in accordance with the terms of the license (Atomic
Energy Act § 186); and impose civil penalties for a licensee’s knowing
failure to provide certain safety information to NRC (Energy
Reorganization Act § 206).

With regard to the draft report conveying the expectation that NRC
should have known about the thick layer of boron on the reactor vessel
head, we note in the draft report that since at least 1998, NRC was
aware that (1) FirstEnergy's boric acid corrosion control program was
inadequate, (2) radiation monitors within the containment area were
continuously being clogged by boric acid deposits, (3) the containment
air cooling system had to be cleaned repeatedly because of boric acid
buildup, (4) corrosion was occwrring within containment as evidenced
by rust particles being found, and (5) the unidentified leakage rate had
increased above the level that historically had been found at the plant.
NRC was also aware of the repeated but ineffective attempts by
FirstEnergy to correct many of these recurring problems—evidence
that the licensee’s programs to identify and correct problems were not
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effective. Given these indications at Davis-Besse, NRC could have
taken more aggressive follow-up action to determine the underlying
causes. For example, NRC could have taken action during the fuel
outage in 1998, the shutdown to repair vaives in mid-1999, or the fuel
outage in 2000 to ensure that staff with sufficient knowledge
appropriately investigated the types of conditions that could cause
these indications, or followed up to ensure that FirstEnergy had fully
investigated and successfully resolved the cause of the indications.

2. With respect to the responsibility of the licensee to provide complete
and accurate information, see comment 1. As to the Davis-Besse
lessons-learned task force finding, we agree that some information
provided by FirstEnergy in response to Bulletin 2001-01 may have been
inconsistent with some information subsequently identified by NRC's
lessons-learned task force, and that had some of this information been
known in the fall of 2001, the vessel head leakage and degradation may
have been identified sooner than March 2002. This information
included (1) the boric acid accamulations found on the vessel head by
FirstEnergy in 1998 and 2000, {2) FirstEnergy's limited ability to
visually inspect the vessel head, (3) FirstEnergy’s boric acid corrosion
control procedures relative to the vessel head, (4) FirstEnergy’s
program to address the corrosive effects of small amounts of reactor
coolant leakage, (5) previous nozzle inspection results, (6) the bases for
FirstEnergy’s conclusion that another source of leakage—control rod
drive mechanism flanges—was the source of boric acid deposits on the
vessel head that obseured multiple nozzles, and (7) photographs of
vessel head penetration nozzles, However, various NRC officials knew
some of this information, other information should have been known
by NRC, and the remaining information could have been obtained had
NRC requested it from FirstEnergy. For example, according to the
senior resident inspector, he reviewed every Davis-Besse condition
report on a daily basis to determine whether the licensee properly
categorized the safety significance of the conditions. Vessel head
conditions found by FirstEnergy in 1998 and 2000 were noted in such
condition reports or in potential-condition-adverse-to-quality reports.
According to a FirstEnergy official, photographs of the pressure vessel
head nozzles were specifically provided to NRC’s resident inspector,
who, although he did not specifically recall seeing the photographs,
stated that he had no reason to doubt the FirstEnergy official’s
statement. NRC had been aware, in 1999, of limitations in FirstEnergy’s
borie acid corrosion control program and, while it cited FirstEnergy for
its failure to adequately implement the program, NRC officials did not
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follow up to determine if the program had improved. Lastly, while NRC
questioned the information provided by FirstEnergy in its submissions
to NRC in response to Bulletin 2001-01 (regarding vessel head
penetration nozzle inspections), NRC staff did not independently
review and assess information pertaining to the results of past reactor
pressure vessel head inspections and vessel head penetration nozzle
inspections. Stmilarly, NRC did not independently assess the
information concerning the extent and nature of the boric acid
accumulations found on the vessel head by the licensee during past
inspections.

On page 2 of the report, we note that the Department of Justice has an
ongoing investigation concerning the completeness and accuracy of
information that FirstEnergy provided to NRC on the conditions at
Davis-Besse. The investigation may or may not find that FirstEnergy
provided inaccurate or incomplete information. While NRC notes that it
might have detected something months earlier if information had been
known in the fall of 2001, we would also note that the degradation of
the reactor vessel head likely took years to occur.

3. We believe that the statement is correct. NRC produced an estimate of
5x10° per year for the change in core damage frequency, as we state in
the report. NRC specifically documented this calculation in its
December 2002 assessment:

“The NRC staff estimated that, giving credit only to the [FirstEnergy] inspection
performed in 1996, the probability of a [control rod drive mechanism] nozzle
ejection during the period of operation from December 31, 2001, to February 16,
2002, was in the range of 2E-3 and was an increase in the overall floss of coolant
aceident] probability for the plant. The increase in core damage probability and
large early release p ility were esti d as approxi ly 5E-6 and 5E-08,
respectively.”

The probability of a large early release-—5E-6—equates to a frequency
of 5x10°7 per year.? As we note in the report, according to NRC's

"The numbers 2E-3, 5E-6, and 5E-8 can also be written as 2x10%, 5x10%, and 5x10°,

*The probability of an event occurring is the product of the frequency of an event and a
given time period. In this case, the time period—7 week s approxi i as one-tenth
of the year. Thus, 5.4x10° per year multiplied by 0.10 equates to a probability of 5.4x10*.
According to NRC, it revised 5.4x10° to 5.0x10° to account for uncertainties,

Page 116 GAQ-04-415 Davis-Besse Nuclear Power Plant



193

Appendix IV
Conunents from the Nuclear Regulatory
Commission

regulatory guide 1.174, this frequency would be in the highest risk zone
and NRC would generally not approve the requested change.

On several occasions, we met with the NRC staff that developed the
risk estimate in an atterapt to understand how it was calculated. We
obtained from NRC staff the risk estimate information provided to
senior management in late November 2001, as well as several
explanations of how the staff developed its calculations. We were
provided with no evidence that NRC estimated the frequency of core
damage as being 5x10° per year until February 2004, after our
consultants and we had challenged NRC’s estimate as being in the
highest risk zone under NRC's regulatory guide 1.174. Furthermore,
several NRC staff involved in deciding whether to issue the order to
shut down Davis-Besse, or to allow it to continue operating untit
February 16, 2002, stated that the risk estimate they used was relatively
high.

4. We agree that existing regulations provide a spectrum of conditions
under which a plant shutdown could occur and that could be
interpreted as covering the vast majority of situations. However, we
continue to believe that NRC lacks sufficient guidance for making plant
shutdown decisions. We disagree on two grounds: First, the decision-
making guidance used by NRC to shut down Davis-Besse was guidance
for approving license change requests. This guidance provides general
direction on how to make risk-informed decisions when licensees
request license changes. It does not address important aspects of
decision-making involved in deciding whether to shut down a plant. It
also does not provide direction on how NRC should weigh
deterministic factors in relation to probabilistic factors in making
shutdown decisions. Secondly, while NRC views the flexibility afforded
by its existing array of guidance as a strength, we are concerned that,
even on the basis of the same information or circumstances, staff can
arrive at very different decisions, Without more specific guidance, NRC
will continue to lack accountability and the degree of credibility needed
to convince the industry and the public that its shutdown decisions are
sufficiently sound and reasoned for protecting public health and safety.

5. We are aware that the commissioners have specifically decided not to
conduct direct evaluations or inspections of safety culture. We agree
that as regulators, NRC is not charged with managing licensees’
facilities, but disagree that any direct NRC involvement with safety
culture crosses over to a nent function. Man 1t is an
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embodiment of corporate beliefs and perceptions that affect
management strategies, goals, and philosophies. These, in turn, impact
licensee programs and processes and employee behaviors that have
safety outcomes. We believe that NRC should not assess corporate
beliefs and perceptions or management strategies, goals, or
philosophies. Rather, we believe that NRC has a responsibility to assess
licensee programs and processes, as well as employee behaviors. We
cite several areas of safety culture in the report as being examples of
various aspects of safety culture that NRC can assess which do not
constitute “management functions.” The International Atomic Energy
Agency has extensive guidance on assessing additional aspects of
licensee performance and indicators of safety culture.? Such
assessments can provide early indications of declining safety culture
prior to when negative safety outcomes occur, such as at Davis-Besse.

We also agree that NRC has indirect means by which it attempts to
assess safety culture. For example, NRC'’s problem identification and
resolution inspection procedure’s stated objective is to provide an eaxly
warning of potential performance issues and insight into whether
licensees have established safety conscious work environments.
However, we do not believe that the implementation of the inspection
procedure has been demonstrated to be effective in meeting its stated
objectives. The inspection procedure directs inspectors to screen and
analyze trends in all reported power plant issues. In doing so, the
procedure directs that inspectors annually review 3 to 6 issues out, of
potentially thousands of issues that can arise and that are related to
various structures, systems, and components necessary for the safe
operation of the plant. This requires that inspectors judgmentally
sample 3 to 6 issues on which they will focus their inspection
resources. While we do not necessarily question inspector judgment
when sampling for these 3 to 6 issues, NRC inspectors stated that due
to the large number of issues that they can sample from, they try to
focus on those issues that they believe have the most relevance for
safety. Thus, if an issue is not yet perceived as being important to
safety, it is less likely to be selected for follow up. Further, even if an
issue were selected for follow up and this indicated that the licensee
did not properly identify and resolve underlying problems that
contributed to the issue, according to NRC officials, it is highly unlikely

3The International Atomic Energy Agency, International Nuclear Safety Advisory Group,
Safety Cultire (Vienna, Austria: February 1991).
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that this one issue would rise to a high enough level of significance for
it to be noted under NRC’s Reactor Oversight Process. Additionally, the
procedure is dependant on the inspector being aware of, and having the
capability to, identify issues or trends in the area of safety culture.
According to NRC officials, inspectors are not trained in what to look
for when assessing licensee safety culture because they are, by and
large, nuclear engineers. While they may have an intuition that
something is wrong, they may not know how to assess it in terms of
safety culture.

Additional specific examples NRC cites for indirectly assessing a
selected number of safety culture aspects have the following
limitations:

* NRC's inspection procedure for assessing licensees’ employee
concerns program is not frequently used. According to NRC Region
1II officials, approval to conduct such an inspection must be given by
the regional administrator and the justification for the inspection to
be performed has to be based on a very high level of evidence that a
problem exists. Because of this, these officials said that the
inspection procedure has only been implemented twice in Region IIL

s NRC’s allegation program provides a way for individuals working at
NRC-regulated plants and the public to provide safety and regulatory
concems directly to NRC. It is a reactive program by nature because
it is dependent upon licensees’ employees feeling free and able to
come forward to NRC with information about potential licensee
misconduct. While NRC follows up on those plants that have a much
higher number of allegations than other plants to determine what
actions licensees are taking to address any trends in the nature of the
allegations, the number of allegations may not always provide an
indication of a poor safety culture, and in fact, may be the reverse.
For example, the number of allegations at Davis-Besse prior to the
discovery of the cavity in the reactor head in March 2002 was
relatively small. Between 1997 and 2001, NRC received 10 allegations
from individuals at the plant. In contrast, NRC received an average of
31 allegations per plant over the same 5-year period from individuals
at other plants,

* NRC’s lessons-learned reviews, such as the one conducted for Davis-

Besse, are generally conducted when an incident having potentially
serious safety consequences has already occurred,
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¢ With respect to NRC's enforcement of employee protection
regulations, NRC, under its current enforcement policy, would
normally only take enforcement action when violations are of very
significant or significant regulatory concern. This regulatory concern
pertains to NRC’s primary responsibility for ensuring safety and
safeguards and protecting the environment. Examples of such
violations would include the failure of a system designed to prevent a
serious safety incident not working when it is needed, a Hcensed
operator being inebriated while at the control of a nuclear reactor,
and the failure to obtain prior NRC approval for a license change that
has implications for safety. If violations of employee protection
regulations do not pose very significant or significant safety,
safeguards, or environmental concerns, NRC may consider such
violations minor. In such cases, NRC would not normally document
such violations in inspection reports or records, and would not take
enforcement action.

* NRC's Reactor Oversight Process, instituted in April 2000, focuses on
seven specific “cornerstones” that support the safety of plant
operations to ensure reactor safety, radiation safety, and security.
These cornerstones are: (1) the occurrence of operations and events
that could lead to a possible accident if safety systems did not work,
(2) the ability of safety systems to function as intended, (3) the
integrity of the three safety barriers, (4) the effectiveness of
emergency preparedness, (5) the effectiveness of occupational
radiation safety, (6) the ability to protect the public from radioactive
releases, and (7) the ability to physically protect the plant. NRC’s
process also includes three elements that cut across these seven
cornerstones: (1) human performance, (2) a licensee’s safety-
conscious work environment, and (3) problem identification and
resolution. NRC assumes that problems in any of these three
crosscutting areas will be evidenced in one or more of the seven
cormerstones in advance of any serious compromise in the safety of 2
plant. However, as evidenced by the Davis-Besse incident, this
assumption has not proved to be true.

NRC also cites lessons-learned task force recommendations to improve
NRC's ability to detect problems in licensee’s safety culture, as ameans
to achieve our recommendation to directly assess licensee safety
culture. These lessons-learned task force recommendations include (1)
developing inspection guidance to assess the effect that a licensee’s
fuel outage shutdown schedule has on the scope of work conducted
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during a shutdown; (2) revising inspection guidance to provide for
assessing the safety implications of long-standing, unresolved
problems; corrective actions being phased in over the course of several
years or refueling outages; and deferred plant modifications; (3)
revising the problem identification and resolution inspection approach
and guidance; and (4) reviewing the range of NRC's inspections and
assessment processes and other NRC programs to determine whether
they are sufficient to identify and dispose of the types of problems
experienced at Davis-Besse. While we coramend these
recommendations, we do not believe that revising such guidance will
necessarily alert NRC inspectors to early declines in licensee safety
culture before they result in negative safety outcomes. Further, because
of the nature of NRC’s process for determining the relative safety
significance of violations under NRC’s new Reactor Oversight Process,
we do not believe that any indications of such declines will result in a
cited violation.

8. We have revised the report to reflect that boron in the form of boric
acid crystals is dissolved in the cooling water. (See p. 13.)

7. On page 41 of the report, we recognize that NRC also relied on
information provided by FirstEnergy regarding the condition of the
vessel head. For example, in developing its risk estimate, NRC credited
FirstEnergy with a vessel head inspection conducted in 1996. However,
NRC decided that the information provided by FirstEnergy
documenting vessel head inspections in 1998 and 2000 was of such
poor quality that it did not credit FirstEnergy with having conducted
them. As a result, NRC’s risk estimate was higher than had these
inspections been given credit.

8. The staternent made by the NRC regional branch chief was taken
directly from NRC's Office of the Inspector General report on NRC’s
oversight of Davis-Besse during the April 2000 refueling outage.*

9. We agree that up until the Davis-Besse event, NRC had not concluded
that boric acid corrosion was a high priority issue. We clarified the text
of the report to reflect this comment. (See p. 25.)

4NRC, Office of the Inspector General, NRC’s Oversight of Davis-Besse during the April
2000 Refueling Outage (Washington, D.C.: Oct. 17, 2003).
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10.

1

—_

12.

13.

We agree that plant operators in France decided to replace their vessel
heads in lieu of performing the extensive inspections instituted by the
French regulatory authority. The report has been revised to add these
details. (See p. 31.)

. We agree that caked-on boron, in combination with leakage, could

accelerate corrosion rates under certain conditions. However, even
without caked-on boron, corrosion rates could be quite high.
Westinghouse’s 1987 report on the corrosive effects of boric acid
leakage concluded that the general corrosion rate of carbon steel can
be unacceptably high under conditions that can prevail when primary
coolant leaks onto surfaces and concentrates at the temperatures that
are found on reactor surfaces. In one series of tests that it performed,
boric acid solutions corroded carbon steel at a rate of about 0.4 inches
per month, or about 4.8 inches a year. This was irrespective of any
caked-on boron. In 1987, as a result of that report and extensive boric
acid corrosion found at two other nuclear reactors that year—Salem
unit 2 and San Onofre unit 2—NRC concluded that a review of existing
inspection programs may be warranted to ensure that adequate
monitoring procedures are in place to detect boric acid leakage and
corrosion before it can result in significant degradation of the reactor
coolant pressure boundary. However, NRC did not take any additional
action.

We agree that NRC has requirements and processes that provide a
number of circumstances in which a plant shutdown would or could be
required. We also recognize that there were no legal objections to the
draft enforcement order to shut down the plant, and that the basis for
not issuing the order was NRC’s belief that the plant did not pose an
unacceptable risk to public health and safety. The statement in our
report that NRC is referring to is discussing one of these
circumstances—the licensee’s failure to meet NRC's technical
specification-—and whether NRC believed that it had enough proof that
the technical specification was not being met. The statement is not
discussing the basis for NRC issuing an enforcement order. We revised
the report to clarify this point. (See p. 34.)

The basis for our statement that NRC staff concluded that the first
safety principle was probably not met was its Noverber 29, 2001,
briefing to NRC's Executive Director’s Office and its November 30,
2001, briefing to the NRC commissioners’ technical assistants. These
briefings, the basis for which are included in documented briefing
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slides, took place shortly before NRC formally notified FirstEnergy on
December 4, 2001, that it would accept its compromise shutdown date.

14. We are referring to the same document that NRC is referring to—NRC's
December 3, 2002, response to FirstEnergy (NRC's ADAMS accession
number ML023300539). The response consists of a 2-page transmittal
letter and an 7.3-page enclosure. The 7.3-page enclosure is 3 pages of
background and 4.3 pages of the agency’s nent. The t
includes statements that the safety principles were met but does not
provide an explanation of how NRC considered or weighed
deterministic and probabilistic information in concluding that each of
the safety factors were met. For example, NRC concluded that the
likelihood of a loss-of-coolant accident was acceptably small because
of the (1) staff’s preliminary technical assessment for control rod drive
mechanism cracking, (2) evidence of cracking found at other plants
similar to Davis-Besse, (8) analytical work perforrned by NRC's
research staff in support of the effort, and (4) information provided by
FirstEnergy regarding past inspections at Davis-Besse. However, the
assessment does not explain how these four pieces of information
successfully demonstrated if and how each of the safety principles was
met, The assessment also states that NRC examined the five safety
principles, the fifth of which is the ability to monitor the effects of a
risk-informed decision. The assessment is silent on whether this
principle is met. However, in NRC's November 29, 2001, briefing to
NRC's Executive Director's Office and in its November 30, 2001,
briefing to the NRC comruissioners’ technical assistants, NRC
concluded that this safety principle was not met. As noted above, NRC
formally notified FirstEnergy on December 4, 2001, that it would accept
FirstEnergy’s February 16, 2002, shutdown date.

15. See comment 3. We do not agree that the report statements
mischaracterize the facts. Rather, we are concerned that NRC is
misusing basic quantitative mathematics. In addition, with regard to
NRC's concept of an annual average change in the frequency of core
damage, NRC stated that the agency averaged the frequency of core
damage that would exist for the 7-week period of time (representing
the period of time between December 31, 2001, and February 16, 2002)
over the entire 1-year period, using the assumption that the frequency
of core damage would be zero for the remainder of the year—February
17, 2002, to December 31, 2002. According to our consultants, this
calculation artificially reduced NRC's risk estimate to a level that is
acceptable under NRC’s guidance. By this logic, our consultants stated,
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16.

17.

18.

risks can always be reduced by spreading them over time; by assuming
another 10 years of plant operation (or even longer) NRC could find
that its calculated “risks” are completely negligible. They further stated
that NRC’s approach is akin to arguing that an individual, who drives
100 riles per hour 10 percent of the time, with his car otherwise
garaged, should not be cited because his time-average speed is only 10
miles per hour.

Further, our consultants concluded that the “annual-average” core
damage frequency approach was also clearly unnecessary, since one
need only convert a core damage frequency to a core damage
probability to handle part-year cases like the Davis-Besse case. Lastly,
we find no basis for the calculation in any NRC guidance. According to
our consultants, this new interpretation of NRC’s guidance is at best
unusual and certainly is inconsistent with NRC's guidelines regarding
the use of an incremental core damage frequency. This interpretation
also reinforces our consultants’ impression that perhaps there was, in
November 2001 and possibly is still today, some confusion among the
NRC staff regarding basic quantitative metrics that should be
considered in evaluating regulatory and safety issues. As noted in
comment 3, we found no evidence of this calculation prior to February
2004.

While we agree that vessel head corrosion as extensive as later found at
Davis-Besse was not anticipated, NRC had known that leakage of the
primary coolant from a through-wall crack could cause boric acid
corrosion of the vessel head, as evidenced by the Westinghouse work
cited above. Regardless of information provided to NRC by individual
licensees, such as FirstEnergy, NRC's model should account for khown
risks, including the potential for corrosion.

We agree that NRC was aware of control rod drive mechanism nozzle
cracking at French nuclear power plants. NRC provided us additional
information consisting of a December 15, 1994, internal memo, in which
NRC concluded that primary coolant leakage from a through-wall crack
could cause boric acid corrosion of the vessel head. However, because
some analyses indicated that it would take at least 6 to 9 years before
any corrosion would challenge the structural integrity of the head, NRC
concluded that cracking was not a short-term safety issue. We revised
the report to include this additional information. (See p. 40.)

See comment 15.
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19, We agree that while not directly relevant to the Davis-Besse situation,

20.

21.

—

NRC uses regulatory guide 1.177 to make decisions on whether certain
equipment can be inoperable while a nuclear reactor is operating,
which can pose very high instantaneous risks for very short periods of
time. However, we include the reference to this particular guidance in
the report because it was cited by an NRC official involved in the Davis-
Besse decision-making process as another piece of guidance used in
Jjudging whether the risk that Davis-Besse posed was acceptable,

While regulatory guide 1.174 comprises 25 pages of guidance on how to
use risk in making decisions on whether to allow license changes, it
does not lay out how NRC staff are to use quantitative estimates of risk
or probabilistic factors, or how robust these estimates must be in order
to be considered along with more deterministic factors. The regulatory
guide, which was first issued in mid-1998, had been in effect for only
about 1.5 years when NRC staff was tasked with making their decision
on Davis-Besse. According to the Deputy Executive Director of Nuclear
Reactor Programs at the time the decision was being made, the agency
was trying to bring the staff through the risk-informed decision-making
process because Davis-Besse was a learning tool. He further stated that
it was really the first time the agency had used the risk-informed
decision-making process on operational decisions as opposed to
programmatic decisions for licensing. At the time the decision was
made, and currently, NRC has no guidance or criteria for use in
assessing the quality of risk estimates or clear guidance or criteria for
how risk estimates are to be weighed against other risk factors.

The December 3, 2002, safety assessment or evaluation did state that
the estimated increase in core damage frequency was consistent with
NRC’s regulatory guidelines. However, as noted in comment 3, we
disagree with this conclusion. In addition, while we agree that NRC has
staff with risk assessment disciplines, we found no reference to these
staff in NRC'’s safety evaluation. We also found no reference to NRC’s
statement that these staff gave more weight to deterministic factors in
arriving at the agency’s decision. While we endorse NRC’s
consideration of deterministic as well as probabilistic factors and the
use of a risk-informed decision-making process, we continue to
maintain that NRC needs clear guidance and criteria for the quality of
risk estimates, standards of evidence, and how to apply deterministic
as well as probabilistic factors in plant shutdown decisions. As the
agency continues to incorporate a risk-informed process into much of
its regulatory guidance and prograras, such criteria will be increasingly
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22.

23.

24.

important when making shutdown as well as other types of decisions
regarding nuclear power plants.

The information that NRC provided us indicates that corapletion dates
for 2 of the 22 high priority recommendations have slipped.® One, the
completion date for encouraging the American Society of Mechanical
Engineers to revise vessel head penetration nozzle inspection
requirements or, alternatively, for revising NRC's regulations for vessel
head inspections has slipped from June 2004 to June 2006. Two, the
completion date for ing NRC's requirements that lic have
procedures for responding to plant leakage alarms to determine if the
requirements are sufficient for identifying reactor coolant pressure
boundary leakage has slipped from March 2004 to March 2005.

We agree with this comment and have revised the report to reflect this
clarification. (See p. 49.)

Our estimate of at least an additional 200 hours of inspection per
reactor per year is based on:

¢ NRC's new requirement that its resident inspectors review all
licensee corrective action items on a daily basis (approximately 30
minutes per day). Given that reactors are intended to operate
continucusly throughout the year, this results in about 3.5 hours per
week for reviewing corrective action items, or about 182 hours per
year. In addition, resident inspections are now reqguired to determine,
on a semi-annual basis, whether such corrective action items reflect
any trends in licensee performance (16 to 24 hours per year). The
total increase for these new requirements is about 198 to 206 hours
per reactor per year.

* A new NRC requirement that its resident inspectors validate that
licensees comply with additional inspection commitments made in
response to NRC's 2002 generic bulletin regarding reactor pressure
vessel head and vessel head penetration nozzles. This requirement
results in an additional 15 to 50 hours per reactor per fuel outage.

*Of NRC's 21 high priority recommendations, we categorized 1 recommendation as 2 so that
we could better track actions taken to imaplement it. Thus, we have 22 recommendations
categorized as high priority.
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26.

26.

27.

28.

Our draft report included a discussion that NRC management’s failure
to recognize the scope or breadth of actions and resources necessary to
fully implement task force recommendations could adversely affect
how effective the actions may be. We made this statement based on
NRC’s initial response to the Office of the Inspector General’s October
2003 report on Davis-Besse.® That report concluded that ineffective
communication within NRC's Region Il and between Region HI and
NRC headquarters contributed to the Davis-Besse incident. NRC, in its
January 2004 response to the report, stated that among other things, it
had developed training on boric acid corrosion and revised its
inspection program to require semi-annual trend reviews, In February
2004, the Office of the Inspector General criticized NRC for limiting the
agency's efforts in responding to its findings. Specifically, it stated that
NRC did not address underlying and generic communication failures
identified in the Office’s report. In response to the criticism, on April 19,
2004 (while our draft report was with NRC for review and cormment),
NRC provided the Office of the Inspector General with additional
information to demonstrate that its actions to improve communication
within the agency were broader than indicated in the agency's January
2004 response, Based on NRC’s April 13, 2004, response and the Office’s
agreement that NRC's actions appropriately address its concerns about
communication within the agency, we deleted this discussion in the
report.

We recognize that the lessons-learned task force did not make a
recommendation for improving the agency’s decision-making process
because the task force coordinated with the Office of the Inspector
General regarding the scope of their respective review activities and
because the task force was primarily charged with determining why the
vessel head degradation was not prevented. (See p. 55.)

We agree that NRC’s December 3, 2002, documentation of its decision
was prepared in response to a finding by the Davis-Besse lessons-
learned task force. We revised our report to incorporate this fact. (See
p. 55.)

We agree that NRC'’s lessons-learned task force conducted a
preliminary review of reports from previous lessons-learned task forces

NRC, Office of the Inspector General, NRC’s Oversight of Davis-Besse during the 2000
Refueling Outage (Washington, D.C.: Oct. 17, 2003).
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and, as a result of that review, made a recommendation that the agency
perform a more detailed effectiveness review of the actions taken in
response to those reviews. We revised the report to reflect that NRC's
detailed review is currently underway. (See p. 55.)
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STATEMENT OF MARVIN FERTEL, SENIOR VICE PRESIDENT OF NUCLEAR GENERATION,
NUCLEAR ENERGY INSTITUTE

Chairman Voinovich, Ranking Member Carper and distinguished members of the
subcommittee, I am Marvin Fertel, senior vice president and chief nuclear officer
at the Nuclear Energy Institute (NEI). I am honored to represent NEI's member
companies before this subcommittee today. Nuclear energy is vitally important to
our environment, particularly in meeting the nation’s clean air goals, and to our na-
tion’s energy security. It is also necessary that the nuclear industry has a Federal
regulatory agency that is stable, effective and efficient.

NEI is responsible for developing policy for the United States nuclear industry.
NEI’s 270 corporate and other members include every United States energy com-
pany that operates a nuclear plant, as well as a wide variety of organizations and
businesses involved in the use of radioisotopes for beneficial purposes. NEI's mem-
bership also includes nuclear fuel cycle companies, suppliers, engineering and con-
sulting firms, national research laboratories, and manufacturers of radiopharma-
ceuticals, universities, labor unions and law firms.

The 103 reactors in the United States are among the world’s most efficient and
reliable. Nuclear energy is the largest source of emission-free electricity in the
United States and the nation’s second-largest source of electricity after coal. The
U.S. nuclear energy sector is also the world’s largest, generating more electricity
than the nuclear sectors of France and Japan-the next two largest-combined. On a
percentage basis, nuclear energy provides electricity for 20 percent of American
homes and businesses. Globally, 18 nations generate a higher percentage of elec-
tricity from nuclear energy that the United States, including France at 78 percent,
Japan at 35 percent. Nuclear energy is growing rapidly in the burgeoning economics
like China and India.

This testimony addresses:

(1) actions needed to preserve this vital energy resource

(2) essential steps needed to enhance progress toward a long-term, stable regu-
latory approach in the United States

(3) essential Nuclear Regulatory Commission funding issues

(4) changes needed in the Atomic Energy Act

(5) industry initiatives toward preserving the integrity of materials, including
metals that comprise components and equipment used 1n nuclear power plants

(6) the need for resolution of conflicting radiation protection policies

(7) advances in nuclear power plant security.

NUCLEAR POWER PLANTS CONTINUE TO OPERATE AT RECORD SAFETY AND
PERFORMANCE LEVELS

During the past decade, U.S. nuclear power plants have achieved record levels of
production and efficiency while maintaining the highest levels of safety in the elec-
tricity sector. U.S. nuclear power plants produced 767 billion kilowatt-hours of elec-
tricity in 2003, a 25 percent increase compared to 1993 output and the third best
production year ever. Although no new U.S. plants have been built during this pe-
riod, this increased production is equivalent to adding 19 new 1,000-megawatt (MW)
plants over the 10-year period.

U.S. nuclear plants achieved a capacity factor of about 90 percent in 2003. This
average is approximately double the capacity factors of 20 years ago and is the high-
est of any generating source in the United States. In 2002, coal-fired power plants
had a capacity factor of about 69 percent; combined-cycle natural gas power plants,
40 percent; hydropower, 35 percent; and wind, 29 percent. Overall nuclear plant
performance has been increasing steadily over the past decade as measured by the
Institute of Nuclear Power Operations.

Nuclear energy continues to be the most affordable baseload source of electricity
for businesses and consumers. Average production costs in 2002 of 1.71 cents per
kilowatt-hour (kWh) were lower than those for coal (1.85 cents per kWh), natural
gas (4.06 cents per kWh) and oil (4.41 cents per kWh). Preliminary production costs
for 2003 show that low-cost trend continuing.

Throughout this period of record production and efficiency, the industry has main-
tained a steadfast commitment to safety. The level of significant events equipment
malfunctions or operational anomalies is 30 times lower than it was at the end of
the 1980’s. The industry average is currently 0.03 annual events per reactor, which
is equivalent to three reportable events per year.

With productivity and reliability on the rise and production costs falling, the prof-
itability of nuclear plants also is improving. The industry expects incremental gains
in profitability to continue for several more years. In addition to improving profit-
ability, companies plan to increase revenue through power uprates. With these
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uprates and the restart of the Browns Ferry reactor in Alabama, the industry ex-
pects to add approximately 10,000 megawatts to the U.S. electricity system over the
next decade.

The efficiency and competitiveness of nuclear power plants are driving factors in
the decision by U.S. energy companies to seek renewal of operating licenses from
the Nuclear Regulatory Commission. One-quarter of U.S. reactors already have been
approved by the NRC to extend their reactor operating licenses from 40 to 60 years.
Seventeen other reactors are in the queue for NRC review of their license renewal
applications, and the industry expects that nearly all reactors will pursue license
extensions. The Department of Energy’s Energy Information Agency is recognizing
this trend in its most recent energy forecast.

NUCLEAR ENERGY: AN ESSENTIAL COMPONENT OF OUR NATION’S CLEAN AIR GOALS

Nuclear energy plays a vital role in U.S. energy security and diversity, producing
electricity safely and cleanly for one of every five U.S. homes and businesses. Before
the oil shocks of the early 1970’s, nuclear power provided just 4 percent of our elec-
tricity supply, and oil provided about 20 percent. The situation is now reversed, as
nuclear energy essentially has phased out oil use in the electricity sector.

This steady growth of nuclear power over the past three decades has produced
enormous environmental and clean air benefits. Nuclear energy now generates
three-fourths of all emission-free electricity generation in the United States and is
making significant reductions in harmful emissions into the atmosphere from the
industrial sector. Between 1973 and 2001, U.S. nuclear power plants avoided the
emission of 70.3 million tons of sulfur dioxide (SO,) and 35.6 million tons of nitrogen
oxide (NOx), compared to fuels that otherwise would have produced electricity.

The value of the emissions prevented by using nuclear power is essential in meet-
ing clean air regulations. In 2002, U.S. nuclear power plants avoided the emission
of about 3.4 million tons of sulfur dioxide and about 1.4 million tons of nitrogen
oxide. The requirements imposed by the 1990 Clean Air Act Amendments reduced
SO, emissions from the electric power sector between 1990 and 2002 by 5.5 million
tons per year and NOx emissions by 2.3 million tons per year. Thus, in a single
year, using nuclear power plants to generate electricity has eliminated nearly as
much in emissions than has been achieved over a 12-year period by all other sources
combined.

To put these numbers into perspective further, the NOx emissions prevented by
U.S. nuclear power plants are the equivalent of eliminating the NOx emissions from
6 of every 10 passenger cars on our roads today. The carbon emissions prevented
by U.S. nuclear power plants are equivalent to eliminating the carbon emissions
from nine of every 10 passenger cars on our roads.

According to a report issued last year by the U.S. Environmental Protection Agen-
cy and the Ozone Transport Commission, nuclear energy was one of the most sig-
nificant compliance tools for reducing NOx emissions in Northeastern and mid-At-
lantic states. The EPA assessment found that energy companies have been shifting
electricity production from fossil-fueled power plants to emission-free nuclear power
plants to help comply with Federal air pollution laws.

Nuclear energy also is an environmental imperative for reducing greenhouse
gases. New York is a good example of this phenomenon. New York’s greenhouse gas
emissions from fuel combustion have decreased 1 percent from 1990 to 2002, despite
a growth in population and the number of automobiles on the road. The increased
production from the state’s six nuclear power plants offset the need for electricity
production at other power plants and therefore reduced greenhouse gas emissions
during that period.

In 1990, the FitzPatrick, Ginna, Indian Point and Nine Mile Point nuclear power
plants generated more than 24 billion kilowatt-hours of electricity in New York. By
2000, nuclear energy production increased by 60 percent to more than 40,000 billion
kilowatt-hours. This increase in nuclear production allowed for a decrease in the use
of other fuels and offset an increase in emissions from the rising use of natural gas.
The result is an overall 23 percent reduction in greenhouse gas emissions from the
electricity sector.

Two reactors at the Indian Point Energy Center near New York City produced
15.7 billion kilowatt-hours of electricity in 2003, approximately 11 percent of New
York’s power and enough for 1.5 million households. Some are recommending clo-
sure of the Indian Point Energy Center because of security concerns, but such a
move would sacrifice a critical source of power for the state and needlessly reverse
progress that New York has made in reducing greenhouse gas emissions. EPA has
determined that all five counties that surround Indian Point already do not comply
with Federal air rules. Taking Indian Point off the New York electricity grid would
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worsen air quality and unnecessarily drive up the cost of electricity to consumers
and businesses.

As the New York example shows, nuclear energy is vital to our nation’s clean air
programs. Expanding nuclear energy production through continued efficiency gains
and building new nuclear plants would further enhance the role of nuclear energy
in our environmental goals. Recent studies by the Earth Institute at Columbia Uni-
versity and the Massachusetts Institute of Technology underscore the importance of
nuclear energy and renewable energy sources in meeting energy and environmental
goals that are inextricably linked.

A STABLE, EFFECTIVE, EFFICIENT NRC IS VITAL TO THE OPERATION OF EXISTING
REACTORS AND THE FUTURE EXPANSION OF NUCLEAR POWER

Nuclear power plants are a strategic national asset that contribute the fuel and
technology diversity that is the foundation of our electric supply system. Together,
large coal and nuclear power plants produce 70 percent of our nation’s electricity,
with a mix of hydroelectric, natural gas and renewables providing the balance. But
this energy diversity is at risk because today’s business and market conditions ham-
per investment in new large capital-intensive technologies, such as advanced design
nuclear power plants and clean coal power plants. Although the industry expects
that most reactors will be relicensed, the nuclear industry’s potential obviously is
severely limited if new nuclear plants cannot be financed.

The United States faces a critical need for investment in energy infrastructure,
including advanced nuclear designs. Nuclear plants are the most reliable of our
sources of electricity and offer the greatest degree of price stability. Yet, since the
passage of the Energy Policy Act of 1992, our Nation has built approximately
284,000 megawatts (MW) of natural gas-fired generating capacity more than 90 per-
cent of the new capacity added during this period. Only 4,355 MW of new nuclear
capacity and 9,500 MW of new coal-fired capacity have been added to the electricity
grid during that same period.

The nuclear energy industry is committed to the construction of new nuclear
plants when the business conditions are appropriate. However, most of the factors
involved in building new reactors the structure of the industry and markets, the
technology itself and the Federal licensing process have changed since the last nu-
clear power plants were built.

The industry has been working for several years on regulatory, financial and leg-
islative initiatives that encourage investment in new nuclear plants. For example,
recognizing that the construction of large power plants has a high degree of busi-
ness risk, the industry proposed legislative initiatives that provide Federal financial
support for the first few new nuclear plant designs. In addition, the industry sup-
ports the DOE’s Nuclear Power 2010 program aimed at developing, in partnership
with companies, detailed design and engineering on advanced reactor designs and
demonstrate the early site permit and combined construction and operating license
process.

More pertinent to the jurisdiction of this subcommittee is the prospect that com-
panies would pursue new nuclear plants would be greatly enhanced by continuity
and stability in the regulatory processes and regulatory environment at the NRC.
Regulatory uncertainty is the largest perceived risk with new nuclear plant con-
struction, so any reduction in stability of the regulatory process will damage indus-
try and financial community prospects for new nuclear plants.

Regulatory stability and continuity also are vital for the continued success of cur-
rent nuclear plants. As I have previously noted, that fleet continues to operate at
high levels of safety and efficiency, and the NRC should regulate the industry com-
mensurate to this excellent record of performance.

THE NRC REACTOR OVERSIGHT PROCESS HAS PROVEN SUCCESSFUL

The NRC now has 4 years of experience with its revised reactor oversight process,
first launched in April 2000. The new oversight process focuses on those areas of
the plant that are most important to safety. The new approach is successful in im-
proving the transparency, objectivity and efficiency of regulatory oversight. It is an
enormous improvement over the agency’s previous approach to evaluating nuclear
plant safety.

The revised oversight process combines the results of performance indicators in
18 key areas and findings from an average of 2,500 hours of inspections per reactor
to determine the appropriate allocation of inspection resources across the fleet of op-
erating plants. The results among the nations 103 operating reactors after the first
quarter of 2004 were as follows:



212

e Seventy-seven reactors had all green performance indicators and inspection
findings and will receive the baseline level of NRC inspection (approximately 2,500
hours per year).

e Twenty reactors had a single white performance indicator or inspection finding
and will receive supplemental inspection beyond the baseline effort.

e Five reactors had more than one single white indicator or finding in a perform-
ance area or had white indicators or findings in different performance areas and will
receive more in-depth inspection.!

During the past 4 years, there have been 83 performance indicators and 114 in-
spection findings across the industry that are less than the highest NRC level.
Given that the 4-years encompass about 400 reactor operating years and over 1 mil-
lion hours of NRC inspection, these results demonstrate that the industry continues
to operate at excellent levels of safety. Although an internal NRC report expressed
concern about the declining number of “non-green” performance indicators, the in-
dustry views this trend as achieving success and a strong example of the soundness
of performance-based regulation.

THE NEED FOR CONTINUED REGULATORY CHANGE

The NRC, however, has struggled to implement safety-focused insights into Fed-
eral regulation fully. The agency has made admirable progress in employing safety-
focused principles that properly apply probabilistic risk assessment to apply regula-
tion where it is needed. Although the NRC has applied the safety-focused approach
to the reactor oversight process, it has yet to incorporate this into the actual regula-
tions. This would result in a vastly more effective and efficient regulatory process,
but much work remains to codify the safety-focused principles as part of the rules
themselves.

Rulemaking initiatives have been under way for several years to apply the safety-
focused principles to 10 CFR Part 50, which deals with regulation of nuclear facili-
ties. Successful promulgation of these rules is critical to the effective and efficient
regulation of nuclear facilities. These rules also could aid in establishing a more sta-
ble and predictable regulatory process that supports both current and future nuclear
plants.

This approach is particularly necessary to address issues such as the integrity of
plant materials—metals and alloys used in plant components and equipment. In ad-
dition, the application of the safety-focused principles is essential to the regulation
of programs related to the structural integrity of reactor systems and components.

The NRC also has undertaken other projects of concern to the industry. With con-
gressional approval of Yucca Mountain as the site of a national repository for used
nuclear fuel, DOE in December is scheduled to submit a license application to the
NRC for the construction of that facility. Having one Federal agency review and ap-
prove the actions of another is relatively unique and represents a major challenge
for both agencies. The NRC has been actively engaged with DOE in prelicensing ac-
tivities. The industry supports the efforts of the NRC to date and believes that it
is providing sound oversight of the project. It is in the interest of all parties that
the repository be built and operated safely.

In reviewing the Yucca Mountain license application, the NRC will create mul-
tiple licensing boards. Creating and coordinating these various bodies will test the
agency’s management. The industry strongly urges continued oversight by this and
other congressional committees to assure efficient management of resources and to
hold the NRC to its timetable of acting on the license application within 3 years
of receipt.

The NRC also is active in licensing new nuclear facilities. Louisiana Energy Serv-
ices (LES) submitted an application for the licensing of a new enrichment facility
in January, and a similar license application is expected from the U.S. Enrichment
Company within the next few months. The NRC responded to the LES application
with an order that the application review be completed within 30 months, and the
NRC appears to be keeping to that schedule.

The industry is following the management of the LES applications closely, given
that prior efforts by the NRC to review applications for new facilities have taken
many years to resolve. Unnecessary delays in the licensing process for nuclear facili-
ties add significant business risk and hamper the development of the nuclear indus-
try. The industry encourages congressional oversight of these license applications to
ensure that they are processed in a timely and thorough manner.

1The Davis-Besse plant is receiving special inspection outside of the normal regulatory frame-
work.



213

NRC BUDGET AND STAFFING LEVELS REQUIRE REVIEW

The NRC’s budget has increased significantly over the past 5 years. The NRC’s
proposed fiscal 2005 budget totals $670.3 million, an increase of $44.2 from the fis-
cal 2004 budget, and the highest ever for this agency. This is, in large part, due
to expanded security programs and staffing for those programs. However, the indus-
try believes that the NRC has failed to leverage opportunities to become more effi-
cient.

Just as consolidation within the industry resulted in more nuclear plants being
operated by a smaller number of companies, the NRC should review its regional
structure and determine if changes are needed to respond to the new industry struc-
ture. In addition to the implementation of the revised reactor oversight process, the
natural consolidation of the industry provides an opportunity for the NRC to reallo-
cate existing resources.

About 4 years ago, the Environment and Public Works Committee approved legis-
lation that renewed the NRC’s authority to collect user fees to offset its budget.
That proposal was eventually passed into law in a slightly modified form. As a re-
sult, general revenues will be used to fund 10 percent of the NRC’s budget in the
coming fiscal year. That legislation expires at the end of the fiscal year 2005, and
the NRC’s budget again will be fully funded by user fees despite many programs
that do not benefit the industry.

As some form of reauthorization of the user fee is likely to be passed next year,
the industry urges the committee to review the current fee structure and to identify
improvements for the NRC. The industry believes that the NRC should tie activities
and fees together. We believe it is inappropriate to categorize about 75 percent of
the agency’s budget in one “general” account (part 171). In addition, the committee’s
action 4 years ago that resulted in 10 percent of the agency’s budget coming from
general revenues was based upon a calculation of those services that do not directly
benefit NRC licensees. The percentage of these services that do not benefit licensees
should be reviewed, particularly in light of increased national security expenses that
should be funded through general revenues. The industry supports legislative efforts
that call for much of the security program at the NRC to be funded from general
revenues and appreciates the committee’s support of that proposal.

THE INDUSTRY RECOMMENDS CHANGES TO THE ATOMIC ENERGY ACT

The industry continues to support several proposed changes to the Atomic Energy
Act. These proposals will facilitate reform of the NRC and its regulatory processes
to ensure the effective and efficient regulation of the industry.

e In order to provide the commission with the flexibility and discretion to manage
and organize the NRC in the most appropriate manner, Sections 203, 204 and 205
of the Atomic Energy Act should be repealed.

e Congress should remove the restriction on foreign ownership of commercial nu-
clear facilities.

e When a combined construction and operating license is issued by the NRC for
a new nuclear power plant, Congress should clarify that the license term begins
when the plant commences operation rather than when the license is issued.

e Congress should remove the requirement that the NRC conduct antitrust re-
views as other Federal agencies, notably the Securities and Exchange Commission,
the Federal Trade Commission, the Justice Department, and the Federal Energy
Regulatory Commission, conduct such reviews.

The industry is aware of and appreciates the efforts of the committee to pass sev-
eral of these proposals into law. In addition, the industry strongly supports, and
also appreciates, efforts of this committee to ensure that Price-Anderson Act cov-
erage will be available to companies that are considering building new nuclear
power plants and other nuclear facilities. The industry supports the Price-Anderson
Act reauthorization language included in the energy bill conference report.

RADIATION PROTECTION POLICY MUST BE SCIENCE-BASED AND CONSISTENT

As the industry works to increase energy production, it remains committed to
maintaining the highest priority on safety. Achieving this goal depends in large part
on the Federal Government’s setting a uniform radiation protection policy. The pol-
icy should be based on the best available science and should be applied equitably
and consistently by every Federal agency across all programs.

Duplicative and conflicting regulation by different agencies, using different cri-
teria, must be eliminated. In this area, Federal radiation protection policy falls
short. Senator Pete Domenici requested in 2000 that the General Accounting Office
(GAO) produce a report on this issue. The report—“Radiation Standards: Scientific
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Basis Inconclusive, and the EPA and NRC Disagreement Continues” (GAO/
RCEDO00-152)—concluded that U.S. radiation protection standards “lack a conclu-
sively verified scientific basis,” involve “differing exposure limits” due to policy dis-
agreements between Federal agencies, and “raise questions of inefficient, conflicting
dual regulation.” A troubling conclusion of the GAO report is that the costs related
to complying with such standards “will be immense, likely in the hundreds of bil-
lions of dollars” of private and public funds.

This situation has persisted for years, without any substantial resolution. For ex-
ample, Senator John Glenn, as chairman of the Senate Committee on Governmental
Affairs, asked the GAO to report on this issue in 1994. The GAO report, “Nuclear
Health and Safety: Consensus on Acceptable Radiation Risk to the Public is Lack-
ing” (GAO/RCED-94-190), concluded that “differences exist in the limits on human
exposure to radiation set by Federal agencies, raising questions about the precision,
credibility, and overall effectiveness of Federal radiation standards and guidelines
affecting public health.”

What is particularly troubling is that the 2000 report requested by Senator
Domenici, issued 6 years after the report requested by Senator Glenn, reflected that
the situation was essentially unchanged. Now 4 years later, the nuclear energy in-
dustry still notes little substantive progress in resolving the issue of duplicative and
conflicting radiation standards.

Although Federal regulatory agencies contend this protects public health, it dis-
courages enhancements to public health protection and the cost-effectiveness of
doing so. In addition, this situation undermines public confidence in regulatory ac-
tivities and, in the end, inhibits the availability the vast health and quality-of-life
benefits from commercial applications of nuclear technology. This situation also cre-
ates significant uncertainties in projecting costs and schedules of licensing and
building of new plants, the decommissioning of facilities that are no longer oper-
ational, and the disposal of radioactive waste.

Federal radiation protection policy must provide a foundation to protect public
health and safety, make the best use of public funding and resources, and help build
public trust and confidence in Federal decisions. The current conflicting radiation
standards and duplicative regulation work against those principles.

Recently, the NRC and EPA have pursued initiatives to resolve duplication and
conflict in their regulatory programs for radiation safety. The NRC and EPA have
agreed on a communication process that addresses their conflicting standards for de-
commissioning site cleanups. Also, the agencies are coordinating efforts to create a
more integrated framework for regulating the safe disposition of low-activity radio-
active material and mixed (radiological and chemical) waste.

However, the greatest impediment to resolving issues of duplicative authority and
conflicting standards are the various laws that mandate the respective agencies’ reg-
ulatory programs. Congress should resolve the policy issues that the agencies cannot
resolve on their own. We encourage this committee to provide appropriate, contin-
iled oversight to ensure that consistent radiation policy is established through legis-
ation.

INDUSTRY HAS LAUNCHED A PROACTIVE, COMPREHENSIVE MATERIALS
MANAGEMENT PROGRAM

The nuclear industry has long known that radiation could have effects on metals
and other structural materials previously unknown to scientists or engineers. Be-
cause commercial nuclear reactors operate at high temperatures and pressures, it
had to find materials able to withstand radiation, stress, wear and corrosion.
Through experience, it has.

Some of the initial materials used to fabricate reactor and power generation com-
ponents did not perform as well as predicted. In response, the industry, over the
past 20 years, has formed four major programs related to boiling water reactor ves-
sel internals, steam generator management, pressurized water reactor materials re-
liability, and robust fuels. Working with EPRI and the Institute of Nuclear Power
Operators (INPO), these efforts have been successful in addressing many materials
issues.

Despite these efforts, an inspection at the Davis-Besse nuclear plant in 2002 iden-
tified component damage stemming from two issues: reactor vessel nozzle cracking
and boric acid leakage. Since 1988, all U.S. pressurized water reactors have had
programs for preventing boric acid leakage. In the early 1990’s, the NRC and the
industry began examining the potential for reactor vessel nozzle cracking, after tiny
cracks were found in nozzles at a French reactor.

Nozzle cracking and boric acid leakage at Davis-Besse combined to create a prob-
lem that the nuclear industry had not experienced before: significant corrosion on
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a reactor vessel head. The corrosion was caused by water that contains boric acid.

The cracks developed over several years, ultimately permitting a small amount of

Kater containing boric acid to leak and come into contact with the reactor vessel
ead.

As a result of this corrosion, the Davis-Besse plant was shut down for corrective
measures. In March, the NRC approved FirstEnergy’s corrective actions and ongoing
plant maintenance changes and permitted Davis-Besse to restart. FirstEnergy re-
placed the reactor vessel head at Davis-Besse and the NRC conducted a thorough
inspection of the reactor. In addition, the company implemented, with NRC over-
sight, an overhaul of its management and management practices at the site.

The nuclear industry and the NRC have responded quickly and responsibly to the
Davis-Besse event. As the NRC has also been invited to testify, the commissioners
can best detail actions taken by the agency. However two of these actions merit spe-
cial attention: additional inspections of all U.S. pressurized water reactors and
changes in the agency’s oversight process to facilitate early detection of the type of
corrosion that occurred at Davis-Besse.

The nuclear industry has also responded to the event. INPO investigated the
event and issued a report with recommendations aimed at preventing a similar
event. EPRI, the industry’s research organization, had previously developed a tech-
nical document on boric-acid corrosion inspection and leakage detection. The owners
of pressurized water reactors have completed inspections recommended by the NRC.
There are no indications at any other plant of corrosion on reactor vessel heads
similar to that found on Davis-Besse. Small cracks were found on the nozzles at sev-
eral plants and reactor owners have scheduled replacement of 30 vessel heads by
2007. To date, vessel heads have been replaced at eleven nuclear plants. In the
meantime, all of these reactors will continue to operate safely.

Perhaps more importantly, the nuclear industry has also developed a integrated,
coordinated, and proactive nuclear plant materials program. In 2003, a task force
composed of senior industry executives with broad experience in materials issues,
working with materials experts, completed a broad assessment of industry pro-
grams. Although materials integrity has long been a part of the industry’s research
and maintenance programs, companies are now replacing more equipment and com-
ponents more rapidly than expected. The task force found that the industry would
benefit from a proactive program to assess and, when needed, replace plant compo-
nents and materials.

Among the findings of the industry assessment is the recognition that when sig-
nificant materials issues become known, they quickly consume all the attention, per-
sonnel and funding of diverse current materials groups. Current programs differ in
levels of funding, scope, assessment processes, executive involvement, personnel re-
sources and other areas. No industry group had looked holistically at the manage-
ment of nuclear materials issues.

The recent industry assessment stressed the importance of funding and organiza-
tional commitment to oversee materials issues. The assessment concluded that con-
sistent funding at the level required to resolve current materials issues is a pre-
requisite to remaining an effective nuclear plant operator. As a result, the industry
will spend nearly $65 million annually on this effort. We have put new inspection
proltoticols in place and have developed techniques to anticipate and detect potential
problems.

NEI also has taken proactive action to address materials degradation at our na-
tion’s nuclear power plants. With the unanimous support of the chief nuclear officer
of each company that operates a nuclear power plant, NEI has established an indus-
try wide initiative to integrate materials programs and to establish ongoing, com-
prehensive management of materials issues. This approach integrates existing ac-
tivities by INPO, EPRI and reactor owners’ groups and refocuses them for future
efforts. An executive-level oversight structure is in place to ensure appropriate re-
sources and attention is given to ensure effective management of materials issues.

The Davis-Besse event prompted the NRC and the nuclear industry to reexamine
its programs for materials management issues. The industry is committed to detect-
ing and resolving materials issues before they challenge the safe operation of our
facilities. The industry believes that the NRC has taken appropriate steps to ad-
dress these issues. Additionally, the industry believes that a proactive industry-led
program, supported with appropriate resources, is the preferred approach.

U.S. NUCLEAR POWER PLANTS ARE THE MOST SECURE INDUSTRIAL FACILITIES BEFORE
9/11 AND EVEN MORE SECURE TODAY

NEI has not had the opportunity, since the tragic attack of Sept. 11, 2001, to re-
view with this subcommittee the actions that the industry has taken in response
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to increased security concerns created by that event. The nuclear industry fully rec-
ognizes that the health, economic and national security benefits from nuclear energy
easily could be overruled if our plants cannot be operated safely, even in the current
environment of concern over terrorism.

Even prior to Sept. 11, 2001, our nuclear power plants were the most secure in-
dustrial facilities in the United States. They were built to withstand extreme nat-
ural events, such as earthquakes and hurricanes, and the NRC has for more than
20 years required that private security forces defend against an attacking force of
saboteurs intent on causing a release of radiation. The facilities are even more se-
cure today, with voluntary and NRC-required security and emergency response im-
plemented since 2001.

In analyzing this changing global environment, the nuclear industry started with
the firm knowledge that nuclear power plants although robust and difficult targets
to penetrate nonetheless are considered by some to be potential terrorist targets.
However, as stated by former NRC Chairman Richard Meserve:

It should be recognized that nuclear power plants are massive structures with
thick exterior walls and interior barriers of reinforced concrete. The plants are
designed to withstand tornadoes, hurricanes, fires, floods, and earthquakes. As
a result, the structures inherently afford a measure of protection against delib-
erate aircraft impacts. In addition, the defense-in-depth philosophy used in nu-
clear facility design means that plants have redundant and separated systems
in order to ensure safety. That is, active components, such as pumps, have
backups as part of the basic design philosophy. This provides a capability to re-
spond to a variety of events including aircraft attack.

As former Chairman Meserve noted, the industry’s “defense-in-depth” philosophy
includes protection by well-trained, heavily armed security officers, fortified perim-
eters and sophisticated detection systems. The industry also assumes that potential
attackers may attempt to achieve the help of a sympathetic insider, so the compa-
nies that operate nuclear plants conduct extensive background checks before hiring
employees. Even then, to be conservative, our security plans assume that attackers
are successful in obtaining insider help.

SECURITY AT NUCLEAR FACILITIES HAS INCREASED SIGNIFICANTLY SINCE SEPT. 11, 2001

Nuclear power plants were our nation’s most secure industrial facilities before
Sept. 11, 2001, but new threats required the industry to take action to bolster secu-
rity even more. The industry has increased well-trained, paramilitary security forces
at the plants by one-third, to some 7,000 officers at 67 sites. The industry also has
worked with the NRC to implement the security improvements mandated both in
2002 and 2003. Overall, the industry has invested more than $500 million in secu-
rity-related improvements since September 2001, and the industry will invest an-
other $500 million in security enhancements by the end of this year.

The industry’s security has been recognized as excellent in independent assess-
ments conducted by the Progressive Policy Institute, a panel of security and infra-
structure experts for The Washington Post and by current and former law enforce-
ment officials. The Progressive Policy Institute, in a report issued last summer, gave
nuclear plant security its only A rating. When The Washington Post reviewed secu-
rity in several U.S. private and government sectors a year after Sept. 11, a panel
of experts gave the nuclear industry a rating of “A-/B+” the second-highest rating
in the survey. More recently, the National Journal, in a bipartisan survey, gave nu-
clear plant security its third-highest ranking.

A copy of an NEI publication entitled “Post-Sept. 11 Improvements in Nuclear
Plant Security Set U.S. Industry Standard” is attached. It provides additional detail
regarding the many security changes that have been made at our plants since Sep-
tember 2001.

The nuclear industry has cooperated and worked with the NRC to review nuclear
plant security completely, and many improvements have been implemented as a re-
sult. Changes include measures to provide additional protection against vehicle
bombs, as well as additional protective measures against water- and land-based as-
saults. The industry has increased security patrols, augmented security forces,
added more security posts, increased vehicle standoff distances, tightened access
controls, and enhanced coordination with state and local law enforcement.

In April 2003, the NRC issued new security requirements that effectively revised
the agency’s “design basis threat,” which defines the characteristics of the threat
against which a plant must defend and is the foundation for the industry’s security
programs. Since then, the nuclear industry has been working in cooperation with
the NRC to resolve issues related to the new orders and in late April of this year,
every company that operates a nuclear power plant submitted revised security plans
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to the NRC. These plans determine how each plant will be able to meet the new
standards by the NRC-imposed deadline of October 29.

Regarding an issue that received a considerable amount of congressional concern,
the industry has worked with the NRC to develop a revised program to constantly
test the security at our facilities. This program includes “force-on-force” drills using
advanced equipment. Although the tests were suspended for several months after
Sept. 11, they are being conducted at plants throughout the nation. Every plant will
conduct NRC-evaluated force-on-force exercises at least once every 3 years, in addi-
tion to exercises conducted by energy companies on a more frequent basis.

It is highly unlikely that attackers could successfully breach security at a nuclear
power plant and produce a release of radiation that would endanger the residents
near the plant. NRC Chairman Nils Diaz on May 15 said that facilities that shield
reactor fuel the containment building, spent fuel pools or dry storage containers are
protected from scenarios as extreme as an aircraft crashing into a nuclear power
plant. “The NRC has conducted an extensive analysis of the potential vulnerability
of nuclear power plants to aircraft attacks,” Diaz said. “While the analysis is classi-
fied, the NRC remains convinced that nuclear power plants are the most heavily
protected civilian facilities in the United States.” Diaz noted that the possibility that
such an attack would result in a radiological release is low.

Even so, we recognize that the security programs at our nuclear power plants
must not be static. We are constantly reviewing and reevaluating our security pro-
grams. In that regard, the industry is ready to work with this subcommittee to help
you and the American public better understand our industry’s strong commitment
to security and protecting public safety.

Mr. Chairman, the nuclear energy industry is proud of our efforts in security and
emergency preparedness. We believe that no other industry can match or even ap-
proach the level of sophistication and commitment that the nuclear industry has ex-
hibited in operating safe and secure power plants.

We have enhanced security significantly since the Sept. 11 terrorist attacks and
we continue to work with Federal, state and local officials to ensure there is a seam-
less shield of protection at our facilities both for our workers and for residents who
live near our facilities. The industry also needs regulatory stability during this pe-
riod of complying with the most recent NRC security requirements and thereafter.
The industry’s plans to meet the new NRC requirements include costly physical im-
provements that will bolster plant security. Constantly changing the security re-
quirements could delay current improvements or could result in the improvements
being outdated even as they are being built.

NEI SUPPORTS NRC-ENDORSED LEGISLATIVE PROPOSALS AND URGES THE
SUBCOMMITTEE TO SUPPORT COMPREHENSIVE ENERGY LEGISLATION

The nuclear energy industry has followed the legislative proposals of the Senate
Environment and Public Works Committee closely over the past 2 years. The indus-
try agpaeciates the cooperation that members and staff, on a bipartisan basis, have
provided.

In general, the industry has supported several NRC proposals on security, and we
appreciate the committee’s efforts in including those initiatives in legislation ap-
proved last year and in agreeing to include those proposals as part of the com-
prehensive energy bill conference report still be considered by the Senate. We were
disappointed that language was not agreed upon to resolve the issue regarding
when our security personnel may use deadly force. We continue to support efforts
to assure that they can use deadly force under appropriate circumstances. Although
the industry still has concerns regarding the proposals in the energy bill conference
report, it supports passage of the legislation, along with those proposals included
in a broad energy package for America.

Mr. Chairman, the nuclear energy industry has responded to many of the con-
cerns that the full committee voiced regarding security at our plants over the past
2 years. The NRC has created a new security division. The industry’s security is
being tested with force-on-force drills on a more frequent basis. The design basis
threat has been increased to reflect today’s potential security threats after the NRC
conducted a review of the requirements with other Federal agencies. Our emergency
response plans, already the gold standard for emergency planning, have been im-
proved.

The industry remains hopeful that an energy bill, including nuclear security pro-
visions, can be passed this year. Yet, we urge this subcommittee and the full com-
mittee to consider that this industry has maintained its long-standing commitment
to security, is making the changes required to defend against new threats and is
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re-examining its emergency preparedness programs to ensure that our facilities con-
tinue to be the most secure in the nation.

By October 29, we will have spent approximately $1 billion industry wide on secu-
rity enhancements, working with the NRC and Department of Homeland Security.
The industry will continue its long-standing practice of re-examining security based
on emerging global events. We take that initiative as an industry and we must do
so in a climate of regulatory stability and certainty so that there is time to comply
with the new requirements imposed by the NRC and bring stability to the programs
that make America’s nuclear power plants the most secure industrial facilities in
the country.

CONCLUSION

America’s 103 nuclear power plants comprise a critical element of our energy port-
folio. Nuclear power is vital not only to our nation’s energy security and economic
future but also to our environmental and clean air goals. The industry continues to
operate nuclear plants safely and efficiently. During the past decade, performance
and safety have been consistently at, or near, record levels. In addition, nuclear
power plants also are the most secure industrial facilities in the country.

The nuclear industry has significantly increased the amount of electricity that it
generates over the past two decades. But for the nuclear industry to continue gener-
ating three-quarters of our nation’s emission-free electricity, new nuclear plants
must be built. The industry has made great strides toward 1its goal of constructing
new nuclear plants and is committed to achieving this objective in the near term.

The NRC plays an important role in the nuclear energy sector. Achieving the goal
of new plant construction depends on a stable regulatory environment, one that
assures the safe operation of our plants. The NRC has made significant progress to-
ward this end, yet more must be done. The NRC must continue to modernize its
regulatory environment to incorporate safety-focused principles. For the nuclear in-
dustry to continue to play an important role in our nation’s energy and environ-
mental future, the NRC must be more effective and more efficient.

RESPONSES BY MARVIN FERTEL TO ADDITIONAL QUESTIONS FROM SENATOR INHOFE

Question 1. In your opinion, with the resident inspectors, is it necessary today to
continue having four NRC regions as well?

Response. We believe it is likely that the NRC could gain additional efficiencies
and effectiveness by further consolidation of its regional offices. As noted in my tes-
timony, the NRC’s budget and overall staffing levels have increased significantly
over the past several years. According to its budget request for fiscal year 2000, the
NRC was to have 2,810 full time equivalent employees. But, by fiscal year 2005,
that number had increased to 3,109. Most of this increase reflects efforts to address
uprates, relicensing, new plant licensing, emergency preparedness and security.
While these are areas the industry recognizes as priority activities requiring NRC
resources, we believe the NRC has other areas where resource commitments could
be decreased or reassigned to address the priority areas and where efficiencies could
be gained-both improving NRC regulatory effectiveness and also decreasing licensee
costs. Specifically, recognizing the extremely high level of plant performance in the
industry, the more effective and safety-focused reactor oversight process, and the
changes in ownership and management of operating plants in the industry, the NRC
should be able to decrease resources committed to inspections and should seriously
consider further consolidation of their regional offices.

With specific regard to the regional offices, a key factor that should be considered
in evaluating the structure of the regional offices 1s the amount of industry consoli-
dation that has taken place. When the regional offices were created, all of the oper-
ating units owned by an individual utility were located in the same NRC region and
one regional office would interface with the utility management team. Today, we
have individual utilities that own operating units in multiple regions, creating a sit-
uation where multiple regions are interacting with one utility management group.
We don’t believe this is necessarily the most effective way for the NRC to oversee
company performance, or for licensees to effectively interact with the regulator.

The industry also believes that the NRC could become more efficient by elimi-
nating, or consolidating its regional offices. Each regional office has approximately
65 positions that do not have any direct inspection responsibility. The functions of
these individuals include management positions, administrative staff, public affairs
offices, travel offices, etc. There are also considerable facility-related costs.

In assessing its overall organizational staffing levels, the NRC should also avoid
creating large new permanent staff positions to handle short-term resource require-
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ments. A specific example where this appears to be the case is in the area of secu-
rity. With the changes to the regulatory requirements and to licensee plans and
strategies, the NRC has faced a “bow-wave” of activities over the past 3 years. How-
ever, going forward, the industry, not the NRC, has the bulk of implementation re-
quirements. NRC should assess their staffing needs, everywhere and particularly in
the area of security, based upon a longer-term perspective of fulfilling their respon-
sibilities and be careful to not establish large organizations that do not have rel-
evant longer-term activities to fulfill.

In summary, the industry believes that the changing regulatory environment as
well as the changing nature of the industry has provided opportunities for the NRC
to review and evaluate its staffing levels and that the NRC has significant opportu-
nities to increase both efficiency and effectiveness by both structural organizational
changes and more focused staff assignments. Consolidating its regional offices is but
one example of how legitimate increases in staffing levels in some areas could be
offset by decreases elsewhere without diminishing NRC’s effectiveness.

Question 2. Has NEI noticed a difference in the way the NRC conducts their en-
forcement actions since they have been moving toward risk-based decisionmaking?

Response. The enforcement program changes that were put in place coincident
with the revised Reactor Oversight Process have resulted in enforcement actions
that are much more closely tied to the significance of the performance issue. This
is a much improved process and has led to a better safety focus on performance
issues. However, further enhancements can be made.

In our view, there remain compliance requirements that have little or no safety
significance. For example, over 98 percent of the NRC’s inspection findings are de-
termined to have little or no safety significance. The new enforcement policy appro-
priately defers these issues to licensee management for resolution as part of the
plant’s corrective action program, with follow-up from the resident inspector to en-
sure the issues are properly addressed. In many cases, these issues had already
been identified by the licensee. What this result says is that significant NRC inspec-
tion resources are being committed to issues of low, or no safety significance.

While the output from the Reactor Oversight Process is successfully focusing NRC
resources on safety-related issues, the fact that 98 percent of the inspection findings
have little or no safety significance, is indictive of a situation where the inspectors
are inspecting existing codified regulations which are not safety focused. In essence,
while the oversight process and its enforcement process have been made safety-fo-
cused, many of the existing codified regulations are not safety-focused. This is a pri-
mary area where the NRC’s inspection/enforcement requirements can be more risk-
informed.

While the Commission is committed to addressing this issue, and while some
progress is being made in revising outdated and ineffective regulatory requirements,
the pace of change is far too slow to provide any significant improvement in the
foreseeable future. The Commission should set a goal of eliminating or modifying
those regulations that have little safety value within 5 years. In an attempt to facili-
tate such changes, the industry has provided the NRC with a white paper describing
a new, risk-informed regulatory framework, which includes sample regulation lan-
guage that is risk-informed and performance-based where appropriate. The new
framework is technology neutral and could be applied to both current and future
plants.

RESPONSE BY MARVIN FERTEL TO AN ADDITIONAL QUESTION FROM
SENATOR JEFFORDS

Question. Mr. Fertel, in light of the consolidation in the nuclear industry you de-
scribe in your testimony, do you think the NRC should be doing more to track
wastes and fuels?

Response. The industry fully recognizes and accepts its responsibility to safely
and securely control and manage fresh nuclear fuel and all byproducts, including
spent nuclear fuel generated at the plants. We find the recent, though very limited,
incidents unacceptable from a credibility and public confidence perspective, though
they posed no threat to public health and safety.

The NRC currently has strict regulatory requirements regarding the control and
recordkeeping associated with special nuclear material, including new fuel, spent
nuclear fuel, high-level wastes and low-level wastes. To meet these requirements,
every commercial nuclear power plant utilizes computerized systems to track the
movements and storage locations of all nuclear materials. Every delivery to the site
and transports away from the site are tracked and recorded.
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The industry recognizes that there have been three recent problems identified
that raise questions regarding the effectiveness of the current regulations. However,
events contributing to the recently identified concerns occurred decades ago. At the
Vermont Yankee plant, the used fuel pieces that could not be properly accounted
were subsequently found at the plant in the used fuel storage pool. In the Millstone
event, fuel rods that were also unaccounted for were determined by the NRC to not
be a public safety hazard and that they were most likely disposed of in a low-level
waste facility and thus properly sequestered away from the public. The most recent
problem is expected to result in finding the material in the pool.

The industry and the NRC have proactively investigated these circumstances to
develop lessons learned and initiate corrective actions. In addition, the NRC has in-
formed all licensees about these circumstances and expects the licensees to review
the effectiveness of their individual material control and accounting programs in
order to avoid similar problems at their facilities.

The consolidation of the industry, as described in my testimony, has little or no
impact upon the NRC’s ability to control and track nuclear materials at the sites
owned by those companies. Regardless of the owner, the requirements are clear and
the recordkeeping should be accurate. Also, with respect to consolidation, a valid ar-
gument could be made, for example, that the consolidation and thus shared manage-
ment of several facilities will result in better and more uniform management prac-
tices.

In our view, these few incidents, while undesirable, did not pose a threat to health
and safety. On the positive side, they demonstrated the value of the inspection and
reporting requirements imposed by the NRC, illustrated the transparency of the
NRC process to the public, resulted in a very systematic resolution of the identified
problem, and provided lessons-learned to the NRC and he industry. As such, we be-
lieve the existing regulatory requirements are both adequate and effective. The
strength of these tracking systems and the utilities commitment to safety have re-
sulted in what in an excellent overall record of controlling and tracking nuclear ma-
terial by the NRC.

RESPONSES BY MARVIN FERTEL TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question 1a. What are the human capital needs in the nuclear industry?

Response. The nuclear energy industry recognizes that it faces a human resource
challenge. It has an aging work force, which will require careful evaluation and
comprehensive planning in order for the industry to meet its human resources needs
over the next decade.

In 2003, NEI completed a comprehensive staffing study which indicated that near-
ly 28 percent of workers at generating stations and 35 percent of workers at key
suppliers will be eligible to retire within the next 5 years. (A copy of the study is
attached.) Further, significant skills shortages were identified in the 2001 NEI
Staffing Study. Absent some proactive industry and government initiatives, we
project that demand will exceed supply for nuclear engineers by 56 percent and
health physicists by 63 percent. It is important to keep in mind that all of these
assessments were based on the continued operation of the current fleet and have
not considered the work force demands for the construction and operation of new
plants, which could add thousands to the work force need in the latter part of the
next decade.

We are particularly concerned that there are very few education and training pro-
grams available at universities or community colleges for health physicists, radi-
ation protection technicians, chemistry technicians, instrumentation and control
technicians (analogue) and non-destructive examination professionals.

Q)uestion 1b. What can be done to help human capital development in the indus-
try?

Response. As result of our concerns in this area, NEI recommends continued sup-
port for University Programs in the Department of Energy’s Office of Nuclear En-
ergy at the $27.5 million level and expansion of these programs to include funding
support for Health Physics programs. In addition, support for the development of
e-learning and community college initiatives in a variety of fields including radi-
ation protection, instrumentation and control, and non-destructive examination
would greatly assist the industry to successfully tackle its work force challenges. In
this area, NEI urges support for the Department of Labor’s High Growth Job Train-
ing Initiative at the administration requested funding level of $250 million specifi-
cally for community college programs. Finally, NEI recommends that all of the agen-
cies whose mandates encompass supporting education and training in this area, in-



221

cluding the National Science Foundation, the Departments of Energy, Labor and
Education work collaboratively with the industry in new program design and devel-
opment to ensure that appropriate, seamless and adequate programs are supported
and to avoid needless duplication of programs.

In addition to the broad-based industry activities, the Federal Government can
play a large role in assisting the industry and the American worker in gaining the
education and job skills necessary for employment in the nuclear industry. Further-
more, programs that build a competency in this area will also help ensure a pool
of qualified candidates with nuclear and radiological skills for the Departments of
Energy, Defense and Homeland Security, the Nuclear Regulatory Commission and
the national laboratory system.

Question 2. Do you agree or disagree with GAO’s recommendation that the NRC
should develop a methodology to assess early indications of deteriorating safety at
nuclear power plants? Why? What do you think the NRC should do to address safety
culture at nuclear plants around the country?

Response. The NRC certainly has the responsibility to assess indications of dete-
riorating safety at nuclear plants and to take appropriate regulatory actions. They
had that responsibility prior to Davis-Besse and the responsibility remains.

There is, however, single metric the NRC can use to effectively evaluate safety
culture. Therefore, when the GAO says the NRC should develop a “methodology” to
assess safety culture, I believe that the best manner for the NRC to achieve that
goal is for the NRC to ensure that it is effectively integrating safety culture insights
from all its activities. My following comments explain how I would implement such
a “methodology”.

The NRC has been very systematic in reviewing the Davis-Besse event to identify
improvements in their assessment process. A lessons-learned task force (LLTF) was
established by the NRC to develop recommendations from the Davis-Besse event to
improve the NRC’s regulatory process. I believe the actions taken are consistent
with the industry’s view of the event.

While the creation and maintenance of the desired safety culture is the responsi-
bility of corporate and plant management, the NRC does have an important role to
ensure that the desired safety culture exists. In 1989 the Commission issued a pol-
icy statement that outlined the expectation that the management of a nuclear plant
has the duty and obligation to foster the development of a “safety culture” at each
facility and provide a professional working environment that assures safe oper-
ations.

The NRC currently has many tools to assure that result. As there are generally
two full time inspectors at every nuclear plant site, the NRC has a real-time view
of the performance of every nuclear plant. The NRC also performs inspections of
systems and components during operation and shutdown conditions. These inspec-
tions give the NRC the ability to make continuous observations of performance, in-
cluding safety culture.

Following the Davis-Besse incident, the NRC through the LLTF, recognized sev-
eral areas for improvement in observation training and questioning attitude of the
resident inspectors regarding the maintenance of a safety culture at the plant and
has improved its oversight by enhancing the recognition of safety culture concerns
by the resident inspectors.

The reactor oversight process (ROP), through the performance indicators and
cross-cutting issue inspections, provides a view of unit performance, material condi-
tion and culture at the plants. Complimentary to the ROP is the corrective action
program at every nuclear plant. Not only does the NRC have real time access to
the daily review of corrective action documents but they also perform periodic in-
spections of the performance indicators, corrective action programs and work activi-
ties. These inspections provide valuable insight into the way safety issues are iden-
tified, trended and resolved, all providing good indications of the safety culture at
the plants.

The NRC should use all the program reviews, inspections and direct oversight by
resident inspectors discussed above plus the allegation and employee concerns pro-
grams, which is a component of a safety conscious work environment, to review safe-
ty culture at nuclear plants.

In addition, the NRC has a memorandum of agreement with the Institute of Nu-
clear Power Operations (INPO) to allow them to place observers on the evaluation
teams that perform the every 2 year plant evaluations for the industry. These teams
specifically look at the safety culture of the plant and review the results of the eval-
uation directly with the company’s chief executive officer. INPO has increased its
focus on safety culture since the Davis-Besse incident.
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The strength of safety culture can best be determined by a combination of direct
contact with station personnel and management, reviewing results of plant perform-
ance, trending allegations resulting from the safety conscious work environment,
routine inspections, and inspections of the corrective action process. The onsite resi-
dent inspectors along with the various visiting inspectors provide continuous, as
well as, periodic sampling of the safety culture at a nuclear plant. The inspectors
observe behavior during routine operation, refueling outages and special evolutions.
They can determine, if properly trained, when there is a major shift in culture at
a plant. This concept was recently demonstrated by the identification of a problem
and the significant actions taken by the NRC at the Salem-Hope Creek nuclear
plants.

Taking into consideration the changes the NRC has made based upon their Davis-
Besse LLTF plus all the activities and opportunities to observe and evaluate safety
culture, the NRC currently has the ability to effectively assure that every site main-
tains a safety culture. As part of its “methodology”, the NRC should continue to in-
tegrate, and look for ways to improve, the input from its systematic oversight, in-
spections and safety conscious work environment related allegations to gather the
complete picture of safety culture at a plant.

Question 3a. What has the industry learned from the Davis-Besse incident? What
changes have been made across the industry?

Response. The industry recognizes that the Davis Besse incident was the result
of a significant failure on the part of the company, the industry, as well as the NRC.
As such, it has taken many actions to not only identify lessons-learned but also to
assure that every plant has acted to implement changes and recommendations as
a result.

The industry participated on many of the teams that were sent to Davis-Besse
to help determine root cause and corrective actions. Due to this direct participation,
several changes have occurred throughout the industry. As discussed, subsequently
in this answer, INPO has been the major driver in changing its processes and in
driving change in the industry.

One of the major lessons-learned was a heightened awareness of plant material
condition and degradation mechanisms. To address this issue, senior industry lead-
ership through NEI developed an initiative to address the material condition and
degradation at nuclear plants. This initiative is more fully explained in my written
testimony already submitted to the subcommittee. Because of this increased focus
on materials, the industry has taken a very aggressive stance on inspections and
repair/replacement of components susceptible to material degradation, e.g. steam
generators and reactor vessel heads.

Question 3b. Please detail the work that Nuclear Energy Institute (NEI) and the
Institute of Nuclear Power Operations (INPO) has done on safety culture and safe-
ty-conscious work environment.

Response. With respect to safety culture, NEI has played a role in activities relat-
ing to safety culture and safety conscious work environment (SCWE). NEI has spon-
sored forums and formed working groups to address safety culture and SCWE
issues. NEI has assisted in the development of guidelines for principles associated
with safety culture and guidelines for developing robust employee concerns pro-
grams which is an important aspect of SCWE. The latter guideline has been shared
on our public web site so that all nuclear related industries can share our collective
expertise and lessons learned.

Following the Davis-Besse event, major systematic changes were made to INPO’s
programs. From an industry perspective, the assessment and oversight of safety cul-
ture for the industry, falls directly within the domain of the INPO. INPO has sig-
nificantly changed its oversight of nuclear plants, particularly in the area of safety
culture, as a result of the Davis-Besse incident.

INPO established a very aggressive internal program review related to safety cul-
ture following the Davis-Besse incident in the fall 2002. This review developed rec-
ommendations that were acted upon by the INPO executives resulting in com-
prehensive and broad-based corrective actions that touched every cornerstone and
technical employee. Many of the corrective actions were focused on the plant evalua-
tion process and how INPO evaluates safety culture. Safety culture “touch points”
were adopted from pre-evaluation analysis to preexit meeting to exit meeting with
the utility CEO. Safety culture is now discussed with each utility CEO as part of
the evaluation process.

INPO also conducted a series of workshops for the industry to cover the lessons
learned from Davis-Besse and INPO. These work shops were regional throughout
the United States and included participation by the Davis-Besse management team.
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Along with the internal review and workshops, INPO also issued a Significant Op-
erating Experience Report (SOER) in November 2002 to be implemented by every
U.S. nuclear utility. The SOER contained three specific recommendations summa-
rized as follows: (1) to discuss the Davis-Besse case study outline (provided with the
SOER) with all nuclear organization managers and supervisors. Continue this effort
periodically with all new managers and supervisors. Include a discussion of the
technical and non-technical contributors to the event; (2) to conduct a self-assess-
ment to determine to what degree your organization has a healthy respect for nu-
clear safety and that nuclear safety is not compromised by production priorities. The
self-assessment should emphasize the leadership skills and approaches necessary to
achieve and maintain the proper focus on nuclear safety. The components of this
self-assessment should be included in the plants on-going self-assessment program;
and (3) to identify and document abnormal plant conditions or indications at your
station that cannot be readily explained. Pay particular attention to long-term unex-
plained conditions. Thoroughly investigate and evaluate each condition individually
and in an aggregate to determine the causes and potential consequences and to en-
sure timely and effective resolution.

INPO members were asked to provide a copy of their internal self-assessment re-
quired by the SOER to be reviewed by INPO mangers and executives. The aggregate
findings of the self-assessments were shared with the utility CEOs at the November
2003 CEO Conference. The discussion highlighted some of the industry’s safety cul-
ture best practices, including how some CEOs were personally communicating their
safety culture expectations.

In addition, INPO developed a principles document with the assistance of several
prominent current and retired nuclear industry executives and a smaller number of
culture experts. The document is titled, “Principles for a Strong Nuclear Safety Cul-
ture”. (A copy is attached.)

The document was introduced at the November CEO Conference with the expecta-
tion that the CEOs will use the principles during discussions with utility senior
management and that each utility will incorporate the principles into their nuclear
program. As part of INPO’s systematic evaluations of individual plants, the imple-
mentation of the principles will be assessed.

Safety culture discussions have been incorporated into the appropriate leadership
courses and seminars offered through INPO. These seminars cover all levels of the
nuclear plant management structure. Safety culture will also continue to be a pri-
mary theme at the Annual INPO-CEO Conferences.

In conclusion, the lessons-learned from the Davis-Besse event have resulted in
major changes to almost all of the ongoing INPO programs, most prominently the
evaluations program and its leadership training programs. Of equal significance, the
importance of safety culture and its characteristics are now a fundamental theme
in all interactions with CEQO’s, NEI, INPO and the leadership in the industry are
committed to prevent events like what occurred at Davis-Besse. The increased focus
on and to substantive programmatic changes made to address safety culture should
result in success on that commitment.
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Introduction

Principles for a Strong Nuclear Safety Culture describes the essential
attributes of a healthy nuclear safety culture (hereafter “safety
cultare”), with the goal of creating a framework for open discussion
and continuing evolution of safety culture throughout the commercial
nuclear electric generating industry. The principles and associated
attributes described have a strong basis in plant events.

Basic principles are addressed herein, rather than prescribing a
specific program or implementing methods. These principles and
atiributes, if embraced, will influence values, assumptions,
experiences, behaviors, beliefs, and norms that describe what it is like
to work at a specific facility and how things are done there.

Principles appear in boldface type. Attributes help clarify the intent
of the principles.

Utility managers are encouraged to make in-depth comparisons
between these principles and their day-to-day policies and practices,
and to use any differences as a basis for improvement.

This document is complementary to, and should be used in
conjunction with, previously published principles documents. It
builds on and supports Principles for Enhancing Professionalism of
Nuclear Personnel, March 1989. It contains concepts consistent with
those described in Management and Leadership Development,
November 1994; Excellence in Human Performance, September
1997, Principles for Effective Self-Assessment and Corrective Action
Programs, December 1999; and Principles for Effective Operational
Decision-Making, December 2001.

This initial version of the document is issued in preliminary form.
Suggestions for improvement and comments from the industry are
welcomed and encouraged. A final version will be published after
industry suggestions and comments are incorporated.

This document was developed by an industry advisory group in
conjunction with the staff of the Institute of Nuclear Power
Operations (INPO) and with broad input from the U.S. nuclear
industry.
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Background

A variety of watershed events over the years have influenced the safety
culture at U.S. nuclear electric generating plants. The industry had its
first significant wake-up call in 1979 as a result of the accident at Three
Mile Island Nuclear Station. Many fundamental problems involving
hardware, procedures, training, and attitudes toward safety and
regulation contributed to the event.

In 1986, the Chernobyl! accident was a stark reminder of the hazards of
nuclear technology. This accident resulted from many of the same
weaknesses that led to the Three Mile Island accident. In addition, it
highlighted the importance of maintaining design configuration, plant
status control, line authority for reactor safety, and cultural attributes
related to safety.

Response from industry and regulatory organizations to both these
events was sweeping. Improvements were made in standards, hardware,
emergency procedures, processes, training (including simulators),
emergency preparedness, design and configuration control, testing,
human performance, and attitude toward safety.

More recent events, such as the 2002 discovery of degradation of the
Davis-Besse Nuclear Power Station reactor vessel head, have
highlighted problems that develop when the safety environment at a
plant receives insufficient attention. A theme common in these cases is
that, over time, problems crept in, often related to or a direct result of
the culture at the plant. Had these problems been detected and resolved,
the events could have been prevented or their severity lessened.

These events and the notion that culture is a key ingredient in the overall
success of the plant form the basis for this document.

Organizational culture is the shared basic assumptions that are
developed in an organization as it learns and copes with problems. The
basic assumptions that have worked well enough to be considered valid
are taught to new members of the organization as the correct way to
perceive, think, and feel. Culture is the sum total of a group’s learning.
Culture is for the group what character and personality are for the
individual.
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In addition to a healthy organizational culture, each nuclear station,
because of the special characteristics and unique hazards of the
technology-—radioactive byproducts, concentration of energy in the
reactor core, and decay heat—needs a strong safety culture.

Safety culture: An organization’s values and
behaviors—modeled by its leaders and internalized
by its members—that serve to make nuclear safety
the overriding priority.

Implied in this definition is the notion that nuclear power plants are
designed, built, and operated (and intended) to produce power in a safe,
reliable, efficient manner; that the concept of safety culture applies to
every employee in the nuclear organization, from the board of directors
to the individual contributor; that the focus is on nuclear safety,
although the same principles apply to radiclogical safety, industrial
safety, and environmental safety; and that nuclear safety is the first
value adopted at a nuclear station and is never abandoned.

The strength of a facility’s safety culture could lic anywhere along a
broad continuum, depending on the degree to which the attributes of
safety culture are embraced. Even though safety culture is a somewhat
intangible concept, it is possible to determine, based on observable
attributes, whether a station tends toward one end of the continuum or
the other.

A safety-conscious work environment (freedom to raise concerns
without fear of retribution) is one, but only one, element of a strong
nuclear safety culture.

Commercial nuclear electric generating plants are designed, built, and
operated to produce electricity. Safety, production, and cost control
are natural goals for the operation of such a plant. These outcomes are
quite complementary, and most plants today achieve high levels of
safety, impressive production records, and competitive costs, reinforced
by decisions and actions made with a long-term view. This perspective
keeps safety as the overriding priority for each plant and for each
individual associated with it.
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Principles for a
Strong Nuclear
Safety Culture

Safety culture: An
organization’s
values and
behaviors—modeled
by its leaders and
internalized by its
members—that serve
1o make nuclear
safety the overriding
priority.

The following principles are described in this document:

1. Nuclear safety is everyone’s responsibility.
2. Leaders demonstrate commitment to safety.
3. Trust permeates the organization.

4. Decision-making reflects safety first.

5. Nuclear is recognized as different.

6. A “what if” approach is cultivated.

7. Organizational learning is embraced.

8. Nuclear safety undergoes constant examination.
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Principles
and Their
Attributes

1. Nuclear safety is everyone’s responsibility.

Responsibility and autherity for nuclear safety are well defined and
clearly understood. Reporting relationships, positional authority,
staffing, and financial resources are commensurate with and support
nuclear safety responsibilities. Corporate policies emphasize the
overriding importance of nuclear safety.

Attributes:

The line of authority and responsibility for nuclear safety is
defined from the board of directors to the individual contributor.
Each of these positions has clearly defined roles, responsibilities,
and authorities, designated in writing and understood by the
incumbent.

People and their professional capabilities, values, and experiences
are regarded as the nuclear organization’s most valuable asset.
Staffing levels are consistent with the demands related to
maintaining safety and reliability.

Board members and corporate officers periodically take steps to
reinforce nuclear safety, including site visits to assess management
effectiveness first-hand.

The line organization is the primary source of information and the
only source of direction. Other parties, such as oversight
organizations and committees, review boards, or outside advisors,
that provide management information essential to effective self-
evaluation are not allowed to dilute or undermine line authority
and accountability.

Relationships among utilities, operating companies, and owners
are not allowed to obscure or diminish the line of responsibility for
nuclear safety.

The system of rewards and sanctions is aligned with strong
nuclear safety policies and reinforces the desired behaviors and
outcomes.

Al personnel understand the importance of adherence to nuclear
safety standards. Healthy accountability is exercised at all levels
of the organization for shortfalls in meeting standards.
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2. Leaders demonstrate commitment to safety.

Executive and senior managers are the leading advocates of nuclear
safety and demonstrate their commitment both in word and action.
The nuclear safety message is communicated frequently and consistently,
occasionally as a stand-alone theme. Leaders throughout the plant
organization set an example for safety through their direct involvement in
training and field oversight of important plant activities.

Attributes:

Managers and supervisors practice visible leadership in the field by
placing “eyes on the problem,” coaching, mentoring, and
reinforcing standards. Deviations from station expectations are
corrected promptly.

Continuous oversight is provided during safety-significant tests or
evolutions.

Managers and supervisors are personally involved in high-quality
training that consistently reinforces expected worker behaviors.

Leaders recognize that aggressive production goals can appear to
send mixed signals on the importance of nuclear safety. Managers
are sensitive to detect and avoid these misunderstandings.

The bases, expected outcomes, potential problems, planned
contingencies, and abort criteria for important operational
decisions are communicated promptly to workers.

Informal opinion leaders in the organization are encouraged to
model safe behavior and influence peers to meet high standards.
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3. Trust permeates the organization.

A high level of trust is established in the organization. There is a free
flow of information in which issues are raised and addressed. Employees
are informed of steps taken in response to their concerns.

Attributes:

A variety of methods are available by which personnel can raise
nuclear safety concerns, without fear of retribution.

Employees are expected and encouraged to offer innovative ideas
to help solve problems.

Differing opinions are welcomed and respected. When needed,
fair and objective methods are used to resolve conflict and
unsettled differing professional opinions.

Supervisors are skilled in responding to employee questions in an
open, honest manner. They are recognized as an important part of
the management team, crucial to translating safety culture into
practical terms.

Impacts of impending organizational changes (such as those
caused by sale or acquisition, bargaining unit contract
renegotiations, and economic restructuring) are anticipated and
managed such that trust in the organization is maintained.

Complete, accurate, and forthright information is provided to
oversight, audit, and regulatory organizations.
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4. Decision-making reflects safety first.

Plant personnel are systematic and rigorous in making decisions that
support safe, reliable plant operation. Operators are vested with the
authority and understand the expectation, when faced with unexpected or
uncertain conditions, to place the plant in a safe condition. Senior leaders
support and reinforce conservative decisions.

Attributes:

L

The organization maintains a knowledgeable workforce to support
a broad spectrum of operational and technical decisions. Outside
expertise is employed when necessary.

Plant personnel apply a rigorous approach to problem-solving.
Conservative actions are taken when understanding is incomplete.

Single-point accountability is maintained for important safety
decisions, allowing for ongoing assessment and feedback as
circumstances unfold.

Managers regularly communicate to the workforce important
decisions and their bases as a way of demonstrating and
reinforcing a healthy safety culture.

Candid dialogue and debate are encouraged when safety issues are
being evaluated. Robust discussion and healthy conflict are
recognized as a natural result of diversity of expertise and
experience.

Decision-making practices reflect the ability to distinguish
between “allowable” choices and prudent choices.
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5. Nuclear is recognized as different.

The special characteristics of nuclear technology are taken into
account in all decisions and actions. Reactivity control, continuity of
core cooling, and safety margin management are valued as essential,
distinguishing attributes of the nuclear station work environment.

Attributes:

e Activities that could affect core reactivity are conducted with
particular care and caution.

o Features designed to maintain critical safety functions, such as
core cooling, are recognized as particularly important.

e Design and operating margins are carefully guarded and changed
only with great thought and care. Special attention is placed on
maintaining defense-in-depth.

e Equipment is meticulously maintained well within design
requirements.

» Insights from probabilistic risk analyses are considered in daily
plant activities and plant change processes.

e Plant activities are governed by comprehensive, high-quality
processes and procedures.

¢ Employee mastery of reactor and power plant fundamentals, as
appropriate to the job position, establishes a solid foundation to
support sound decisions and behaviors.
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6. A ““what if” approach is cultivated.

Individuals demonstrate a questioning attitude by challenging
assumptions, investigating anomalies, and considering potential
adverse consequences of planned actions. All employees are watchful
for conditions or activities that can have an undesirable effect on plant
safety.

Attributes:

* While individuals expect successful outcomes of daily activities,
they recognize the possibility of mistakes and worst-case
scenarios. Contingencies are developed to deal with these
possibilities.

e Anomalies are thoroughly investigated, promptly mitigated, and
periodically analyzed in the aggregate. Personnel do not proceed
in the face of uncertainty.

e  Workers do not live with conditions or behaviors that have the
potential to reduce operating or design margins. These
circumstances are promptly identified and corrected.

* Group-think is avoided through diversity of thought and
intellectual curiosity. Opposing views are encouraged and
considered.
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7. Organizational learning is embraced.

Operating experience is highly valued, and the capacity to learn from
experience is well developed. Training, benchmarking, and self-
assessments are used to stimulate learning and improve performance.

Attributes:

The organization avoids complacency and cultivates a continuous
learning environment. The attitude that “it can’t happen here” is
not allowed in the organization.

Training effectively upholds management’s standards and
expectations. Beyond teaching knowledge and skills, trainers are
adept at instilling nuclear safety values and beliefs.

Individuals are well informed of the underlying lessons learned
from significant industry and station events, and they are
committed to not repeating these mistakes.

Expertise in root cause analysis is applied effectively to examine
events and improve safety focus.

Processes are established to identify and resolve latent
organizational weaknesses that can aggravate relatively minor
events if not corrected.
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8. Nuclear safety undergoes constant examination.

Oversight is used constructively to strengthen safety and improve
performance. Nuclear safety is kept under constant scrutiny through a
variety of monitoring techniques, some of which provide an independent
“fresh look.”

Attributes:

* A mix of self-assessment and independent oversight reflects an
integrated and balanced approach. This balance is periodically
reviewed and adjusted as needed.

e Periodic safety culture assessments are conducted and used as a
basis for improvement.

¢ The pitfalls of overfocusing on a narrow set of performance
indicators are recognized. The organization is alert to detect and
respond to indicators that may signal declining performance.

» The insights and fresh perspectives provided by quality assurance,
assessment, and independent oversight personnel are valued.

¢ Senior executives and board members are periodically briefed on
results of oversight group activities to gain insights into station
safety performance.
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Section I: Executive Summary

The nuctear energy industry faces a human resources challenge that will require careful

evaluation and comprehensive planning: an aging work force.

The industry isn't alone in addressing this challenge. Overall, the median age of the US.
labor force is rising, according to the U.S. Deparument of Labor's Bureau of Labor Statistics.
By 2008, the median age will reach 40.7 years, reflecting the aging of the baby boomer
generation—persons born between 1946 and 1964. Worker median age has risen steadily
from 359 in 1988.

This report, compiled by the Nuclear Energy Institute,' examines the results of a survey
undertaken by the NEl Work Force lIssues Task Force in December 2003 to get a clearer
picture of the future work force. The survey contains data from 20 owners or operators
representing 84 of the nation’s 103 operating commercial reactors. Other participants
include major staffing augmentation firms, original equipment manufacturers, fuel suppliers
and universities. The survey's findings reveal the extent of the challenge ahead.

Nuclear power generators may experience up to 46 percent attrition over the next five
years, representing an estimated 26,000 workers leaving the industry. The survey found
that approximately 16,000 workers will retire and 10,000 will be lost because of general
attrition.

More than 60 percent of the projected attrition is expected to come from retirement,
nearly two and one half times the current portion of attrition generated by retirement.
Within the nuclear energy industry, retirements generally occur around age 55. Currently,
half of the indusury's workers are 48 and over. Fewer than 7 percent of the industry's
workers are over 57 years of age, 17 percent of workers are between 53 and 57 years of
age, and nearly 26 percent are between 48 and 52 years of age.

Further, the industry may be unprepared for the level of general attrition in the next three
to five years. Historic non-retirement attrition is more than 4.5 percent annually, based on
empirical rates for the past three years. In June 2003, many companies in the nuclear energy
industry calculated future non-retirement attrition that could range between 1.8 percent and
2.4 percent annually—which may underestimate future behavior. Although several nuclear
generators reported reductions in forces during the study period, the overall impact on
general attrition rates was not significant.

! The Nuclear Energy Institute is the policy organization of the nuclear energy and technologies industry and
participates in both the national and global policymaking process.
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if the economy improves and the labor market tightens, general and retirement attrition
may rise significantly. For instance, total attrition of more than 7 percent occurred during
the technology boom in 2000.

During the past two years, many workers postponed retirement because of lack of confidence
in the economy and declining personal investment values. As investment portfolio values
increase and consumer confidence rebounds, retirement rates may accelerate.

On the other side of the age spectrum, the industry has not invested in developing a staffing
“pipeline” to replace future retirees. Only 7 percent of nuclear power generation
employees are 32 and younger—3 percent are under 27 years of age, while 4 percent are
between 28 and 32 years of age.

Additionally, the industry continues to face recruiting challenges in the areas of ethnic
diversity, women candidates, nuclear engineering and health physics.

Nuclear power generators are not alone in facing the challenges of an aging work force.
Other segments also are feeling the personnel pinch.

Key suppliers anticipate that 35 percent of their workers will be eligible to retire through
2008, while another 18 percent are likely to leave through general attrition. On a positive
note, the pipeline for key supplier employees is significantly better than that of power
generators. Although workers who are 32 and younger make up 7 percent of the nuclear
power generation work force, they comprise 14 percent of the supplier work force.

The study also found that peak worker demand to support outages in some fields, such as
radiation protection, soon may exceed supply. Approximately 4 percent of outage support
workers will retire through 2008, according to the survey. Because of the temporary
nature of work related to outage support, 24 percent of the workers are expected to leave
through general attrition during the next four years.

As for universities, the survey showed that a relatively high percentage of employees are 42
and younger, although many may represent graduate students who are employed by
university nuclear engineering departments in non-tenure-track teaching or non-faculty
positions while pursuing their degrees. However, nearly 33 percent of current faculty
received their doctorates more than 30 years ago, according to the 2003 American Nuclear
Society's Nuclear Engineering Sourcebook. This distribution indicates that the junior faculty
may be insufficient to fill senior faculty positions of those who will soon retire.
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Key Recommendations
Staffing concerns in the nuclear energy industry are critical, but not a crisis. The industry has
many tools available to address this issue, including:

+ improving retention of new employees, which has the added benefit of reducing
recruiting and training costs

+ delaying retirement for older staff, which will temporarily reduce the replacement
pressure

+ increasing the number of “pipeline” employees, which will increase headcount and
payroll in the short run, but is the only long-term solution

+  continuing to improve work processes and management practices to increase
productivity and function with reduced headcount.

NEI and the Work Force Issues Task Force also recommend a renewed focus on training
and apprenticeship programs to reduce the amount of time an employee needs to acquire
skills and competencies. Equally important, accurate and realistic staff planning must be
developed that Jooks at a longer time horizon (five to 10 years) and includes issues such as
employee development plans, succession planning and knowledge transfer.

Further, the task force suggests investments in expanding the labor pool to reduce pressure
on recruiting, additional nuclear career branding to attract young people to the industry, and
continued recruiting efforts for underrepresented communities. Demographers expect
wormen and minorities to become substantially larger proportions of the future work force.
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Section 2: Introduction

The purpose of this report is to help the nuclear energy industry identify specific challenges
that will be encountered over the next five years and to recommend actions that will help
mitigate adverse effects of the changing work force.

An aging work force is not unique to the nuclear industry, the electric power industry or
the energy sector broadly. Across the United States, someone turns 50 approximately
every seven seconds.” By some estimates, half of the nearly 80 million baby boomers are
expected to retire by 2010, while the remainder is expected to leave the labor market by
2020. At the same time, fewer students plan to study math, science and engineering, which
will lead to a decline in the labor pool available for technology-based industries like nuclear

power generation.

In the nuclear energy industry, this aging trend is made even more pronounced by the hiring
and retention practices of the industry over the past two decades. Although many
technology-oriented companies hired continuously during the 1980s and 1990s, the nuclear
industry hired staff largely at the time of plant construction and commissioning.

30%

25% |
0% "

5%

Percentage of Population

Sources: NEI 2003 Work Force Survey,
2000 Census by U.S. Bureau of Labor Statistics

2 Washington State Department of Personnel, “Impact of Aging Trends on the State Government Work
Force,” june 2000.
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During the late 1980s and early 1990s, many in the nuclear energy industry expected plants
to operate only for the term of their original 40-year license. With dramatic improvements
in economic performance and the renewal of licenses for existing facilities, many nuclear
generating stations are now expected to operate for an additional 20 years.

Further compounding the nuclear industry’s demographic trend were the consolidation of
the nuclear generating sector and growing economic pressures. With the advent of electric
deregulation and the decoupling of generation and transmission systems, additional emphasis
was placed on economic performance.

Nearly 70 percent of non-fuel operations and maintenance costs are labor-related.? This
prompted nuclear generators to seek ways to increase worker productivity, improve work
management practices and reduce unnecessary on-site headcount.

These realities led to a period within the nuclear energy industry where hiring, when it did
occur, centered on seasoned professionals from within the industry rather than younger
staff entering the industry. Generally, this trend led to today’s demographic picture—a
bubble in the work-force population between 38 and 52.

3 Data provided by the Electric Utility Cost Group.
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Section 3: Survey Background

Ir 2001, NE! formed a Recruiting and Staffing Task Force (later renamed the Work Force
Issues Task Force) at the instruction of the Nuclear Strategic Issues Advisory Committee.

The task force had multiple missions, including:

+  maximizing industry, government and academic approaches focused on meeting the
nation’s nuclear technology staffing needs

«  articulating policy on the national imperative to meet these staffing demands

+ enhancing existing programs aimed at retaining current staff and recruiting new staff,
and establishing new programs, where needed

+ setting nationwide priorities and coordinating activities among all participants.

As part of its charter, the task force launched an industrywide staffing survey that looked at
the entire nuclear industry, including power generation, outage support, front- and back-end
fuel cycle, architectural and engineering firms, universities, government, and national labs.
The survey was designed to examine the supply and demand for individuals with specific
skills needed to staff the industry in the following decade (2001-2011). The poll identified
significant staffing challenges in nuclear engineering, health physics and skilled crafts.

 \‘ WorkerSup ly Project

. % Chan

Source: NEI 2001 Work Force Survey
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The survey’s findings galvanized industry, government and nonprofit support for nuclear
engineering programs. Since the release of the 2001 survey, the industry has withessed
increased university enroliments in nuclear engineering programs, significant rises in funding
for university programs in nuclear engineering, and renewed support for test and training
reactors located at many institutions of higher learning,

Federal government support for university programs in nuclear engineering increased from
$12 million in 2000 to $22.9 million in 2004. Additionally, industry matching grants have
supported numerous programs. )

“The Energy Department is very pleased with the progress we have made in reversing the
decline in nuclear engineering in the United States,” William Magwood, director of DOFE's
Office of Nuclear Energy, Science and Technology told the Senate Appropriations Energy

and Water Development Subcommittee earlier this year.

In 1998, approximately 500 students were enrolled as nuclear engineering students in U.S.
universities—down from almost 1,500 in 1992. “After several years of focused effort, the
United States now has over 1,300 students studying nuclear engineering,” Magwood said.
“That number is set to increase further, as strong programs—such as those at Purdue and
Texas A&M-—continue to grow, and we see new programs start at schools such as South
Carolina State University, the University of South Carolina, and the University of Nevada-
Las Vegas."

L 'ﬁFigl,jréS-’zk, :
- Cumulative Demand for New Worker
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Source: NEi 2001 Work Force Survey
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In February 2004, Rep. Judy Biggert (R-llL), chairwoman of the House Science Subcommittee
on Energy, introduced legislation designed to ensure the future of university programs in
nuclear engineering and health physics, as well as the continued operation of university test
and training reactors.

In addition, numerous new programs in nuclear science and technology have been
developed at the associate’s and baccalaureate degree levels.

The 2001 NEI Staffing Survey looked at a broad industry segment over a time period.
Although this was useful for the purpose of identifying skill shortages, it was not helpful in
identifying the time horizon for retirement and other attrition that will affect staffing at
nuclear power plants and key suppliers. Further, in a time when reducing excessive
headcount at power plants is still an economic reality for efficient business operation,
understanding the types and timeframe of retirement and non-retirement attrition is
increasingly necessary.

2003 Staffing Survey

In June 2003, the NEI Work Force Issues Task Force discussed the current status of the
nuclear work force. The group recognized the impending retirement of a significant portion
of the industry's employees and the lack of new and mid-career workers to replace them.
Many individuals noted that they planned to replace departing workers with trained workers
from other nuclear generating facilities or from vendors. As the discussion evolved, the
group realized that they would attempt to recruit from the same small pool of skilled
workers.

With this realization, the 2003 staffing survey was launched. The survey collected industry
data from roughly 85 percent of the operating reactors based on demographic characteristics
of onboard staff as of June 30, 2003. The survey utilized demographic profiles, empirical
“survivor” models, historic attrition rates and independent data verification to reach its
conclusions. The results were peer reviewed by the NEI Work Force Issues Task Force.

The survey contains data from 20 owners or operators representing 84 of the nation's
103 operating commercial reactors. Other participants include major staffing augmentation
firms, original equipment manufacturers and universities.

Staffing data was collected based on the categories set forth in the Standard Nuclear
Performance Model-Revision 3. The first data collection tool identified the age, years of
service and job category for each individual included in the survey. This information was

4 NEWElectric Utility Cost Group Task Force Report, “The Standard Nuclear Performance Model—A
Process Management Approach—Revision 3.” Electric Udlity Cost Group Data Template. December 2002,
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then compared with headcount data collected by the Electric Utility Cost Group to verify
accuracy and to allow the data to be inflated to represent the total employment
characteristic for the 103 operating commercial reactors.

In addition, a second data collection tool was used to identify historic and projected rates
for retirement and non-retirement attrition. The tool also collected information on
retirement savings and pension programs, major recruiting challenges, staffing plan details,
and the number of positions left unfilled at survey respondent organizations.

Survey Analysis

Analysis of the survey’s data was completed by members of the Work Force Issues Task
Force during December 2003 and January 2004. This task force is comprised of
professionals from a variety of disciplines within the nuclear industry, including engineering,
human resources, organizational development and recruiting. The task force also includes
representatives from government, key suppliers, nuclear industry organizations, nuclear
licensees and organized labor.

Approach

The task force adopted a career-ladder approach to analyze data from the survey. This
approach recognized that because of the high level of training required for employment in
the nuclear industry, many of the specialized positions at generating stations and at key
suppliers are filled by long-time employees who have advanced through various positions
within the industry.

Further, many on the task force noted that senior positions are most often filled through
internal promotion. In this sense, internal promotion is not necessarily promotion within
the same company, but promotion within the nuclear industry. Finally, the demographics
indicated by the survey responses showed few individuals in pipeline or mid-career
positions. Many employees at generating stations have been employed in the industry for a
significant period of time.

The career-ladder approach identifies typical sources of supply for employees within each
identified career ladder. It also recognizes that typical career paths exist for employees and
that, as workers progress through this career ladder, they have the opportunity for
advancement into a variety of specialized positions within the industry. Additionally, this
approach acknowledges that a training and employee development pipeline exists for each
distinct career ladder.
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Based on the survey findings, the task force identified four distinct career ladders within the
generating stations: engineering, operations, skilled crafts and radiation protection. The
task force also examined other industry segments, including key suppliers, outage support

firms and universities.

Each of these career ladders has distinct entrance and training requirements. They often
include a number of job titles with similar attributes; however, the ladders are aligned
functionally. The approach also allowed the group to examine the number of individuals
who could be promoted from their specific career group to fill senior positions.

Besides using a career-ladder approach to examine industry demographic trends, the task

force asked the following questions for each career ladder:

+  How many positions will need to be filled in the next five years?

»  Where do we typically recruit for these positions?

+  What is the training pipeline for these groups, specifically regarding education, on-
the-job training, certification and proﬁéiency?

»  What are the risks of inaction?
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Section 4: Work Force Survey Results

The aging work force is a topic of national interest. Numerous organizations have
examined the issue and its effects on employment trends in both the public and private
sectors. For the nuclear industry, these demographic trends, coupled with the hiring
practices of the past decade, have skewed the demographic makeup of the industry’s work
force. The major issues affecting the nuclear work force are: an aging population, attrition
rates, employee benefits and recruitment trends and challenges.

Aging Population

Within the nuclear industry, and specifically the power generation sector, the average age of
employees is nearing 50. With retirement typically occurring around age 55, this poses very
real, near-term challenges to the industry that will affect workplace culture, organizational
development, recruiting, staffing, staff planning and training.

Table 4-1 compares the nuclear plant workers who are under 32 with those over 48. The
imbalance between younger and older employees is starke 44 percent of nuclear plant
workers are 48 years old or older, while just 7 percent are 32 and younger. Total direct
employment is about 58,400.

Source: NET 2003 Work Force Survey
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Table 4-1. Category Comparison of Nuclear Plant Workers 32 and Under/48 and Over

32 and 48 and 32 and 48 and
CategoryiSubcategory Under Over CategorylSubcategory Under Over
Configuration Management Materials and Servites' .
Administrative Support 10% 52% Administrative Support 5% S3%
Computer Engineering 4% 41% Contracts and Purchasing 5% 56%
Management 0% §3% Materials/Services Mgt. 1% 50%
Design/Mods/Tech. Eng. 7% 50% Materials Mgt./Warehouse 2% 56%
Nuclear Fuels/Reactor Eng. 13% 39% Procurement Engineering 3% 56%
Project Management 3% 54% Officers/Executive
-Equipment Reliability Officers/Executives i 0% ' 64%
Administrative Support 10% 42% Operate Plant )
Equipment Reliability Mgt. 12% 36% Administrative Support 12% 47%
Non-Destructive Examination 24% 34% Chemistry 8% 36%
Plant Engineering 14% 42% Environmental H% 44%
Loss Prevention Operations 14% 24%
Administrative Support 5% 44% Operations Management 2% 37%
Emergency Preparedness 3% 52% Operations Support 15% 33%
Fire Protection 5% 44% Training o
Licensing 2% 55% Administrative Support 8% 41%
Loss Prevention Management 0% 52% Training 2% 49%
QAJCorrective Action Prog. 1% 66% Training Management 0% 41%
Safety/Health 6% 49% Work Management .~ o
Security 23% 30% Administrative Support 10% 41%
Maintenance-Construction Qutage Management 2% 51%
Electrical 4% 45% Planning 2% 55%
tand C 5% 38% Quality Control 2% 63%
Mechanical 3% 50% Radwaste and RF Direct 5% 38%
Other* 7% 43% RP-Support 3% 43%
Support®™ 7% 57% Scheduling 1% 52%
Management/Support Services Management 0% 49%
Adminisirative Support 3% 45%
Communications 14% 36% TOTAL 7% 44%
Document Control/Records 4% S5t%
Facilities 9% 48%
Financial Services 6% 46%
Human Resources 8% 36% * Includes utifity warkers, painters, heating-ventikation-gir conditioning
Information Services 1% 36% workers, crane operators and insulators
Management Assistance 1% 60% ** Includes procedure writers and metrology personnel
Support Services Mgt. 3% 51%
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Historic Recruitment Trends

During the 1970s and 1980s, many nuclear power plants were hiring new employees for
their new facilities. This was a time when the industry saw tremendous growth. Although
some facilities hired more staff to meet regulatory requirements, many were being staffed
for the first time. At the same time, the federal government was expanding its nuclear
programs and oversight functions. The combination of public- and private-sector growth
created job opportunities unmatched in recent years.

This growth opportunity created the base for universities to increase their programs in
engineering, health physics, nuclear technologies and refated math and science education. In
turn, this growth provided qualified candidates for new positions within the nuclear energy
industry.

The avaitability of resources from the government, industry-related contractors, military and
universities provided employers with a large pool of highly qualified candidates. As such,
many nuclear power plants were able to meet their staffing needs without significant delays.
Many candidates came from contactors that helped build the plants or from unions that
supported those efforts.

The operations area of these facilities was generally staffed by former military personnel
who sought employment opportunities in the industry after leaving the armed services.
Many radiological and chemistry workers and other plant personnel came from the military
or government. Engineering positions were generally filled by contractors and craft

personnel.

These traditional sources of labor continued to meet the industry's needs until the early
1990s. Then, the industry began consolidating, which resuited in increased efficiencies and
fewer personnel. From 1993 to 2003, total nuclear generation staffing fell from 81,108% to
58,400.° With reduced plant staff, a downsized military and government cancellation of
several nuclear programs, traditional labor sources began to fade.

The trend had a domino effect. Universities discontinued many of their nuclear engineering
and technology programs, the availability of nuclear workers from the military slowed, and
contractors supporting the industry consolidated or changed business lines. All of this
affected the ability of many employers to find adequate staff from traditional sources.

When jobs did open, they were typically filled by older, more experienced workers who left
one plant or company to join another. VWhen employers experienced recruitment difficulties,

5 Institute of Nuclear Power Operations, " 1993 Survey of Nuclear-Related Employment in United States
Electric Utilities,” November 1993,

6 1n 1993, 108 commercial reactors were operating in the United States, in 2003, there were 103 operating
reactors.



255

*i6
NEI 2003 Work Force Survey

some established nontraditional recruiting practices, including internships, joint union-
management training programs and school-to-work programs.

These opportunities presented additional challenges to training new personnel.

Traditionally, personnel hired by the industry received extensive training through the new
hire’s primary source—contractors, government, military and universities. Consequently,
training programs provided by utilities tended to focus on specific plant operational and
regulatory needs. The nuclear energy industry’s unique cultural orientation had been part of
that training. However, using nontraditional sources of labor presented greater challenges
to such important training topics as workplace culture.

Defined Benefit Plans and Other Retirement Savings Programs

The nuclear industry, unlike many other U.S. industries, offers generous retirement plans,
including defined benefit plans, as well as 401{k) and other employee- and employer-funded
programs. Seventy-six percent of the nuclear generating companies responding to the
survey offer defined benefit plans. These plans and their related benefit trigger points have
had a significant effect on retirement attrition. Survey results indicate that many of the
defined benefit plans in the nuclear industry allow for trigger points when an individual
reaches 55 years of age and has met a service requirement of between 10 and 25 years,
depending on benefit levels.

National surveys show that individuals 50 and older have decided to delay retirement
because of poor economic performance of investrments in stocks and mutual funds. In 2002,
the AARP's annual report, “The State of 50+ America,” found that 20 percent of those
surveyed planned to delay retirement as a result of poor financial investment performance.
in 2003, that total increased to 21 percent.

The study indicated that “low interest rates on assets, combined with low equity returns,
were a ‘double whammy' that depleted the retirement nest eggs of both those retired and
those nearing retirement. Thirty percent of respondents who had interest-earning assets
said that they earned less than 2 percent on their interest-bearing accounts.” !

Defined benefits programs can increase the likelihood of retirement since the programs are
not dependent on the economic performance of investments in stocks and mutual funds.

7 AARP, “The State of 50+ America,” Feb. 18, 2004.



Historic Attrition Rates

Historic attrition rates in the nuclear industry have been very low, compared with attrition
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rates in other industries. Since 1999, total attrition has ranged from 4.8 percent to

7.3 percent, with non-retirement attrition accounting for 3.6 percent to 6.1 percent each of

the past four years. Earlier this decade, the industry observed a significant increase in

retirement attrition, from 1.1 percent in 2000 to about 2.8 percent in 2002. Some of the

increase has been attributed to voluntary separation programs and early retirement

incentives, while the remainder is attributable to the aging nuclear work force.

Table 4-2. Attrition Rates (1999-2002)

Non-Retirement | Retirement Retirement Retirement Total
Year Attrition Under 57 57-62 After 62 Attrition | Replacement
1999 3.57% 0.34% 0.74% 0.27% 4.83% 2.16%
2000 6.16% 0.19% 0.69% 0.27% 7.30% 5.94%
2001 4.46% 0.20% 0.73% 0.36% 5.76% 459%
2002 4.36% 1.16% 0.91% 0.22% 7.20% 476%

Expected Future Attrition Rates

Estimates have varied from respondent to respondent, but the average projected attrition

rates from year to year are significantly less than past rates. Some of this variance can be

attributed to involuntary separations and downsizing.

Table 4-3, Anticipated Attrition Rates (2003-2012)

Year Retirement Non-Retirement Total Attrition
2003 1.79% 2.10% 4.28%
2004 2.03% 2.38% 4.83%
2005 237% 1.90% 4.62%
2006 3.02% 1.77% 5.31%
2007 3.42% 1.76% 5.54%
2008 3.65% 1.71% 5.64%
2009 3.28% 1.78% 5.26%
2010 3.65% 1.78% 557%
2001 3.49% L79% 5.16%
2012 3.60% 1.79% 5.1i%
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The non-retirement component of attrition projected for the next decade is less than half
the historic rate. Based on empirical survivor models, non-retirement attrition for new
employees, especially those in the first few years of their careers, is significantly higher than
that of seasoned employees. This, coupled with the need to replace a significant number of
retiring employees in the coming years, may lead to higher attrition rates than expected.

Although historic attrition rates have been fairly low, the trend has occurred during an
economic recession. Further, labor markets and investment performance have been weak.
As the economy rebounds, labor markets strengthen and financial performance of investments
improves, a higher attrition rate in both retirement and non-retirement categories could
occur. During the technology and stock market boom of 2000, the industry noted total
attrition rates of more than 7 percent.

Recruiting Challenges

As part of the survey, respondents were asked to identify their greatest recruiting challenges.
Overwhelmingly, work-force diversity and recruitment of women were identified as top
issues. A total of 63 percent mentioned recruiting minority candidates as a top challenge,
while 60 percent cited women candidates. Other challenges noted were nuclear engineers,
37 percent; health physicists, 23 percent; experienced engineers, 20 percent; and operators,
17 percent.

In response to this finding, NE! launched a diversity recruiting initiative designed to improve
industry branding in targeted communities. The program aims to bring the most skilled and
talented workers to the industry.
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Section 5: Nuclear Power Generation Career Ladders

The next four segments contain information on four key career ladders within the nuclear

power generation sector:

+  engineering

+  operations

+ radiation protection
¢ skilled crafts.

Engineering Career Ladder

The career ladder for engineering typically begins with the direct hire of an individual with a
bachelor’s or master's degree from an accredited university in chemical, civil, electrical,
mechanical, nuclear or systems engineering. In most cases, these individuals are hired
directly upon graduation from their university program. Many nuclear employers prefer
cooperative education or internship experience; however, they are not prerequisites for
employment in this group. In some cases, individuals enter this career ladder by completing
an engineering degree program while employed in another career ladder, through an
internal transfer from a non-nuclear group within a utility, or as a newly hired, experienced
engineer from another industry.

The core of the engineering career ladder contains the following job categories:®

+  Configuration management
= computer engineering
» configuration management
= design, madification and engineering
» nuclear fuels and reactor engineering
+  Equipment refiability
= plant engineering.

The core of the engineering career ladder is often used as a staffing source for a variety of
management and specialty functions. Senior engineering staff is often promoted to fill roles
throughout the operating station.

8 Derailed descriptions of these positions can be found in Appendix B.
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The engineering staff typically is drawn to fill these functions:’

+ Configuration management
* project management
* equipment reliability
* nondestructive examination
*  Loss prevention
» fire protection
= licensing
= loss prevention management
* quality assurance and corrective action
» quality control
+ Materials and services
+  Operations site technical adviser
+  Other management
+  Procurement engineering.

E
' 'Nuclear Power
. Engineering A

8 NonRetirement Atteition (20%) <

B Promotion(15%).
¥ Retained (44%). -

¥ Detailed descriptions of these functions can be found in Appendix B.
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When considering the career ladder for engineering and the draw that will pull engineers
into other positions, the survey found that non-retirement attrition will reduce the ranks of
engineers by about 20 percent. Another 22 percent of current engineers will retire, while
approximately 15 percent will be promoted to fill other positions. This leaves only 43 percent
of current engineers available after five years. The total current population for this group is
about 7,775, which means that keeping engineering employment levels stable will require the
industry to hire and train more than 4,660 new engineers over the same five-year period.

A number of factors will affect the engineering career ladder and will need to be considered
by the industry as plans are made to deal with the changing work force. First, the
development time for engineers is lengthy. After completion of a four-year degree program,
it often takes six months to a year to complete a basic training and orientation program. An
additional two years of training are needed to qualify as a mid-level engineer, while another
three years are necessary to become a seasoned engineer. Replacing a seasoned engineer
may require up to six years of advance planning.

Fortunately, most firms in the industry have junior engineers who will be ready to replace
senior engineers in less time, but there may be insufficient numbers of these junior engineers
to fully replace the staff that will leave the industry or be promoted.

A second consideration is the engineer’s high degree of “skill portability.” Many in the
engineering career ladder are able to seek employment in other industries or within non-
nuclear units of utilities. Their education and skills have applicability in many settings. This
can lead to attrition from the nuclear energy industry because engineers can earn
comparable salaries in other fields.

LR

Source: NEI 2003 Work Force Survey
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Finally, increasing diversity within the engineering career field was identified as a challenge.
Many human-resources professionals indicated their desire to increase the diversity of the
engineering work force. Recruitment of minority and female candidates was sited in the
survey as a particular challenge.

Operations Career Ladder

Individuals enter the operations career ladder in several ways. In some cases, the industry
promotes employees from security or facilities functions into this career track. In other
cases, individuals are hired from the U.S. Navy after gaining reactor operating experience
during their military service. A few individuals are hired directly into this career track after
completing a bachelor of science degree from an accredited university in an engineering
discipline or graduating from a technical program, such as earning an associate’s degree from
a community college.

The core of the operations career ladder contains the following job categories:!?

+  Operations
» chemistry
* environmental
= operations
* operations management
= operations support.

The core of the operations career ladder is often used as a staffing source for management
and specialty functions. Senior operations employees are often promoted to fill roles
throughout the operating station. This staff typically is drawn to fill these functions:"'

+ Configuration management
* outage management
= planning
* project management
= scheduling
= work management
+ Loss prevention
= quality assurance and corrective action
* licensing
+  Other management
+  Training.

19 Detailed descriptions of these positions can be found in Appendix B.
i Detailed descriptions of these functions can be found in Appendix B.
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When considering the career ladder for operations and the draw that will pull core
members of this career ladder into other positions, the survey found that non-retirement
attrition will reduce operations staff by approximately 23 percent. Another 17 percent of
current operators will retire and about 17 percent will be promoted to fill other positions.
This leaves only 43 percent of current operations employees available after five years. The
total current population for this group is approximately 8,970. The industry will need to
hire and train more than 5,110 new operators over the period in order to keep operations
employment levels stable.

Operations employees at nuclear plants participate in rigorous training, qualification and re-
qualification programs. After completing initial operations training, these individuals are
required to complete extensive recurrent or refresher training and at various stages are
subject to re-licensing or re-qualification testing.

The training program to elevate nonlicensed operators to senior reactor operators can take
up to {0 years to complete. This training is very expensive because it is conducted in-house
through the use of classroom, full-scope simulation and job-performance measures.
Additionally, the amount of training and qualification time required by this process mandates
that a nuclear utility invest hundreds of thousands of dollars to move a newly hired individual
along this career track and receive a senior reactor operator license.

Potential retirees are defined as employees who will be older than 53 with 25+ years of service, older

than 63 with 20 years of service, or older than 67 within the next five years.
Source: NEf 2003 Work Force Survey
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Source: NEI 2003 Work Force Survey

Another consideration in the operations career ladder is the increasing competitiveness of a
key traditional recruiting source for operators: the U.S. Navy, which is expending significant
resources to attract and retain nuclear-trained sailors. According to U.S. Navy publications,
the service is paying as much as $12,000 for enlistment in the nuclear field training program
and re-enlistment bonuses that reach $60,000. Compounding this, the Naval Nuclear
Propulsion Program plans to increase its staffing level throughout 2005, and the current
estimate of non-retirement attrition from the Navy program is significantly less than the

demand for new commercial reactor operators.

Responding to this challenge, the study indicated that the industry is hiring and training
operators. When examining the number of operators who are younger than age 32, the
survey found that this population represents more than 12 percent of the current
operations staff. Further, the industry has an ongoing interest in finding efficient ways to
recruit from the military and develop local work forces.

Radiation Protection Career Ladder

Individuals begin their radiation protection careers in several ways: the industry promotes
workers from other facilities functions into this career track; individuals are hired into this
track from the U.S. Navy, after gaining radiation protection experience during their military
service; and experienced health physics staff are hired from the pool of vendor company
outage support staff, A few individuals are hired directly into this career ladder after
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completing an associate’s degree from a community college, or in some cases, a bachelor’s

or master’s degree in biology, chemistry, health physics, medical physics or physics.

Minimum training and experience criteria are spelled out in a standard published by the
American National Standards Institute (ANSI) for two positions in this career track:
radiation protection technician and radiation protection manager. The ANSI standard is
endorsed by the Nuclear Regulatory Commission and is commonly incorporated as a
commitment in a facility’s operating license. Professional certification is offered by the
National Registry of Radiological Protection Technicians for radiation protection technicians
and the American Board of Health Physics for health physicists.

Unlike the other career ladders examined, the core of the radiation protection career
ladder contains only the radiation protection direct category.”

Radiation protection employees often serve as a staffing source for a variety of management
and specialty functions. These workers are frequently promoted to fill roles within the
generating station. The functions'® that radiation protection staff typically are drawn to fill
include:

¢ other management

+ radiation protection support

+ safety and health

+  training.

When considering the career ladder for radiation protection and the draw that will pull core
members of this career ladder into other positions, the survey found that approximately

21 percent of current radiation protection employees will leave because of non-retirement
attrition. About 15 percent of current workers will retire and another 21 percent will be
promoted to other positions. This leaves only 43 percent of current radiation protection
employees available after five years. The current population for this group is approximately
1,781. If the industry intends to maintain a constant level of staffing in radiation protection,
it will need to hire and train more than 1,015 new radiation protection staff over the next
five years.

Radiation protection employees at nuclear power plants typically use two training routes.
The first, for new hires or others without prior radiation protection experience in the U.S.
military (typically the U.S. Navy), requires a combination of approximately two years of
training and on-the-job experience to qualify as a radiation protection technician.

12 Detailed position and function descriptions can be found in the Work Management section of Appendix
B.
13 Detailed position descriptions can be found in Appendix B.
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Potential retirees are defined as employees who will be older than 53 with 25+ years of service, older

than 63 with 20 years of service, or oider than 67 within the next five years.
Source: NEI 2003 Work Force Survey.

An additional two years of on-the-job experience is needed to advance to the level of senior
radiation protection technician. These requirements stem from the ANSI criteria.

Personnel hired from the U.S. Navy or contractor work force with significant radiation
protection experience generally require one year of site-specific, on-the-job training to
become a senior radiation protection technician.

A radiation protection technician generally requires the supervision of a senior radiation
protection technician for many job tasks, while a senior radiation protection technician can
perform most job tasks independently.

As with recruitment for operations, an additional consideration in the radiation protection
career ladder is that a desired recruiting source for radiation protection, the U.S. Navy, is
becoming significantly more competitive. The Navy is expending substantial resources to
attract and retain nuclear-trained sailors. According to the Navy, only 380 radiation
protection technicians are trained through their program each year, and significant re-

enlistment bonuses are paid to retain them.
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This is leading several nuclear utilities to search for alternative sources of labor for this
career ladder. After a steady decline in training programs during the past decade, several
community college programs have been developed in the past two years.

Several industry sources indicated that radiation protection staff is in short supply. Existing
staff is often very lean, because of several rounds of headcount reductions at generating
stations. The Health Physics Society, a professional society for degreed health physicists,
recently concluded that a shortage of degreed health physicists exists today. And the
nuclear power industry is not alone in experiencing a shortage in radiation protection
specialties. The medical and manufacturing sectors also are feeling the pinch.

This shortage has been noted in H.R. 3828, the Department of Energy University Nuclear
Science, Engineering and Health Physics Act. The bill seeks to increase the supply of health
physicists by funding schofarships and fellowships, as well as supporting university programs.

Radiation protection technicians are employed in many industries, leading to significant
competition in recruiting and retention. The most competitive sector is the medical
community, where a radiation protection technician often works in an office setting and is
offered a very competitive salary and benefits package. As positron emission tomography
and computer tomography diagnostic techniques increase in popularity, experts anticipate
that this competition will increase. Additionally, it should be noted that several health
physics bachelor’s degree programs have shifted their focus from power technologies to
medical applications.

Source: NEI 2003 Work Force Survey
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The impact of this impending shortage is significant for the nuclear power sector.

Radiation protection staff is crucial during outages. The industry has often relied on outage
support temporary staffing companies to supply this expertise. In their survey responses,
the firms indicated they are experiencing increasing difficulty in hiring radiation protection
staff as well.

The outcome of these factors may lead to increased outage duration and scheduling outages
when staff is available, rather than when power pricing permits. New technologies and
work processes could be introduced to ease the effects of the shortage.

Skilled Craft Career Ladder

The career ladder for skilled craft begins in several ways. In some cases, the industry
promotes individuals from security or facilities functions into this career track. In other
cases, individuals are hired into this track from the U.S. Navy, vocational schools, community
colleges and other industries. Additionally, the nuclear energy industry sometimes hires
skilled craft workers who support outage work as a contractor employee or union hall.

The skilled craft career ladder consists of the following job categories:'*

+  Maintenance/construction
= electrical
= instrumentation & control
» mechanical

= other.

1 Detailed position descriptions can be found in Appendix B.
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The core of the skilled craft career ladder is often used as a source of staff for a variety of
management and specialty functions. Skilled craft workers are often promoted to filt other
roles within the generating station. The functions'® that skilled craft staff typically is drawn
to fill include:

+ Configuration management
+  Loss prevention
= quality assurance and corrective action
«  Maintenance/construction
= support
¢ Other management
«  Project management
+  Safety and heaith
¢ Training
¢+ Work management
= planning
= scheduling.

When considering the career ladder for skilled craft and the draw that will pull core
members of this career ladder into other positions, the survey found that non-retirement
attrition will lead approximately 14 percent of current craft workers to leave the industry.
About 20 percent of the current skilled craft career pool will retire, while nearly 18 percent
will be promoted to fill other positions. This leaves only 48 percent of current skilled craft
workers after five years. Today's total population for this group is approximately 11,010. if
the industry intends to keep skilled crafc employment levels stable, it will need to hire and

train more than 5,835 new craft workers over the five-year period.

Skilled craft workers perform a variety of functions within a nuclear generating station. As a
result, a variety of specialties are encompassed in this group. Each of the specialties has its
own training schedule. For example, an electrician typically needs 12 years of training and
on-the-job experience to earn the rank of journeyman. Another three to four years may be
needed to complete an apprenticeship program and perform at a level where most job tasks
can be completed without significant supervision.

15 Detailed function descriptions can be found in Appendix B.
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Potential retirees are defined us employees who will be older than 53 with 25+ years of
service, older than 63 with 20 years of service or older than 67 within the next five years.
Source: NEI 2003 Work Force Survey

Training can be shorter for mechanical craft workers, with one year to achieve journeyman
status and an additional three years to complete an apprenticeship program that would
allow them to work largely unsupervised. However, some skilled crafts require significantly
longer training programs. An instrumentation-and-control technician may need two years of
training and on-the-job experience to qualify as a journeyman and an additional five years to
complete an apprenticeship.

Source: NEI 2003 Work Force Survey
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Several additional factors should be considered when examining the staffing of skilled craft
positions. First, many systems at nuclear power plants are older technologies. In many
cases, these technologies are no longer taught in vocational or trade schools. Even if
individuals had prior training in their craft, they may need to be retrained on the specific
systems and technologies used at the plant site.

Second, some knowledge that skilled craft workers need requires mentoring and other
informal means of knowledge transfer. Another consideration: Skilled craft staff levels at
most plants are already very lean, which means opportunities for mentoring and informal
knowledge transfer are limited. As retirements and other attrition decrease staff levels,
increasing pressure will be placed on this staff to do more with less, making current
opportunities for knowledge transfer even rarer.

It is also important to recognize that many employees in the skilled craft career ladder are
represented by unions. Depending on the union-management relationship, this may
complicate hiring, promotion and training of skilled craft workers.

Finally, the nature of the work that many in the skilled craft career ladder perform also
should be considered in any analysis. Most of the work is physically demanding. This
consideration, coupled with the fact that many of the licensees offer defined benefit
packages, may lead many skilled craft workers to depart as soon as they reach the threshold
requirements for retirement benefits.
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Section 6: Other Industry Segments

Key Suppliers
Key suppliers of equipment and services are a critical component in the nuclear industry.
These firms supply fuel and critical plant components, as well as provide architecture and

engineering services. The companies also may supply personnel who provide specific
services to refuel reactors or maintain specific equipment supplied by the firm.

Experts anticipated that retirement and non-retirement attrition may have significant
impacts on the work force at these firms. Based on avaitabie attrition information, 18
percent of workers in this category may leave because of non-retirement attrition, and 35
percent will be eligible to retire over the next five years.

Although those figures seem daunting, these workers typically stay with their employers
beyond the retirement thresholds of their defined benefit plans at a higher rate than those
who work for power generators. Simply put, although these workers are eligible to retire
earlier, some may elect to work longer.

Potentiol retirees are defined as employees who will be older than 53 with 25+ years of service, older

than 63 with 20 years of service, or older than 67 within the next five years.
Source: NEI 2003 Work Force Survey
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The pipeline for employees in the supplier category is significantly better than that of power
generators. Although workers who are 32 or younger make up 7 percent of the nuclear
power work force, 14 percent of supplier employees are 32 or younger. According to the
survey, 2 percent are 18-22, 5 percent are 23 to 27, and 7 percent are 28 to 32. However,
as a result of the higher percentage of younger employees, suppliers may experience
increased levels of attrition.

The percentage of potential retirees for this group is higher than those for the power
generation sector, largely because current supplier employees who are age 53 and older
(27 percent) is higher than staff in this category for power generation (24 percent).
Additionally, employees in this category typically have worked longer with their firms than
those in the power generation sector.

Since many workers at supply firms have highly specialized skills, these companies must
ensure that worker knowledge, both explicit and tacit, is passed to the employees who will
replace them. This challenge is being actively addressed by several firms in this category, and
several projects are under way at supplier companies to ensure that corporate knowledge is
retained.

Another factor brings additional challenges to recruiting and retaining key supplier
employees. The international nature of this work force can be affected by visa and
nonproliferation treaty compliance considerations.

Outage Support

Firms that supply personnel for outage support'® face a variety of pressures on staffing,
including an aging work force. More importantly, the structure of outage support work has
changed so that jobs in this sector are less desirable to many craft and technician workers.

Qutage work at nuclear power plants draws additional staff to complete unit refueling, as
well as the maintenance or replacement of major station components, which cannot be
done when the reactor is operating.

The primary change in outage work over the past decade has been the duration and
scheduling of outages for refueling and other maintenance. In the early 1990s, it was not
unusual for an outage to last 100 days or more. Today, many operating units target
refueling outages of 21 days or less.

16 Staffing augmentation services primarily supply technicians or skilled craft for outages. These firms also
may provide limited supervisory personnel or project managers, but the personnel supplied are not
associated with the supply of equipment, fuel fabrication or architectural and engineering services,
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These outages are concentrated into two seasons—spring, which generally begins in January
and continues through June, and fall, which begins in September and runs through
December. Peak staffing is generally required in March and October.

Peak worker demand to support outages in some fields may soon exceed supply. For
example, radiation protection technicians are a key resource in outage support. In the
spring 2003 refueling outage season, peak demand was 750. For the fall 2003, that demand
was expected to rise to more than 800." The spring 2004 season will again require in
excess of 700 radiation protection technicians, and the fall 2004 season is expected to
require more than 800.

The current available supply of 800 to 850 radiation protection workers is not sufficient to
meet this growing demand because these workers also are required in other areas. For
example, the Department of Energy and the national laboratories also require radiation
protection technicians and the work at these facilities is year-round. This may be more
attractive to radiation protection workers since they are permanent or long-term job
opportunities that do not require as much travel.

Potential retirees are defined as employees who will be older than 53 with 25+ years of service, older

than 63 with 20 years of service or older than 67 within the next five years.
Source: NEF 2003 Work Force Survey

17 Information supplied by Jerry Hiatt, president of Bartlett Services, in a presentation to the Health Physics
Forum, August 2003.
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in 2003, more than 15 million man-hours were worked by skilled craft at nuclear power
plants for outage support. While this number may be significant, the nuclear industry must
compete with other construction projects in the local market. The duration of outages
affects the ability of outage support organizations to supply skilled craft personnel. While an
outage may be lucrative work, skilled craft workers also are employed in other construction
projects that may last longer.

Although the age of outage workers may become an issue in the next few years, non-
retirement attrition will have a much larger impact on staff availability. Using historic
attrition data and the empirical survivor model used to analyze the power generation sector,
the task force found that roughly 24 percent of outage support workers are expected to
leave the industry in the next five years.

Because of the temporary nature of the work involved in outage support, only 4 percent of
the workers are expected to retire. This retirement number may be misleading because the
number of employees captured by this survey does not represent the skilled craft personnel
employed by staff augmentation organizations. Further, non-retirement attrition numbers
may be underestimated if large long-term projects, which compete for the same workers,
are initiated or if workers can no longer find sufficient amounts of work because of
shortening outage periods.

Training efforts for this employment segment can be affected by the compressed outage
structure. As a result, support workers are developed more slowly since fewer hours are
available for qualification and training.

University Pipeline

The faculty at universities is critical to maintaining the nuclear work force. Although the
faculty in nuclear engineering departments is not directly linked to the commercial power
sector, these educators form the foundation of a training infrastructure, ensuring that
nuclear engineers can be educated at the baccalaureate and graduate levels.

The 2001 NEI Staffing Survey identified nuclear engineers as a key skill shortage in the next
decade. Although recognizing that enroliments are increasing, the earlier study indicated
concern about the nuclear industry’s ability to recruit nuclear engineers in the future.

Without a suitable training pipeline, it may become increasingly difficult to produce the
future nuclear engineers that the nuclear energy industry needs. It is encouraging thata
relatively high percentage of employees in university nuclear engineering departments are
younger than 42. Many may be graduate students who are employed by university nuclear
engineering departments in non-tenure-track teaching or non-faculty positions while
pursuing their degrees.
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The American Nuclear Society’s 2003 Nuclear Energy Sourcebook indicated that, on
average, tenured or tenure-track faculty received doctorates in 1979 and that these
professors are more than 24 years into their career. This same survey showed that only

10 percent of the current faculty received their doctorates within the last decade and nearly
33 percent received them more than 30 years ago. This distribution, which can be seen in
the NFI survey data, indicated that insufficient junior faculty may exist to fill senior faculty
positions as they retire.

Source: NEI 2003 Work Force Survey
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Appendix A: NEI 2003 Work Force Survey

INDUSTRY SITUATION

Because of the demographics in the nuclear industry, many companies anticipate that a
significant number of experienced employees may retire in the next 10 years. In addition,
several segments of the industry are losing employees to other non-nuclear industries.
Since many workers in the nuclear industry are highly trained and skilled, industry leaders
question whether there will be enough new nuclear workers in the industry to meet staffing
needs and whether those workers will remain.

This Survey

To better understand this issue, NEI is sponsoring a study of the nuclear staffing situation to
determine whether there will be sufficient staff available to the industry over the next 10
years. As part of the study, a survey is being conducted that is compatible with the Electric
Utility Cost Group (EUCG) nuclear staffing headcount survey and NEI entry and exit
surveys. Information from this survey will be used to analyze the nuclear industry staffing
situation. Your cooperation on the survey is very much appreciated. Separately,
information is being collected about the supply of new workers for the nuclear industry.

Depending on the size of your company and the availability of data, it should take you
between eight and 40 hours to assemble the needed information and complete this survey
form. Company information will be kept confidential and released only in aggregate or back
to the company supplying the data.

Instructions
1. Al responses are due no fater than Sept. 12, 2003.

2. To avoid double counting, exclude baseline and other contractors and non-exempt
(hourly) crafc workers hired by companies that specialize in providing these temporary
workers to power plants unless you are one of the companies that directly hires these
temporary workers.

3. This survey is intended to capture data from the nuclear industry. If your company is
involved in several sectors, include only data relevant to the nuclear portions of your
operations. This includes electrical production operations at nuclear power plants; outage
support for nuclear operations; engineering design, services and construction support to
nuclear generating facilities; the front- and back-end of the nuclear fuel cycle; regulation of
nuclear power plants; universities; and Department of Energy environmental site cleanup
and laboratories.
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4. Data collected for this survey can be input at htfp://survey.nei.org.

5. if you have questions about this survey, please contact Carol Berrigan at NEI at
202.739.8050 or db{@nei.org.
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Survey Starts Here

Question I: Who is the person and company responding to this survey?
Name:

Title/Department:

Company Name:

Telephone Number:

Fax Number:

E-mail Address:

Company Code: {assigned and included in cover letter)

Question 2: Does your organization have a long-term staffing plan?
A long-term staffing plan is defined as an assessment of organizational staffing needs that
includes anticipation of retirement and other attrition.

0 Yes

0 Neo

1f NO, skip to Question 3.
If YES, continue to Question 2a.

a. if yes, what time period does it cover?

0 1-2years
1 3-5years
0 69years
J 10 yearst

b. if yes, how often do you update this plan?
{0 Annually
[0 Every I-3 years
3 Every 3-5 years
O It was a one-time plan

c. If yes, what level of detail does this plan include?
{1 To the division level
[0 To the plant level
0 To the department level
[J  To the position level
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d. If yes, is the staffing plan aligned with the EUCG/NEI model?
[3 Yes, it is aligned.
{3 No, itis not aligned, but we are planning to afign it in its next revision.
{1 No, itis not aligned, and we have no current plans to align it.

Question 3: What was your attrition of full-time staff for the following years?
Please provide data in total headcount of full-time equivalent positions. All data should be
for the specified year end.

Attrition is defined as leaving the nuclear portion of the company for which you are
responding, e.g., transferring to a fossil position would count as attrition, moving from one
nuclear plant site to another should not be counted.

New Hires are employees who have been hired from outside the company or have
transferred internally within the company from a non-nuclear to a nuclear portion of the

company.

Note: The sum of columns A, B, C and D should equal column E.

A B C D E F G
Non- Retirement Retirement Total
Retirement Less Than Retirement Above Total New Hires Total
Year Attrition Age 57 Ages 57-62 Age 62 Attrition Population
1999
2000
2001
2002

Question 4: What is your expected attrition for the following years?
Please provide data in total headcount of full-time equivalent positions. All data should be
projections for the specified year end.

Attrition is defined as leaving the nuclear portion of the company for which you are
responding, e.g., transferring to a fossil position would count as attrition, moving from one
nuclear plant site to another should not be counted.

Note: The sum of columns A and B should equal column C.
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A B C D

Year Retirement Non-Retirement Attrition Total Attrition Total Population

2003

2004

2005

2006

2007

2008

2009

2010

20114

2012

Question 5: What is the total number of current vacancies within the group for
which you are reporting?

Vacancies should be defined as vacancies approved by management to be filled.

Question 6: Please describe your pensionliretirement plan profile.
Please check all that apply.

[ Defined benefit plan

3 401(k) plan with employer contributions

3 401(k) plan without employer contributions

{1 Company stock option plan

3 Employee stock ownership program

Please provide any additional information:

Examples

I. Defined benefit plan applied to employees hired before January 1, 1985; 401(k} offered to
newer employees.

2. Employees have both a defined benefit plan and access to a 401(k) plan.

Question 7: Please describe any plans in place for phased-in or managing
retirement.

Examples
1. Employees have a one-year notice period for retiring and participate in a part-time
mentoring program during the first year of retirement.
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Question 8: Please provide a headcount for each of the following positions.
Headcount is separated into job category by age and years of service (YOS) for highly
trained and licensed positions and headcount for alf others.

Please provide information for full-time employees only.
Data shouid reflect employees as of june 30, 2003.

Below is an example of the headcount chart used for the officers and executives category:

15 6-10 1i-15 | 16-20 | 21-25 | 26-30 30+
Activity Age YOS YOS YOS YOS YOS YOS YOS

Total

Officers/Executive

18-22

23-27

28-32

33-37

38-42

43-47

48-52

53-57

58-62

63-67

67+

Total 0 0 0 0 0 0 0

QDO OO O OO D OO OO

Question 9: Please identify the areas in which you are experiencing the biggest
challenges in recruiting. Please check all that apply.

[0 Electrical engineers {3 Health physicists

{71 Mechanical engineers [} Nondestructive examination
[0 System engineers technicians

3 Nudlear engineers 0 Operators

[l Chemical engineers {3 Chemical technicians

{1 Maintenance technicians {1 Minority candidates

] Field service engineers [0 Female candidates

[J  Experienced engineers Other

(eight to 10 years of experience)
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Appendix B: Statfing Definitions and Groups

These staffing definitions and groups, which were used in the NEI 2003 Work Force Survey,
have changed significantly from the Standard Nuclear Performance Model Revision 2 Electric
Utilities Cost Group Staffing Reporting. Please review these definitions prior to inputting
data into the survey.

STAFFING DEFINITIONS
The following definitions should be used for employees and contractors:

Employees
+  Onssite utility employees: All individuals who are direct employees of the utility and
perform core or baseline activities at the plant.
»  Offsite/corporate support: All individuals assigned to multiple locations, such as
off-site utility staff and/or corporate headquarter activities.
+  Full time equivalent (FTE): This data element accounts for the total number of

regular full- or part-time positions that are not temporary or contract.

Note: Initially, both on-site and offsite FTE pasitions should be included, as well as the best
estimates in either one-quarter, one-half, three-quarter or one employees. After the first year, the
NEI Work Force Issues Task Force will critique the process to determine whether a more detailed
accounting process is needed.

Contractors

+  Baseline contractors are contractors who perform a core or recurring function. (A
core function is routine to an organization's operations.} A baseline contractor also
could perform activities that have been proven to be best managed by contracting,
based on a thorough cost-benefit analysis. This category could include administrative
support, engineering consulting work, facility upkeep, labor tasks or security work.
For example, you would include security activities being performed by the National
Guard or local law enforcement agencies that are compensated by the utility. Do
not include contractors brought in for outage support activities.

+  Other contractors perform non-baseline functions or activities, including initiatives,
modifications or projects. Other contractors are more likely to be used ona
short-term basis. Do not include contractors who are brought in for outage
support activities.
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STAFFING GROUPS

The following groups will be utilized in the Nudlear Staffing and Reporting process and are
linked to the NEI Standard Nuclear Performance Model. Group codes help show a process
relationship to the model, where applicable.

Operate the Plant

Operations (OPO01A)

All activities associated with preparing and placing systems and components in and out of
service (e.g., tag-outs and clearances) to support normal and off-normal system operations
and actions required to maintain the plant in a safe operating condition in all modes of
operation. This category includes:

+ plant walkdowns and inspections

+ plant problem identification (generation of a trouble ticket)

+ maintenance of operations logs, reports and records regarding equipment
performance

+  routine system and component lineup changes

+ actions required to address abnormal occurrences (including reducing power or
removing and restoring the unit to service)

+ routine actions required for fuel burnup (i.e., dilution at a pressurized water reactor
or control rod sequence exchanges at a boiling water reactor)

+ fuel shuffling and actions required to maintain the plant in a safe operating condition
in all modes of operation

+ on-shift staff and supervisors responsible for operating primary, secondary and
liquid radwaste systems

+  preparation or review of responses to operating events and associated inquiries
from other organizations, if performed by shift staff

+  shift technical advisers.

Operations Support (OP00!B)

Al activities associated with functions to support plant operations. This function includes
non-shift personnel supporting the operations staff, such as functions supporting work
control through operations; dedicated procedure writers; personnel handling ops/work-
control clearance orders; training coordinators; corrective action program coordinators;
root-cause investigators; non-modification project managers; and technical specialists. This

category also includes workers attending licensed operator training classes.
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Environmental (OP002)

Al activities associated with establishing and maintaining environmental programs and
monitoring the environment. Also includes employees responsible for non-radiological
environmental monitoring programs and related requirements, audits, and thermal
monitoring,

Chemistry (OP003)

Al activities associated with establishing and maintaining a chemistry program, monitoring
and controlling plant chemistry, and managing chemical use and safety programs to maintain
component integrity and optimize plant efficiency. Also includes collecting and processing
analytical chemistry samples and preparing reports. Chemistry technicians for normal and
emergency shifc functions, such as chemical additions and chemical/radiochemical analyses,
are included in this category. Others are employees who coordinate all aspects of a plant’s
chemistry program and provide guidance on chemistry standards; conduct evaluations of
plant chemistry programs; and address and resolve chemistry operating problems. Also
includes staff responsible for radicactive effluents program.

Operations Administrative Support

All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks and clerical pools, including clerical pool supervisors who support
operations. Among their duties are performing administrative support functions, such as
meeting and conference coordination, word processing, spreadsheet development and
maintenance, graphic/presentation material creation, and non-technical data analysis.

Operations Management

All activities associated with management personnel above first-line supervisors managing
operations of the plant.

Work Management
Radwaste & RP Direct (WMO008)

All activities associated with providing contamination control, including

+ the control and monitoring of contaminated areas of plant

+ decontamination services

+ waste and decontamination radiation protection services

+  treatment, measurement, control, minimization, collection, compaction, storage,
filtration, ion exchange and other processing, reporting, handling, shipping, disposing
of low-level waste and effluents

+ liquid radwaste, gaseous radwaste, dry active radwaste, hazardous waste, mixed
waste, industrial solid waste, industrial air emissions and non-radiocactive liquid
effluents.
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Employees include radiation protection technicians involved with routine and special
surveys, data reading and analysis, as well as the collection and analysis of radiation system
samples.

RP Support (WMO007)

All activities associated with providing radiation exposure control, including:

+  establishing and monitoring health physics program

+ controlling and monitoring personnel work and their work locations

+  performing activities necessary to maintain radiation levels that are as low as
reasonably possible (shielding, respiratory protection, calculations, stay times,
radiation work permits, etc.).

Personnel responsible for technical oversight of health physics program are included in this
category, as are employees involved with respiratory protection, radiological environmental
and dosimetry programs.

Outage Management (WM001, 002)

Al activities associated with planning and coordinating all outage activities, such as serving as
the central contact point for refueling and maintenance outage planning and management,
and forced outage managers. Dedicated outage work window managers also are included.

Planning (WM002)

Al activities associated with work order planning {outage and non-outage), including job
package development; assemblage, completion and review of documentation associated with
the maintenance effort; detailed planning required to maintain all structures, systems and
components in optimum condition; and any formal evaluations required to support this
activity.

Scheduling (WM002)

All activities associated with scheduling, such as scheduling of outages; corrective, preventive
and plant improvement maintenance; and surveillance and performance testing. This activity
also includes the scheduling of all related supporting tasks, such as clearance application/
removal, scaffold erection/removal, radiological protection and industrial safety; and
coordinating with maintenance, construction management, and engineering for daily
schedule review and update. Employees who schedule non-refueling outage work activities
are included in this category.

Quality Control (WM003, 004)
All activities associated with quality control for preventive and corrective maintenance, such
as ensuring and verifying component integrity, performing quality inspections and quality
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monitoring, reviewing safety-related work orders, and implementing the inspection hold
point program. This category does not include implementing a nondestructive examination

program.

Work Management Administrative Support

All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks, and clerical pools, including clerical pool supervisors supporting work
management. Administrative support functions including coordinating meetings and
conferences, word processing, developing and maintaining spreadsheets and
graphic/presentation materials, and analyzing non-technical data.

Work Management - Management
All activities associated with management personnel above first-line supervisors handling
work management tasks at the plant.

Electrical Maintenance (WM003, 004, 005, 006, 009)

Al activities associated with electrical maintenance and construction work within the power
block, such as routine electrical preventive maintenance, as well as corrective, predictive and
fix-it-now maintenance activities on plant components. It also includes major and minor
modifications, the stagingfacquiring of parts, actual performance of the work, pre- and post-
maintenance testing, cleanup of the job site during and after work, and documentation
closeout (signatures and delivery for storage).

1£C Maintenance (WM003, 004, 005, 006, 009)

All activities associated with instrumentation and control (1&C) maintenance and
construction work within the power block, including routine 1&C preventive, corrective,
predictive and fix-it-now maintenance activities on plant components. Major and minor
modifications also are found in this category. Other activities are staging and acquiring parts,
performance of the work, pre- and post-maintenance testing, job site cleanup during and
after work, and documentation closeout (signatures and delivery for storage).

Mechanical Maintenance (WM003, 004, 005, 006, 009)

All activities associated with electrical maintenance and construction work within the power
block, such as routine mechanical preventive maintenance, as well as corrective, predictive
and fix-it-now maintenance activities on plant components. It also includes major and minor
modifications, parts staging and acquisition, performance of the work, pre- and post-
maintenance testing, job-site cleanup during and after work, and documentation closeout
(signatures and delivery for storage).
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Maintenance/Construction Support (WM00!, 002, 005)

All activities associated with supporting the work of maintenance/construction craft/non-
engineering-degreed maintenance technical experts; non-engineering-degreed persons
developing maintenance strategies and resolving maintenance rules issues; personnel
coordinating the development of corrective maintenance procedures and other technical
matters with plant engineers; and maintenance procedure writers. This category also
includes personnel who support plant modification work, such as coordination of contract
laborers, cost and scheduling estimates and workers performing metrology activities.

Maintenance/Construction Other (WMO003, 004)
All activities associated with utility, painting, heating-ventilation-air conditioning, cranes,
insulators and coaters.

Equipment Reliability

Plant Engineering (ER00I, 002, 003, 004)

Al activities associated with development of a long-term planning and fife-cycle management
strategy and maintenance plan to establish, maintain and analyze information related to the
condition and efficiency of structures, systems and components; the administration of
preventive, predictive maintenance programs; and thermal performance monitoring
program. These include:

+ performing surveillance testing programs, in-service inspections and in-service tests

+  calibrating, cataloging and maintaining/testing equipment and any engineering
evaluations in support of testing requirements or evaluating results

+  conducting post-maintenance testing

+  writing procedures

+  maintaining documentation closeout logs, reports and records regarding equipment
performance to determine conditions adverse to quality

« reporting the system heaith assessment.

Non-Destructive Examination-NDE (ER002)

All activities associated with the nondestructive examination program in support of
engineering, maintenance and modifications. Examples include radiography, ultrasonic, eddy
current, liquid penetrant and magnetic particle examinations to identify, ensure and verify
component and/or equipment integrity. This includes American Society of Mechanical
Engineers-code, safety-related and balance-of-plant activities.

Equipment Reliability Administrative Support

All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks, and clerical pools, including clerical pool supervisors in equipment
reliability. Among the administrative support functions performed are meeting and
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conference coordination, word processing, spreadsheet development and maintenance,
graphic/presentation material creation, and non-technical analysis of data.

Equipment Reliability Management
Al activities associated with management personnel above the level of first-line supervisor in
equipment reliability functions

Configuration Management

Design/Modification/Technical Engineering (CM00!, CM002, CM003)

Al activities associated with design/modification/technical engineering services, and ensuring
design integrity for:

+  Civilfstructural engineering, including site buildings, roads, bridges and waterfront
structures. Employees also perform soils and foundations analyses; review and
approve hanger and support locations; and provide stress analysis, evaluation
services, as well as architecture and site layout services.

+  Electricall&C engineering, including high-, medium- and low-voltage distribution
systems (including DC and instrument power), related components (such as
motors, circuit breakers, transformers, batteries, chargers and inverters) and
instrumentation and control systems and components.

*  Mechanical engineering such as primary, secondary and auxiliary systems, and
associated components, including piping, insulation and hangers.

Other associated activities are:

+ developing design changes

+  performing manual and computer-aided design engineering functions

+ resolving field questions

+ maintaining piping and instrument diagrams and electric power line diagrams

¢+ preparing stress isometrics

+ working on technical engineering issues, such as providing technical support to
modification engineers and plant/system engineers, research and analysis of technical
engineering issues

+ disposing of non-conformances and other assigned items

+ responding to design basis and configuration control issues and questions

« serving as technical consultants on engineering issues

+ answering technical inquiries and information requests from internal and external
sources

+  ensuring design integrity for assigned specialized areas.
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These employees are also responsible for engineering services and key programs in
specialized technical areas not included in other engineering functions, such as equipment
qualification, configuration management, in-service inspection, fire protection engineering
and probabilistic risk assessment.

Nuclear Fuels/Reactor Engineering (CM00!, CM002, CM003, CAM004, MS007, MS008)
Al activities associated with performing and/or reviewing reload safety evaluations; reload
design analyses; and thermal, hydraulic and transient analyses. Employees also provide
support to operations staff for core analysis, as well as fue} licensing and fuel management
activities. Personnel who manage and monitor the nuclear fuel acquisition process are
included in this category.

Other activities are those associated with analyzing fuel performance, handling core
performance monitoring and trending, and providing support and technical direction to
operations during refueling, startup and shutdown. This includes developing core designs,
providing safety analysis calculations and support, monitoring fuel performance, and devising
strategies for reactivity management.

Computer Engineering (C(M002, $S001)

All activities associated with hardware and software engineering for supporting plant process
computers, radiation monitoring systems and other operational/support computers and
systems. Personnel who provide similar services for training simulators also are included in
this category. This function does not include those positions supporting operation and
maintenance of the supporting network and mainframe infrastructure, such as resource
management, telecommunications, network services, mainframe, desktop services and

enterprise applications.

Project Management (CM002)

All activities associated with direct control and monitoring of contractors and in-house
design packages, as well as other work in support of engineering functions, including
processes required to ensure design changes are justified based on efficiency, reliability,
safety and value.

Project management employees review products to ensure high-quality work, participate in
developing bid packages, establish and monitor milestone schedules for assigned work, assist
in reviewing contractor proposals and recommending contract award, and coordinate
resolution of technical questions directed to, or originated by, contractors.

Configuration Management Administrative Support
All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks, and clerical pools, including clerical pool supervisors in configuration
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management. Administrative support functions are meeting and conference coordination,
word processing, spreadsheet development and maintenance, graphic/presentation material
creation, and non-technical analysis of data.

Configuration Management (Management)
All activities associated with all management personnel above the level of first-line
supervisor in configuration management functions.

Materials and Services
Contracts/Purchasing (MS002, MS003)
All activities associated with contract services and the evaluation and procurement of

materials and services, including:

+ developing, negotiating and monitoring service contracts from outside
agencies/vendors

+  processing and administering purchase requisitions, purchase orders and internal
supply request, contracts and leases

+  expediting materials

+ filing claims for damage

+ resolving shipping discrepancies

+  participating in life-cycle cost planning, decisions to make/buy, the standardization of
materials/variety reduction and customer contact/service

+  planning and developing contracting and leasing strategies, market intelligence and
performance, and strategic sourcing of materials and services

+ supporting procurement (e.g., commercial grade dedication, procurement
engineering and quality-related receipt inspection) and periodic nuclear vendor
qualification and oversight related to procurement.

Procurement Engineering (MS002, MS003}

includes all activities associated with qualification and technical specifications of plant
materials, parts and equipment, including parts substitution, identification and resolution of
supplier nonconformance, commercial parts dedication testing, and like-for-like replacement
analysis.

Materials Management/Warehouse (MS001, MS004, MS005, MS006)

All activities associated with on-site receipt, inspection and reservation, warehouse storage
(identification, tracking and stock-level maintenance), and distribution of materials prior to
use. This includes receipt/dispatch of materials; warehouse operation handling and storage;
packaging reduction; initial issuance of equipment and materials; handling and storage of
nuclear grade materials, bulk gases and chemicals. Other activities are inventory planning,

control and optimization; tool control and tool-room activities; consumable/free issue
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management; records maintenance; development of inventory management control
policies/procedures; and identification of unneeded inventory and scrap materials.

Materials and Services Administrative Support

All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks, and clerical pools, including clerical pool supervisors in materials and
services. Administrative support functions include meeting and conference coordination,
word processing, spreadsheet development and maintenance, graphic/presentation material
creation, and non-technical analysis of data.

Materials and Services Management
All activities associated with management personnel above the level of first-fine supervisor in
materials and services functions.

Training

Training (TechnicallNon-Technical TOO1, T002)

All activities associated with program development, support and implementation of technical
training functions. These individuals provide or coordinate all formal technical training

for nuclear staff, including all programs accredited by the Institute of Nuclear Power
Operations and Nuclear Regulatory Commission licensing programs. These employees also
coordinate training schedules; produce training reports; provide for instructor training and
development; and instructional system design and implementation; and operate simulators.
This category includes all activities associated with non-technical training and employee
development programs, such as management/supervisor, leadership development, cultural
and programmatic training.

Training Administrative Support

Al activities associated with secretaries, administrative assistants who are not functional
professionals, clerks, and clerical pools, including clerical pool supervisors in training.
Administrative support functions include meeting and conference coordination, word
processing, spreadsheet development and maintenance, graphic/presentation material
creation, and non-technical analysis of data.

Training Management
All activities associated with management personnel above the level of first-line supervisor in
training functions.
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Loss Prevention

Emergency Preparedness (LP005)

Al activities associated with emergency preparedness that provides technical direction and
support to nuclear sites, state and local governments, and directly implements plans to
minimize risks to both the general public and company employees. These employees also
coordinate and establish priorities for the nuclear power emergency communication and

data transmission programs.

Fire Protection (LP006)

All activities associated with developing, conducting and supporting fire protection, including
support and implementation of fire protection (fire brigade) programs. These workers
administer plant fire protection programs in accordance with applicable codes and technical
specifications, as well as such requirements as control of temporary structures, welding
permit systems and general area fire watches not associated with a specific project.
Maintenance of fire protection equipment (fixed and portable) is included in the appropriate
maintenance process.

Licensing (LPO04)

All activities associated with managing regulatory (NRC and non-NRC} relationships;
obtaining and maintaining the operating license; providing regulatory guidance and
interpretation; monitoring and evaluating regulatory and industry trends; and evaluating,
assessing and negotiating current and future commitments. This category includes
supporting the following activities: license event reports, notices of violation, 50.59
evaluations, ficense and final safety analysis report amendments, NRC user fees, and US.
Department of Energy high-level waste fee. These workers respond to generic letters;
obtain and maintain environmental permits; review and evaluate proposed legislation,
rulemaking and industry issues; and handle required regulatory insurance costs and
inspection fees for personal and public liability (American Nuclear Insurers) and nuclear
mutual limited insurance premiums.
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QA and Corrective Action Program (LP002)
Activities associated with verifying the effectiveness of plant programs and compliance with
regulations and codes. These include:

+ self-assessments, root-cause determination, as well as implementation of the
corrective action program and associated trending activities

+  human performance/humnan factors/error prevention and reduction

+ knowledge management activities

+ required audits and inspections that verify regulatory compliance and conformance,
excluding nuclear vendor qualification

+ nuclear quality assurance program implementation and maintenance activities.

+  vendor quality audits are included in contracts and purchasing.

SafetylHealth (LPO03)

Al activities associated with the implementation of requirements of the Occupational Safety
and Health Administration, such as industrial hygiene. The category also includes
responsibility for safety program design and implementation, as well as the provision of
medical services and other loss-prevention strategies (e.g., cost management of a worker
compensation programy).

Security (LPOO!)

All activities associated with providing security for nuclear plants, including manning security
posts and operating security systems. Individuals in this category are responsible for the
development of security plans and procedures. These employees also address technical
issues pertaining to security regulations and requirements. This category includes all
personnel responsible for site access control and fitness-for-duty programs.

Loss Prevention Administrative Support

All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks, and clerical pools, including clerical pool supervisors in loss prevention.
Administrative support functions include meeting and conference coordination, word
processing, spreadsheet development and maintenance, graphic/presentation material
creation, and non-technical analysis of data.

Loss Prevention Management
All activities associated with management personnel above the level of first-line supervisor in
loss prevention functions.
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Management and Support Services

Financial Services (S5002)

All activities associated with the operation of financial services, such as budgeting and cost
control, accounting, payroll, treasury and time-reporting. Activities related to political action
committee and governmental affairs, such as filing reports and information requests, are in

this category.

Communications (S5006)

All activities associated with company involvement in the community for the betterment of
the community and the economic well-being of the company, such as visitor center
functions and public communications. This category includes individuals involved in media

relations.

Document ControliRecords {S5003}

All activities associated with processing records to ensure they are legible, identifiable and
retrievable by establishing and complying with procedures that provide for their collection,
review, indexing, protection and disposition. Among the activities are publishing and
maintaining guidelines, approval documents, processes, programs, procedures and manuals,
as well as maintaining revisions, files and distribution lists. Functions include typing, word
processing, using various software applications, keying, filing, recordkeeping, providing copy
and fax services, as well as graphics and typing pool functions related to document
control/records support.

Facilities (S5005)

All activities associated with planning, administering and maintaining buildings, facilities,
utilities and grounds. This includes activities associated with providing transportation
services and maintaining company vehicles.

Human Resources (S5004)

Al activities associated with providing employee/labor relations, organization and human-
resources development, staffing, performance management guidelines, compensation,
benefits and other related services. Employee concern and ombudsman programs are part
of this category.
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Information Services (55001)

All activities associated with planning, developing, maintaining and operating the company's
information systems (enterprise, departmental and individual). This includes the operation
and maintenance of the supporting network, applications and mainframe infrastructure.
Other activities are associated with operating and maintaining telecommunications facilities
and equipment, electronic mail, and paging/radio services.

Training associated with information systems (e.g., Word, Excel, Access and PowerPoint) is
included in the process, but specific operational plant computer training is not. Other
activities may include oversight of plant process computer and digital embedded devices.
Activities associated with software and hardware engineering for plant process computers
and digital embedded devices are not part of this category.

Management Assistance

Al activities associated with assisting management positions not included in any other
activity, such as directors, managers, assistant managers, executive assistants/secretaries,
business planning coordinators and legal consultants.

Support Services Administrative Support

All activities associated with secretaries, administrative assistants who are not functional
professionals, clerks and clerical pools, including clerical pool supervisors in support services.
Administrative support functions include meeting and conference coordination, word
processing, spreadsheet development and maintenance, graphic/presentation material
creation, and non-technical analysis of data.

Support Services Management
All activities associated with management personnel above the level of first-line supervisor in
support services functions.

Officers and Executives

This category includes all officers and executives.
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Additional Categories for Non-Utility Respondents
Many employees in non-utility environments do not fit easily into the categories described
earfier. They may fit better in the categories below.

Non-Utility Degreed Positions
These categories describe individuals who hold degrees (either bachelor’s or advanced) in
the following fields and perform job functions associated with these degrees:

+  health physicist

+ nuclear engineer

+ electrical engineer

+ civil engineer

¢ mechanical engineer
« chemical engineer

+  structural engineer.

Non-Utility Functional Positions
These categories describe individuals who perform functionat tasks in project management
and construction management.



297

»61
NEI 2003 Work Force Survey

Appendix C: NEI Work Force Issues

Task Force Members

Mark Antoine, Entergy Operations
(South)

Mary Ellen Beach, Nuclear Regulatory
Commission

Paul Bird, Nuclear Regulatory
Commiission

James Boyles, Tennessee Valley Authority

Steven Bylow, Nuclear Management Co.

Dan Culliton, FirstEnergy/Perry plant

Gerald Ellis, Exelon Nuclear

Jobn Erickson, Nuclear Management Co.

Lynn Fieldman, International Brotherhood
of Electrical Workers

Meghan Firster, Westinghouse
Electric Co.

John Gutteridge, U.S. Department of
Energy

Amy Hanse, AREVA

Jack Haugh, EPRI

David Heler, Arizona Public Service Co./
Palo Verde

William lling, Institute of Nuclear Power
Operations

Walter Johansen, Fluor Corp.

Sharon Kerrick, American Nuclear
Society

Brian Kremer, National Aeronautics and
Space Administration

Michael Monfalcone, Dominion Nuclear

Cindy Nelson, Southern Nuclear
Operating Co.

Kevin Nelson, Health Physics Society

Kirk Newell, American Electric Power/
D.C. Cook Plant

Will Paul, International Brotherhood of
Electrical Workers

Lynn Pressey, Southern California Edison

Larry Taylor, STP Nuclear Operating Co.

Nancy Winters, Constellation Nuclear

Angie Howard, Nuclear Energy Institute

Carol Berrigan, Nuclear Energy Institute
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STATEMENT OF DAVID LOCHBAUM, NUCLEAR SAFETY ENGINEER, ON BEHALF OF
UNION OF CONCERNED SCIENTISTS

On behalf of the Union of Concerned Scientists (UCS), it is my pleasure to appear
before this subcommittee. My name is David Lochbaum. After obtaining a degree
in nuclear engineering from The University of Tennessee in 1979, I spent more than
17 years in the nuclear industry, mostly at operating power reactors in Georgia,
Alabama, Mississippi, Kansas, New Jersey, Pennsylvania, New York, Ohio, and
Connecticut, before joining UCS in October 1996 as their nuclear safety engineer.
UCS, established in 1969 as a non-profit, public interest group, seeks to ensure that
people have clean air, energy and transportation, as well as food that are produced
in a safe and sustainable manner. UCS has monitored nuclear plant safety issues
for over 30 years.

LESSONS FROM THE PAST

Twenty five years ago this past March, the Three Mile Island Unit 2 reactor out-
side Harrisburg, Pennsylvania experienced the worst nuclear plant accident in U.S.
history. The 25th anniversary of that meltdown got considerable media attention.
One reporter asked me how the nuclear industry would be different today had the
Three Mile Island accident not happened. “There would be no difference,” I an-
swered him, “because that accident was bound to happen—if not at Three Mile Is-
land, then at some other reactor.” One-of-a-kind design flaws, isolated operator
training deficiencies, or unique equipment failures did not cause the accident. De-
graded conditions prevalent at and tolerated on all reactor sites ultimately produced
a meltdown at one site—Three Mile Island. The many post-mortem inquiries into
that accident resulted in extensive changes in the organization and management of
the nuclear industry and its regulator, the Nuclear Regulatory Commission (NRC).

This history is relevant to today’s hearing because compelling evidence suggests
that extensive, degraded conditions at reactor sites are once again being tolerated.
The NRC’s response to these warning signs have amounted to little more than rear-
ranging the deck chairs on the Titanic. Fortunately, there is still time for the NRC
to plot a different course so as to avoid the icebergs looming on the horizon.

WARNING SIGNS IN THE PRESENT

The Davis-Besse nuclear plant in Ohio recently restarted after being shut down
more than 2 years for repairs to emergency equipment. The NRC concluded that de-
teriorating conditions at Davis-Besse had, over a period of nearly 6 years, reduced
safety margins to the point where the reactor was within two to 13 months of hav-
ing an accident like Three Mile Island. The NRC identified more than four-dozen
flaws in its regulatory oversight processes that allowed Davis-Besse to flirt with dis-
aster. Many of those regulatory flaws remain uncorrected and are not even sched-
uled for correction.

Davis-Besse is not an isolated case. It is the twenty-eighth (28th) nuclear power
reactor to be shut down for a year or longer for safety repairs since September 1984.
In fact, there has not been a single minute in the past two decades without at least
one reactor mired in a year-plus outage.

A year-plus outage adversely affects the reliability of the electrical power grid. It
adversely affects the costs paid by ratepayers for electricity and the returns received
by stockholders. It adversely affects safety levels exposing workers and the public
to undue hazards. Twenty-eight year-plus outages in 20 years is an extremely poor
report card for both the nuclear industry and its regulator. Nuclear safety problems
must be found and fixed before they grow to epidemic proportions.

The NRC’s report cards from internal and external auditors are equally bad, espe-
cially since so many of yesterday’s problems still factor into today’s problems. Very
little is getting fixed. A review of reports issued by NRC Lessons Learned Task
Forces, the NRC Office of the Inspector General (OIG), and the U.S. General Ac-
counting Office (GAO) over the past 8 years shows the same regulatory problems
contributing again and again to unacceptable safety levels. Examples of these recur-
ring, uncorrected findings are:
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Auditor — Date

Verbatim Auditor Findings & UCS Comments

US NRC O1G - 10/2003"

“OIG found that NRC Headguarters did not integrate the issues raised in
Generic Letters 88-03 and 97-01 into NRC’s inspection program.”

UCS Comment: NRC Headqguarters issued the generic letters |

to require owners fo take steps to avoid safety problems
encountered at other nuclear plauts, but failed to follow-up to
verify that the owners actually took those steps.

“OIG deiermined that there was ineffective communicaiion among [NRC] |

Region HI managers concerning boric acid leakage and corrosion al
Davis-Besse”

“OIG determined that the [NRC] Senior Resident Inspector, Resident
Inspector, and possibly the ISI Inspector reviewed Davis-Besse CR 2000-
0782 [comaining the infamous Red Photo] dwring 12 RFO [the 12"
refueling outage, April 2000]. These inspectors did not recognize the
significance of the boric acid corrosion deseribed in CR 2000-0782.”
UCS Comment: In 1999, the NRC sanctioned Davis-Besse's
owner for a safety problem caused by boric acid corrosion, but
that ! was soon forgotten by the owner and the NRC.

US GAD - 09/2003°

“NRC's Inspection Practices Minimize the Significance of Some Security
Problems”

“NRC Does Not Systematically Collect, Analyze, and Disseminate
Information That May Improve Security at All Plants™
UCS Comment: A major contributor to the 1979 meltdown at
Three Mile Island was NRC’s failure to disseminate known
safety problems to plant owners. The NRC developed a system
for sharing safety information, but did not - even in the wake
of 09/11 — extend this system to cover security probl

“NRC's Force-on-Force Exercises Are Lipited in Their Usefulness™

“ISecurity force-on-force] Exercises Did Not Test the Full Extent of the

Design Basis Threat”
UCS Comment: The NRC’s Design Basis Threat is not
tablished at such a lofty level that testing shy of it is justified.

Y U.8. Nuclear Regulatory Commission Office of the Inspector General, Case No. 03-028, “NRC’s Oversight of
Davis-Besse Boric Acid Leakage and Corrosion During the April 2000 Refueling Outage,” October 17, 2003,

2 4.8, General Accounting Office, GAO-03-752, “Nuclear Regulatory Commission: Oversight of Security at
Commercial Nuclear Power Plants Needs to Be Suengthened,” September 2003,
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Auditor — Date

Verbatim Auditor Findings & UCS Comments

US NRC OIG ~ 05/2003°

“NRC performs limited inspections of licensees’ MC&A4 [materials control.
and accountability] activities, and cannot assure the reliability of the SNM
[special nuclear material] tracking system.”
UCS Comment: The SNM tracking system is one of the
barriers against “dirty bombs.” This barrier must be as
effective as possible.

US NRC OIG - 12/2002*

“NRR [NRC's Office of Nuclear Reactor Regulation] staff described to the
technical assistants [of the Commissioners] .. how NRR's decision to
allow Davis-Besse to operate ... comported with the five safety principles
outlined in the NRC's visk-informed decisionmaking guidelines. NRR staff’
noted that although four out of five safety principles were not explicitly
met, the staff concluded that Davis-Besse could operate safely until
February 16, 2002.”

UCS Comment: 20% cannot be a passing grade when it comes

to nuclear plant safety. NRC must abide by ifs safety

principles, not generate excuses for ignoring them.

“An NRR manager stated that from the perspective of external
stakeholders, the need for a shutdown order is not a positive indicator for
the nuclear industry and would destabilize confidence in the nuclear
industry’s ability to make the right decisions”
UCS Comment: The NRC’s poor performance at Davis-Besse
destabilized confidence in its ability to make the right
decisions. The NRC must worry more about safety and less
about the nuclear industry’s public relations.

US NRC OIG - 12/2002°

“Less than half (48%) of NRC employees feel that management actually
trusts the judgment of employees at their level in the organization.”

“Slightly more than half (53%) of the employees feel that it is “safe to
speak up in the NRC.””
UCS Comment: Xt is simply unacceptable for half of the NRC
work force to fear speaking up. The NRC would not tolerate
such a large ‘“fear factor’ at nuclear plant sites and must not
tolerate such a condition internally.

“In comparison with 1998 survey data, the only item that shows a
significant decrease (-5 percentage points} in favorability is “I believe
NRC’s commitment to public safety is apparent in what we do on a day-to-
day basis.”™

*U.S. Nuclear Regulatory Commission Office of the Inspector General, OIG-03-A-15, “Audit of NRC’s Regulatory
Oversight of Special Nuclear Materials,” May 23, 2003,

* U.S. Nuclear Regulatory Commission Office of the Inspector General, Case No. 02-038, “NRC’s Regulation of
Davis-Besse Regarding Damage to the Reactor Vessel Head,” December 30, 2002,

® U.S. Nuclear Regulatory Commission Office of the Inspector General, OIG-03-A-03, “2002 Survey of the NRC’s
Safety Culture and Climate,” November 2002,
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Auditor ~ Date

Verbatim Auditor Findings & UCS Comments

US NRC - 09/2002°

“The NRC failed to integrate known or available information into its
assessments of DBNPS'’s [Davis-Besse Nuclear Power Station’s] safety
performance.”
UCS Comment: Like NASA’s failure to properly evaluate
available information on the insulation striking the Columbia’s
wing during launch, NRC failed to properly evaluate available
information about Davis-Besse.

“The NRC failed 1o adequately review, assess, and followup on relevant
operating experience to bring about the necessary industry and plens
specific actions to prevent this event.”

“The NRC accepted industry positions regarding the nature and
significance of VHP nozzle cracking without having independently verified
a number of key assumptions, including the implementation effectiveness of
boric acid corrosion control programs and enhanced visual inspections of
RPYV [reactor pressure vessel] heads.”

“During the period in which the symptoms and indications of RCS [reactor
coolant system] leakage were visible, the monagers and staff members of
the NRC's regional office responsible for DBNPS oversight were more
Jfocused on other plants that were the subject of increased regulatory
oversight. This distracted management attention and contributed o
staffing and resource challenges impacting the regulatory oversight of
DBNPS.”
UCS Comment: During this very same time period, the NRC
did not permit ‘distractions’ from keeping the agency from
meeting scheduler goals for license renewal and power uprate
approvals. The NRC had sufficient resources but applied them
with poor safety focus. This lack of proper focus must be

T 2l

r as soon as p

US NRC OIG ~ 08/20027

“The agency has not developed guidance for an independent verification
process to provide assurance that licensee risk assessment results are
acceptable for SDP [significance determination process] purposes and
provide a sound basis for regulatory decisions.”

“Senior NRC officials confirmed that the agency is highly reliant on
information from licensee risk assessments. Agency officials also noted
that there are no PRA [probabilistic risk assessment] standards, no
requirements for licensees’ PRAs to be updated or accurate, and that the
quality of the assessments varies considerably among licensee.”
UCS Comment: “Garbage in, garbage out” is imprudent
regulatory practice and must cease, The NRC must either
establish wminimum standards or stop relying on obsolete,
inaccurate information.

51J.8. Nuclear Regulatory Commission Lessons Learned Task Force, “Degradation of the Davis-Besse Nuclear
Power Station Reactor Pressure Vessel Head Lessons-Learned Report,” September 2002.

T U.8. Nuclear Regulatory Commission Office of the Inspector General, O1G-02-A-15, “Review of NRC’s
Significance Determination Process,” Aagust 21, 2002,
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Auditor — Date

Verbatim Auditor Findings & UCS Comments

US NRC OIG - 08/2000°

“OIG learned that, although historically Region I has provided IP2 with
enhanced oversight, the Region did not focus specifically on the plant’s
steam generators. According to the Region I Administrator, the Region did
not view steam generators as significant in the overall oversight and
regulation of [P2.”
UCS Comment: Indian Point Unit 2 (IP2) had the oldest steam
generators of this type still in service. All other steam
generators of this vintage had been replaced due to safety
problems, The NRC had no credible reason for excluding the
steam generators from its oversight at Indian Point Unit 2.

“OIG noted that in July 1997, the same month ithat the IP2 steam
generator inspector report was received by NRR, the NRC Office of Public
Affairs issued "NRC Technical Issues Papers and Fact Sheets: Steam
Generator Tube Issues” ...

These [steam generator] tubes play an imporiamt safety role
because they stand between the radioactive and nonnuclear sides
of the plamt. The integrity of the tubing is instrumental in
minimizing leakage of water between the two sides. There is the
potential that if reactor fuel is damaged and several tubes were to
burst at once, it could lead to a fairly significant velease of
radicactive steam.”

“OIG learned that neither the Region I nor NRR staff conducted a
technical review of IP2's 1997 steam generator tube inservice inspection
report when it was submitted in July 1997

“The [NRC] junior engineer [reviewing IP2's request to defer steam
generator inspections] added that she had concerns regarding the steam
generators crack growth rates that were not addressed in the original
license amendment submittal, ... OIG learned that the junior engineer did
not ask additional questions of the licensee, although she believed the
responses to the RAI [NRC’s request for additional information] could
have been more robust. The junior engineer stated that a second request of
questions was “frowned upon” by NRR management. .. The junior
engineer stated “I felt like we were stuck” with the IP2 responses fo the
RAL”
UCS Comment: The NRC demands that its licensees
encourage “questioning attitudes” by plant workers, yet places
impediments fo its own staff asking questions about safety
levels. These impediments must be eliminated,

“NRC Has Not Resolved Many Issues Needed to Implement a Risk-
Informed Regulatory Approach”

“Utilities Do Not Have Accurate and Reliable Design Information jor
Some Plants”

% 1.8, Nuclear Regulatory Commission Office of the Inspector General, Case No. 00-038, “NRC’s Response to the
February 15, 2000, Steam Generator Tube Rupture at Indian Point Unit 2 Power Plant,” August 29, 2000.

?U.S. General Accounting Office, Testimony before the Subcommittee on Clean Air, Wetlands, Private Property,
and Nuclear Safety, Committee on Environment and Public Works, U.S. Senate, GAO/T-RCED-99-71, “Nuclear
Regulatory Commission: Strategy Needed to Develop a Risk-Informed Safety Approach,” February 2, 1999,
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Auditor — Date Verbatim Auditor Findings & UCS Cc t
“NRC Does Not Have Confidence That Safety Analysis Reports Reflect
US GAO - 02/1999° Current Plant Designs”

“Erroneous Evaluations Can Erode Design and Safety Margins”
UCS Comment: Davis-Besse demonstrated that this probiem
still exists.
“NRC Does Not Have a Siandard for the Content of Risk Assessments”
“NRC Has Not Determined Whether Compliance With Risk-Informed
Regulations Would Be Mandatory or Voluntary”
“NRC Lacks Assurance of Nuclear Plants’ Safety”
“NRC Is Slow to Require Corrective Action”
UCS Comment: The NRC initiated Generie Safety Issue No.
191 in September 1996. It involves known deficiencies in vital
US GAO - 01/1999"° safety systems at mosi of the naiion’s power reactors that
increases the likelihood of meltdown by as much as a factor of
100. The NRC’s current ‘schedule’ calls for this problem to be
resolved sometime in 2007,
“NRC'’s Culture and Organizational Structure Impede Effective Actions”
“NRC Does Not Precisely Define Nuclear Plant Safety”
US GAO - 07/1998" “NRC Is Not Effectively Overseeing Problem Plants”
“Management Competency Is Critical to Safety”
“Early Intervention Could Result in Fewer Problem Plants”
“INRC] Employees report that communicating problems results in a
“shoot-the-messenger” syndrome.”
UCS Comment: NRC management simply must not impede
US NRC OIG - 06/1998' the free commmunication about nuclear safety problems
“More than half of the employees (53%) say the management style at NRC
does not encourage employees to give their best.”
“Fifty-two percent (52%) of employees do not feel the NRC has a climate
where one can challenge the traditional ways of doing things.”
“NRC Is Not Effectively Overseeing the Plants That Have Problems”
“NRC Is Not Getting Licensees to Fix Deficiencies in a Timely Manner”
“Relying on Plant Managers to Fix Problems Is Not dlways Effective”
“NRC Enforcement Actions Are Too Late to Be Effective”
| US GAO — 05/1997" UCS Comment: On May 7, 2004, the NRC announced that it
was not imposing sanctions on Davis-Besse’s owner for having
provided false information (o the agency because, in part, the
five-year statute of limitations had expired.
“The Semior Management Meeting Needs Revamping to Aid Eorly
Intervention”
“Increased Trend Analyses Could Identify Weak Areas”

US GAO - 01/1996™ UCS Comment: On March 28, 1999, the NRC disbanded its
office for the Analysis and Evaluation of Operational Data

(AEOD) which effectively conducted trend snalyses.

.8, General Accounting Office, GAO/OCG-99-19, “Major Management Challenges and Program Risks: Nuclear

Regulatory Commission,” January 1999,

" U.8. General Accounting Office, Testimony before the Subcommittee on Clean Air, Wetlands, Private Property,

and Nuclear Safety, Committee on Environment and Public Works, U.S. Senate, GAO/T-RCED-252, “Nuclear

%egulawry Commission: Preventing Problem Plants Requires More Effective Action by NRC,” July 30 1998.

; USIg ?;:clear Regulatory Commission Office of the Inspector General, “NRC Safety Culture and Climate Survey,”
une X

Y U.8. General Accounting Office, GAO/RCED-97-145, “Nuclear Regulation: Preventing Problem Plants Requires

More Effective NRC Action,” May 1997,

" U.S. General Accounting Office, GAO/RCED-96-41, “Nuclear Regulation: Oversight of Quality Assurance at

Nuclear Power Plants Needs Improvenient,” January 1996.
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The NRC attempted to remedy the shortcomings identified by its auditors. How-
ever, these efforts failed to achieve the necessary outcome of preventing recurrence.
The NRC’s current regulatory processes rated Davis-Besse in 2002 as one of the best
performing reactors in the U.S.—it now appears that Davis-Besse was the worst
performer. Obviously, the NRC failed to correct enough of its many shortcomings.
If the agency corrected its regulatory impairments, it would be able to detect declin-
ing safety levels sooner and intervene long before year-plus outages are needed to
restore the necessary safety margins.

ROADBLOCKS TO NRC REFORMS

The NRC has many talented and capable employees committed to the agency’s
vital mission of protecting public health and safety. But as NASA learned with the
Challenger tragedy and re-learned with the Columbia tragedy, technologies where
risk is dominated by high-consequence, low-probability events require much more
than the commitment of talented, capable workers. They require an unrelenting, un-
compromising approach to safety.

The NRC strives to provide that level of oversight, but falls short too often as
demonstrated by the 28 year-plus reactor outages in the past 20 years. The agency’s
efforts are stymied by its hiring and promotion policies. Very few of the NRC’s sen-
ior technical managers are new to the agency. The majority worked their way up
through the ranks. Consequently, NRC’s managers come from the same mold and
have the same habits. Retirements and reorganizations at NRC merely put new
faces on the same management style. Reform efforts fail because merely re-pack-
aging and re-applying that management style cannot yield substantive changes.

The aforementioned 28 reactors that endured lengthy outages shared the common
trait of bringing in new—really new—management to direct the restart and recov-
ery efforts. New management is the fastest way to meaningful and lasting reforms.
New managers can assess policies and practices unencumbered by “traditions.” New
managers can stake out a new path with implicitly conceding it led troops down old
paths. New management is a tried and true method for bringing about needed re-
forms in a timely manner. Yet it is an untried method at NRC, which desperately
needs reform at any pace.

UCS is not advocating a massive infusion of new managers at NRC. This would
be the fastest and surest way to the much-needed reforms, but it would be unfair
to many fine public servants who have devoted many years of hard work on nuclear
safety issues. Instead, we urge Congress to work with the NRC to revamp the agen-
cy’s hiring and promotion policies. Retirements and other voluntary departures
should provide opportunities for finding the most qualified replacements—not just
the most qualified replacements from within the NRC. The salaries and benefits for
NRC managers must be sufficient to attract and retain qualified candidates from
inside and outside the agency.

NUCLEAR CROSSROADS

The future of nuclear power in the United States depends on decisions made now.
The NRC’s regulatory impairments make nuclear power’s cost and risks higher than
is necessary. Left unchecked, the only question is whether economics or disaster will
bring down the curtain on nuclear power in America.

Whatever role nuclear power plays in our energy future, the NRC must become
an effective regulator. To hasten that transformation, the agency needs fresh per-
spectives from outside managers. One of the NRC’s strengths is its work force of
talented, capable, and dedicated employees. Properly led, they can make sure that
nuclear power’s costs are not too high or its safety levels too low.

The NRC is like NASA in that both agencies struggle with complex technologies
where risk is dominated by low probability, high consequence events. We hope NRC
is unlike NASA in not needing a tragic reminder to trigger the reform efforts that
are so desperately needed.

The time for NRC to reform is running out. The Three Mile Island meltdown and
other nuclear accidents at Chernobyl, Browns Ferry, St. Laurent, Fermi Unit 1, SL—
1, and Sodium Reactor Experiment occurred in the first year or two of the plant’s
lifetime—during the break-in phase. As indicated in the figure of what is called the
“bathtub curve” due to its distinctive shape, risk of failure is highest early and late
in life. The 104 nuclear power reactors in the U.S. are heading toward, if not al-
ready within, the wear-out phase of life where risk once again rises. The NRC recur-
ring, chronic problems must be fixed if the American public is to be adequately pro-
tected from the hazards of aging nuclear power plants.
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On behalf of UCS, I wish to thank the subcommittee for conducting this hearing
on nuclear plant security and for considering our views on the matter.

RESPONSES BY DAVID LOCHBAUM TO ADDITIONAL QUESTIONS FROM
SENATOR JEFFORDS

Question 1. How can NRC enhance its enforcement efforts? In your view, is the
issue a lack of personnel, or is additional training needed?

Response. The two major problems with the NRC’s enforcement efforts are timeli-
ness and clarity of communications. Based on the NRC’s ability to meet schedule
goals in other areas—such as reviewing license amendment requests—we believe
that timeliness in enforcement actions can be achieved without additional staffing.
The clarity of NRC’s communications about enforcement actions can be improved by
a combination of training and process refinements.

The NRC’s enforcement actions on nuclear plant safety issues since spring of 2000
fall into two categories: willful violations and non-willful violations. Willful viola-
tions involve determinations by the NRC that plant personnel and/or management
knowingly and deliberately violated regulations. Such determinations can prompt
the NRC into enforcement actions such as fines against the individuals involved and
the company. Non-willful violations involve determinations by the NRC that compa-
nies unknowingly or inadvertently failed to comply with regulations. Both categories
suffer from lack of timely NRC decisions that harm plant owners and the public.
When the NRC ultimately determines that no violations occurred, clouds of sus-
picion hung longer than necessary over suspected individuals and companies. On
the other hand, when the NRC ultimately determines that violations occurred, indi-
viduals and companies remained at the controls of nuclear power plants unaccount-
able longer than necessary.

The fix is simple—the NRC must establish schedule goals for enforcement deci-
sions and abide by them. The NRC established goals for decisions involving license
renewal requests and has met every single deadline to date despite some involving
intervenor action. Likewise, the NRC established goals for decisions involving other
licensing requests by plant owners and it meets those deadlines over 95 percent of
the time. By applying this proven management control to its enforcement decisions,
the NRC should be able to achieve the similar on-time performance.

Regarding clarity of communications about enforcement actions, I began engaging
the NRC in 1997 in a continuing series of discussions and correspondence about in-
consistent enforcement actions. Many of those discussions occurred during public
meetings conducted by NRC where representatives of the Nuclear Energy Institute
(NEI), the nuclear industry’s trade group, expressed similar comments about the
vagueness of NRC’s communications. By procedure, the NRC’s communications
about enforcement actions use templates where blanks for specific information (i.e.,
who, when, where) are filled in. This ‘boilerplate’ approach to communications force-
fits varying reasons into the same messages. When queried by me or NEI, the NRC
promptly reveals the true reasons why enforcement actions were or were not taken.
Obviously, the true reasons had not been withheld for privacy or legal reasons or
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the NRC could not have divulged them so freely during public meetings and in pub-
lic correspondence.

Again, the fix is simple—the NRC must publicly divulge the true reasons for its
enforcement decisions. The current procedure that makes the NRC issue trite com-
munications must be revised. Training on the revised procedure should be given to
NRC staffers.

Question 2. Nuclear plants that are seeking license renewal may not always con-
form to current safety standards, but to a number of regulations dating back 40
years with exemptions, deviations, and waivers granted along the way. While each
individual exemption or waiver may be justified and not reducing safety margins,
the cumulative effective of so many exceptions can adversely affect safety. What
should NRC be doing to properly manage the risk at aging reactors? Is having all
plants meet current standards the appropriate solution?

Response. Having all nuclear plants conform to current standards before being
granted permission to operate for up to 20 additional years would solve the problem.
But that solution poses an undue burden on plant owners, their ratepayers and
stockholders. Therefore, UCS advocates that the NRC adopt a more practical and
reasonable solution.

The NRC’s license renewal process assumes that nuclear power plants have ade-
quate safety margins today and focuses the license renewal review efforts on aging
mechanisms with the potential for eroding those safety margins. UCS feels strongly
that this license renewal process must also include the NRC’s verification that to-
day’s safety margins are indeed adequate.

The adequacy of safety margins is established by the NRC’s regulations. UCS is
not aware of a single U.S. nuclear power plant that meets today’s regulations. In-
stead, U.S. nuclear power plants are supposed to meet (a) the regulations in effect
when the NRC initially licensed them to operate, and (b) regulations subsequently
adopted by the NRC that the agency specifically applied to existing plants (other-
wise, the new regulations only applied to reactors licensed thereafter by the NRC).
In addition, the NRC approved literally thousands of waivers, deviations, and ex-
emptions to the regulations.

A prime purpose of the NRC’s reactor oversight process is to determine if the reac-
tors meet their applicable regulations (not today’s regulations, but the hodge-podge
of old regulations, new regulations, and hundreds of approved waivers, deviations,
and exemptions).

Collectively, the NRC’s reactor oversight process and its license renewal process
seek to assure that a reactor has the safety margins provided by applicable regula-
tions and that aging of structures and equipment throughout two more decades of
operation will not erode those safety margins. The vital missing link is a verification
that the reactor’s safety margins provide the public with protection comparable to
that afforded by today’s regulations.

Before the NRC grants a license renewal, the NRC should verify the adequacy of
today’s safety margins by formally reviewing the regulations applicable to a reactor
and all the approved waivers, deviations, and exemptions from those applicable reg-
ulations against the agency’s current regulations. [NOTE: Wherever possible, the
NRC’s review should be streamlined by limiting its scope to only a comparison of
regulations having a safety nexus. For example, regulations involving merely the
fre(%ugngy] and content of reports to be submitted to the NRC by licensees could be
excluded.

UCS believes that it is necessary, practical, and prudent for the NRC to verify
the adequacy of today’s safety margins before granting a 20-year extension to the
original 40-year license. After all, an option to extending the life of the 40-year old
reactor would be to construct a brand new reactor at the same site to use the same
transmission lines and infrastructure. There is no question that a new reactor would
have to meet today’s regulations and the safety margins they require. Prudent pro-
tection of public health dictates there should be no unanswered questions about
whether ancient reactors have comparable safety margins.

STATEMENT OF MARILYN KRAY, VICE PRESIDENT FOR PROJECT DEVELOPMENT,
EXELON GENERATION, ON BEHALF OF NUSTART ENERGY DEVELOPMENT LLC

Chairman Voinovich, Senator Carper, and Members of the Subcommittee:

I am Marilyn Kray, Vice President of Project Development for Exelon Nuclear, a
subsidiary of Exelon Corporation. I am appearing today in my capacity as the lead
representative of NuStart Energy Development, a recently formed consortium of
power companies and reactor vendors. Thank you for the opportunity to appear be-
fore you today.
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Congress has an important role in providing oversight of the Nuclear Regulatory
Commission, and this oversight will be particularly important as the Commission
proceeds with a new process for licensing nuclear power plants. My testimony today
will focus on the benefits of nuclear power, the Department of Energy’s Nuclear
Power 2010 Initiative, the formation of NuStart Energy Development, and the pre-
requisites for the construction of new nuclear power plants.

BENEFITS OF NUCLEAR POWER

Nuclear power is a safe, clean, reliable and economic method of generating elec-
tricity. Indeed, the nation’s 103 operating reactors provided over 20 percent of the
electricity generated in the United States last year.

Nuclear plants are safe, both from an operational and a homeland security per-
spective. Despite concerns expressed by some that nuclear plants would become less
safe as plant operators focused improving operational efficiency, data has shown
that plant performance and safety go hand-in-hand. The best performing plants in
terms of capacity factor also have the fewest safety-related incidents. Operational
excellence not only increases plant output, it also enhances safety. In fact, commer-
cial nuclear plants have an exceptional record of worker safety.

From a security perspective, independent reviews of commercial nuclear power
plants have shown these plants to be perhaps the most secure industrial facilities
in the United States. The same plant features that are used to isolate the public
from radiation also serve to fortify the plants against outside intruders. Nuclear se-
curity, already robust prior to September 11, 2001, has been significantly enhanced
since that time. Plants have made significant capital investments to upgrade secu-
rity and have roughly doubled the size of their security forces.

Nuclear power is also one of the cleanest sources of electric generation. Since nu-
clear power is not based on combustion, nuclear plants emit none of the air pollut-
ants associated with climate change, acid rain, or smog. Since the electricity pro-
duced by nuclear plants displaces electricity that would otherwise be supplied by
fossil-fired power plants, it is estimated that U.S. nuclear plants avoided 3.38 mil-
lion short tons of sulfur dioxide, 1.39 million short tons of nitrogen oxides, and 189.5
million metric tons of carbon dioxide during 2002.1

Nuclear plants do not discharge pollutants into the water, though they do dis-
charge warm water into the environment. These discharges are carefully regulated
and monitored to protect aquatic life. And while nuclear plants do generate radio-
active waste materials, these wastes are carefully managed and are isolated from
the environment.

From a reliability perspective, nuclear plants are an ideal source of baseload gen-
eration. Demand for electricity is expected to grow by 50 percent by 2025, according
to the Department of Energy. Nuclear power will be necessary to ensure that the
U.S. maintains a balanced, diverse and reliable electricity supply while protecting
the environment.

In 2003, the U.S. reactor fleet produced 766.5 billion kWh of electricity at an aver-
age capacity factor of nearly 90 percent. In part, this is due to the inherent design
philosophy to run for extended periods of time between scheduled refueling outages.
Most nuclear plants now run on a 2-year cycle between refueling outages. Because
of these long run cycles, nuclear plants are not subject to fuel delivery issues that
can affect some generation sources. In addition, unlike other generation sources, nu-
clear plants are generally not affected by weather conditions.

Finally, nuclear generation has proven to be an extremely cost competitive form
of electricity generation. For 2002, nuclear plant production costs, which encompass
fuel and operation and maintenance costs, were 1.71 cents/kWh. These productions
costs were lower than comparable costs for coal, which were 1.85 cents/kWh, and
significantly lower than natural gas and oil, whose production costs were 4.06 cents/
kWh and 4.41 cents/kWh, respectively.2

DOE’S NUCLEAR POWER 2010 INITIATIVE

Despite the nuclear industry’s impressive performance in recent years, companies
have been reluctant to consider investing in new nuclear plants. Uncertainty regard-
ing the NRC’s new licensing process, new advanced reactor designs, the future regu-
latory environment, the existence of a repository for used nuclear fuel, and the fu-

1Calculated by the Nuclear Energy Institute using regional fuel emission rates from EPA
CEMS data and individual plant generation data from the Energy Information Administration.
Last updated September 2003.

2U.S. DOE/Nuclear Power Industry, Strategic Plan for Light Water Reactors Research and
Development, First Edition, February 2004.
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ture of electricity markets in the U.S. all represent risks that give investors pause
when it comes to nuclear power.

Recognizing the valuable role of nuclear energy in meeting the nation’s current
and future energy needs, Energy Secretary Spencer Abraham unveiled the Depart-
ment of Energy’s Nuclear Power 2010 initiative in February of 2002. The program
seeks to partner with the private sector to achieve three goals: (1) to evaluate poten-
tial sites to host new reactors; (2) to demonstrate the Nuclear Regulatory Commis-
sion’s licensing process for new plants; and (3) to conduct research to promote safer
and more efficient nuclear plant technologies in the United States.

In June 2002, the Department awarded grants to Dominion, Entergy, and Exelon
in support of their proposals to develop and submit Early Site Permit applications
to the Nuclear Regulatory Commission. Each company submitted their application
to the NRC for review in the Fall of 2003. Final NRC action on the applications
is expected in 2006.

In November 2003, the Department issued a formal solicitation inviting coopera-
tive agreement applications to demonstrate the NRC’s combined operating license
(COL) process. The solicitation encouraged a consortium approach among power
generation companies, plant owners and operators, reactor vendors, architect engi-
neers and construction companies and proposed a 50 percent minimum industry cost
share over the life of the project.

In 1989, the NRC introduced 10 CFR Part 52, an improved and more efficient li-
censing process for new nuclear plants. However, this process has not been dem-
onstrated, and the prolonged regulatory interactions on previously licensed plants
only serves to increase the financial community’s uneasiness over the NRC’s licens-
ing process. This is why DOE’s Nuclear Power 2010 Initiative is essential.

The Part 52 process has three subparts: Early Site Permits, Design Certification,
and Combined Construction Permits and Operating Licenses. These subparts have
common concepts and common principles. It is important for these common concepts
and principles to be maintained during the reviews, issuance and implementation
of the Part 52 subparts. For example, one of these common concepts, the Inspec-
tions, Tests, Analyses, and Acceptance Criteria (ITAAC), is applicable in design cer-
tification and in the combined license element. The principles for the design certifi-
cation ITAAC are the same as for the combined license ITAAC, though the regu-
latory reviews may be years apart. If these concepts and principles—which include
implementation—are not maintained, the reviews will become prolonged. Every ef-
fort should be made to maintain personnel stability within a project for the duration
of the combined license review and plant construction.

The majority of the existing 103 reactors in the U.S. are unique design. Standard-
ization was not a consideration in the early plants, where incorporating lessons
learned as previous plants were built took priority. In the 1990’s, the industry made
a commitment to standardize new plants to the fullest extent possible. As a result,
once the first plant receives its license, subsequent licensing activities for future
plants of the same design should be easier and take less time. The only issues to
review would be associated with site-specific differences and design compatibility
with the site.

The industry commends the NRC for moving forward with improvements to 10
CFR Part 2, Rules of Practice for Domestic Licensing Proceedings and Issuance of
Orders. These improvements will make the licensing process more objective and effi-
cient, while maintaining full public involvement on issues that are relevant and ger-
mane to the proceedings. When coupled with the new Part 52 process, these regu-
latory and process improvements should assure that a combined construction and
operating license for a completely new design can be issued in 24 months of the ap-
plication being filed. For subsequent application of the same design, the licensing
review and process should take no more than 18 months. This timeframe assumes
that that all the elements of the Part 52 process are being used (an approved early
site permit, and a certified design) and that there is no need for a formal adjudica-
tory hearing.

In response to the COL solicitation, three consortia applied for assistance from
DOE. The three consortia include a team composed of Dominion, AECL of Canada,
Bechtel and Hitachi; a team composed of the Tennessee Valley Authority, General
Electric, Bechtel and USEC; and NuStart Energy Development, which includes Con-
stellation Energy, Duke Energy, EDF International North America, Entergy Cor-
poration, Exelon Corporation, Southern Company and the Tennessee Valley Author-
ity, as well as General Electric and Westinghouse.
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NUSTART ENERGY DEVELOPMENT

As noted above, NuStart includes nine participating companies. Of these compa-
nies, TVA is a limited participant, providing in-kind services only, while GE and
Westinghouse serve as subcontractors to the formal LLC.

The total cost of the project is just over $800 million over a 7-year period. We are
requesting that DOE provide one-half the cost. Each of the six power companies will
provide $1 million cash annually for 5 years from 2004 through 2008, and reduced
amounts in 2009 and 2010. In addition, each of the six power companies will provide
inkind services throughout the 7-year duration of the project, for a total project
share of $6.2 million of cash and in-kind services from each of the six power compa-
nies. The reactor vendors will provide significantly greater funding—Westinghouse
approximately $208.3 million and GE approximately ?157.2 million—over the course
of the project.

The NuStart Energy Development proposal is divided into three overlapping
phases: Planning, Evaluation and Licensing. The significant activities of each phase
are outlined below:

Planning Phase (2004-2005)
e Finalize consortium organization
Finalize contractual relationships
Prepare for design selection
Identify candidate sites
Develop general licensing strategy
Evaluation Phase (2004-2005)
Develop design selection criteria
Select site
Finalize licensing strategy
Reevaluate economic evaluation for nuclear investments
Licensing Phase (2004-2010)
e Receive from NRC Design Certification for selected designs
e Westinghouse AP1000
e General Electric ESBWR
Issue Request for Proposal to reactor vendors
Select reactor design for submittal

Submit COL application to NRC
COL granted by NRC

PREREQUISITES TO NEW PLANT CONSTRUCTION

As defined by DOE, the scope of the NuStart Energy Development proposal is lim-
ited to the pursuit of a combined operating license. The consortium has made no
commitment beyond obtaining the operating license. While the consortium, or mem-
bers of the consortium, would be able to use the COL to pursue construction of a
new plant, there is no commitment to build a plant once the COL is obtained.

Successful completion of the proposed COL project will address two of the main
areas of risk associated with new nuclear investments—lack of regulatory predict-
ability and lack of completed designs to allow for accurate estimates of construction
and operation cost. The industry expects to develop significant information regard-
ing cost estimates of new plant construction and operation through the COL process.
However, the issue of regulatory uncertainty remains a concern for those companies
interested in pursuing new plant opportunities. The financial community has stated
that it considers regulatory predictability and stability to be prerequisites to obtain-
ing funding for a new nuclear power plant, and continued Congressional attention
toward future regulatory stability and the licensing of new plants will help build
confidence among investors and within the industry.

In addition to mitigating the risks of regulatory predictability and design comple-
tior:l, other pre-conditions are necessary before new nuclear investments can be
made:

(1) Congress and the Administration must fully fund the Nuclear Power 2010
program at $80 million for fiscal year 2005, and DOE must commit to fund the
program at levels that will sustain it to meet the above mentioned targets by
2010.

(2) The industry must continue to ensure outstanding performance of the cur-
rent fleet of operating reactors. Recent trends indicate that the industry is suc-
ceeding: performance and safety indicators are at record levels. For instance,
nuclear plant capacity factors averaged 90 percent, the highest of any source
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of electricity generation. Public perception of new nuclear power is based, in
part, on the performance of the current fleet of operating plants. Thus, contin-
ued solid industry performance is essential to maintain the confidence of the
regulators, the financial community and the general public.

(3) Congress and the Administration must continue to support a clear path
forward to resolve the issue of spent fuel disposal. Particular milestones that
will signal progress include adequate funding levels for the Yucca Mountain
program, the submittal of the Yucca Mountain license application by DOE to
the NRC—which is scheduled to occur in December 2004, and the NRC’s timely
review of the application.

(4) Power companies must have confidence that open and competitive whole-
sale markets for electricity exist. Many power companies are operating in a de-
regulated environment. Although they no longer need to demonstrate that their
investment in new generation is “used and useful,” these companies must have
confidence that there will be a consistent market for the power. The ideal solu-
tion to this issue is to have a power purchase agreement in place for the sale
of the proposed project’s output, at least for the early years of production. In
addition to alleviating the uncertainty regarding the need for the additional
power, the power purchase agreement would remove the risk associated with
price fluctuations by establishing a price schedule for the output. The power
purchase model is used extensively in the wind generation business. In the ab-
sence of a power purchase agreement, very high confidence in the projections
for demand growth and market prices will be needed for companies to consider
investing in new nuclear plants.

(5) Congress and the Administration must support incentives to alleviate con-
cerns by the financial community concerning the risks associated with being a
“first mover” in the construction of new plants. These incentives are particularly
important given the significant capital investment required for nuclear con-
struction. A number of financial incentives have been identified by the industry
New Plant Task Force in conjunction with the Department of Energy. Some of
the incentives being considered include:

e Insurance against substantial cost increases or cancellation resulting
from the regulatory process

Low interest government loans or loan guarantees

Seven year depreciation schedule

Investment tax credits

Production tax credits

Protection against electricity price fluctuations, especially for the early
years of plant operation

A successful and sustainable program to build new nuclear plants in the United
States does not require all of the above incentives. Various combinations or even a
portfolio approach which caps the value of the incentive could be used.

It is important to emphasize that the industry is not seeking a totally risk-free
business environment. Rather, it is seeking government assistance to contain those
risks that are beyond the private sector’s control. The goal is to ensure that the level
of risk associated with the next nuclear plants built in the United States generally
approaches what the electricity industry would consider normal for a commercial
project.

There is ample precedent in other areas for this type of government support for
critical infrastructure. The Transportation Department’s Transportation Infrastruc-
ture Finance and Innovation Act (TIFIA) is just one example. The TIFIA was devel-
oped to address a similar scenario where major investments in bridges and tunnels
were needed for the common public benefit, but the construction projects were not
attractive enough for individual entities to pursue. The incentives within the TIFIA
framework were developed to stimulate private capital investments using limited
government funds.

SUMMARY

Nuclear power will play a critical role in allowing the Nation to meet its future
energy needs while preserving a sound environment. Not only is nuclear power a
safe, reliable and economic source of electricity—allowing it to meet the nation’s fu-
ture need for baseload power generation, it is also the only major emissions-free
source of generation currently in operation. While aggressive efforts must be made
to explore and expand other forms of environmentally responsible generation, in-
cluding wind, solar, biomass, natural gas and clean coal, the U.S. must also take
steps today to ensure that the Nation will enjoy the benefits of a new generation
of nuclear plants in the future.
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Congress and the Administration should fully fund the Department of Energy’s
Nuclear Power 2010 Initiative, take steps to assure a stable regulatory environment,
continue to support work on the Yucca Mountain project, and provide financial in-
centives for the construction of the first series of new nuclear plants that are built.

RESPONSE BY MARILYN C. KRAY TO AN ADDITIONAL QUESTION FROM
SENATOR JEFFORDS

Question. Nuclear plants that are seeking license renewal may not always con-
form to current safety standards, but to a number of regulations dating back nearly
40 years with exemptions, deviations, and waivers granted along the way. While
each individual exemption or waiver may be justified and not reducing safety mar-
gins, the cumulative effect of so many exceptions can adversely affect safety. Is your
consortium concerned that the new reactor you are proposing will have to meet
stan(t)iards that older plants do not, and does that present a competitive disadvan-
tage?

Response. The most important aspect of this response is to clarify the
misperception that the existing nuclear plants have defaulted to a relaxed set of
safety standards. The suggestion is that this relaxed safety environment is the re-
sult of the vintage of the plants and the cumulative effect of the various exemptions
or waivers granted over the life of a plant.

The activities or tools in place to prevent this relaxed safety environment from
occurring can be categorized into three areas: continuous plant upgrades, reassess-
ment against new regulations and maintenance of a “living” Probabilistic Risk As-
sessment (PRA).

With respect to the first area, the components and systems of the existing fleet
of plants are continuously tested and monitored to ensure that they are capable of
performing their required safety functions. Based on results of this continuous moni-
toring as well as pre-emptive actions by the plant owners, equipment and compo-
nents are periodically upgraded or replaced. Examples of this range from the re-
placement of small devices such as piping, fittings and valve packings to the re-
placement of large components such as reactor vessel heads, steam generators and
turbine rotors. Current plant licensees have also installed new, more modern sys-
tems to replace or supplement original systems that may become obsolete or no
longer considered adequate. Examples of this include replacement of various analog
control systems with digital control systems. In addition to the owner-initiated up-
grades, the Nuclear Regulatory Commission (NRC) also has required licensees to
correct design deficiencies that could impact plant safety.

Regarding the second category of new regulations, the NRC frequently updates its
regulations as a result of improvements to technology and operating experience.
When NRC requirements are changed, the NRC applies a rigorous evaluation stand-
ard to determine if the safety benefit of the new requirement justifies imposing the
changes on existing licensees. Examples where licensees have been required to
“backfit” new requirements include the many hardware and program changes that
resulted from the accident at Three Mile Island as well as the security enhancement
changes resulting from the September 11 attacks. While later plants may need to
demonstrate compliance with certain requirements beyond those of the existing
plants, cost effective solutions have generally been established which are not oner-
ous when incorporated into the initial plant design engineering prior to construc-
tion.

The last area that upholds the safety standards of existing plants is the mainte-
nance of a PRA individualized for each plant. The PRA is a sophisticated computer
model of the entire plant that accounts for each of the risks and mitigators that con-
tribute to potential core damage. The PRA calculates the probability of core damage
based on inputs from all of the modeled systems and components along with their
status. It is this important tool that allows the cumulative effects to be evaluated
including any plant equipment that might be degraded or out of service as a result
of a waiver, exemption or routine maintenance. This allows an ongoing and com-
prehensive assessment of plant risk to be made as opposed to a “compartmentalized”
approach where each condition was evaluated exclusively.

Aside from attempting to characterize the vigilance associated with upholding the
safety standards of existing plants, it is necessary to discuss briefly the design phi-
losophy of the next generation of Advanced Light Water Reactors. The nine power
companies comprising the NuStart consortium deliberately selected two reactor de-
signs based on their optimization of passive safety systems. The two designs se-
lected are the Westinghouse AP1000 and the General Electric ESBWR. The incorpo-
ration of “passive safety systems” refers to the design principle wherein laws of na-
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ture such as gravity feed, convective heat transfer and natural circulation are used
in place of complex systems comprised of numerous pumps, valves and actuation de-
vices. This passive safety system approach translates into very tangible results. For
example, when comparing the AP1000 against current light water reactors, the
Westinghouse AP1000 requires:

e 50 percent fewer safety-related valves

o 80 percent less safety-related piping

e 35 percent fewer pumps

e 85 percent less cable

e 45 percent less seismic building volume

For the General Electric ESBWR, similar improvements are realized. Most nota-
bly, the ESBWR does not require any safety related diesel generators or safety sys-
tem pumps, including reactor recirculation pumps. For both of the selected reactor
technologies, this passive safety system approach makes the operation of the plant
safer in that it is less prone to equipment malfunction or human error, and more
economical since there are fewer components to design, construct and maintain.

In summary, the NuStart consortium is not concerned that the new reactors will
be competitively disadvantaged as compared to the existing plants as a result from
any differences in safety standards. The existing plants are continuously upgraded
and re-evaluated. NuStart Energy Development sees that one of the critical ele-
ments to the success of a future generation of nuclear plants is the continued strong
performance of the current fleet. Excellent safety performance is needed to establish
and sustain the confidence of the public, regulators, financial community as well as
any future power company investors.

STATEMENT OF BARCLAY G. JONES, PH.D., PROFESSOR, DEPARTMENT OF NUCLEAR,
PLASMA, AND RADIOLOGICAL ENGINEERING, UNIVERSITY OF ILLINOIS AT URBANA-
CHAMPAIGN

Chairman Voinovich, Mr. Carper and members of the Committee, thank you for
the opportunity to provide your committee with some information and perspectives
about the roll that nuclear engineering programs have in providing a supply of edu-
cated professionals to the required work force in the nuclear field. This topic is a
central concern of the Nuclear Engineering Department Heads Organization
(NEDHO), which I chaired several years ago. This organization includes the Heads
and Chairs of all nuclear engineering departments/programs in the US and is broad-
ly representative of our common interests. I am speaking this morning from my per-
sonal interests as a long time faculty member and former Head of the Department
of Nuclear, Plasma and Radiological Engineering at the University of Illinois at Ur-
bana-Champaign. It is the sole department of nuclear engineering in Illinois, the
birthplace of the first man-made nuclear reactor and currently the state with the
most operating nuclear power plants, eleven at six sites.

Last year testimony was presented before the Energy Subcommittee of the House
Committee on Science by my colleague Professor James Stubbins at the Hearing on
University Resources for the “Future of Nuclear Science and Engineering Pro-
grams.” That presentation delineated the interacting forces that were bringing at-
tention to the need for support and growth of university programs in nuclear science
and engineering to address the manpower needs facing the field. These forces are
equally active today and point to the continued need to nurture and support these
educational programs. In particular, several activities impact directly on the work-
load of the Nuclear Regulatory Commission and its need for human resources to ad-
dress them in a timely manner. I will list only four:

o licensing of the Yucca Mountain high level waste repository;

e evaluation of early site permits and combined construction license applications

for new nuclear power plant construction;

e continued evaluation of existing nuclear plant life extension requests: and

e evaluation for licensing of Generation IV reactor designs;

To meet the demands of this increased workload, the Commission will be faced
with strong competition for educated and experienced professionals in the field. The
emerging graduates from nuclear engineering programs generally are not highly ex-
perienced, but they are well educated. The experienced workers in the field will con-
tinue to be in high demand, but are shrinking in numbers due to the dispropor-
tionate distribution of mature persons in the demographic making up the work
f(g"ce. This will be a continuing and increasing challenge, at least over the next dec-
ade.

The work force demographic, thus, becomes a significant issue. It cannot be trans-
formed to meet demand in a short timeframe because of the inherent 4-year BS edu-
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cational timeframe, and even longer if MS and PhD degrees are involved. In addi-
tion, there is a period immediately following graduation in which experience is an
important aspect to fully integrate the graduates into being productive employees.
But all is not bad news.

Over the past 2 or 3 years there have been increases in undergraduate enroll-
ments in nuclear science and engineering programs. This increase will also work its
way into graduate degree programs. However, graduate programs are driven, not so
much by the workplace demand conditions, but by limitations imposed by the avail-
ability of funded research contracts to support graduate study. It is important to
note that much of the fundamental research funding is from government sources.
Thus, it is no surprising to observe that there is a strong correlation between such
funding and enrollments. Funding remains a vitally important necessity to retain
viable nuclear science and engineering programs within leading universities.

Focusing more directly on the manpower needs side in the nuclear engineering
field, a common issue emerges, the aging of the experienced work force. In the nu-
clear power sector, many of the experienced employees will reach normal retirement
age within the present decade. Although there has been downsizing of operating and
support staff at power stations since deregulation of the electric utility industry,
there is projected to remain a shortfall in vital experienced and certified staff. Simi-
lar conditions exist in the Nuclear Regulatory Commission technical staff, in govern-
ment nuclear laboratories and in university nuclear engineering faculties.

These shortages cut across BS, MS and PhD degree levels. The supply of a decade
ago of operational and support staff from US Navy personnel entering the civilian
work force has also diminished. Estimates of the shortfall between BS and MS An-
nual Employment Needs and students graduated range from 350 in 1999 to more
than 450 in 2003. This has been exacerbated by the rapid and precipitous decline
of enrollments in BS nuclear engineering programs from 1500 in 1992 to less than
500 in 2000. A steady growth has occurred to where there are about 1000 currently
enrolled. Continued growth is projected as next year’s applications and admissions
are remaining steady and strong. Thus, the supply side is currently strong, but well
below the earlier mentioned short fall in graduating numbers of nuclear engineers.

Can the remaining nuclear engineering programs handle the increased enroll-
ments? The answer is generally yes, presently. But the teaching staff are also aging
and replacements need to be immediately acquired to make the transition smooth
and effective. A study in which the distributed age of nuclear engineering faculty
by the Nuclear Energy Institute is incorporated in the bar graph included here. This
clearly shows a skewed distribution with the expected significant retirements in the
next 5 to 10 years. Working against the earlier replacement is the relatively small
size of nuclear engineering departments and enrollments, compared to electrical,
mechanical and computer science units. It requires enlightened administrations to
respond favorably to the nuclear engineering national needs.

In conclusion the educational programs in US universities have much of the nec-
essary infrastructure but will need to replace and add faculty in a timely manner
in order to continue the increased enrollments to meet the discussed personnel de-
mands. Clearly continued and expanded government is essential to retain present
trends and meet projected nuclear engineering staffing needs in the nuclear field.

I would be pleased to respond to your questions.

REPORT OF THE NUCLEAR ENERGY RESEARCH ADVISORY COMMITTEE

NUCLEAR POWER ENGINEERING CURRICULUM TASK FORCE

ANDREW C. KLEIN, CHAIR, OREGON STATE UNIVERSITY;, JAMES F. STUBBINS, UNIVERSITY
OF ILLINOIS, CHAMPAIGN-URBANA; GILBERT BROWN, UNIVERSITY OF MASSACHUSETTS,
LOWELL; HAROLD RAY, SOUTHERN CALIFORNIA EDISON; EUGENE S. GRECHECK, DO-
MINION ENERGY

APRIL 7, 2004

1. Introduction and Charge to the Task Force

In October 2002 the U.S. Department of Energy’s (DOE) Office of Nuclear Energy
Science and Technology asked the Nuclear Energy Research Advisory Committee
(NERAC) to form a Nuclear Power Engineering Curriculum Task Force to inves-
tigate the assertion that university nuclear engineering departments and edu-
cational programs are not currently producing engineers with education optimal to
the needs of industry.

The specific DOE charge to the Task Force was:
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e In the course of our efforts to support nuclear energy educational infrastructure
in the United States, we have heard from various industry sources that university
nuclear engineering departments are not producing engineers with training optimal
to the needs of industry.

e We request that NERAC form a task force composed of current and former nu-
clear utility executives and university nuclear engineering professors to discuss and
assess this concern.

e If the concern is found to have merit, we request that this task force evaluate
the need for a new curriculum optimized to the needs of industry. If such a need
is identified, we request that this task force work with expert consultants to outline
an optimal curriculum as a model for the use of university nuclear engineering de-
partments.

e Before any products are finalized, we request that NERAC review its draft con-
clusions with the broader nuclear industry and university community.

e We defer to the judgment of the task force regarding the time required for this
effort.

During the 2002-03 academic year the Task Force asked all of the universities
that offer undergraduate degree programs in nuclear engineering to voluntarily pro-
vide a copy of their current curriculum and their curriculum from sometime in the
second half of the 1980’s. This request was made through an email solicitation to
the Nuclear Engineering Department Heads Organization (NEDHO). In all, 14
schools provided curricula to the Task Force for evaluation. Responses were received
from an excellent distribution of schools both geographically and by size of program.
Information was received from small and large programs and from all corners of the
U.S. It is important to note that all of the programs that responded have main-
tained accreditation of their undergraduate nuclear engineering programs through
the ABET, Inc., the cognizant organization for engineering accreditation in the
United States.

The list of schools contributing curricula for evaluation includes:
Massachusetts Institute of Technology
North Carolina State University
Oregon State University
Rensselear Polytechnic Institute
Texas A&M University
University of California, Berkeley
University of Florida
University of Illinois at Urbana-Champaign
University of Massachusetts, Lowell
University of Michigan
University of Missouri, Rolla
University of New Mexico
University of Tennessee
University of Wisconsin

The Task Force members conducted the initial analysis of the curricula independ-
ently and then the Task Force met on November 4, 2003 to discuss their individual
findings and directions for further analysis.

The curricula from the 14 universities reviewed by the Task Force included
courses and content beginning at general and basic fundamentals that continued
through general engineering science and finished up with specific nuclear engineer-
ing discipline subjects. All curricula reviewed include general and basic fundamental
content in advanced mathematics through differential equations, physical sciences
in chemistry and physics and some include additional content in areas such as com-
puter programming, numerical methods and analysis. All curricula also included
education in the fundamental engineering science areas of statics, dynamics, me-
chanics, materials, economics, thermodynamics, fluid mechanics, and heat transfer
and many curricula include additional content in areas such as electrical fundamen-
tals, control systems and engineering graphics.

Finally, all curricula included content with specialization in the nuclear engineer-
ing discipline. The topics covered by all of the curricula include—atomic and nuclear
physics, laboratory classes to measure radiation and radioactivity, the interactions
of radiation with matter, radiation protection, reactor physics and theory, reactor
thermal hydraulics, and nuclear engineering design. Most of the curricula also in-
clude material related to nuclear reactor laboratories. Because of the variety of fac-
ulty interests from university to university some of the curricula also include more
depth of coverage in topics such as reactor engineering, systems engineering, fuel
management, reactor safety, fuel cycles, nuclear materials, nuclear waste manage-
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ment, risk assessment, applied radiation protection, radiation transport, fusion and
other diverse topics.

II. Overview of the Evolution in Nuclear Engineering at Universities

The curricula in all engineering and science majors can be expected to evolve over
time as areas of focus become increasingly and decreasingly important to the indus-
tries and enterprises that utilize the graduates from the country’s higher education
system. The educational programs in nuclear engineering have also seen these evo-
lutionary developments. When one examines the history of nuclear engineering edu-
cation during the past half-century in this country, they recognize a variety of
changes from the early days to present. In the 1950’s as the country emerged from
World War II with the realization that there would be a need for nuclear trained
and educated engineers, there were numerous efforts to increase the number of nu-
clear-trained and—educated engineers and scientists, most notably through the
USAEC fellowship programs and the Reactor School at ORNL. These programs gave
high visibility to the nuclear engineering profession, attracted many outstanding
students, and developed a large cadre of highly educated people. University pro-
grams in nuclear engineering also started developing in the late 1950’s, predomi-
nantly growing out of departments of physics, mechanical and chemical engineering.
In the 1960’s and 1970’s as commercial nuclear power began to develop, many uni-
versities started nuclear engineering programs and extended the educational enter-
prise in this area from the B.S. to the Ph.D. degree. Many of these same schools
also added research reactors to give their graduates significant hands-on experi-
ences as part of their education. There were also many research opportunities for
students and faculty in the broad nuclear engineering discipline around this time,
some of which directly or indirectly utilized the on-campus nuclear research reac-
tors. In 1973 there were 48 schools that offered undergraduate and graduate edu-
cation in nuclear engineering and more than 60 research reactors on campuses
around the country. The changes in the power industry (no new plant orders, de-
regulation, and consolidation of the industry) from the mid-1970’s through the end
of the 1990’s were reflected on the nation’s campuses through declining university
enrollments in nuclear engineering, the closing of university nuclear engineering de-
gree programs and the closing of university research reactors. In response to these
declines, the remaining nuclear engineering programs were forced to restructure
with results that ranged from mergers with other, larger departments to broadening
of their education and research foci. Currently 26 schools that offer one kind of nu-
clear engineering degree or another remain. There are also 26 on-campus university
research reactors remaining, but not all on campuses with nuclear engineering de-
gree programs.

In 1998 the Nuclear Engineering Department Heads Organization (NEDHO) con-
ducted a study and developed a report that discussed “the current status and future
directions of the nuclear engineering profession in the United States as viewed by
the nuclear academic community”. This report also surveyed “the contributions of
nuclear engineering to enhancing the well being of society, now and in the future”
and laid out the “steps that the university community and the U.S. Government can
take to ensure that our national needs are met”. The report goes on to state that:

“The main conclusion of this report is that the nuclear engineering profession
is essential to the well being of the country since it brings great benefits to soci-
ety in terms of energy security, national defense, medical health, and industrial
competitiveness. We further recognize that the nuclear engineering profession
is in a period of transition to one encompassing a much broader range of appli-
cations of nuclear science and radiation technologies. The country has a per-
sistent demand for nuclear engineers that will almost certainly increase in the
future, notably in nontraditional areas of nuclear engineering.

The report concludes by making the following recommendations:

e The university community needs to make a major cultural shift in its think-
ing about nuclear engineering education. In essence it has to make a transition
from a curriculum dominated by a single technology, nuclear power, to a unified
curriculum characterized by a common educational core from which flows a
multitude of diverse applications. This core is to be centered on applied nuclear
sciences and encompasses low energy nuclear physics, the interaction of ionizing
radiation with matter, and plasma science and technology.

e In order to satisfy increasing societal demands for nuclear engineers with
training in radiation science and technology it is recommended that the DOE
establish a separately designated, clearly distinguished, program for bionuclear
and radiological research similar to basic energy sciences or high energy phys-
ics. Bionuclear technology and radiological engineering are applications of nu-
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clear engineering of particular importance to the medical health of the country.
Currently, governmental funding of such research is dispersed in many small
segments over many different programs.

Changes in direction for nuclear engineering departments were reflected in this
NEDHO report which was written during a time when industry was consolidating
and it appeared to many observers that most of the existing plants might not pur-
sue re-licensing and would terminate operation at the end of their design life. This
meant that most of the existing power reactor fleet in the U.S. would be retired in
the first quarter of the 21st century. It was also perceived by many that no new
reactors were likely to be in the planning process for more than a decade or beyond.
This perception signaled further declines in university enrollments in nuclear re-
lated disciplines with no hope of recovery in the fission power area.

During this time, schools were seen to be moving their research programs away
from power engineering into other varying research directions. This was to be ex-
pected since the power industry was not directly supporting the research programs
at the universities. Also during this time nuclear engineering faculty, in order to
meet the demands of their universities for greater research support, began looking
for other applications of their capabilities, some completely outside the nuclear field.
Additionally, when universities were able to replace faculty who left or retired,
schools often replaced them with someone with a research focus away from the
power industry.

Since 1998 much has changed in the nuclear power industry. Most of the cur-
rently operating power plants appear to be headed toward re-licensing and upgrade,
new plants are under consideration for construction and operation as early as this
decade, Generation IV reactor concepts are being seriously considered for develop-
ment and appear to be very competitive with other means of energy generation,
USDOE is developing new research programs on advanced fuel cycles and the direct
production of hydrogen using high temperature heat from a reactor as a new energy
carrier to replace petroleum based transportation fuels. All of these developments
have also spurred significant increases in nuclear-related university enrollments
across the country principally in the nuclear power area.

With current and future changes to the nuclear power industry, perhaps the
charge to the Task Force was too narrowly defined to just including nuclear utilities.
There is a spectrum of needs within the industry, ranging from technician level in-
dividuals who can succeed with a high school or community college education and
specialized training through the B.S. or M.S. educated engineers and scientists cov-
ering a wide set of disciplines, including what has traditionally been called nuclear
engineering, to PhD educated scientists and engineers needed for the development
of the next generation of nuclear reactors, systems and fuel cycles. The solutions
and types of personnel to provide the solutions that are chosen by each of the enti-
ties within the industry will no doubt be different. This indicates that educational
opportunities in the nuclear discipline should be available at all levels.

II1. Analysis of NE Curricula and Nuclear Power Industry Needs

The first step in the Task Force’s process was a review of the curricula submitted
by the universities with an eye toward determining whether the curricula of univer-
sity nuclear engineering departments had changed to such a degree over the past
15 years that they are not producing engineers with “education optimal to the needs
of industry”.

It appears from the Task Force’s review that for the most part, the curricula at
the 14 universities who submitted information have not changed considerably over
the past 15 years and are adequate and appropriate to support the needs of the
broad nuclear industry and the power industry in particular. In fact, several pro-
grams have strengthened their nuclear engineering course offerings by adding
courses at the Junior and Senior level. This is possible due to the improved math
background of incoming students, which also allows some introductory courses to be
moved into the Freshman and Sophomore years.

There is one area that could be improved in the education of nuclear engineers,
however. That is the development of a practical understanding of the workplace and
the individual practical skills that are needed to be successful. This can be best ac-
complished by providing a practical work experience for all students interested in
nuclear power engineering. These experiences can be best provided either through
co-op programs throughout the academic year or through summer internships. The
Task Force encourages the university nuclear engineering programs to include at
least one practical work experience opportunity in all of their undergraduate pro-
grams. It also encourages the nuclear industry to make numerous opportunities
available for undergraduates studying nuclear engineering in the country. To work,
this approach must be supported by both the universities and industry. This could
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be a required part of each university’s curriculum, and industry would need to make
these opportunities available for all students. To help make internships possible for
students, the Nuclear Energy Institute has recently established an internship clear-
inghouse on their web site.

The Task Force was also asked to evaluate the need for a new curriculum opti-
mized to the needs of industry. The Task Force’s analysis and discussion led to the
conclusion that a new curriculum was not needed and that the development of a
common, or model, curriculum for use by all academic departments offering the nu-
clear engineering discipline was not in the best interests of either the schools or the
broad nuclear industry. In general the current nuclear engineering curricula cur-
rently are already similar in nature with minor differences between curricula deter-
mined by faculty expertise and research interests. The Task Force also believes it
is better to have a mix of curricula with different focus areas in order to stimulate
high quality education and research across the country.

The Task Force also feels that there really is no need for a direct role for the U.S.
Department of Energy in formulating undergraduate nuclear engineering curricula.

Adapting the universities nuclear engineering curricula to meet the needs of the
broad nuclear industry can best be accomplished through following established
ABET accreditation procedures since all schools now are working in a “continuous
improvement process” regime which relies on stakeholders to help them tailor their
curricula to the needs of their constituents. Thus, all ABET accredited programs
have self-correcting, self-regulating processes in place which help them develop cur-
ricula suitable to those aspects of the nuclear industry that they are aiming to serve
and that are consistent with the input that they receive from the constituents they
serve.

As a part of the current ABET accreditation process each program must consider
who their clients and constituents are and this is to be used to guide each institu-
tion in the design of their curricula. For example, most programs consider their con-
stituents to be the companies in the nuclear power industry (including the operating
companies and utilities, reactor manufacturers, and fuel vendors), the national lab-
oratories, government and regulatory agencies (including DOE), and graduate
schools. A typical university departmental advisory committee is made up of a di-
verse membership including members from power producers, vendors, utilities, na-
tional laboratories and others. The Task Force feels that over the long run, this
process will support the evolution of the best curricula to meet the needs of the
broad nuclear industry. Thus, the Task Force recommends that all sectors of the
broadly based nuclear industry become active with the university nuclear engineer-
ing programs across the country to ensure a strong educational environment that
produces graduates who will meet their future staffing needs.

The Task Force’s recommendation for industry involvement in development and
support undergraduate curricula extends to support faculty. The development of
professors in the universities is driven by the need for faculty to build and maintain
strong research programs. This has led many young faculty members to develop re-
search programs in areas that are not of direct interest or applicability to the nu-
clear power industry. To change this, industry must work more directly with univer-
sity faculty to develop appropriate research programs. This will enable these faculty
members to bring currency to their classes and work on research issues that will
move the industry forward.

Finally, prior to completion of this report a draft was made available for review
and comment to the nuclear energy community through the Nuclear Engineering
Department Heads Organization, the American Nuclear Society’s Education and
Training Division and Special Task Force on Work Force Issues, the Institute for
Nuclear Power Operations, the Nuclear Energy Institute, and the Electric Power Re-
search Institute. This final report contains certain additions and changes to reflect
the comments that were received as a part of this review.

IV. Conclusions and Recommendations

Conclusion #1: The nuclear engineering curricula at the U.S. universities have not
changed considerably over the past 15 years and are adequate and appropriate to
support the needs of the broad nuclear industry. It is the observation of the Task
Force that the curricula are now stronger, even in the power area, since students
are doing more in their first 2 years of study based on their better math skills, and
because faculty are connecting with students early in their programs in order to
keep them involved in the nuclear engineering degree programs. Furthermore, the
ABET accreditation process supports continuous improvement with input from var-
ious constituencies, including the nuclear power sector, and has had a positive effect
on strengthening these programs.
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Conclusion #2: It is impractical to attempt to establish an “optimal” educational
curriculum for all “nuclear engineers” since there is a wide range of needs within
the nuclear industry.

Conclusion #3: There is no need for a direct role for the U.S. Department of En-
ergy in formulating undergraduate nuclear engineering curricula.

Conclusion #4: The one area that could be improved in the education of nuclear
engineers is the development of practical engineering work experience and the indi-
vidual practical skills appropriate nuclear power venues.

Recommendation #1: The Task Force recommends that the university nuclear en-
gineering programs consider including at least one practical work experience oppor-
tunity in all of their undergraduate programs. It also encourages the nuclear indus-
try to make numerous opportunities available for all undergraduates studying nu-
clear engineering in the country.

Recommendation #2: All components of the nuclear industry should become close-
ly involved in the undergraduate curricula development at universities through
their active participation on departmental advisory committees and boards. This
also supports the ABET “continuous improvement” requirements.

Recommendation #3: All components of the nuclear industry are encouraged to di-
rectly support the research programs at universities to develop faculty who will
work on industry specific research problems and involve students with industrial in-
terests.

Recommendation #4: All components of the nuclear industry are encouraged to
support faculty members with research projects, including summer and internship
work experiences and sabbatical opportunities for faculty.



320

National Academy for Nuclear Training

Educational Assistance Program

Report of Progress

April 2003

GENERAL DISTRIBUTION: Copyright © 2003 by the National Academy for Nuclear Training. Not for sale nor for commerciat use.
All other rights reserved.



321

EXECUTIVE SUMMARY

This report provides results of the National Academy for Nuclear Training Fducational
Assistance Program through April 2003. Results are described for the following program
elements:

¢ Percentage of supported students accepting employment in the nuclear industry
after completion of their education

¢ Level of support provided to students and universities

Hiring results for graduated students from 1993 through 2002 are 39 percent for
undergraduate students accepting jobs in the nuclear power industry and 67 percent for graduate
students {16 percent and 23 percent, respectively, at nuclear utilities). Table 1 (pages 7-8)
provides detailed information on utility hiring of students.

During the 2002-2003 academic year, 152 undergraduate and 53 graduate students are
receiving financial support. Tables 2 (page 9) and 3 (page 10) provide detailed information on
undergraduate and graduate support, including a list of schools attended by students.

Although the overall number of applications decreased approximately 19 percent over
2002 applications, 2003 applications were about 30 percent higher than applications received the
five years prior to 2002. Current applicants also indicated greater interest in industry careers. In
2003, nearly two-thirds of applicants had completed or were seeking cooperative education or
intern work assignments in the nuclear industry compared to 45 percent in 2002,

To date, the program has provided more than $20 million to 3,600 students. Program
funding from 1993 through 2003 is shown in Figure 3.



322

TABLE OF CONTENTS
Page

EXECUTIVE SUMMARY ..ttt tieeecresscontsemsesensss s sensonsss s siassssssnsssessssssasnsssos i
TABLE OF CONTENTS.....oov e rintreneneseceeetseesesisissssssasassstssssssssssssssonssinsnansssssssessmmssass it
BACKGROUND ..ottt cneni s seses et a s asasssae sses s as oo sts b ebsnsbessesnsasssasssesassssanas 1
STUDENT EMPLOYMENT ...ttt sttt snsssssssssens s sssssssovosvessesns 2

Scholarship STUAENIS ...coviiiiri i st 3

FelIoOWSHIP STUAEIES ...cvieietceceie ettt bbbt s 4
STUDENT AND UNIVERSITY SUPPORT .....ovtreetrirercecerirnerinicesesssisinetisesssssesmiisessssssiesens 5
STUDENT FEEDBACK ....oiriiiiiiiimiiiisenisseras st iossessess s nssssstonsssssessososns 11
VISITS TO UNIVERSITIES ..ot ssasssssssones 13
NEWS ABOUT THE EDUCATIONAL ASSISTANCE PROGRAM ..o 14
Tables:
1 Utility Hiring of Scholarship and Fellowship Recipients 1982-2002.....cc.covvveirininvercnnn 7
2 Institutions Attended by 2002-03 Scholarship Students ... 9

3 Fellowships Awarded to Institutions 2003-04.......ccoccriniieicinn i e 10



323

BACKGROUND

The Institute of Nuclear Power Operations (INPO) was established in 1979 by the nuclear
electric utility industry as a nonprofit organization dedicated to ensuring the high quality of
operations in nuclear power plants. The National Academy for Nuclear Training was formed as
a focal point for efforts to improve training and education.

In 1980, the INPO Board of Directors recognized the need to plan for the future and help
provide an ongoing supply of entry-level engineers to fill the continuing employment needs of
nuclear utilities, With funding provided by INPO member utilities and supplier participants, the
National Academy’s Educational Assistance Program was established to support U.S. nuclear
engineering education and to encourage students to consider careers in the nuclear power
industry. Since 1980, the industry has provided more than $20 million to support approximately
3,600 students.

The National Academy awards scholarships and fellowships to students demonstrating
outstanding academic achievement and interest in careers in the nuclear power industry. The
scholarship program provides financial support to eligible undergraduate students majoring in
nuclear, mechanical, and electrical engineering; power generation health physics; and chemical
engineering with a nuclear or power option. Similarly, a fellowship program provides support to
graduate students majoring in nuclear engineering and power generation health physics.

Experience indicates that
Academy-supported students are eager
to work in the nuclear industry and
make highly skilled, motivated
employees.

Ann Winters, Educational Assistance Program, and Scott Jolley, Duke
Fnergy, met with faculty and students at the University of Tennessce.
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STUDENT EMPLOYMENT

Contact is maintained with Educational Assistance Program students throughout their
support periods and thereafter until they accept their first full-time employment. To promote
industry hiring of students, the Academy routinely communicates with utilities, students, and
universities. For example, lists of students are provided to utility executive and human resource
contacts, and lists of those utility contacts are provided to students—each group is encouraged to
communicate directly with the other. Utilities are requested to appropriately consider Academy
scholars and fellows for summer, cooperative, internship, or permanent employment. To assist
utilities in their recruiting efforts, current student lists are maintained on the INPO member Web
site for easy access.

Student and institution surveys
are conducted periodically to determine
career paths of students who received
financial support. Employment ;MENT 0l
information is provided for the most AL NUCLEAR
recent 10 years and is reported by ‘
graduation year.

The statistics in Figure 1 (page
3) and Figure 2 (page 4) represent
information on students who have
graduated as Academy-supported
students during the past 10 years and who Nuclear Engineering faculty and siudents at Pennsylvania State
have reported employment and are seeking  Winer: Favcaionat ssante progarn
employment, as well as those for whom
post-graduation employment is
unknown. The statistics do not include students who are currently being supported, withdrew,
were dropped, or for some other reason did not graduate as Academy-supported students.

Table 1 (pages 7-8) is a listing of the number of scholarship and fellowship students hired
to date by INPO member utilities.
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Scholarship Students

From 1993 through 2002, 868 scholarship students completed undergraduate studies
while supported by the program. Employment information is known for 555 students.
Additionally, there are 128 students for whom post-graduation information is unknown, 113
students who are seeking employment, and 72 students who are continuing education.
Availability for employment may occur after graduation with a bachelor’s degree or after
completion of additional education. Follow-up contacts are conducted periodically to obtain
employment information.

Figure 1 is a breakdown of 10-year information for 796 students through academic year
2001-02:

Nuclear Utilities 16%
Other Nuclear 10%
Nuclear-Related Government 6%
Suppliers 7%
Nuclear Industry 39%
Nonnuclear 32%
Seeking Employment 13%
Unknown 16%
100%

Figure 1. Scholarship Student Employment: 1993-2002
By Graduation Year

Unknown
16%

Nonnuclear
32%

Seeking
Employment
13%

Nuciear Industry
39%

Utilities: utility members of INPO

Other Nuclear: contractors, consultants, educators, and others who support the nuclear industry

Nuclear-Related Government: the NRC and nuclear-related positions at DOE and national laboratories

Suppliers: major vendors and architect-engineering members of INFO . _

Seeking Employment: graduated students who are not yet employed or whose employment status will be determined through
later follow-up

Unknown: students who graduated and for whom follow-on contact has not been successful



326

Fellowship Students

From 1993 through 2002, 331 fellowship students completed their Academy support
periods. Employment information is known for 282 students. Additionally, there are 16 students
for whom post-graduation information is unknown, 8 students who are seeking employment, and
25 students who are continuing education. Since the Academy fellowship is for one year,
students may be supported during either year of a typical two-year master’s program.
Availability for employment generally occurs after graduation with a master’s degree or after
completion of additional education. Follow-up contacts are conducted periodically to obtain
employment information.

Figure 2 is a breakdown of 10-year information for 306 fellowship students through
academic year 2001-02:

Nuclear Utilities 23%
Other Nuclear 19%
Nuclear-Related Government 14%
Suppliers 11%
Nuclear Industry 67%
Nonnuclear 25%
Total Students Employed 92%
Seeking Employment 3%
Unknown 5%
100%

Figure 2. Fellowship Student Employment: 1993-2002

By Graduation Year
Seeking
Unknown Emplc;yment
5% 3% Nonnuclear

25%

Nuclear Industry
67%

Utilities: utility members of INPO

Other Nuclear: contractors, consultants, educators, and others who support the nuclear industry

Nuclear-Related Government: the NRC and nuclear-related positions at DOE and national laboratories

Suppliers: major vendors and architect-engineering members of INPO

Seeking Employment: graduated students who are not yet employed or whose employment status will be determined through
later follow-up

Unknown: siudents who graduated and for whom follow-on contact has not been successful
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STUDENT AND UNIVERSITY SUPPORT

When the Educational Assistance Program was established in 1980, only graduate fellowships
were funded. In 1981, undergraduate scholarships were added to the program. The budget for
scholarships and fellowships for budget year 2003 is $840,000. Annual budgets 1993-2003 are shown
in Figure 3. '

Figure 3. Annual Budget: 1993-2003
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Although the overall number of applications decreased approximately 19 percent over 2002
applications, 2003 applications were about 30 percent higher than applications received the five years
prior to 2002. Current applicants also indicated greater interest in industry careers. In 2003, nearly two-
thirds of applicants had completed or were secking cooperative education or intern work assignments in
the nuclear industry compared to 45 percent in 2002. Figure 4 shows the number of scholarship
applications from 1993-2003,

Figure 4. Scholarship Applications: 1993-2003
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Over the years, the total number of annual scholarships has been adjusted to more closely match
the number of qualified applicants. As nuclear-related applicants began declining in the early 1990s, the
number of scholarships was adjusted downward (Figure 5), from 275 in 1990-91 to 150 in 1999-2000.
Beginning in 2003-04, 140 scholarships, at $2,500 each, are budgeted. Scholarships are renewable for
up to three years. Table 2 (page 9) lists the number of scholarship students attending individual colleges
and universities.

The number of fellowship students remained constant at about 40 per year (Figure 5) through
2002-03. Beginning in 2003-04, 35 fellowships are budgeted. Fellowships increased from $11,000 in
1992-93 to $14,000 in 1999-2000, the current level. Each fellowship is for one year and is comprised of
a $10,500 stipend to the student and an additional $3,500 allowance to the institution to support other
expenses related to the student’s course of study and to help maintain the university’s infrastructure.
Table 3 (page 10) lists fellowships awarded to individual colleges and universities for academic year
2003-04.

Figure 5. Scholarship and Fellowship Students
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Table 1: Utility Hiring of Scholarship and

Fellowship Recipients 1982-2002

The following table lists the number of scholarship and fellowship students hired to date by
INPO member utilities. Employment data is provided by students and universities, and at times by

utilities. This data typically consists only of company name, with occasional breakdown by plant site.
Because of mergers, acquisitions, and plant purchases, historical data for affected former members in
many cases has been incorporated into data for the respective current member utilities, with no attempt
to selectively transfer numbers by plant or station site unless that information is specified at time of

receipt.
| SCHOLARSHIP | FELLOWSHIP | TOTAL

AmerGen Energy Company, LLC 4 5 9
American Electric Power 16 11 27
Arizona Public Service Company 7 3 10
Constellation Energy Group 13 7 20
Dominion Energy 17 15 32
Duke Energy Corporation 29 16 45
Energy Northwest 3 4 7
Entergy Nuclear 27 25 52
Exelon Corporation 42 41 83
First Energy Nuclear Operating Co. 9 4 13
Florida Power & Light Co. 3 4 7
Nebraska Public Power District 4 7
Nuclear Management Company, LLC 25 20 45
Omaha Public Power District 3 1 4
Pacific Gas and Electric Company 3 3

PPL Susquehanna, LLC 2 2

Progress Energy, Inc. 12 11 23
PSEG Nuclear, LLC 12 6 18
Rochester Gas and Electric Corporation -~ 1 1
South Carolina Electric & Gas Co. 4 - 4
Southern California Edison Co. 7 3 10
Southern Nuclear Operating Co. 29 4 33
STP Nuclear Operating Company 10 4 14
Tennessee Valley Authority 8 10 18
The Detroit Edison Company 8 2 10
TXU Electric Company 10 1 11
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SCHOLARSHIP | FELLOWSHIP | TOTAL |

Union Electric Company 6 4 10
Wolf Creek Nuclear Operating Corp. 3 2 5
Former INPO Members 18 16 34

(SMUD, P. S. Colorado, Maine

Yankee, Portland General Elec.,

P. S. Indiana, UNC, Long Island

Lighting, Yankee Atomic,

P. S. New Hampshire, NU-

Connecticut Yankee)

TOTAL 334 228 562
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UNDERGRADUATE SCHOLARSHIPS

The number of scholarship students is based on considerations such as hiring needs of the
industry, student enrollment trends and potential eligible applicants, viability of eligible university
programs, and number of graduates potentially available for entry-level industry jobs. The number of
scholarships awarded in a particular year can be greater or fewer than the number budgeted based on the
number of applications and eligible students, and students who receive partial scholarships for

cooperative education participation, mid-year awards, early graduation, and withdrawals.

Students must be U.S. citizens with a minimum 3.0 grade point average (B) and have

demonstrated interest in careers in the nuclear power industry. Eligible majors are nuclear, mechanical,
and electrical engineering; power generation health physics; and chemical engineering with a nuclear or
power option. For the 2002-03 academic year, scholarship recipients majored in the following

disciplines:
Discipline

Nuclear Engineering 58%

Mechanical Engineering  21%

Chemical Engineering 15%

Health Physics 5%

Electrical Engineering 4%

Table 2: Institutions Attended by 2002-03 Scholarship Students
{Although not shown, historical data is maintained for all other institutions.)
INSTITUTION STUDENTS INSTITUTION STUDENTS

Texas A&M University 17 University of Florida 2
University of Missouri-Rolla 14 University of New Mexico 2
Pennsylvania State University i3 Arizona State University i
Georgia Institute of Technology 10 Brigham Young University 1
University of Alabama 10 Idaho State University 1
University of Michigan-Ann Arbor 10 Michigan Technological University 1
University of Maryland 7 New Mexico State University 1
Purdue University 6 Rochester Institute of Technology 1
‘Washington State University 6 Tuskegee University 1
Auburn University 5 University of Central Florida 1
North Carolina State University S University of Missouri-Columbia 1
University of Tennessee at Knoxville S University of Nevada-Las Vegas 1
Kansas State University 4 University of North Carolina 1
Mississippi State University 4 University of South Alabama 1
Oregon State University 4 University of South Carolina 1
University of Illinois 4 University of Texas-Austin 1
University of Notre Dame 4 University of Utah 1
Louisiana Tech University 2 University of Wisconsin 1
University of Connecticut 2 Total Scholarship Students 152
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GRADUATE FELLOWSHIPS

In academic year 2003-04, 35 fellowships are awarded annually, approximately 26 in nuclear
engineering and 9 in power generation health physics.

Beginning in academic year 2002-03, the fellowship award process was changed so that
universities provided earlier student identification for all awards. Any unused fellowships could then be
reassigned from one school to another. Al universities cooperated fully with the new process. Four
fellowships were relinquished by schools unable to fill them and were subsequently reassigned to other
schools with viable student candidates. As a result, all 2002-03 fellowships were awarded to eligible
students, with timely payment of funds to the schools. This accomplished the National Academy’s goal
to fully fund all awards and support as many students as possible in the year for which the fellowships
are budgeted.

Students must be U.S. citizens, enrolled full-time in on-campus masters degree programs, in
good academic standing, majoring in nuclear engineering or power generation health physics, and have
demonstrated interest in careers in the nuclear power industry. The number of students in a particular
year may be greater than the number budgeted due to students sharing awards. Each fellowship is for up
to one year.

Table 3: Fellowships Awarded to Institutions 2003-04

(Although not shown, historical data is maintained for all other institutions.)

INSTITUTION AWARDS
Oregon State University

University of Florida

University of Tennessee

Georgia Institute of Technology
North Carolina State University

Ohio State University

Pennsylvania State University

Purdue University

Texas A&M University

University of Cincinnati

University of lllinois

University of Michigan

University of Missouri-Columbia
University of Wisconsin
Massachusetts Institute of Technology
University of California-Berkeley
University of M husetts-Lowell
University of Missouri-Rolla
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RECENT FEEDBACK FROM NATIONAL ACADEMY-SUPPORTED
SCHOLARSHIP AND FELLOWSHIP STUDENTS

Students receiving scholarship and/or fellowship support from the National Academy frequently provide
feedback about the Academy program. The following selected comments are representative of student
feedback over the past couple of years. An asterisk (*) denotes university attended during the support
period and graduation year.

The NANT fellowship helped me through college and made it possible for me to find Scott O’Connor

employment with Energy Northwest. Having been a NANT fellowship recipient MS/NE 2002*
played a part in my attaining employment with Energy Northwest. I am currently Idaho State University™
working on becoming a Station Nuclear Engineer, Energy Northwest
Thank you for the financial assistance my senior year and for the employment Glenn Erskine
contacts at member plants. I'm certain that it aided me in obtaining employment. BS/EE 2001*
Arkansas Technological
University*

TXU Electric — Comanche Peak
Steam Electric Station

Lam currently employed as a Safety Analysis Engineer at a nuclear plant. 1 sent my Crystal Diane Buchanan

resume to the chief nuclear officer from one of your lists and everything went BS/NE 1993*; ME/PhD 2000
smoothly. Thanks. North Carolina State University*
AmerGen—UE/Callaway Plant

Thank you all so much for your help with my education and for your efforts at helping | Greg Gibbons
me secure employment. While { am currently working for DOE, I have not ruled our | BS/HP 1998*%; MS/HP 2000
the possibility of working for a power uiility later on.  The direction of nuclear power | ldaho State University*

as a future energy option in this country will likely influence that decision. Westinghouse Savannah River
Company

Without financial assi: Jfrom the National Academy for Nuclear Training, my Robert Clint Chedester

education would have suffered. This assistance allowed me to decrease the number of | BX/NE 2000%; MS/NE 2002

hours that I worked ai my job. This exira time was useful during times of intense University of Tennessee*

study periods. The contacts in the nuclear industry that were provided was ¢ nice
Sfeature as well. Thank you.

1 appreciate your support during my undergraduate years. The newsletter and Christopher N. Culberison
publications I received from you along with the professional contacts aided my BS/NE 1999*%; MS/NE 2001%;
professional growth nearly as much as my years of co-op work experience. PhD/NE 2002

Purdue University*

This scholarship program is great; the money really helped me through school. The | David Griesheimer
program is very well administered and run. [ really appreciated the mailings listing BS/NE 2000*; PhD/NE 2005

industry HR contacts. Thanks again for your help! University of Cincinnati*
[ appreciated your listing of nuclear power contact information. Using it, [ obtained | Karin Marcinicowski
a summer internship last year at Point Beach Nuclear Plant in Wisconsin. The BS/NE 1999*; MS/NE 2000
internship was a valuable expertence that definitely increased my interest in the University of Michigan*
nuclear power industry.
Thank you for the executive contact information and keeping tabs. I would like o Michael D. Bartel
again thank INPO and NANT for their support during my time in college. 1 am BS/NE 1998*; MS/NE 1999*
working at Point Beach Nuclear Power Plant as the fuel handling system engineer. Purdue University*
Thank you for helping me to have the chance 1o work at a nuclear utility. Nuclear Management Company
Thank you for allowing me to be an Academy scholar for the National Academy for David Scott Exum
Nuclear Training. BS/EE 2000*

Auburn University*

Southern Nuclear Operating
Company
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RECENT FEEDBACK FROM NATIONAL ACADEMY-SUPPORTED
SCHOLARSHIP AND FELLOWSHIP STUDENTS, (Continued)

I'would like to thank all INPO member utilities for helping me advance my education
in nuclear engineering. INPO is one of the many factors that has assisted me in
becoming a success in this field. Once again, thank you very much.

Shann DeCarlo Coleman
MS/HP 1999*

Ghio State University™®
Knolls Atomic Power Lab

Thank you for your contribution and support of my education and future.

Amy Diane Presson

BS/NE 2000*

North Carolina State University*
Duke Energy —~ Catawba Nuclear
Power Plant

Thanks for the support throughout my undergraduate career! Communication
through newsletters and annual correspondence made the program run smoothly
from student and program side of things. It was always easy to get in contact with
someone from the program with any questions or concerns. | am happy to have been
granted the opportunity to participate in the NANT program.

Keisha C. Williamson

BS/EE 2000*

North Carolina State University*
General Electric - Power Systems

After four years’ service in the Navy, I have accepted a job full time with Comanche
Peak in the joint engineering team. Thank you for your help with my education.

Betinna Gaitros Withers

BS/NE 1995*%

Kansas State University*

South Texas Project ~ Comanche
Peak

The INPO fellowship was a great help for me in affording the time to stay at AGM
and receive my master’s degree. But the most benefit was the executive contact
information I received from your office. 1sent a resume to each listing. I was
overwhelmed with interviews and was able to make the best choice for my goals and
interest. Southern Nuclear has truly been a great experience so far!

Christopher M. Comfort
MS/NE 1998*

Texas A&M University*
Southern Nuclear Operating
Company
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VISITS TO UNIVERSITIES

From May 2002 through April 2003, nine visits to universities were conducted by the manager of
the Educational Assistance Program and utility representatives. The purpose of the visits was to meet
current and potential Academy scholars and fellows, to promote closer interactions between universities
and utilities, and to inform interested college students and faculty of career opportunities available in the
nuclear power industry.

The following utility representatives participated in seven of the nine university visits:

Utility
Representative Title Company University Visits
Stephen A. Byrne Senior Vice President, | South Carolina Electric & South Carolina State
Nuclear Operations Gas Company University
Preston Swafford Vice President Exelon Power University of Missouri-
Columbia
University of Missouri-
Rolia
Ron Clary Manager, Design South Carolina Electric & University of South
Engi ing Gas Company Carolina
D. Scott Jolley Manager Duke Energy Corporation | Clemson University
Technical/Craft Francis Marion
Recruiting University
Dianne B. Coffin Senior Engineer PPL Susquehanna LL.C Pennsylvania State
University
Jay McGraw Technical Recruiting Duke Energy Corporation Clemson University
Francis Marion
University

Students were receptive, enthusiastic, and eager to learn more about the industry. A number of
recent applicants for National Academy scholarships noted their interest in the awards was generated
during these visits. Also, the visits contributed to utility involvement in several university advisory

groups.

Utility representatives interested in
participating in future university visits
should contact Ann D. Winters, manager,
Educational Assistance Program, at
(770) 644-8595 or e-mail:
wintersad@inpo.org.

National Academy fellowship recipients at the University of Missouri-
Columbia with Ann Winters, Educational Assistance Prograr.
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