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NATIONAL RESEARCH COUNOL 
COMMISSION ON PHYSICAL SOENCES. MAlliEMATICS. AND RESOURCES 

The Honorable Lando w. Zecb, Jr. 
Chairman 
u.s. Nuclear Regulatory COmmission 
Washington, D.c. 2155 5  

Dear Mr. Chairman: 

December 8, 1986 

I am pleased to present the report, •Revitalizing Nuclear Safety 
Research,• by the National Research COuncil's CO..ittee on Nuclear Safety 
Research. The subject of this report is an important one, both because of 
the number of operating co .. ercial nuclear power reactors whose safety 
must be assured and because of the continuing level of operating problems, 
which the committee believes stem, at least in part, from an inadequate 
base of knowledge, which could be provided by a satisfactory continuing 
program of research. 

While we believe the report speaks for itself, there is one aspect of it 
that I believe deserves special co.aent. It is never easy for a co.aittee 
to achieve a strong consensus, and all coamittee utterances must be taken 
to be weaker than the views of individual members. I believe that in this 
case, however, there is general agreement within the committee that many 
of the problems that the Commission bas been having with its research 
program stem from problems inherent in the current structure of the 
Commission, its internal communication, and its operating practices. A 
discussion of these issues is presented in Chapter 4 of the report, 
•Eliminating Barriers to an Effective Program of Nuclear Safety 
Research.• I might add that my personal views in this matter are 
particularly strong: it is difficult for me to see bow the Co.aission can 
function effectively given its current structure. As will be clear from 
Chapter 4, such a conviction is not the same as knowing what structure 
would be better, should there be a real desire for change, that problem is 
left as an exercise for the Congress, the Administration, or some 
successor advisory group. 

The Soviet nuclear accident at Cbernobyl occurred after the committee bad 
completed its active period of meetings and consultations. While the 
committee was not able to have a fully informed discussion of that 
accident, there was enough exchange of ideas for us to be able to say that 
a more in-depth treatment of the events at Cbernobyl would be unlikely to 
result in real changes in the report. Perhaps further discussion would 
lead us to place even greater emphasis on the issues of human factors, 
instrumentation and control, and operations, but the report already calls 
for more intensive research in those areas. 

If there is any way in which the coamittee can help make the report more 
useful to the Nuclear Regulatory Commission, we hope you will call on us. 

��U\n'O�r7 
�-�-�/� Robert A. 1Frosch Chairman 
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Preface 

The Committee on Nuclear Safety Research was formed by 
the National Research Council in response to a request from the 
U.S. Nuclear Regulatory Commission (NRC) to conduct an inde
pendent, one-year study of the future role of the NRC's program 
of regulatory research. The committee was asked to develop fun
damental principles of nuclear safety research based upon exami
nation of the following questions: 

1. What can be said at present about the information needs 
that will be confronted by those who regulate nuclear power in the 
1980s and 1990s that can be met, in part, through new research? 

2. What are the alternative mechanisms for producing these 
research results and the relevant strengths and limitations of each? 

3. What, if any, advantages accrue from federal support of 
undirected research in nuclear safety, including replenishing the 
pool of scientific talent available to address specific problems as 
they arise? 

4. What are the implications of the findings for questions 
1 through 3 above for the scope, structure, and coverage of the 
federal program, given current statutory requirements? 

At its first meeting, the committee was asked by the then 
chairman of the NRC, Nunzio J. Palladino, to address a slightly 
different 11et of questions. Though Chairman Palladino's questions 
overlapped those included in the formal charge to the committee, 
they also raised a broader set of issues. The committee was asked 
to answer the following questions: 

• Did the committee agree or disagree that more research is 
needed? 

ix 
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• If it agreed that more research is needed, what program 
of research did the committee feel would anticipate future 
regulatory problems? If it disagreed, how fast did it feel 
that current efforts should be phased out? 

• Is it better for licensees to do the research, only the NRC, 
or some mix? If a mix, what should that mix be? 

• Should federally funded research be aimed at specific prob
lems as they arise or at broader issues in anticipation of 
specific problems? 

• To what extent should research work be focused solely on 
explicit, near-term objectives? If any other type of research 
work should be done, how should it be guided? 

• What is the potential value of retaining a general pool of 
scientific and engineering talent that could be directed to 
work on specific problems as they arise? 

Because of Chairman Palladino's desire to have the committee 
address issues of nuclear safety research in this broader context , 
the committee's report occasionally touches on matters that go 
beyond the formal charge. 

In addition to developing principles of nuclear safety research, 
which was the committee's primary responsibility, the committee 
initially intended to examine what research was being done and 
what would be needed in the future, and to make recommenda
tions as to whether the current program of research should be 
modified, expanded, or contracted. However, the committee early 
in its deliberations reached the general conclusion that manage
ment problems within the NRC made it unlikely that any detailed 
modification of the content of the NRC research program would 
lead to significant improvement . AB discussed in the report that 
follows, the committee was drawn to this conclusion because it 
found a program that lacks direction and a coherent and effective 
set of principles for organizing an integrated program of research. 
Consequently, the committee was compelled to focus primarily 
on the fundamental building )>locks of a safety research program 
and on making recommendations that would improve NRC man
agement of research. In the committee's judgment, it was less 
meaningful for the committee to address whether the right re
search was being done than to confront the institutional problems 
that the committee did address. 

X 
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The membership of the Committee on Nuclear Safety a. 
search reflected the diversity of backgrounds necessary to perform 
the work assigned to it. The committee ilicluded a former chair
man of the NRC; a former assistant director to the late Admiral 
Hyman G. Rickover in the naval nuclear program; and a former 
senior member of the policy planning staff of the Department of 
Energy {DOE). It included.several members who had experience 
managing or conducting nuclear safety research at federal lab
oratories; several who had managed or conducted research while 
working in the electric utility, nuclear supplier, or engineering con
sultant industries; and several who had performed nuclear safety 
research while in positions in academia. Two members had experi
ence managing and conducting research either for French or Cana
dian utilities and regulatory agencies; another had participated 
in adjudicatory hearings before and litigated civil cases against 
the NRC; and several others had both scientific/engineering and 
policy analysis backgrounds but had no direct experience working 
either for the nuclear industry, the NRC, or the DOE. Finally, 
the committee was fortunate in b.eing able to call upon the advice 
and assistance of Dr. Robert J. Budnitz, a former director of the 
NRC's Office of Nuclear Regulatory Research. During the study, 
Dr. Budnitz was a member of the National Research Council's 
Energy Engineering Board, and he served throughout the study 
as liaison between the board and the committee. Although not 
formally a member, Dr. Budnitz was in every other respect an 
integral part of the Committee on Nuclear Safety Research 

During the period from November 1985 through May 1986, the 
committee held four public meetings, each of two days duration, 
for the purpose of obtaining the views of individuals knowledge
able about the nuclear safety research enterprise. From the NRC, 
the committee heard from the chairman and three of four other 
commissioners; from both the current executive director of oper
ations and his predecessor; from current and former directors of 
the Office of Research; from senior staff members of the Office 
of Research and the Office of Nuclear Reactor Regulation; and 
from two senior members of the Advisory Committee on Reactor 
Safeguards. The committee also heard from senior members of 
the stafFs of the DOE and the Office of Management and Budget 
{OMB); from representatives of electric utilities, reactor vendors, 
the Institute of Nuclear Power Operations (INPO), and the Elec
tric Power Research Institute {EPRI); from senior staff at DOE 
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Executive Summary 

This report reflects the committee's conclusions on the general 
issues involved in nuclear safety research. The message that the 
committee hopes to convey is that nuclear safety research in the 
United States could benefit from strong leadership from the U.S .  
Nuclear Regulatory Commission,* leadership that has_ not been 
forthcoming in the recent past. The report specifies areas needing 
detailed consideration. In particular the committee has tried to 
take a systematic approach to nuclear safety research , to point 
out the general principles involved, and to elucidate some of the 
implications of these principles for decisionmaking in the public 
and private sectors. There has been no attempt to produce a 
detailed research program or budget-that is more properly a 
task of others. But the report does indicate areas where too little 
is being done or where the research effort would benefit from being 
refocused. 

It is hoped that special attention will be paid to the general 
principles here enunciated and to ways in which they might be 
applied in the operation of the NRC's program of research. 

The main body of the report is contained in Chapters 2, 3, 
and 4. Chapter 2, "Principles of Nuclear Safety Research," ex
amines who should fund, who should conduct, and who should 
set the agenda for nuclear safety research. Chapter 3, "Elements 
of a Future Agenda of Nuclear Safety Research," outlines a num
ber of particular research topics on which additional research is 

* From \his poin\ on \hroughou\ the repon, the U.S . Nuclear Regula\ory 
Commission will be referred to as the NRC for \he sake of brevity. The 
acronym should no\ be confused with \hat of the National Research Council, 
which is no\ men\ioned in \he report in abbrevia\ed form. 

1 
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needed or on which research might be better focused. Chapter 4, 
"Eliminating Barriers to an Effective Program of Nuclear Safety 
Research," discusses organizational and management issues, and 
recommends ways to improve r�arch sponsored by the NRC. 

CONCLUSIONS AND RECOMMENDATIONS 

The committee reached the following general conclusions 
about nuclear safety research : 

1 .  There are general principles for helping to answer the set of 
questions, "Who should pay for, who should carry out, and who 
should establish the agenda for nuclear safety research?" These 
principles, discussed in Chapter 2, require adjustments in the 
current practices of the NRC and in the pattern of institutional 
involvement in nuclear safety research. 

2. Research on matters related to the safety of commercial 
nuclear power reactors should continue to be performed . Chapter 
3 contains a list and discussion of some of the areas in which the 
committee believes research should be continued or begun. 

3 .  Serious management problems affect the research program 
of the NRC, but there are well-known practices of the general 
research and development community that can be used to help 
solve some of these problems. Both the problems and possible 
routes to their solution are discussed at various points in the text , 
particularly in Chapter 4. 

Mter formulating its principal conclusions, the committee did 
not seek to reanalyze the current program with an eye toward 
constructing and estimating a budget . That would require, among 
other things, a rigorous technical analysis of the relative merits of 
different areas of research, a task that the committee was not able 
to undertake in the time available. 

For the past five years, the budgets of the federal agencies 
responsible for research on commercial nuclear reactors have been 
under attack . These pressures partly reflect the response of the 
Reagan administration to the nation's burgeoning federal deficits 
and to federal spending in general. They also reflect the adminis
tration 's view that the private sector ought to be playing a much 
larger role in virtually all matters related to nuclear regulation. 
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The budget debates have served to highlight a fundamen
tal disagreement among federal policymakera concerning the ap
propriate acale and scope of the government 'a responsibility for 
nuclear regulation in general and nuclear safety research in partic
ular. In each of the past five years, the outcome of these debates 
has been reductions in support for nuclear safety research. 

The committee recognizes that in the real world when budgets 
get cut the first things to go are those that do not have obvious, 
immediate, guaranteed payofFs. This is what has happened to the 
federal program of nuclear safety research. Nonetheless, for any 
level of efFort in the nuclear safety research program, the lead
ership and support must be there to carry the research through. 
The committee sees little to suggest that those most responsible 
for the federal program of nuclear safety research-whether in the 
responsible federal agencies, Congress, or the Office of Manage
ment and Budget (OMB)-appreciate the necessity of providing 
the requisite leadership. 

The following summary presents the principal findings of the 
report as drawn from Chapters 2, 3, and 4. Chapter 4, in particu
lar, sets forth most of the committee's detailed recommendations. 

Principles of Nuclear Safety Research 

To determine who should set the agenda and who should fund 
nuclear safety research, the committee began by examining the 
question, "Who benefits by learning the results of this research?" 
From this the committee reached the following guiding p�inciples: 

• Use the best facilities and the best people, without un
due regard for whether they are affiliated with a national 
laboratory, a university, or industry. 

• Use systems and procedures that will ensure the integrity 
and independence of the result ; care should be taken to 
assure that all laws relating to conflicts of interest are 
obeyed, and procedures should be used that can guarantee, 
independently of the NRC stafF, the quality and integrity 
of the results. 

Viewing the federal program of nuclear safety research in light 
of the above principles, the committee makes the following recom
mendations: 
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1 .  The U.S.  government should continue to fund research on 
the safety of commercial nuclear power reactors. 

2. Nevertheless, an increased proportion of the research should 
be funded and conducted by the industry (utilities, suppliers, and 
vendors) than is now the case. 

3. Direct NRC funding of research should continue. 
4. The Department of Energy (DOE) and the NRC should 

encourage more research funded cooperatively with industry or 
with international partners. 

5 .  Universities and other contractors with relevant knowledge 
and skill should be more actively involved in setting the research 
agenda. 

6. Research funded by the NRC should be the product of a 
competition among the DOE national laboratories, private con
tractors, and university researchers. 

7. The U.S. government should maintain programs of long
term and exploratory research and maintain effective nuclear en
gineering programs of the quality and quantity needed by the 
country at the university level. If private industry is unwilling or 
unable to sustain the university programs necessary for producing 
the trained personnel that the government needs to conduct an 
effective program of nuclear safety research, then it is sound public 
policy for government to do so. 

8 .  In principle , the committee believes that internalizing the 
costs of research in a regulated industry-such as the electric 
utility industry-is desirable, and that ways of accomplishing this 
should, if possible , be adopted. 

· 

Elements of a Future Agenda 
for Nuclear Safety Research 

The committee believes that not enough research is being 
done on certain topics important to the future regulation of nuclear 
power plants. In particular, the committee members believe, based 
upon their collective experience, that research should be intensified 
in these areas: 

• Behavior of materials in nuclear power plant environments 
• Human factors 
• Nondestructive testing 
• Nuclear power plant aging 
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• Policy research 
• Reeearch to reevaluate existing regulations 

In addition, research on the following topics should be contin-
ued but refocused: 

• Component and systems reliability 
• Nondestructive examination 
• Quality 888Urance/quality control 
• Safety analysis methodology and application 
• Severe accidents 

A future research agenda must include mechanisms for decid
ing the proper end-point of specific research topics. In research, 
every &DSWer results in a new set of questions which might be 
addressed. The relative importance of the topic to real safety is
sues should be used as the basis for deciding whether to pursue or 
terminate further research. 

Eliminating Barriers to an Effective Program 
of Nuclear Safety Research 

There are many structural and procedural problems that the 
NRC must address if it is to have a sound research program. The 
committee's recommendations for improving NRC management 
call for changes in the way the director of research, the executive 
director of operations, the NRC itself, the Office of Management 
and Budget, and the CongreBB currently discharge their responsi
bilities. 

1. The NRC Director of Research must establish and maintain 
good, fundamental research practices, including the following: 

L Use of the best researchers to perform the research. 
b. Establishment of a coherent planning process. 
c .  Routine use of peer review to instill confidence in the 

quality of research results. 
d. Establishment of a strong advisory group that includes 

independent experts from industry and academia, 
along with representatives of organizations perform
ing research. 

e. Strengthening links between the Office of Research and 
the intended users of research. 
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6 
2. The executive director of operations should take respon

sibility for the kind and extent of communication between the 
NRC program offices to ensure that they work closely together in 
designing and coordinating the program of research . 

3. The chainnan ·of the NRC must exert leadership in estab
lishing the NRC research program and defending it before OMB 
and the Congress. 

4. Options for restructuring the NRC to restore leadership to 
nuclear safety research, including the pouibility of reorganizing 
the NRC to provide for a single administrator, should be reex
amined. Some aspects of such a reexamination are beyond the 
scope of the NRC and are for Congress and the administration to 
consider. Whether or not Congress enacts legislation along these 
lines, both OMB and the Congress should support a level of fund
ing for nuclear safety research that is appropriate to the continuing 
federal responsibilities for nuclear safety research. 
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1 
Introduction 

Nuclear power generation ill a complex proc:e. encompassing 
both high technology md conventional engineering activities. It 
is replete with all the promiiM md problem. that such activities 
typically entail. Ordinarily, 1101118 of the problems of a complex 
technology are UIICCWered md resolved during the period of matu
ration. Forty yean after the beginning of the nuclear age, nuclear 
technology ill still going through a period of development; for ex
ample, none of the larger power reactors hu readaed the end of 
ita design life. Thill undencores the importmce of research md 
the continuing need for better understanding of reactor behav
ior under varying conditione, from normal operations, through 
off-normal conditions, to accidents. 

Effective reaearch in nuclear safety-research that is capable 
of asking u well u aDSWering the right quelltioiUI-requires not 
only scientific and engineering credentials, but also 1111 intimate 
knowledge of a large number of specific scientific md engineering 
issues pertaining to nuclear power plant operations. These are 
for the moat part not available in textboob; they are acquired 
through pen10nal involvement with nucleU' technology, reactor 
safety, power plmt operations, regulatory matters, and research 
over a long period of time. · 

The primary benefits of research md of adaieving a better 
understmding of reactor behavior are improved designs, improved 
modes of operation and maintenance, aDd improved regulation of 
nuclear power pl&Dta. One of the intermediate goals of safety re
aearch is to establish mU'gins of safety u new issues arise and 
to refine the quantitative mU'gins in existing regulations that 

7 
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are thought either to be overly conservative or not conservative 
enough. The committee would like to point out, however, that 
even an excellently managed, well-funded, and appropriately fo
cused program of nuclear safety research cannot transform the 
regulation of nuclear· power plant. into a proceaB in which de
cisions flow exclusively from scientific and technical knowledge. 
Like all environmental, health, and safety regulation-indeed all 
decisionmaking on highly technical aubjecta-nuclear regulation 
will always remain a complex blend of applying knowledge and 
exercising policy discretion. 

Many of the current regulations have been in force for the 
entire history of nuclear regulation; they are likely to require re
view and change in light of new knowledge. Aa new event. occur, 
there are new le880ns for safe power plant design, construction, 
and operation that need to be reflected in industry practices and 
in regulation. Regulators need to develop new toola-both ana
lytical and experimental-with which to analyze emerging safety 
issues. For all these reasons, safety research is absolutely essential. 
And it can only be expected to remain 80 because the range and 
complexity of physical phenomena affecting the operational safety 
of nuclear power plants are likely to increase u nuclear reactors 
age, u plant operating conditions change to accommodate aging, 
and u the performance of plant personnel varies in response to 
changing conditions. 

During committee discUBiions it became clear that the activ
ities being thought of whenever the term "research" was used

indeed those historically considered to be research by the DOE, 
the NRC, and the nuclear industry-included a much broader 
range of activities than are ordinarily thought of as "research." 
It was evident, however, that all parts of the broad range of ac
tivities being considered are 80 closely connected that they must 
be considered together in planning and executing a program of 
nuclear safety research. Accordingly, the committee elected to use 
a broader meaning for "research" than is customary. 

In this report, the term "research" is used u a shorthand 
expreBBion for a variety of activities commonly referred to as •re
search," "development," •test," "evaluation," •audit," "analysis," 
and "investigation." It is meant to encompus both safety research 
and safety engineering, activities that aim either at applying ex
isting knowledge or creating new knowledge in the field of nuclear 
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safety. A catecorisation cA theee kinds of activitiee is preeented in 
Table 1. 

The safety reeearch activitiee outlined in Table 1 may be fi
nanced, funded, and executed by individuals or orcanizatiou, 
public or private . In the United Stat., the institutional context 
within which nuclear safety research takee place is extraordinarily 
complex in both the number and the kind of participatinc orcani
zatiollll. Table 2 providee a list of IOIDe of the major participants, 
and Appendix A diac:usaes the rolee of the leadinc sponsors of 
commercial nuclear safety reeearch. 
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TABLE 2 Participant. in the Nuclear Safety Raearch Enterprise 

Government 

o Nuclear Regulatory Commiuion 
o Department of Energy (including the nationallaboratoriea) 
o Geological Survey 
o National Bureau of Standards 
o National Science Foundation 

Industry 

o Electric Utility Industry 

(a) individual firms 
(b) ad hoc utility projects (e.g., IDCOR) 
(c) Electric Power Research Institute 
(d) Institute of Nuclear Power Operations 

o Nuclear Reactor Vendors 
o Utility-Vendor Consortia (so-called Owners Groups) 
o Architect/Engineers 
o Component and Equipment Suppliers 
o Engineering Consultants 

Universities and other contract research organizations (e.g., Science 
Applications International Corp.) 

Professional and technical societies 

Foreign participants in international cooperative arrangements involving 
the U.S. government or U.S. firms 

The public (through the licensing and rulemaking processes) 
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2 
Principles of 

Nuclear Safety Research 

During its study the committee was provided with evidence 
suggesting that members cA the public, of the nuclear industry, 
of the Congress, and of the administration have little faith in the 
soundness of the federal government'• program of nuclear l&fety 
research. One source of this lack of confidence il the failure of the 
government to organize and implement a program according to 
fundamental principlea-principlel of nuclear Afety re�earch. 

The purpoae of this chapter il twofold: first, to develop gen
eral principle� of nuclear 1afety l818arch; aecond, to examine some 
of the implications of the�e principles for deciaionmaking in gov
ernment and in industry. Chapter 3 illustratel how the�e general 
principle� can be applied to a aet of important l818arch topiCI that 
replelent elements of a future program of nuclear safety reaearch 
for the nation. The reader 1hould recognize that in discussions of 
l818arch that principally benefits utiliti• or the NRC theae organi
zations are being uaed u proxi• for larger groups (viz., ratepayers 
and stockholders in the forme.r case, taxpayers and the public in 
the latter ca1e ). 

THREE CENTRAL QUESTIONS 

There are three �or questions from which fundamental prin-
ciple� of nuclear lafety re�earch can be derived: 

• Who lhould fund nuclear Afety l818arch? 
• Who lhould �et the l818arch agenda? 
• Who lhould conduct the research? 

11 
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"Who should fund the research?" asks from which organization's 
budget should the research be funded. "Who should set the re
search agenda?" asks who should decide in what areas research 
is needed, what questions should be investigated, what research 
projects should be done, and how should meaningful projects be 
designed. And "Who should conduct the research?" asks which 
organizations or which researchers should actually carry out the 
research . 

WHO SHOULD FUND AND 
WHO SHOULD SET THE AGENDA 

FOR NUCLEAR SAFETY RESEARCH? 

The economics and science policy literature cite three basic 
reasons why industry usually underinvests in R&D relative to 
the level that would be socially optimal: (1) the uncertainties as 
to whether R&D investment will pay off make such investment 
highly risky; (2) most knowledge, once obtained, cannot be kept 
to oneself for very long, implying that the firm that pays for the 
R&D cannot appropriate to itself all the benefits from it; and 
(3) the cost of R&D projects are often large compared to what 
an individual 6.rm can afford to invest. These reasons apply to 
the nuclear industry no less than to others. Indeed, the current 
state of the nuclear industry and the historical role of the federal 
govemment in nuclear R&D suggest that the nuclear industry 
might underinvest in R&D more than many other industries. 

In many respects nuclear power is at a standstill in the United 
States; there have been no nuclear plants ordered for almost a 
decade, and dozens previously on order have been canceled. As a 
result of the industry's diminished prospects, nuclear reactor and 
equipment vendors cannot have a high expectation of being able to 
benefit from investment in safety research. The utility industry
the primary owners and operators of commercial nuclear power 
plants-is itself fragmented, so that sizable research investments 
are pOBBible for only a handful of the larger utilities. With a few 
notable exceptions (such as in New York and Califomia) , util
ities have traditionally relied upon reactor vendors for research 
on power generation technology. State public utility commissions, 
which regulate utility rates of return, have significant influence 
upon, and an incentive to limit, the size of utility budgets. In 
fact, there have been instances in which PUCs have restricted 
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the amount of money raieed from utility ratepayers to fund EPRI 
research. There are thus both internal and extemal coat-cutting 
pressures that are likely to push the industry in the direction of 
avoiding expenditures whose direct contribution to operating ef
ficiency is unclear. Finally, the federal government has a legacy 
of large investments in all facets cA nuclear reaearch and devel
opment, and this legacy has created a general expectation within 
the industry that the federal govemment should continue to bear 
a large measure of the responsibility for safety research . These 
facts, combined with the more general arguments cited above, im
ply that the nuclear industry may voluntarily fund leas nuclear 
safety research than is in the public interest. 

These factors need to be bpt in mind in considering who 
should fund and who should set the agenda for nuclear safety 
research. In what follows the two questions are treated simulta
neously, not only because they are intimately connected to one 
another but because there is no general answer to either one of 
them. 

Principles for Determining Who Should Fund and 
Who Should Set the Agenda for Research 

Logically, either govemment or industry or a combination of 
the two could be involved in funding reaearch. If the govemment 
wants research, it has several means of getting it done. It can 
direct industry to do it, it can pay to have it done by others, or it 
can do it itself. If industry wants research done, it can either do 
it itself or pay to have it done by others. Agendas, on the other 
hand, may be set not only by industry and govemment but also by 
other performers of reaearch and independent technical experts. 
In cases where both govemment and industry benefit from the 
research, they will have to work out the details of their respective 
funding and agenda-setting responsibilities on a case-by-case basis. 

This discuBBion of who should fund and who should set the 
agenda for research is guided by the following general principles. 
They represent the committee's best judgment of what principles 
are applicable, and they derive not only from its study but from 
its views of the appropriate roles of govemment and industry in 
the nuclear safety research enterprise. 

1. Where the proximate beneficiary of the research is industry, 
the presumption is that industry should pay for it. However, there 
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are countervailing considerations that can override that presump
tion. 

2. Where the expected societal benefit of the research is greater 
than the expected return to industry, government should con
tribute to paying for it. 

3. Industry should pay for much of the research necessary for 
the performance of the regulatory functions of the NRC, but the 
NRC should pay for research when it is necessary to protect its 
independence, assure the timely availability of results, or explore 
issues involving great uncertainty. 

4. Anyone who pays for a piece of aafety research should 
contribute to setting the agenda for that research. 

5. Performers of research and independent technical experts 
should participate in setting the research agenda. 

It is not always going to be easy to decide, a priori, who 
the principal beneficiary of some research may be. In the case 
of basic research, it is not always possible to say even if there is 
a beneficiary, much less who that beneficiary may be. Yet basic 
research is an essential feature of a sound program of nuclear safety 
research. 

Impllcatlons for Declslonmakmg 

The application of these general principlea has implications 
for decisionmaking in government and industry. Below we make 
a distinction between regulatory and nonregulatory research and 
between research on current and future reactors in order to explore 
these implications. 

It should be noted that as a practical matter it is frequently not 
possible to make a sharp distinction between research to improve 
regulations and research to improve the design, performance, and 
safety of reactors. There are, of course, examples of research 
that is quite clearly directed at achieving some economic benefit 
but is of only marginal benefit either to safety or to regulation. 
Similarly, there are examples of research where the purpose is 
clearly to support improvement of regulation or the independence 
of the regulatory agency in the light of some vested industry 
position. In many cases, however, the public and private benefits 
of the research are mixed, and the overlap between regulatory and 
utility requirements is extensive, so that it is difficult to allocate 
neatly the responsibility for the research. 
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Category 1: Research on Current Reactors That is Aimed Di
rectly at Improving Regulatory Decisions 

The proximate beneficiary of research in this category is by 
definition the NRC, so it must have at least partial authority to 
set the research agenda. Yet the NRC does not and need not fund 
all research in this category since it has the authority to direct 
industry to fund it. It exercised such authority, for example, with 
respect to research on relief valve reliability; and it also exercised 
this authority when it initiated the reassessment of Babcock & 
Wilcox (B&W) reactors now being conducted by the B&W Owners 
Group. 

The practice of directing industry to do research is more widely 
used by the nuclear regulatory authorities of other countries (no
tably Canada) and by other U.S. regulatory agencies (notably 
the Food and Drug Administration). It could also be used more 
widely by the NRC. Of course, the agency would need to employ 
safeguards to protect its independence. Such safeguards might 
include insisting that agency personnel have access to facilities 
and to the raw data from such work; requiring that the results be 
peer reviewed; and retaining within the agency, through the use 
of consultants or staff of the national laboratories, the ability to 
interpret the data and evaluate claims made by industry. With 
the employment of these kinds of safeguards, such an approach 
to nuclear safety research can and should be more widely used by 
NRC, and doing so would not jeopardize the NRC's independence. 

When the NRC directs industry to do work applicable to a 
particular reactor, the work should be funded by the owner of 
that reactor; more generic research could be funded by licensees 
cooperatively through, for example, Owners Groups or through 
EPRI. In such cases, agenda-setting ought to be shared between 
industry and the NRC. The NRC should decide in what areas 
research is needed to address regulatory issues. The industry 
should decide what research projects would be responsive to the 
NRC, and how to design them, although these issues might be 
better decided after consultation with the NRC. 

Industry cannot be directed to fund all research in this cat
egory. On the contrary, some of it will have to be funded by 
the NRC, with the agency also setting all aspects of the research 
agenda. This includes research where NRC's independence cannot 
otherwise be assured (e .g . , research on emergency planning where 
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the industry and NRC disagree on how much emergency pre
paredness ia needed; reaearch where not enoup is known about 
the problem for the industry to be able to decide what to do or 
for the NRC to be able to specify exactly what reaearch it should 
require indultry to do; and research where the reeults an required 
more quickly than could be anticipated if industry alone were re
quired to fund the work (i.e., where the NRC is more motivated 
to do the research rapidly than industry). 

Since it ia often difficult to determine whether industry or 
government is the proximate beneficiary for a piece of research, 
it will often be appropriate to adopt an intermediate approach, 
namely, "cooperative research." Cooperative reaearch is reeearch 
in which the NRC jointly funds and jointly sets the research agenda 
with either the utilities or the vendors or both. The record of 
such projects involving industry and the federal government has 
been uneven. One complaint about cooperative research ia the 
difficulty of overcoming the adveraarial nature of the regulatory 
system within which it is conducted. On technical problems that 
are linked to licensing, industry often tends to ofFer the NRC no 
more than it feels it hu to for fear of triggering a tiuuM:onsuming 
regulatory response. The NRC often believes that industry ia 
dragging its feet, particularly on any problem where the two eli. 
agree fundamentally on the safety implications. The net result ia 
for cooperative projects to get bogged down in seemingly endless 
meetings, at great coet in both time and money. Yet despite the 
potential obstacles, there an enough recent cases of cooperative 
research that are viewed u having been a success to suggest that 
more cooperative efForts should be encouraged. The NRC and 
industry need to work to reduce the atmosphere of mistrust that 
pervades their dealings with one another. 

Within the NRC, moat research should be ·funded by the 
Office of Research. Other program offices in the NRC have funds 
to perform short-term research that they may need to conduct 
regulatory activities. These funds are commonly referred to as 
"technical 888istance," and they should continue to be available. 
Of course, in order to ensure the integrity of the research program, 
it is important for agency management to ensure that what is 
properly "research" and what is properly "technical assistance• 
come under the managerial authority of the appropriate NRC 
offices. 
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In the put, some reaearch in support cA the NRC'• ability to 
regulate hu been funded through international cooperation. Such 
cooperation il to be encouraged whenever poaible u a way of 
spreading the cost cA Afety :reaearch among all potential benefi
ciaries. 

Category 2: Relearch on Current Reacton Where the Research 
has Safety Implications but il not Directly in Support of Regula
tory DecilioDI 

Safety reaearch on current reacton where the objective of 
the reaearch il not directly aimed at supporting NRC'• ability 
to regulate il conducted by both induatry and government, in 
the case of the government, principally by DOE. The government 
has a role to play in funding and aetting the agenda for such 
reaearch. When the work il developmental, the government il 
fulfilling ita respoDiibility to ensure that the nation has aecure and 
safe future sources of energy and thus il benefitting the general 
public. Therefore the general public has a responsibility to pay for 
a portion of the coat cA the reaearch. 

Much of the reaearch in thil category il and should continue to 
be funded by indUitry for ita CJWD purposes, including the following: 

• Research to improve the product. 
• Research to support claims about aafety in proceedings 

before the NRC. 
• Relearch in anticipation of the NRC'• railing ilsuea (so

called "defensive reaearch"). 
• Research by entrepreneura who perceive potential business 

opportunitiea in supplying utilities with new l&fety-related 
equipment or aervicea. 

In all theae iDitancea, industry should aet the agenda for the 
reaearch. 

Ordinarily, government funding of any reaearch in this cate
gory should occur in the context of govemmen�industry coopera
tive reaearch ·programs, and the :reaearch agenda should be jointly 
set by government and indUitry. 

However, there are inltancea in which reaearch cA this type 
should be fully funded by the government. Theae are cases in 
which industry il unwilling to fund or contribute to reaearch that, 
although primarily of benefit to industry, il nonetheless expected 
to have aigni6.cant societal benefits. For example, reaearch to 
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develop specialized equipment or to test equipment Wl8d in other 
industriea for pasaible use in the nuclear field may be constrained 
because manufacturers and suppliers have insufficient incentive to 
fund such work due to the limited scale of the nuclear market for 
such products. Research of this type should usually be funded 
by DOE because of its mission, although other agenciea may also 
fund or conduct research with applications in the nuclear industry. 
In such cases, government ahould have the authority to set the 
research agenda, although this might be shared, either de facto or 
de jure, with industry and with the contract research community 
through appropriate advisory committees. 

Although research that is not aimed directly at improving 
regulatory decisions is not of immediate interest to the NRC, it 
will often have implications for reactor safety that regulators must 
care about. For this reason, NRC participation in the funding of 
such research will , on occasion, be fully justified. 

In the past, some research not in support of regulation has 
been funded through international cooperative arrangements. 
Such cooperation should be encouraged whenever pasaible as long 
as the original research objective is maintained. 

Category 3: Research on Future Reactors 

Research on future commercial reactors is conducted by DOE, 
which has no regulatory responsibilities in the commercial reactor 
sector. However, if future reactors ever become commercially vi
able, they will have to be regulated by the NRC and meet NRC 
safety regulations. Research on future reactors entails both safety 
and economic considerations. The research should be funded and 
the agenda set primarily by reactor vendors and suppliers as part 
of their development programs, particularly if a sufficiently early 
commercial payback can be anticipated. However, DOE has atatu
tory responsibility for ensuring adequate future energy supplies 
and conducts an advanced reactor R&D program. DOE's decision 
on whether to allocate funds to advanced reactor research should 
be made on the usual grounds, i.e. , whether the expected benefit of 
the research to society exceeds the expected return for the private 
sector, implying insufficient incentive for private investment in the 
research. 

If DOE contributes to such research, the agenda will neces
sarily be set cooperatively. Even when DOE totally funds the 
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research, the potential U8el'll of the technology (i.e., reactor ven
don and utilitiea) should participate in setting the research agenda 
in order to eDI11Ie that it takea account cA market coDBiderations. 

The NRC needs to conduct regulatory research on advanced 
readorll in order to eatabliah what safety standards theae new 
deaigns must meet. Such work is a normal function of regulatory 
policy development, and in any case is not an important cost 
relative to other safety research activities. It is not practicable for 
industry to fund NRC's advanced reactor research since no specific 
applicant for an adYaDced reactor license yet exists. However, once 
the agency begins receiving applications for the review of advanced 
reactor deaigns, it could begin recovering from each applicant a 
portion of the costs incurred. 

Here again, some research of this kind has been funded through 
international cooperation, and use of this mechanism cA sharing 
the costs of research should be encouraged. 

General Requirements for the Design of 
Govemment Research Programs 

All government research programs, including the nuclear 
safety research programs of the NRC and DOE, have certain gen
eral requirements not considered in the foregoing discusaion. These 
requirements are as follows: 

• To support basic or exploratory research 
• To ensure agency competence 
• To ensure an adequate national pool of trained scientists 

and engineen. 

Support for Basic Research 

All government agencies that conduct research should sup
port some research that is exploratory or basic in nature. The 
fundamental aim of this research is to continue the development of 
new knowledge. In theory, basic research could be funded either 
by industry or by government, but the usual reasons why indU&
try tends to underinvest in basic research apply to the nuclear 
industry no less than to othen. Therefore, government agencies, 
primarily DOE but alllo the NRC, should reaerve some portion 
of their budgets for mission-oriented basic and exploratory re
search. The agenda for basic research will necessarily have to 
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be set at least partly by the government, but both industry and 
the university research community can and should participate in 
agenda,..setting through their participation in independent research 
advisory groups. 

Ensuring the Competence of Government Research Managers 
and the Availability of Trained Scientists and Engineers 

In principle, if the government has a vigorous program of 
nuclear safety. research under way, no additional research will be 
necessary to fulfill either of these objectives. Furthermore, there 
are ways for the government to promote these two kinds of ob
jectives other than by performing research. Nevertheless, some 
special research may be needed to ensure that the government is 
technically competent and aware of new developments in the rele
vant fields of science and engineering, and some may be required to 
ensure that researchers having specialized training and experience 
are available to perform research when needed. 

At a time when the industry's fortunes are in serious decline, 
it is imperative that the government take a strong interest in 
the long-term availability of scientific and engineering talent
talent that will be needed · to maintain agency staffs at a high 
level of capability and to conduct future research on safety-related 
problems. If NRC and DOE are to have effective safety research 
programs in the future, they must begin now to cultivate top-rate 
researchers and research managers, involve them over a period of 
years in the regulatory process, and support them in research on 
safety-related topics. 

WHO SHOULD CONDUCT 
NUCLEAR SAFETY RESEARCH 

When it comes to determining who should perform the re
search, there are several pOBBibilities. Research might be con
ducted by the following: 

• the government (e.g. , NRC, DOE's national laboratories, 
U.S. Geological Survey, National Bureau of Standards) ; 

• industry (including reactor vendors, equipment suppliers, 
utilities, including EPRI and consortia) ; 

• the contract research community, including universities; 
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• an international cooperative arrangement involving the 
U.S. government or U.S. indU8tiry and one or more for
eign governments or li.rms; and 

• all combinations of the above. 

All these combinations can and do exist because prime contractors 
of nuclear safety research often let subcontracts for a portion of 
the research they have been engaged to perform. 

Prlnclplea for Determining Who Should Conduct 
Nuclear Safety Research 

Despite the complexity of these arrangements for performing 
research, there are a number of principles that should be applied: 

1 .  Nuclear safety research, like all research, should be con
ducted in institutions and by researchers who can do a good job. 
This principle encompasses both the competence of the researcher 
and his or her access to suitable facilities and equipment. 

2. In deciding who should conduct research, where the princi
pal objective of the research is aimed directly at improving regu
latory decisions, care must be taken to protect the independence 
of the NRC from the regulated industry. 

3. There must be institutional mechanisms to ensure that 
research results can be made available in response to short-term 
requirements without disrupting longer-term research. 

4. Industry is a source of knowledge and expertise important 
to the conduct of nuclear safety research. When designing research 
programs, the problem of transferring the results of the research 
mU8fi be considered at the time agreements are reached conceming 
who should conduct the research and how the agenda should be 
set. 

5. Universities have important roles to play as training grounds 
for future researchers, as centers of high-quality basic and ex
ploratory research, and as sources of independent ideas. 

6. National laboratories have unique experimental and com
putational resources as well as highly competent, experienced re
search teams of potential usefulness to a program of nuclear safety 
research. 
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ImpUcatlou for Declalcmmaklng 

The above principles have implications for determining who 
should conduct nuclear safety research. The process of selecting 
researchers is far from straightforward. The following discussion 
illustrates how these principles apply to research conducted in 
industry, in the university, in government laboratories, through 
international cooperative arrangements, or in the small business 
community. 

Research Conducted in Industry 

If the proximate beneficiary of a nuclear safety research project 
is industry, the research should involve industry to the maximum 
extent possible regardless of who pays for it. This is accomplished 
automatically, of course, when industry itself funds the research , 
when the NRC directs a licensee or applicant to conduct the re
search, when industry conducts research on contract either for 
the NRC or DOE, or when either of those agencies engages in 
government-industry cooperative research. Even NRC-funded re
search should often involve industry, _ except that where research 
results can be expected to directly influence regulatory decisions, 
care must be taken, in ways previously identified, to preserve the 
independence of the NRC. Where the facilities that are required 
for nuclear safety research exist only in the national laboratories, 
arrangements should be made to enable and encourage industry 
researchers to utilize these facilities; or the national laboratories 
should themselves conduct the research and help industry gain 
access to the results. In either case, industry should help set the 
research agenda. 

Research Conducted in the Universities 

University research is important for several reasons. It is a 
way of engaging some of the country's best theoretical and ex
perimental scientists and engineers; it provides training for future 
government and industry researchers and research managers; and 
it fosters and encourages independent thinking about scientific 
and engineering problems. For all these reasons, the federal gov
ernment has a fundamental responsibility to preserve and protect 
university research. For research related to current reactor types, 
the government's responsibility should be discharged primarily by 
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the NRC; and for reaearch related to more advanced reactor types, 
by DOE. 

Research Conducted by the Government 

The NRC and DOE do virtually no research of their own. 
When either of them wants research, they contract for it. The 
greatest part of the research supported by the NRC is conducted 
in DOE's government-owned, contractor-operated national labo
ratories. The national laboratories, in turn, distribute varying 
amounts of the work to other sectors through subcontracts. Of 
course, the NRC's enabling legislation directs the agency to make 
use of the national laboratories, and there are identifiable benefits 
to be gained by contracting with them. The laboratories provide 
ready access to experienced researchers from a wide variety of dis
ciplines; they have instruments, equipment, and facilities that are 
sometimes not readily available elsewhere; their services can be ob
tained quickly through contracting procedures that are relatively 
easy for federal agencies to use; and they are accustomed to form
ing and maintaining interdisciplinary research teams. However, 
while the national laboratories have made identifiable contribu
tions to nuclear safety research, and can continue to do so, they 
should be considered as only one among several alternative sources 
of quality research. 

Research Conducted Through International Cooperation 

Some nuclear safety research of interest to the United States is 
conducted jointly with other countries, both here and abroad. U.S . 
participation in these international arrangements for research is 
partially funded either by U.S. government agencies or by Ameri
can industry. Examples include an international program of exper
imental research being conducted at the NRU reactor in Canada, 
a similar program at the Halden facility in Norway, and another at 
the Marviken reactor in Sweden. Foreign researchers sometimes 
participate in nuclear safety research in the United States as well . 
Such international cooperation in nuclear safety research should 
be encouraged whenever it is mutually beneficial. 

Research in the Small Business Community 

The United States has a long tradition of entrepreneurial cre
ativity. The nation's small businesses provide major sources of 
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invention and innovation and are quick to respond to the needs of 
industry. The contribution that small businesses have made to the 
country 's nuclear safety research effort has been considerable and 
can continue. The DOE and the NRC should maintain their small 
business programs at the level necessary to exploit small business 
capabilities, whether or not the size of their research programs 
happens to be above the level at which a program of support for 
small business research and development is mandated by existing 
law . 

Attalnlng Balance In Allocating Research Dollars 

Determining who is best suited to perform a particular piece 
of research is one of the most challenging responsibilities facing 
directors of research. The challenge is particularly acute for the 
federal government's directors of research because several factors 
must be weighed in reaching a decision . These factors include 
not only finding sufficient talent and resources to do the job but 
also monitoring the impact of the selection process on the research 
community as a whole . To undernourish or overutilize any segment 
of the research community is to improperly manage the nation's 
limited resources for research. The committee is concerned that 
the nation's limited resources for conducting nuclear safety re
search have been poorly allocated in the past, particularly by the 
NRC. In Chapter 4 this issue is stressed, with the focus on the 
specific responsibilities of the NRC in contracting for research, and 
a reevaluation of the way the NRC allocates its research dollars is 
recommended. 

A Final Note 

It is important to recognize that in this chapter when the 
committee has focused on who should fund research it has been 
concerned with who should control the dollars being spent. A 
separate issue not addressed here is where those dollars come 
from. For example, even when the NRC provides funding, the 
dollars may flow from general revenues, license fees charged to 
particular nuclear utility licensees, or charges to reactor vendors 
for the review of standardized plant designs. 
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Elements of a Future Agenda 
for Nuclear Safety Research 

In this chapter the committee identifies some important ques
tions of reactor safety that should be researched. The principles 
introduced in the preceding chapter, where we looked at nuclear 
safety research in terms of several broad categories, are applied to 
each of these topics. The perspective here is narrower; the focus 
is on specific research topics that the committee believes should 
constitute elements of the nation's future agenda for nuclear safety 
research. 

The list of specific issues that the committee has assembled 
is presented in Table 3. The table presents in alphabetical order 
a selection of important topics requiring research. The committee 
was asked to review a draft report, · "NRC Safety Research Pro
gram," by the staff of the NRC, which outlines a small number of 
research topics they wish to pursue-component aging; thermal 
hydraulic transients; severe accidents; plant operations; seismic 
analysis; and waste disposal-and a seventh (advanced reactors) 
by implication. All of those topics, except regulatory waste man
agement research, are discussed below, along with others that the 
committee finds important. 

It is appropriate to reiterate that the focus here is exclusively 
on reactor safety research and, within that sphere, almost entirely 
on research in support of current reactors. Other aspects of the 
nuclear fuel cycle, in particular radioactive waste management , 
and other important areas of research, such as radiobiology and 
the health effects of ionizing radiation, are beyond the scope of 
this report. 

25 
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TABLE S Elemenu of a Future Apnda of Nuclear Safet)r Relearch 

CUI'Nilt Plant Daipa 
Behavior of Mahriala in Nuclear Powar Plant Environmenu 
Decommiaioninc 
Ext;anded Fuel Cycle 
Human Fadon, Inatrumentation and Control, and Operationa 
Nondeatructlve Teatlnc and Examination 
Plant Acinc (Llcenae Ext;enaion) 
Policy Relearch 
Quality Auurance/Quallty Control 
Reevaluatinc Exiatinc Reculationa 
Reliablliqr of Plant Componanu and Plant S)'ateml 
Safeqr Analyaia MethodoloiY and AppUcation 
SeiamoloiY, Soil Mechanic:a, and Structural ReaponH to Seiamic Event• 
Severe Accident• 
Thermal H)'draulic:a 

Future Plant Deaipa 

The discussion below is intended to point out that, whether 
or not new reactors are built , outstanding issues remain to be 
considered and significant research remains to be done if only to 
provide adequate support for the safety of current reactors. In 
some areas not enough research is being performed. Such areas 
include the behavior of materials in nuclear power plant environ
ments, decommissioning, human factors, nondestructive testing, 
plant aging, policy, imd reevaluation of existing regulations. In 
other areas one or more of the principal sponsors has a sizable 
program of research under way, and the primary need is to re
focus the work . That category includes research on component 
and system reliability, nondestructive examination, quality assur
ance/quality control, safety analysis methodology and application, 
and severe accidents. 

CURRENT PLANT DESIGNS 

Behavior of Materials 
in Nuclear Power Plant Environments 

Many of the research topics discussed elsewhere in this chap
ter necessitate basic, exploratory, long-term research on materials 
used in the construction of nuclear power plant structures, sys
tems, and components. Topics such as plant aging, component 
and system reliability, nondestructive testing and examination , 
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quality assurance/quality control, decommissioning, and research 
to reevaluate existing regulations, as well as the broad field of 
advanced reactor R&D, all require basic materials research. Ma
terials science is a highly complex, enormously important field 
incorporating a number of scientific disciplines. It can and should 
be developed as a basis for future investigations of such issues as 
new fabrication processes for use during plant construction; cor
rosion and cracking of piping during normal operations; effects 
of pressure and temperature gradients and radiation extremes on 
piping and equipment; inspection frequency and inspection tech
niques; repair and maintenance procedures; occupational health 
and protection against radiation; and many other topics of rele
vance to plant safety, reliability, and maintainability. Basic and 
applied research on materials properties and the performance of 
materials in the different environments found in nuclear power 
plants are essential in providing a means of confirming the ad
equacy of existing operating parameters, inspection techniques, 
and operating and maintenance procedures. 

This is research that industry, the NRC, and DOE all need, 
whether for shared or different purposes. Not surprisingly, the 
work is now performed largely on a project-by-project basis. Some 
basic materials science and engineering research should be under
taken as part of a cooperatively funded program involving indus
try, DOE, and the NRC. 

Decommissioning 

Although only a few of the smaller research and demonstra
tion reactors face immediate decommissioning, all the larger com
mercial reactors will eventually be candidates. Decommissioning 
will require the development of a data base and a methodology, 
including advanced measurement techniques for determining the 
quantity and activity of induced radioactive isotopes in remote 
locations (e.g., concrete and shielding), for treating contaminated 
materials, for ultimate disposal (including packaging and ship
ping), and for analyzing the potential reuse of certain materials 
such as stainless steel . 

A continuing research program is needed to anticipate the 
much larger needs for decommissioning that will inevitably arise 
in the years ahead. The NRC has part of the responsibility be
cause it needs the research to set decommissioning regulations. 
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The NRC currently has a small program to transfer lessons learned 
from DOE's decommissioning of the Shippingport reactor to the 
NRC, but in general decommissioning research receives low prior
ity within the agency, and no substantial research is being con
ducted. Industry has a responsibility to do research that will 
establish ways of satisfying the NRC's regulations. DOE shares 
part of the responsibility for decommissioning research not only 
because of its mission to conduct basic energy research but also 
because it has reactors that will soon require decommissioning. It 
currently is conducting a sizable program of research, the principal 
elements of which are the decommissioning of the demonstration 
reactor at Shippingport and the removal and analysis of the core 
of the damaged Three Mile Island reactor. The results of DOE's 
current program should be transferrable both to the NRC and to 
industry. 

Extended Fuel Cycle 

The economics of nuclear power are strongly determined by 
the availability of nuclear plants for electricity generation. The 
frequency and duration of refueling outages are among the factors 
that influence plant availability. H nuclear fuel were present in 
reactors for a longer period of time without reducing operating 
efficiency, nuclear plants might achieve greater availability and 
spend less for fuel fabrication, spent fuel storage, and waste dis
posal. However, extending the period between refueling outages 
could in some cases also extend the time between preventive main
tenance and component and system testing. So extended fuel cycle 
research is aimed not only at demonstrating the safety of new fuels 

· but also at demonstrating the safety of extending the period of 
time between scheduled outages. 

Both industry (in this case the utilities and the nuclear fuel 
suppliers) and DOE have research programs on extending the use
ful life of nuclear fuel. To the extent that this research is motivated 
by economic considerations, industry should be primarily respon
sible for funding and setting the agenda for the research. DOE 
began research in this field at a time when uranium resources were 
thought to be at risk . The purpose of the research was to stretch 
those resources as far into the future as possible. With the cur
rent worldwide glut of uranium, this justification for the program is 
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reduced. Nevertheless, extended bumup fuels raise potentially sig
nificant issues for the management of the nation 's high-level waste 
repository program, and DOE would be justified in conducting 
research to 888e88 the potential impacts of high bumup fuel on 
waste packaging, handling, and repository size requirements. At 
some point,  the NRC may need to conduct confirmatory research 
in order to permit extended-life fuels to be licensed, but because 
the lead time for this research is likely to be shorter than the 
expected lead time to develop the technology, this research need 
not yet be done. Furthermore , when the time does come to engage 
in this research, the NRC should ensure that it is done but should 
not pay for it. This is a case where the NRC should direct industry 
to pay for the needed research. 

Human Factors, Iustrumentation and 
Control, and Operations 

One of the most significant lessons of the accidents at Cher
nobyl and Three Mile Island is that the people who design, operate, 
maintain , and manage nuclear power plants make up a system ev
ery bit as important to safety as the major components in a nuclear 
plant. At any time of the day or night, plant operators must be 
ready and able to diagnose disturbances in plant operations and 
prevent them from leading to a major accident. We now have 
enough operating experience to know that human errors are a 
significant contributor to the class of reportable events that oc
cur at nuclear power plants, and we also know from probabilistic 
risk analyses that human errors are a significant contributor to 
plant risk. Operating experience indicates that some errors can 
be triggered by the failure of instrumentation and control systems 
to operate reliably and to assist operators in preventing events 
from occurring that challenge plant safety systems. Still others 
can be related to faulty or improperly executed operating and 
maintenance procedures. 

Instrumentation and control system research should aim to 
provide (1) diagnostic aids and instrumentation for nonsafety sys
tems so as to reduce human errors and improve early diagnosis 
of incipient failures, and (2) new techniques and instruments, in
cluding sensors and microproceasors, for on-line calibration and 
testing. 
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All theise areas-human behavior, instrumentation and con
trol, and operations-are in fact related to one another and belong 
within a single category of human factors research. Human factors 
research encompasses two broad areas and the following topics: 

For normal operations: 

• control room management 
• maintenance management 
• training in plant operations and maintenance 
• management of the interface between control room opera

tion and maintenance 
• optimization of the division of labor between human oper

ators and plant systems, including development of expert 
systems 

For accident situations: 

• development of sensors, displays, and redundant instru-
mentation 

• development of real-time simulators for training 
• development of improved accident diagnostics 
• analysis of operating crew behavior 
• emergency operating procedures , including development of 

expert systems 
• integration of human factors engineering into the design of 

safeguards and other engineered safety features 

Both the federal government and industry have responsibil
ities in human factors, instrumentation and control, and opera
tions research, but the government has very little activity of this 
kind focused on existing reactors . For its part, industry should 
be funding an integrated program in these areas. But because 
industry views the NRC licensing process as an impediment to in
corporating advanced technology into current plants , there is little 
likelihood that an integrated effort will be forthcoming. For this 
reason the federal government must establish a base program that 
encompasses these various areas and seek to play a leading role 
in encouraging the transfer of advanced technology for improving 
human reliability to the nuclear industry. At present, the NRC 
has almost no program whatsoever , and few national laboratories 
have much human factors expertise . The bulk of the expertise is 
in industry outside the nuclear field. 
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The NRC must sponsor this kind of research because without 
a major program of its own it will be slow to respond to the 
improvements currently being developed in some of the rapidly 
changing technologies in this field, such as process control. Many 
of the technical fields properly included within human factors 
research are so new that the NRC will need its own independent 
research program just to keep track of developments. Perhaps the 
crucial point to be made is that the NRC needs to establish a 
regulatory climate that encourages technological advances in the 
area of human factors, rather than one that is merely neutral with 
respect to it, as is now the ease. DOE should fund and direct its 
contractors who operate DOE reactors to perform research in all 
of these areas, because the research is needed for the continued 
safety of DOE reactors, because it is largely developmental, and 
because new technology is not required for commercial reactors by 
existing regulations. DOE's advanced reactor R&D programs can 
be expected to produce results applicable to existing plants. The 
agenda for this research should be set cooperatively by industry, 
the NRC and DOE. 

Nondestructive Testing and Examination 

Nondestructive testing (NDT) and nondestructive examina
tion (NOE) are important technologies for in-place examination of 
nuclear power plant equipment and systems so that early indica
tions of degradation can be obtained. In principle, NOT and NOE 
can provide crucial data necessary for determining when to make 
repairs and modifications to plant components. Further research 
is needed to develop NDT capabilities not now available, to refine 
the sensitivity and accuracy of the techniques now in use, and to 
develop and validate the reliability of advanced methods such as 
acoustic emission technology. Research is also needed to develop 
methods for extending NDT to reactor internals. 

Both the industry and the NRC have relatively large pro
grams in NDE. EPRI sponsors an NOE center in North Carolina, 
and the reactor vendors and other contractors have established 
service businesses supplying NOE and NOT techniques to the 
utilities. The NRC is sponsoring research in this field in order to 
be able to confirm the applicability and reliability of NOT and 
NDE techniques used by licensees. Certain types of nondestruc
tive examination and testing are relatively new and could provide 
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new technical approaches to monitoring plant component and sys
tem degradation. Because of this promise, the NRC and industry 
programs in this area should dedicate a portion of their funding 
to basic and exploratory research. 

Plant Agln.g (License Extension) 

Current operating plants were licensed to operate for either 
30 or 40 years, depending upon when they were built. Some 
of these have licenses that begin to expire during the 1990s. It 
is common practice in the United States to extend the lifetime 
of large .industrial facilities beyond what was anticipated when 
they were built, especially if they are capital cost-intensive. The 
nuclear industry believes that this will be especially appropriate 
for those nuclear power plants where no major licensing issues are 
outstanding and where the capital cost of the facility has been fully 
paid off. Because the cost of capital is the m�or component of the 
cost of nuclear-generated electricity, electricity produced by such 
plants is relatively inexpensive. These economic considerations, 
coupled with the current reluctance of utilities to consider building 
new capital plants of any kind, mean that there will be increasingly 
intense pressures to keep existing nuclear power plants running as 
long as is safely pOBSible. In order to extend the life of plants 
now in operation, the utilities will need to be able to have their 
operating licenses extended. 

Consequently, the NRC needs research to enable it to define 
whether safe conditions for license extension can be found. This 
will be a difficult and challenging problem, because each request 
for a license extension will depend upon the operating history, 
design characteristics, and anticipated mode of future operation 
of each plant. Although there is work on plant aging in progress, 
both within the NRC and among the utilities and vendors, the 
committee has seen no evidence that the results are being used in 
a systematic way to develop an integrated approach toward life 
extension research and regulation . 

The NRC needs and should fund research that will allow 
it to set new design margins and to evaluate the adequacy of 
existing ones under extended-life conditions. The utilities need 
and should fund research to prove that license conditions set by the 
NRC can be met. Because the industry has enormous incentives 
to conduct research in this area, it should play a m�or role in 
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funding plant aging research. However, DOE also has a role to 
play because it needs the research to ensure the continued safety 
of DOE's production reactors, because it can provide industry 
with useful spin-oft's from development work in other areas such 
as nondestructive testing and examination , and because it can 
provide industry with insights from efforts to design advanced 
reactors intended to operate for a long time. 

Since this research is of mutual benefit to the NRC, the DOE, 
and the utilities, the agenda for plant aging research should be set 
cooperatively. Indeed, an integrated, well-thought-out program of 
research should be undertaken. The research should focus on long
term chemical damage to pipes, valves, and other components ex
posed to gases and liquids, on long-term radiation damage to core, 
structural, electrical, and instrument components, and on long
term effects of operational cycles on mechanical integrity (fatigue 
and wear) . The program should analyze the ability of compo
nents and systems to function beyond their design life. Examples 
of specific research topics in this field include in situ weld-repair 
techniques; structural integrity of plant systems, including the 
long-term integrity of radiation-embrittled materials; on-line diag
nostics to measure degradation, including nondestructive testing; 
and the effectiveneu of in-place annealing on the brittle fracture 
behavior of reactor pressure vessels. 

PoHcy Research 

One of the primary purposes of nuclear safety research, es
pecially that funded or required by the NRC, is to inform reg
ulatory decisions. However, little systematic research has been 
conducted on the use of scientific and engineering knowledge in 
nuclear regulation-a context in which legal requirements, interest 
group politics, and the exercise of policy discretion by government 
decisionmakers are all at least as important as knowledge. Nor has 
research been conducted into what sort of knowledge is most useful 
or in what form it is most usefully presented to decisionmakers. 

Neither the government nor the industry currently funds pol
icy research focused on these issues. Their importance for the 
effective use of research results justifies a modest effort by both 
the NRC and the utility industry. One example of the role of such 
research is in seeking to reconcile the differences in perspective 
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between geophysicists and engineers who design nuclear reactor 
components, structures, and systems (see below) . 

QuaUty Assurance/Quality Control 

Good quality assurance practices are important elements in 
the design, construction and modification of nuclear power plants 
and have a direct bearing on safety. The construction of a nuclear 
power plant must proceed in an orderly manner, with a high de
gree of management control and quality review. Experience has 
shown that standard construction practices do not consistently 
ensure that these goals are achieved. Deficiencies in quality assur
ance/quality control (QA-QC) have led to costly delays in plant 
start-up and, in some cases, have contributed to cancellation of 
the plant. 

Research is needed to develop techniques to evaluate the 
as-built condition of nuclear power plants, and to track these 
conditions over the life of the plants to ensure that repairs and 
modifications that were made to correct faulty conditions do not 
lead to future problems. Topics in this field include the reliabil
ity and efficiency of QA-QC practices, human factors in QA-QC, 
construction-induced anomalies and their repair, and QA-QC data 
base management. The aim of this research should be to establish 
the QA-QC systems for achieving safety and full compliance with 
codes and standards. 

The market for improved light water reactors and other ad
vanced reactors is likely to be contingent upon, among other 
things, the availability of QA-QC practices that afford greater 
assurance of quality in construction than is now typically being 
achieved. Research is needed to provide these improved QA-QC 
practices, including development of more effective systems of QA
QC documentation with advanced approaches to scheduling, con
figuration control, document control , records management,  ma
terials control, materials storage, inventory control, and testing. 
The goal of this research should be to develop superior alternatives 
to the current paper-intensive approach to quality assurance. 

Industry has the responsibility to fund research in QA-QC; the 
NRC should not be funding research in this field. H the industry 
is unwilling to do the research , it would be more appropriate for 
the NRC to direct the industry to do it than to fund it itself. 
The agenda for QA-QC research should be set by industry, with 
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the exception of research in direct support of the NRC's ability 
to regulate where the agenda should be set cooperatively. The 
agenda for any basic and exploratory work that may be required 
should be cooperatively funded and cooperatively set by DOE and 
industry. 

Reevaluatln.g Exlstln.g Regulations 

Over the last 25 years the federal government has amassed 
a large body of codes, standards, criteria, regulatory guides, and 
rules with which to regulate the various aspects of the nuclear fuel 
cycle. These were incorporated, one by one, into the framework 
of existing regulations as they were issued. By now a number of 
these technical codes and standards are thought to be out of date ,  
if for n o  other reason than because research in nuclear safety and 
in other fields has continually revised and augmented the store of 
knowledge in science and engineering. Furthermore , the industry 
has produced a base of operating experience that can be used 
to reevaluate the existing safety margins contained in the regula
tions. A systematic research program is now needed to evaluate 
the overall adequacy of the existing regulations, integrating mod
em scientific and engineering understanding and the accumulated 
lessons of plant operating experience into a more coherent system 
of regulations. As a consequence of this work, some currently out
standing safety issues may be brought to regulatory closure , and 
areas where further research is needed may be identified. But the 
real purpose of a program to reevaluate the existing regulations 
is to rewrite the regulations so that they are more consistent and 
more efficient in ensuring public safety. 

Rellability of Plant Components and Plant Systems 

Nuclear power plants in the United States average many more 
reactor shutdowns per year than their Japanese and French coun
terparts. The failure of plant components and systems has been a 
significant contributing factor in a number of these shutdowns. In 
many cases the components and systems that have failed (valves, 
valve operators, pumps, small turbines, control equipment) were 
not specifically designed for the nuclear industry; they are con
ventional equipment designed for many different industrial appli
cations. Component failures can degrade plant protection systems 
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and challenge the capabilities of the operating staff. The relatively 
large number of significant failures of components and systems in 
the last year illustrates the need for increased component and 
system reliability. 

Additional research is needed to extend real-time monitoring 
to other components and systems, to develop better methods of 
monitoring component adjustments and calibration, to establish 
better data acquisition and analysis of component reliability, and 
to optimize programs of preventive maintenance. One goal of this 
research should be to achieve better understanding of the effects 
of different system parameters, such as pressure and temperature 
gradients and fluid flow, on the performance of plant components 
during transients. Developmental work should be undertaken to 
determine whether simplifications or other changes in the design 
of plant systems can be made to increase plant reliability, safety, 
and economy. 

Because this is an area of research in which economic and 
safety objectives are virtually inseparable, it is a prime candidate 
for cooperative NRC-industry research. The NRC needs research 
in this field to confirm that the components in the plants it regu
lates are sufficiently reliable to meet overall safety objectives. The 
industry needs the same assurances, and it also needs improved 
plant availability. The Institute of Nuclear Power Operations in 
Atlanta is developing a component reliability data base that holds 
great promise for future research; both the utilities and the NRC 
can use this data base to further their research programs. 

Safety Analysis Methodology and Application 

Probabilistic risk assessment (PRA) is an analytical technique 
for evaluating plants and plant systems. Although there are sig
nificant uncertainties in the risk estimates derived from PRA, 
its techniques have been used to assign priorities to programs of 
research, design, and plant operations. When properly applied , 
these methods can assist in interpreting operating experience, in 
analyzing data on the reliability of components and plant systems, 
and in identifying potential contributors to severe accidents. 

The development of PRA methodology necessarily resulted 
largely from generic studies of the elements of risk in nuclear 
plants and applications of the methodology to illustrative plants. 
The generic approach was, and to some extent still is, essential 
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to the development and refinement of the methodology. Early 
generic risk 888e88ments, however, were widely claimed to provide 
important insight into the extent of risk associated with nuclear 
plants in general. But a reading of the PRAs that have been 
conducted suggests that many, if not most, of the contributors to 
risk are plant-specific rather than generic in nature. 

Experience suggests, therefore , that future PRA activities 
should be directed primarily at plant-specific studies. The pri
mary value of the PRA is not the results it provides to the NRC 
but rather the knowledge, insight, and decisionmaking capabil
ity it can provide to the utility. The succeeeful application of 
PRA techniques to specific plants requires the participation of the 
utility's operating staff, u well u physical examination and anal
ysis ( "walk-throughs• ) of the entire plant, comparing the plant 
u built against the plant's final design. Nevertheless, the NRC 
needs to be actively involved in developing methods to ensure that 
utility-sponsored PRAs are adequate and to ensure that it can 
independently evaluate their strengths and weaknesses and their 
implications for plant safety. 

Further improvement of PRA methodology will result from 
its widespread application to specific plants. However, certain 
improvements are likely to require generic research. For exam
ple, the analytical treatment of human factors, dependent failures, 
and external accident initiators in PRAs are difficult areas that 
can benefit from additional research. The incorporation of recent 
severe accident research results into PRAs is another area where 
methodological advances should be sought . Some generic research 
may be needed to ensure that PRA results drawn from studies 
of different plants are comparable. Finally, additional research is 
needed to develop improved methods of identifying reactor acci
dent sequences, plant-specific contributors to risk, and possible 
means of mitigating potential accidents. Both industry and the 
NRC should fund research on PRA methodology, and the agenda 
should be set cooperatively. 

Seismology, SoU Mechanics, and 
Structural Response to Seismic Events 

Current estimates of the risk posed by earthquakes contain 
large uncertainties and suffer from the difficulty of modeling seis
mic phenomena. Research in this field is needed on a broad range 
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of issues, including responses of plant structures to dynamic loads, 
systems response of reactors to earthquakes (i.e., the impact of 
earthquakes on the extent of defense-in-depth) , and soil-structure 
interaction. 

The further research needed to evaluate and reduce these un
certainties will require the formation and use of a sizable data base 
on earthquakes, data on structural failures of industrial plants, and 
data from tests of component fragility under varying loads. It will 
also require better techniques for modeling complex soil-structure 
interactions and the response of structural, mechanical, and elec
trical systems to seismic motions. 

Both the NRC and the industry have significant research pro
grams in the earth sciences largely dedicated to data gathering. 
The collection of data, although helpful, will not eliminate funda
mental differences of opinion about the likelihood of seismic events 
of various severities against which plants might be designed. In 
fact, there is no univenally accepted methodology for interpret
ing seismic data, for extrapolating them into regimes for which 
no actual data exists, or for drawing conclusions from the data 
and applying those to regulatory questions. It is not surprising, 
therefore, that in this field the NRC and industry have a history of 
disagreement. Among the underlying causes of disagreement are 
important differences in perspective between earth scientists and 
engineers. Geophysicists tend to have a retrospective focus and to 
be more concemed with understanding a problem by eliminating 
uncertainty. They have played a leading role in the government's 
earth sciences research program and as advisors to the NRC and 
intervenors on earth sciences issues arising in regulatory proceed
ings. Engineers have a prospective focus and tend to be more 
concemed with solving problems and designing around uncertain
ties. Civil engineers have tended to play a leading role as earth 
sciences advisors to industry. This basic difference in perspective 
between the two groups has led to and probably will continue to 
result in an inability of technical experts relied upon· by the NRC, 
utilities, and intervenors to reach consensus on earth sciences reg
ulatory issues. The NRC and industry would be well-advised to 
seek ways to reconcile the difference. Involving both geophysi
cists and engineers in cooperative research or initiating a series of 
conferences to explore their disagreements might help. 
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The federal govemment has a substantial program of research 
in the earth sciences, carried out principally by the U.S. Geolog
ical Survey, much of it directly relevant to the safety of nuclear 
facilities. The NRC could benefit from better coordination and 
collaboration with the USGS program. In addition, the NRC 
needs to focus greater attention on the difficult problem of system 
and plant response to beyond-design basis earthquake-induced ac
cidents. 

Severe Accidents 

One outgrowth of the accident at Three Mile Island was an 
increased emphasis on research to understand the phenomenol
ogy of severe reactor accidents and how to mitigate them. This 
research has led to significant advances in the state of our knowl
edge about the complex physical and chemical processes of severe 
accidents, but uncertainties remain conceming the adequacy of 
the computational methodology used to analyze severe accidents 
and the reliability of the experimental data base that supports it. 

Long before the Soviet nuclear accident at Chemobyl, it was 
clear from severe accident research that the major source of risk 
to the public stems from accident sequences that threaten the 
integrity of reactor containment structures. One of the principal 
goals of future severe accident research should be to establish con
tainment performance, and this will require further basic research 
on the physical and chemical processes relevant to severe accidents 
that might breach containment. 

Both the NRC and the industry currently have large research 
programs on severe accidents. Nearly a quarter of the NRC pro
gram, in fact, is devoted either to research on severe accident 
phenomenology or risk assessments related to it. Severe accident 
research can be aimed either at preventing or mitigating severe 
accidents or both, although it is more often aimed at mitigating 
them. The committee believes that more research on accident 
prevention-including research to analyze the adequacy of alter
native means of core cooling (such as "feed-and-bleed" ) ; to analyze 
the effects of unusual transients that go beyond the design basis 
of the plant; and to improve plant-specific PR.Aa-is required now 
that the mitigation issues are being resolved. 

This is an area in which both the industry and the NRC 
need data and where both need to be able to trust the findings. 
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Experimental work on aevere accidents should be organized co
operatively by the industry and the NRC. Funding and agenda 
setting for methodology development, however, should proceed in
dependently because the NRC should not be solely reliant upon 
industry in the evaluation of severe accident research results. 

Thermal Hydraullcs 

Thermal hydraulics has been the dominant area of nuclear 
safety reaearch since regulatory research began. Prior to the ac
cident at Three Mile Island, nuclear safety research in thermal 
hydraulics was focused on reactor steady state conditions, re
actor transients, and large-break, loas-of-eoolant accidents. The 
focal piece of the NRC's early research was the Lose-of-Fluid Test 
(LOFT) program and the LOFT reactor at the Idaho National 
Engineering Laboratory. In many ways the legacy of LOFT
the perception of it as an enormously expensive, largely failed 
and mismanaged project, particularly before a management re
organization in 1977-still continues to dog the NRC program 
as a whole. Since Three Mile Island, however, the entire direc
tion of safety-related thermal hydraulics research has changed; the 
emphasis now is on small-break, loas-of-coolant accidents and off
normal thermal hydraulic plant behavior (so-called "transients" ) . 
The principal reason for this focus is the recognition, based on 
operating experience, that complex transients are a more credible 
source of accidents than originally thought. 

Research in this field has two principal aspects: large-scale 
computer codes and both large- and small-scale experiments. Fu
ture research should further analyze the response of existing plants 
to thermal hydraulic transients and develop more effective compu
tational tools and numerical methods for modeling and simulating 
thermal hydraulic phenomena. Research should be designed to 
provide fast running versions of the existing suite of computer 
codes for use in nuclear plant analyzers and reactor simulators. 
These tools could provide analysts with better means of evaluat
ing reactor response to upset conditions and provide reactor oper
ators with better ways of testing emergency operating procedures.  
As computerized systems become faster, attaining both real-time 
capability and more realistic simulation , they can be expected to 
provide invaluable assistance in the training of nuclear power plant 
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operators. Many of the existing codes contain bounding-type as-
8U1Dptions rather than realistic models. For advanced computer 
systems to be completely effective, therefore, substantial research 
will be needed to upgrade and validate the existing codes and 
to develop and validate new ones. The current codes are integral 
parts of the reactor liceuing process, and they must be demonstra
bly valid and readily available to all who need them. In addition to 
complex transients, phenomena such as flow-induced vibrations, 
water hammer, and the off-normal behavior of steam generators 
are candidates for early further thermal hydraulics research. 

Code validation and greater understanding of thermal hy
draulic phenomena both depend upon the results of properly de
signed and conducted experiments. The United States has very 
few remaining governmental facilities for experimental thermal 
hydraulics research, and some of these are to be dismantled in a 
few years. New facilities are being planned or built abroad, in
cludins ROSA IV (Japan) , BETHSY (France) , and SPES (Italy) , 
and U.S. researchers participate in work at some of them. These 
facilities have been designed specifically to study small-break, 
loss-of-coolant accidents and thermal hydraulic transients. Con
struction and operation of facilities for experimental research are 
time-consuming and expensive, but there is a continuing need for 
experimentation. The United States must plan on being an active 
participant in these international programs for the long term. Al
though the utilities have in the past participated in international 
work of this kind, the international character of the work indicates 
that the NRC has the principal responsibility for funding and 
helping to set the agenda for international experimental thermal 
hydraulics research. Nevertheless, EPRI can and should play an 
equivalent role. 

The NRC needs thermal hydraulics research to regulate ex
isting reactors. For example, the thermal hydraulic behavior of 
some reactors during small-break, loss-of-coolant accidents un
der station blackout conditions (e.g., pump seal loss-of-coolant 
accidents) are not well understood. The NRC needs to conduct 
sufficient research in this field to know whether industry has done 
the right work, correctly and competently, and what the research 
results mean. For these reasons, some research should be funded 
by NRC. 
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FUTURE PLANT DESIGNS 

Because the work of this committee was sponsored by the 
NRC and because of the limited time available to do the study, 
the committee tended to focus primarily on the research program 
of the NRC. The NRC's mission is to regulate the safety of current 
reactors and to review the safety of reactor designs that industry 
wishes to build. As a result of the prevailing conditions in the 
industry and the constraints on the NRC's research budget, the 
agency is currently sponsoring no research on advanced reactor 
safety (except for a relatively insignificant amount of "technical 
assistance" ) . Essentially all such research is sponsored by DOE 
and by industry. As a result , the committee did not examine safety 
research on future plant designs in any depth. 

Nonetheless, there is one comment related to public policy that 
the committee must make here. The NRC should now consider 
what research must be conducted (by the NRC and by others) 
relative to the safety of new reactor designs and, in particular, 
what standard of safety such reactors must meet. The urgency of 
having the NRC address these issues derives from the fact that 
a consideration of licensing requirements is a necessary part of 
plant design . Designing an advanced reactor without considering 
the NRC's safety concerns and regulatory requirements makes 
no sense, but designers will have no alternative unless the NRC 
provides adequate guidance. It is poor public policy to have DOE 
and industry funding advanced reactor research and development 
while the NRC has failed to lay the regulatory basis for such 
reactors. The Commission's recent policy statement on advanced 
reactors fails to provide the program of regulatory research on 
advanced reactors with the detailed guidance that it requires. 
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Eliminating Barriers to an 

Effective Program of Nuclear Safety 
Research 

The previous chapters of this report explain why nuclear safety 
research is needed, identify principles for determining who should 
fund , who should conduct, and who should set the research agenda, 
and show how those principles might be applied in organizing the 
nation's future program of safety research. This chapter identifies 
barriers to an effective program of nuclear safety research that 
exist within the NRC and in its relations with OMB and the 
Congress, and it recommends steps that the committee believes 
must be taken to eliminate the barriers. 

Most of the committee's recommendations can be imple
mented by administrative changes within the NRC, without any 
outside action. Some require the support of Congress and the 
administration. It is hoped that this report will provide the justi
fication for these long overdue administrative reforms. 

The U.S. nuclear safety research program is widely perceived 
to be in trouble. This view is based not only on the planned closing 
of all U.S . facilities for large-scale experimental research related 
to current commercial reactors and the steadily decreasing budget 
of the NRC, but also on the increasing difficulty the NRC has in 
explaining the value of its research program to OMB and to the 
Congress. The committee has not tried to determine and does 
not know what the right amount is for nuclear safety research . 
However, the committee does know that,  while stable funding is 
important ,  stable funding alone will not produce an effective re
search program. An important source of the problems alluded to 
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throughout this report is the management practices and structure 
of the NRC (see Figure 1 ) .  Until the NRC's management prob
lems are addressed, there will be little basis for determining what 
level of support is the one at which funding should be stabilized. 
Even though the committee was not in a position to address the 
question of the "right" dollar amount for the NRC research pro
gram, it strongly believes that whatever the appropriate amount 
may be, more real value will be attained for each dollar spent 
on nuclear safety research if the reforms recommended below are 
implemented. 

Needless to say, administering a multimillion dollar program 
of safety research is a formidable challenge. The director of re
search at the NRC is responsible for a staff of more than 200 
professionals and for managing a range of activities involving lit
erally hundreds of different participants and organizations. The 
director is responsible for the following: 

• Staffing the program (devising and implementing guide
lines and incentives that can be used successfully to recruit 
and develop a competent and dedicated staff of public ser
vants who are interested in and capable of planning, con
tracting, and communicating the safety research program) 

• Designing the program (coordinating with users and other 
research sponsors to set a research agenda that implements 
a sound safety philosophy) and following through (working 
with other NRC offices to ensure that the results of research 
are appropriately used) 

• Contracting for the research (establishing a process that 
employs the best available procedures for identifying , hir
ing , and retaining the services of the most qualified re
searchers) 

• Communicating and securing support for the program (ne
gotiating the scope and direction of the program with the 
commissioners, the OMB, and the Congress, and explain
ing and justifying the program to the public) 

The remainder of this chapter looks at nuclear safety research 
at the NRC from the perspective of the management responsi
bilities of the NRC director of research, the executive director of 
operations, and the Commission . It identifies a number of man
agement problems that prevent the NRC program from being fully 
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effective, and it makes recommendations that the committee be
lieves could lead to a more effective program of nuclear safety 
research. 

STAFFING THE SAFETY RESEARCH PROGRAM 

During the last decade some very good work has come out of 
the NRC research program. Nonetheless, over the same period of 
time there has been a continuing erosion of research competence 
within the Office of Research, an erosion that seems to have ac
celerated after the 1981 merger of the Office of Research with the 
Office of Standards Development. Information presented to the 
committee indicated that fewer and fewer of the senior NRC re
search staff are experienced in actually doing research , as defined 
in this report , and that the recruiting of truly first-rate researchers 
may have become even more difficult for the NRC than for othel' 
federal agencies. 

The committee therefore recommends: 

1 .  The NRC should bring in some high-caliber people with 
active research experience to bolster top and middle management 
of the Office of Research. 

The committee recognizes how difficult this may be. Laek of 
widespread public support for nuclear power raises the level of 
uncertainty about career prospects within the field and reduces 
the pool of prospective researchers and research managers. In im
plementing this recommendation, it would clearly be preferable if 
the NRC could attract experienced researchers who were willing 
to make long-term commitments to the agency. One potentially 
beneficial (albeit unintended) side-effect of the downward trend of 
funding for nuclear safety research is that it may have made avail
able qualified researchers for agency employment . Nevertheless, 
experienced researchers may not be willing to make commitments 
to the NRC. Because the need for experienced research managers 
is so great, the agency should consider hiring experienced re
searchers even if they are available only for short-term (two-year) 
leaves of absence from permanent positions elsewhere in or outside 
the federal government . 

In 1980 the Commission combined the Offices of Research 
and Standards Development under the then standards director. 
Over the ensuing period the research manager positions have been 
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gradually filled by former members of the standards staff'. The 
original intent of the merger was to provide a better transition 
from research result to effective regulation. Unfortunately, the 
result hu been more for regulatory formalism to displace technical 
competence and experience in the management of the research and 
thereby to diminish the effectiveness of the program. 

The committee recommends: 

2. The NRC should consider separating the functions of stan
dards development and research. 

The committee acknowledges that there could be some disrup
tion as a result of such a change. However, the committee judges 
that on balance the price may be worth paying. 

DESIGNING THE SAFETY RESEARCH PROGRAM 
AND FOLLOWING THROUGH 

Designing a program of nuclear safety research is necessarily a 
complicated, ceaseless, evolutionary proceBB with a number of cen
tral features. The program should be designed through a proceBB 
that includes the following: 

• establishing a research philosophy, 
• developing and implementing long-range strategies, 
• setting near-term priorities, and 
• coordinating with others in the design and use of the pro

gram. 

The lut of these is as critical as the other three . To design 
an effective program, the Office of Research must consult with 
users of research both inside and outside the agency, including 
in the former case the Office of Nuclear Reactor Regulation and 
the commissioners. Coordinating with these various parties is 
especially important in the design of the program because it is 
only through this process that the agency's research philosophy, 
long-range goals, and research priorities can be integrated into a 
cohesive program. It is at this step in the process that the program 
will succeed or fail to achieve direction. 

Establishing a Research Philosophy 

A program of safety research cannot be properly designed 
without a research philosophy that supports the mission of the 
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agency to guide it . Yet the current NRC research program aJ>
pears to lack such a philosophy. Developing such a philosophy is a 
difficult undertaking, but it is one of the primary responsibilities 
of the Commission. There cannot be five separate philosophies for 
the agency, one for each commissioner, without wreaking havoc on 
the research program. The program requires a consensus philoso
phy that gives direction to research planning, and that provides a 
framework on which the program can be built , guidelines for es
tablishing priorities and focusing the research effort, and criteria 
with which to assess whether a given area of research is continuing 
to serve a useful purpose. 

For these reasons the committee recommends: 

3. The NRC should develop a cogent research philosophy 
that can be used to direct and assess the effectiveness of the safety 
research program. If the Commission is unable to reach agreement 
on a research philosophy, then the chairman must develop one on 
his or her own.  

An appropriate philosophy of safety research would make clear 
that the agency has a commitment both to the continuing review 
of knowledge gained from operating· reactors and from ongoing 
research and to the revision of existing safety regulations in light 
of that experience. 

An example of one of the benefits of having a research · philos
ophy is that such a philosophy would make clear what organizing 
principle or principles are being used to construct the program of 
research, for example, what determines the balance between re
search on accident prevention and research on accident mitigation . 

While at a policy level the Commission and Congress need to 
determine how safe is safe enough, at the research level the philos- . 
ophy must be that sufficient information is available to assure that 
policy decisions are made on the basis of the best available knowl
edge. Thus, research that is wholly focused on supporting existing 
or proposed regulations would too narrowly circumscribe the re
search mission by ignoring the broader need to acquire knowledge 
to identify and anticipate the unexpected. Similarly, research 
that tends to challenge existing wisdom about nuclear plants
either suggesting the need for more or less regulation-cannot be 
restricted or kept from the public eye merely because such infor
mation may be used by others to urge the Commission to alter its 
regulations or otherwise change its view of how safe is safe enough . 
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In the fullest sense a sound research program is apolitical and must 
be committed to the principle of full and complete information. 
Once such a philosophy is established, the research program can 
and should rise above the political fray. 

Developing and Implementing Long-Range Strategies 

Each year since 1981 the Office of Research has issued a long
range plan. Previously the office occasionally issued planning d� 
uments as part of the so-called "Rainbow series" of regulatory 
activity reports. The principal function that the current long
range plan seems to serve is simply to force interaction between 
the Office of Research, the other user offices, and the ACRS .  Some 
coordination occurs because of the existence of this mechanism, 
but it seems almost incidental to the plan itself. The NRC long
range plan is not really a plan so much as a description of current 
projects. So although many "long-range plans" have been written, 
there is little long-range planning. (This happens to be true not 
only at the NRC but within the federal government as a whole.) 
The purpose of long-range planning ought to be to instill in the en
tire program a sense of its long-range strategies for implementing 
the agency's research philosophy. It should clarify the connection 
between the research philosophy and the various elements of the 
annual budget, but it has no value if it does nothing more than re
count what that budget consists of. In fact, the process is likely to 
be more important than whatever plan may emerge from it. The 
point of the exercise is to engender a discussion of the connection 
between the organizing principle(s) for research and the structure 

· of the future program. 
For these reasons the committee recommends: 

4. The NRC should establish a research program planning 
process involving all of the relevant offices within the NRC, as well 
as representatives from industry and the university research com
munity acting as participating advisors. The line responsibility for 
planning should rest with the director of research. 

The resulting process can be used to deal with some of the prob
lems discussed below concerning coordination with the user com
munity and other sponsors of research. 
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Setting Prlorltles (Developing an Annual Budget) 

The fact that there is virtually no human factors research 
within the current annual budget of the Office of Research, in 
spite of the clear indication that research in this area is vital to 
assuring the safety of operating reactors, indicates that something 
is seriously wrong with the way the agency goes about structur
ing its program and setting its budget priorities. As noted above, 
the current process shows little indication of being connected to 
either a research philosophy or a long-range strategy of research . 
The annual review of the budget ought to be logically related 
to a long-range strategy for implementing the research philoao
phy. Effective management of the overall program and effective 
planning of the annual budget require that the Office of Research 
review the logic of specific program elements. This should be ac
complished through a process that involves interacting with four 
different groups: the user community within the agency (includ
ing the other program offices, the Advisory Committee on Reactor 
Safeguards, and the commissioners) ;  other sponsors of research ; 
an independent group of expert advisors to the Office of Research ; 
and the oversight bodies within the executive branch and the 
Congress. The annual program that emerges from these interac
tions should be consistent with the agency 's long-range strategy 
for implementing its research philosophy, and it should reflect a 
consensus on the appropriate priorities for achieving the objectives 
embedded in that philosophy. There are important management 
issues that must be addressed in order to establish proper work
ing relationships between the Office of Research and these four 
groups. The health of these relationships is vital to the health of 
the research program as a whole. 

Coordinating with the User Community 

In the present context, the user community includes the other 
program offices (Office of Nuclear Reactor Regulation, Inspec
tion and Enforcement, Nuclear Materials Safety and Safeguards) , 
the Advisory Committee on Reactor Safeguards (ACRS) , and the 
commissioners. Unless there is a strong working relationship be
tween the Office of Research, on the one hand, and these other 
bodies on the other, particularly between the Office of Research 
and the commissioners, there is little reasonable chance of having 
a sound research program. A strong working relationship must be 
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developed and sustained in both the planning and the use of the 
research program. 

Coordinating with Other NRC Program Offices. Coordinating with 
the other program offices, particularly with the Office of Nuclear 
Reactor Regulation (NRR) , serves two important functions: to 
communicate the results of research to those who need it and to 
refine the design of the program in order to take into account the 
needs of the user community. 

Although the existing relationship between the Office of Re
search and NRR may be formally correct, with formalized ar
rangements for interoffice concurrence, the transmission of user 
request memoranda, and the distribution of research reports, in 
reality there is insufficient substantive interaction at the level and 
with the continuity and intensity that is needed for a used and 
useful research program. In fact, there seems to be little interest 
in or understanding of the existing research program outside of 
the Office of Research. 

In principle, the results of NRC research should be used in 
regulation, and most (but importantly not all) research should be 
aimed at solving present or anticipated regulatory problems. This 
requires a close working relationship between NRR and the Office 
of Research. However, as noted above, the Office of Research and 
NRR do not work together effectively, merely formally. 

The view from NRR is that although the Office of Research 
sponsors a lot of work , it does little to integrate the results of that 
research. It does not package it in a form that is useful to NRR 
or that brings home the significance of the work to the potential 
user. Research Information Letters (RILs) are supposed to serve 
this function and are still being written by the Office of Research, 
but apparently these are either unread or not useful. In any 
case, while formal synthesis documents have a place, they cannot 
substitute for continuing dialogues about the evolving plans for 
and results of the research program. 

The view from outside the agency is equally critical. The 
national laboratories complain that not enough integration occurs 
between NRR and the Office of Research. The industry often 
appears to be confused by the constant turf battles between the 
Office of Research and NRR. 

There is a natural tension between managers of research and 
those who regulate; it is a variety of the traditional tension between 
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researchers and those charged with applying research. However, 
what the committee found goes well beyond that and reflects 
a serious problem within the agency in the management of the 
relationship between agency users and the Office of Research. In 
an effective working relationship, the potential users respect the 
role of the researchers as technical critics, and the user community 
is intensely involved in setting the research agenda. 

It is important to note that the NRC needs both formal and 
informal mechanisms to involve regulators in setting the research 
agenda, to coordinate research undertaken by the Office of Reseach 
and technical assistance undertaken by NRR, and to encourage 
face-to-face discussions of NRR's needs and the Office of Research's 
programs and results. NRR must have enough competence to 
understand the technical information available from the Office of 
Research; and both parties must work together to understand 
how research results should be applied . What the committee 
has in mind is a proceBS in which staff at the branch level in 
NRR and in the Office of Research regularly (at least weekly) 
meet for an hour or two to informally exchange information about 
what is happening in each other's areas of responsibility. Each 
must be able to understand the basic substance and keep track 
of the progress of the other's work . It is only through this type 
of constant communication and discuBSion that some technical 
transfer takes place; and it is only through such contact that the 
regulator can effectively assist in setting the research agenda. 

The committee recommends: 

5. The executive director of operations should ensure that 
much more face-to-face discussion occurs among the NRC program 
offices at the branch level concerning the philosophy and content 
of the research program. 

Utilization of the products of the research program would be facil
itated if NRC initiated a practice of drafting interoffice documents 
on regulatory issues, with the Office of Research actively partici
pating. These reports should summarize what is known about a 
particular question and what research is still needed and why. The 
purpose of these reports would be to assist standard setting and 
regulation by reaching conclusions on open issues. In addition , 
these documents would provide guidance to the future research 
program. 

Hence, the committee recommends: 
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6. The NRC should adopt the practice of producing interof
fice documents that summarize what is known and what research 
is still needed, and that reach conclusions about regulatory is
sues. The Office of Research should play an active part in the 
preparation of such documents. 

CoordinAting with the Atlvilorr Committee on RetJctor St�fegutJru. 
Because the Advisory Committee on Reactor Safeguards (ACRS) 
has a statutory role in reviewing applications for nuclear power 
plant licenses, its institutional relationship to the Office of Re
search is that of a user office. CongreBS has intervened in that 
relationship for the apparent purpose of using the ACRS as an 
independent research advisory group. Thus for the last five years 
the ACRS has been formally responsible for evaluating the NRC 
research program on an annual basis and providing comments on 
the program both to the CommiBSion and to the CongreBS. In 
order to conduct these reviews the ACRS established a subcom
mittee that annually hears from members of the research staff. 
These hearings form the principal bases of the ACRS report . The 
ACRS reviews have had no apparent impact, and CongreBS no 
longer seems to use them. The ACRS has itself asked CongreBS 
to relieve it of the obligation to continue to provide them. In the 
put, the ACRS role was leBS formal; it simply provided whatever 
comments it had on the research program whenever it saw fit. 
CongreBS should understand that because ACRS is constituted to 
review license applications it is not properly structured to serve 
as an independent research advisory group. Active licensee rep
resentatives should, however, be part of such a group; although 
precluded by Commission policy from serving on the ACRS, they 
can be valuable participants as major users and performers of 
research. 

The committee recommends: 

7. The CongreBS should relieve the ACRS of any formal re
quirement to review the safety research program. 

NonetheleBS, the ACRS contains a substantial amount of expertise 
on nuclear safety and the Office of Research should continue to 
coordinate informally with the ACRS or a designated ACRS sub
committee in designing the research program. As research issues 
arise in the course of reviewing license applications, the ACRS 
should continue to recommend appropriate avenues of research 
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to the NRC chairman, and the chairman should ensure that the 
Office of Reseal'ch gives them serious consideration. 

Coordinating with the Commissioner•. It would come as a surprise 
to almost anyone who was unfamilial' with the management of the 
NRC how little coordination occurs between the Office of Research 
and the putative head of the agency, the Commission . In theory 
the five commissioners manage the agency and the agency staff, 
yet in practice they do little policy formulation , program planning , 
or staff guidance and do not appear to understand the program as 
it now exists. This is one of the principal reasons why the research 
program lacks adequate direction .  

It became obvious to the committee that the issue of manag
ing safety research is really part of the larger issue of managing the 
agency. Establishing a research philosophy for planning research , 
identifying and correcting weaknesses in research management ,  
holding the research director accountable-these are basic func
tions of the head of any agency that conducts reseal'ch. Yet the 
commissioners do not now provide this leadership . The structure 
of the Commission and the somewhat self-imposed constraints un
der which the Commission operates seem to make it impossible for 
it to carry out the intense, interactive, critical, and self-critical, 
communication with the staff, advisory groups, other research 
sponsors, and among the commissioners themselves that is re
quired in order to formulate , execute, and use the results of a first
rate research program. The essence of what is needed is intense , 
informal , sometimes combative communication-both within the 
agency and with those outside who can help shape the program. 
The current mode of operating has the effect of preventing just 
such communication, and thus preventing the development of a 
research program that makes real and obvious contributions to 
safety. 

The research management problems that the committee has 
found might stand a better chance of being resolved were there a 
single administrator with management responsibility for the NRC. 
The committee hastens to add , however , that i t  has not fully con
sidered all the ramifications of moving to a single administrator ; 
such a step would encompass a much broader set of issues than 
merely how to manage research more effectively. The committee 
is equally aware that a single administrator would not necessarily 
be better; it depends on the person . 
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The committee therefore recommends: 

8. Options for restructuring the NRC to restore leadership to 
nuclear safety research at the NRC should be reexamined. 

A reexamination of the kind needed is beyond the scope of the 
NRC, and is something for Congreu and the administration to 
consider. 

Restructuring the agency in any significant way is a major 
step that would require congressional action. In lieu of that, and 
given the fact that the research program constitutes almost a third 
of the NRC budget, the committee recommends that the following 
steps be taken: 

· 

9. The NRC chairman should auign a member of his or her 
staff to devote full time to monitoring research, including visiting 
researchers, talking with the Office of Research personnel, and 
sitting in on all meetings devoted to research in order to keep the 
chairman informed. 

In particular, if the ACRS continues to review formally the safety 
research program, this person should attend all ACRS subcom
mittee and committee meetings leading up to the ACRS report 
on the research budget. This is essential in order to be able to 
interpret the ACRS report. 

The committee recommends: 

10. The chairman should require periodic review of the status 
of major research projects. 

This will provide a mechanism for determining whether projects 
are completed, whether knowledge and technology should be trans
ferred to a user, or whether and what further research is needed. 
Finally, the committee recommends: 

11. The chairman should develop an understanding of the 
research program and then personally defend the program before 
OMB and the Congress. 

Successful defense before OMB and the Congress requires bat
tle by a knowledgeable agency head. It cannot be delegated to 
subordinates. 

Coordinating with Sponsors and with Those Who Do Research 

The agency needs to coordinate its program not only with 
the user community within the agency but also with others who 
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sponsor and perform reseal'ch, including the contract research 
community, the national laboratories, industry, DOE, and perhaps 
other federal agencies when appropriate. Currently there is far too 
little coordination or interchange between NRC and DOE in the 
area of nuclear safety research. However, cooperation is not just 
an NRC responsibility; DOE can and should do more on its own 
initiative. 

The committee recommends: 

12. Both DOE and NRC should collaborate to establish insti
tutional mechanisms for periodically sharing appropriate results of 
their respective programs of nuclear safety research, including any 
applicable results from the naval reactor and defense production 
reactor programs. 

Establishing an Independent Research Advisory Group 

The NRC needs a formal mechanism for acquiring external 
advice on the philosophy, management and content of its research 
program. 

The committee therefore recommends: 

13. The NRC should empanel an independent advisory group, 
reporting to the director of research, with expertise in the range 
of disciplines relevant to nuclear safety research . 

The group should be charged with independently reviewing for the 
director of research, from the perspective of the general principles 
cited in this report , the overall structure and thrust of the research 
program. The group should consist of members drawn from the 
contract research community (including the universities) and from 
industry. Involving industry increases the probability that the 
group will ask some tough yet important questions, including "Is 
the benefit worth the cost?" Involving industry will also require 
viewing industry as adversarial partners, rather than merely as 
adversaries. Selection of the membership of the advisory group 
should be based on scientific and engineering competence and 
should provide breadth of coverage across the major categories 
of nuclear safety research. The group should reflect a balance of 
views in order to minimize bias. 
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Establishing Peer Review 

Unless this independent research advisory group has confi
dence in the quality of the work that the agency is sponsoring, 
the NRC will not be able to gain the benefits that a such a group 
could provide. The traditional means by which the scientific and 
engineering communities ensure the quality of research is through 
peer review. The most effective mechanism is for the agency to 
establish independent topical peer review groups and to encourage 
the publication of sponsored research in peer-reviewed technical 
joumals. Peer review would be highly beneficial even if there 
were no advisory group, because it would foster confidence in the 
products of NRC research and help maintain high standards of 
competence in the program. 

The committee therefore recommends: 

14. The NRC should establish independent topical peer re
view groups and encourage the publication of sponsored research 
results in peer-reviewed professional publications. These indepen
dent review groups should be charged with reviewing an research 
products of NRC-sponsored research. 

Some areas of research are sufficiently complex (e.g. ,  large-scale 
scientific modeling and major experiments) that it is not reason
able to expect volunteers charged with peer reviewing the work 
to be able to ensure quality. In such cases adequate peer review 
requires the provision of adequate funds to the peer reviewers. 
Though peer review is no panacea for the range of structural and 
other problems currently burdening the safety research program, 
lack of peer review is an obstacle to the design of a meaningful pr� 
gram and undermines the confidence in the research of intended 
users, both regulators and regulated alike. 

CONTRACTING FOR SAFETY RESEARCH 

One of the primary responsibilities of the director of research 
is to select researchers capable of doing a good job in performing 
the research that the agency needs to have done. The director 
must establish policies and procedures governing the contractor 
selection process, including procedures that permit the agency to 
keep track of a wide range of scientific and engineering disciplines, 
to know who is conducting research in various fields and to develop 
an awareness of their availability to the agency. The director 
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must also ensure that the office establishes a rigorous process 
for acquiring and factoring into the selection process independent 
appraisals of the quality of the work being completed by agency 
contractors. 

There are two basic characteristics of the way the NRC has 
tended to allocate research among potential contractors: heavy 
reliance on the national laboratories and minimal support of uni
versity research. 

Contracting with the DOE National Laboratories 

From 1975 to 1981 the budget for safety research at the NRC 
expanded fourfold (in current dollars) , partly in response to the 
accident at Three Mile Island. But in the last five years that 
trend has turned around and the budget has been progressively 
cut to where it stands today-half of what it was in 1981 .  In real 
buying power the downturn has been even more precipitous. The 
reduction in funding has been accompanied by substantive changes 
in the overall program. Nonetheless; NRC contracting patterns 
have remained basically the same as they were in 1975 when the 
agency was formed--overwhelmingly concentrated in the national 
laboratories. NRC contracting has been strongly influenced by 
circumstances surrounding the birth of the agency ; the NRC was, 
of course, created out of parts of the Atomic Energy Commission, 
which had charge over the national laboratories that conducted 
the bulk of the AEC's safety research. Congress precluded the 
newly established NRC from building its own research facilities and 
directed the agency to make use of ERDA's (now DOE's) national 
laboratories. Not surprisingly, therefore, the new NRC came to 
rely heavily on the national laboratories for the performance of its 
safety research. 

The committee is concerned that a valid basis for contracting 
nearly all of the safety research program through the national 
laboratories does not exist·. The committee concluded that a fair 
competition among the national laboratories, industry, and the 
university research community might lead NRC to allocate a larger 
share of its research to private industry and to contract researchers 
in the universities. 

Hence, the committee recommends: 
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15. The NRC should create a fair and competitive process 
for allocating research among national laboratories, industry, and 
contract researchers including the universities. 

It is important to note that Congress made a similar request 
of the NRC in the past but with little effect. 

This is not to suggest that the national laboratories do not 
do high-quality work . They have made substantial contributions 
to nuclear reactor safety, and can continue to provide not only 
unique facilities for conducting safety research but a staff that in
cludes some of the most highly competent research scientists and 
engineers in the world . However, the NRC program's current and 
previous heavy reliance on these laboratories for more than 80 
percent of the work does not appear to be the result of conscious 
decisions that all of the best people are there or that all of the most 
important proposals come from the laboratories. The committee 
concluded that NRC reliance on the laboratories has been carried 
over from the AEC primarily because of ( 1) the great ease of trans
ferring funds to federal laboratories as compared with contracting 
with other research institutions such as industry and the univer
sities, (2) the availability of experimental facilities and qualified 
research personnel, and (3) the ease of avoiding any appearance of 
conflict-of-interest , which might result from greater reliance upon 
industry. Little effort appears to have been expended by the Of
fice of Research to create a truly fair and competitive process for 
selecting performers of NRC research . 

The committee recommends: 

16. The NRC should charge its contract office to develop 
procedures to make research contracting with organizations other 
than the national laboratories an easily available option, not one 
requiring many months of voluminous paperwork. 

The committee knows from its own experience that federal reg
ulations have provisions that allow re•earch contracts to be let 
without using only the most cumbersome and time-consuming 
procedures in the federal procurement process. The contract of
fices of other major federal funders of research would be good 
sources of advice in identifying these provisions. 

The NRC is obligated to use the best contracting procedures 
that the Congress has made available, but it has not been doing so. 
In most cases the NRC responds to research proposals from uni
versity researchers by initiating formal, open competitive bidding. 
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However, industry and the universities have profoundly different 
organizational structures, so much so, in fact, that industry-based 
and university-baaed researchers cannot actually compete fairly 
against one another in competitive bidding situations. 

On occasion, the NRC has managed to avoid utilizing competi-· 
tive bidding by directing university researchers to go to a particular 
national laboratory that has a research contract with the NRC, 
and in turn directing the laboratory to let a subcontract with 
the university researcher. This practice is of dubious legality and 
is resented both by the laboratories and the university research 
community since it turns research managers at the laboratories 
into middlemen and inserts an unnecessary and burdensome layer 
of management and bureaucracy between the university faculty 
member and the sponsor of the research . 

The NRC is currently considering ways to consolidate work 
at the national laboratories. In particular, the NRC has decided 
to consolidate thermal hydraulics research at the Idaho National 
Engineering Laboratory. 

The committee recommends that the NRC go further: 

17. The NRC should conduct a careful analysis to weigh the 
relative costs and benefits of various options for consolidating work 
at the national laboratories. 

The plan to phase out the large experimental facilities makes con
solidation more feasible . Consolidation might have the benefit of 
increasing laboratory management attention on NRC programs 
and might provide a stronger overall corps of researchers both 
inside and outside the laboratories. Congress might even consider 
reconstituting one or more of these laboratories as a completely 
joint government-industry center for nuclear safety research, per
haps modeled to some extent after the Health Effects Research 
Institute, which is run jointly by industry and the Environmental 
Protection Agency. 

The managers of NRC programs at the various national lab
oratories seldom meet to discuss the philosophy, content, and 
direction of the NRC research program. This means that the 
laboratories have little opportunity to assist in the design of the 
program. 

The committee recommends: 

18. The NRC should institute at least an annual review of the 
program with the principal performers of research, including but 
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not limited to representatives of the national laboratories, EPRI, 
and managers of other major pieces of the research program. 

This will help the laboratories understand where their projects fit 
into the program and will give the NRC the benefit of advice from 
knowledgeable research managers. 

Contracting with the Unlveraltlea 

In the previous section the committee recommended reeval
uating the amount of reliance on the national laboratories for 
nuclear safety research. Industrial laboratories and other mem
bers of the contract research community have competent staffs 
and should be used when they are best qualified to do the work . 
Universities can also be relied on to do significant research. Yet in 
the recent past the universities have received inadequate support 
from the possible sources of funding for nuclear safety research
industry, DOE, the NRC, and the National Science Foundation 
(NSF).  NSF support for nuclear engineering has been reduced to 
approximately half a million dollars, of which only a fraction is 
related to nuclear safety. NRC support for university research is 
a little over $3 million but this is one third what it was five years 
ago. 

AB previously noted, university research has some clear bene
fits. The universities provide a source of independent thinking as 
well as "centers-of-excellence" in basic and exploratory research. 
Dedicated long-term funding of university researchers must be 
available to ensure retention of a corps of experienced academic 
researchers in basic science and engineering and to provide a train
ing ground for the future nuclear safety research professionals that 
will be needed to staff industrial laboratories, contract research 
organizations, and government agencies. 

The NRC has indicated that university-based research is 
highly cost-effective. However, the NRC apparently has had diffi
culty using the universities, in part because of the contract prob
lems discussed earlier and in part because strong links have not 
been sustained between the universities and the NRC. 

The committee recommends: 

19. The NRC should request that Congress expand NRC's 
grant authority and then NRC should award more money to uni
versities as grants, rather than as contracts. 
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The committee also recommends: 

20. The NRC should encourage and assist university faculty 
to do nuclear safety research at the national laboratories. 

Though it is already possible for university researchers. to conduct 
research at the national laboratories , the NRC and the DOE have 
not encouraged researchers in the field of nuclear safety to do so . 
This is why university faculty seldom use the national laborato
ries for nuclear safety research, which is in marked contrast to 
the high-energy physics community where faculty routinely per
form experiments using federal facilities designed for high-energy 
physics research. 

Even if the recommended expansion of grant authority is not 
implemented, the NRC should use its existing grant authority 
more aggressively. 

The committee recommends: 

21 .  The NRC should establish a competitive grant program, 
using peer review panels for selecting grant recipients. 

22. The NRC should assign a staff member the task of over
seeing university research funding. 

DOE plans in FY 1986 to increase support for university
based nuclear research from a little over $2 million to about $6.6 
million. 

The committee recommends: 

23. The Department of Energy should ensure that a portion 
of its budget for university-based nuclear R&D goes to support 
safety research of relevance to current reactors. 

C OMMUNICATING WITH THE OFFICE 
OF MANAGE�NT AND BUD GET 

AND WITH THE CONGRESS 

Once a program is designed , the agency must convince OMB 
and the Congress that its design is sound. A sound research 
program must be based on a safety research philosophy, a long
range strategy, and a set of near-term priorities, with the priorities 
linked to the philosophy and strategy in some transparent and 
meaningful way. It must also have stable funding. This does not 
mean a guaranteed level of funding, but it does mean sufficient 
funding committed over a long enough period of time to permit the 
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closure of individual program elements. Constantly changing levels 
of support, particularly constantly declining levels of support, 
cripple a research program. They undermine basic and exploratory 
research, which tend to get squeezed out in favor of short-term 
needs. And they destroy researcher and staff morale. 

The NRC is understandably concerned about the continuing 
reduction in funds for the agency generally and for nuclear safety 
research in particular. While the Advisory Committee on Reactor 
Safeguards has repeatedly warned that the continuing erosion of 
support is jeopardizing the viability of the safety research program, 
it has been unable to say what would be an appropriate level of 
funding for nuclear safety research. The committee finds itself in 
a similar position. It has received estimates from senior NRC staff 
ranging from the view that the current level of funding is "grossly 
inadequate" to the view that there probably is a little fat in the 
program even at current levels. The committee has concluded 
that it is in no position to say what the right number is or to 
recommend a specific amount for NRC research. 

The committee cannot fail to note, however, that the erosion 
in support for the NRC budget is in this case indicative of a much 
more substantial problem: the lack of meaningful communication 
between NRC and OMB and NRC and the Congress. The OMB 
and the Congress have shown little understanding of or support for 
the NRC program. The responsibility for this problem lies on both 
sides. On the one hand, the NRC program is in dire need of reform. 
By failing to achieve closure of safety issues and thus by denying 
itself the opportunity to explain fully the role of research in leading 
to closure, the NRC undermines congressional and administration 
support. The NRC's failure to use the research program properly 
to help close outstanding safety issues prevents the Congress and 
the OMB from playing a constructive role in overseeing the plan
ning and implementation of the research program. On the other 
side, OMB refuses to recognize the ramifications for nuclear safety 
research of continually cutting the NRC budget. And Congress 
is tom between those who want the safety research program to 
produce tighter constraints on the nuclear power industry and 
those who look to research to relax the existing regulations. The 
division in Congrea , of course, mirrors national attitudes toward 
commercial nuclear power; yet merely passing these along to the 
NRC, without resolving them, exacerbates the agency's difficulties 
in establishing and maintaining an effective program of research. 
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Nuclear safety research is too important to be continually whip
sawed and debilitated by bad management and the vicissitudes of 
the political procese. It requires competent, responsible leadership 
from OMB and the Congrese, as well as from NRC. 
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Appendix A 
Sponsors of Commercial 

Nuclear Research and Development 

This Appendix provides a brief overview of the programs of the 
major sponsors of nuclear research in both the public and private 
sectors. The discussion principally centers on the programs of the 
NRC, the DOE, and the electric utility industry. 

GOVE�NT SPONSORSEDP 
OP NUCLEAR RESEARCH 

The majority of the nuclear safety research funded by the fed
eral government is sponsored by the NRC. Statutory responsibility 
for the NRC's research program, funding for which in fiscal year 
1986 will be about $108 million, resides with the Office of Nuclear 
Regulatory Research. A small amount of safety research is also 
conducted by other NRC program offices. For example, the Office 
of Nuclear Reactor Regulation (NRR) funds about $30 million of 
"technical usistance," of which the committee estimates at least 
$10 million is safety research. 

The NRC's budget for nucle81' safety research is slightly more 
than half of what DOE will spend in FY 1986 on civilian nuclear 
R&D. However, the entire NRC program is safety research in sup
port of current reactors, whereas DOE's program is principally 
aimed at the development of advanced reactors. There have been 
significant reductions in congressional appropriations for NRC re
search over the past five years ; so although in current dollars the 
program is twice the size it was a decade ago, it is le88 than half 
what it was at its peak in 1981.  In terms of true buying power (i .e . ,  
constant dollars) , the reductions have been even more dramatic . 
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Tables A.1, A.2, and A.3 present figures on the NRC research 
program in each of three years: FY 1975, the year the NRC was 
established ; FY 1981, at the height of NRC spending for research; 
and FY 1986, planned spending for the current fiscal year. 

The figures for FY 1975 clearly show that the entire $52 million 
program was dominated by research on thermal hydraulics and ac
cident evaluation. At that time this research focused primarily on 
the analysis of large-break, loss-of-coolant accidents. In order to 
conduct realistic experiments testing the adequacy of emergency 
cooling systems to cope with loss-of-coolant accidents, the NRC 
had previously decided to build a Lou-of-Fluid Test (LOFT) fa
cility at the Idaho National Engineering Laboratory, and by FY 
1975 spending on LOFT had already begun. Over the next decade , 

LOFT was the single most expensive component of the entire NRC 
research program. As early as 1975, Idaho accounted for about 40 
percent of NRC's research dollars. 

The figures for FY 1981 reflect the growth in spending on 
LOFT over the previous six years. Between 1975 and 1981, con
tracts awarded to Idaho quadrupled, in step with the overall qua
drupling in current dollars of the NRC research program, which 
by 1981 had risen to $209 million. Five years later, however, these 
trends were completely reversed. Data on planned expenditures 
for 1986 show the effects of the intervening decision to terminate 
LOFT; NRC contracts to be awarded to Idaho have plummeted 
from 39 percent of the total in 1981 to less than 18 percent of the 
program in 1986. 

The NRC research program has been in transition since the 
late 1970s. The transition has been away from research on large
break, loss-of-coolant accidents toward more complex types of 
accidents. A larger share of the NRC program is now devoted 
to understanding the transportation of fission products and the 
integrity of reactor containments during core melt accidents. The 
principal catalyst for the change in approach was the accident at 
Three Mile Island. 

A comparison of NRC's actual spending for research in FY 
1981  with the program planned for FY 1986 indicates how the 
NRC has accommodated the 50 percent reduction in support it 
has received over the past five years. The reduction was absorbed 
by sharply cutting back on thermal hydraulics and accident evalua
tion research (terminating LOFT and reducing the level of research 
at other experimental facilities) , by canceling all NRC rese81'ch on 
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TABLE A.1 FY 1�7& Allocation of NRC Ruearch Contract Dollan by Dec:i1ion Unit (thou1and1 of 1975 dollan) 

Reactor 
Reactor Thermal Accident Operation• Wute and Advanced 
En,ineerinr HydrauliCI Evaluation and Ri•k Health Reacton Total• 

-

U.S. rovemment 1,907 15 ,760 16,760 766 1 , 137 4,291 39,610 
National 

laboratorie1 1,707 16,716 16 ,736 736 127 4,291 38,310 
Arronne 0 682 140 0 0 360 1 ,082 
Brookhaven 0 486 0 0 0 1 ,271 1 , 766 
Idaho 0 8,908 12,�6 0 0 0 21 ,873 � 
Lawrence Berkeley 0 0 0 0 77 0 77 � 
Lawrence Livermore 0 0 0 0 0 0 0 
Lol Alamo• 0 460 100 0 0 1 ,936 2 ,486 
Oak Ridp 1,707 1 ,990 1,760 436 0 200 6,092 
Pacific Nonhwut 0 3,300 686 0 0 0 3,8815 
Sandia 0 0 1815 300 50 626 1 ,060 

Other U.S. rovemment 200 36 26 30 1 ,010 0 1 ,300 
Univenitie1 126 102 S8 24 2215 200 716 
Private 1ec:tor 864 1 ,166 826 21� 428 65 3 ,667 
Foreirn 0 666 0 0 0 0 666 
State rovemmenb 0 0 0 0 10 0 10 
Unde1i,nated 3,317 2,134 7�2 1 ,084 293 748 8,368 

TOTALS 6,214 19,817 17,416 2,092 2 ,093 5,304 52 ,936 
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TABLE A.2 FY 1981 Allocation of NRC Ruean:h Contract Dollan by Deciaion Unit (thousands of 1981 dollars) 

Reactor 
Reactor Thermal Accident Operation• Waate and Advanced 
Encineerin1 Hydraulica Evaluation and Riak Health Reactors Totals 

U.S. IOVemment 26,879 29,220 81 ,948 24,777 15 ,504 9,390 186,718 
National 

laboratoriu 23,092 29,145 81,783 24,437 1 1 ,944 9,390 1 79,791 
Arconne 2,183 1 ,000 125 280 1 ,606 990 6, 184 
Brookhaven 1,059 2,243 810 1 , 6 10 2 , 164 1 ,840 9,626 
Idaho 1,678 18,815 57,154 3,769 140 0 81 ,466 
Lawrence Berkeley 0 0 90 0 86 0 1 76 
Lawrence Livermore 4,364 0 296 1,702 666 0 6,928 � 
Loa Alamo• 967 3,935 2,S85 1 ,909 390 2 , 260 1 1 ,836 CID 
Oak Ridp 4,182 2,077 7,546 4,379 1 ,896 276 20,364 
Pacific Nonhwut 5 ,2 18 800 5,582 3,448 4, 176 160 19,373 
Sandia 3,551 275 7,796 7,440 922 3,876 23,869 

Other U.S. 
covemment 2,787 75 165 340 3,660 0 6,927 

Univenitiu 839 1 , 194 117 142 6,391 242 8,926 
Private aector 2,200 885 5 ,037 2 ,906 1 ,478 80 12 ,686 

Battelle 307 107 877 823 0 0 1 ,914 
Wutin1houae 0 0 1 ,800 0 1 1 6  0 1 ,916 
General Electric 108 0 1,825 0 0 0 1 ,933 

Foreip 0 490 0 5 326 46 866 
State 1overninenta 0 0 0 0 386 0 386 
Unduipated 3 0 1 0 0 0 0 

TOTALS 28,921 31,789 87,103 27 ,829 24 ,086 9,767 209,484 
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TABLE A.3 FY 1988 Allocation of NRC Ruean:h Contract Dollan by Declalon Unit (thouaanda of 1988 dollara) 

Reactor 
Reactor Thermal Accident Operationa Wute and Advanced 
Enpn"rin1 Hydraulica Evaluation and Riek Health Reactora Tot ala 

U.S. covemment 32,821 14,148 27,141 13,821 1 ,897 0 94,038 
National 

laboratoriu 31,381 14,148 27,141 13,828 4 , 147 0 90,828 
ArlO nne 4,041 240 1,311 0 610 0 8 , 1 10 
Brookhaven 2,401 400 2,040 2,401 945 0 8, 1915 
Idaho 3,800 7,818 1,180 2,4151 250 0 19,341 
Lawrence Berkeley 0 75 0 0 840 0 916 
Lawrence Livermore 1,300 0 0 310 0 0 1 ,810 
Loa Alamoa 1,200 4,838 910 700 0 0 7,4815 � 
Oak Rid,. 7,400 1500 3,911 8215 405 0 13, 1215 
Pacific Northwut 4,770 15 3,155 1,1SO 872 0 9,782 
Sandia 8,80S 42S 10,910 S,780 125 0 24 ,28S 

Other U.S.  
covemment 1,480 0 0 0 1 ,750 0 3,210 

Unlveraltiu 0 434 0 so 2,S83 0 3,067 
Private aector S,402 2,890 1,140 431 1 ,S33 0 1 1 ,396 

Battelle Columbua 1,900 0 1, 140 0 soo 0 3,S40 
Babcock lc Wilcox 0 2,425 0 0 0 0 2 ,42S 
Materiala Enpneerin1 2,110 0 0 0 0 0 2 ,110 
Other 1 ,312 461 0 431 1 ,033 0 3,281 

Forelp 0 0 0 81 175 0 280 
State covemmenta 0 0 0 0 71 0 715 
Unduipated 0 0 0 0 so 0 50 

TOTALS 38,227 17,470 28,881 14,191 10,313 0 108,886 
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advanced reactors, and by reducing both the number and kind 
of projects in the area of waste management, earth sciences, and 
radiological health effects research. Meanwhile, support for severe 
accident research and research on risk assessment was increased. 
Risk assessment research, for example, doubled between 1981 and 
1986. 

Sandia National Laboratories, located in Albuquerque, New 
Mexico, has become the NRC's principal reeearch contractor. San
dia's program of NRC-sponsored research centers on analytical and 
small-scale experimental studies of severe reactor accidents. Over 
the first half of the 1980s, Sandia's level of NRC-sponsored research 
remained at about $24 million at a time when the NRC research 
program as a whole was being subjected to a 50 percent cut. As 
other projects and contractors were being cut back, Sandia's share 
of the NRC research program climbed to 20 percent . 

Table A.4 indicates that despite severe ftuctuations in NRC 
funding over the agency's first decade, the pattern of NRC con
tracting-the percentage of research allotted to government, uni
versities, and the private sector-has remained fairly constant; the 
vast majority of NRC funds continue to go to federal laboratories. 
This long-term consistent pattem of contracting, when coupled 
with a steep decline in available funds, has meant a significant 
drop in the level of NRC research performed by the universities. 
Although it is the committee's impression that, in the last few 
years, NRC spending for university research has increased mod
estly, the five-year trend shows a reduction of two-thirds-from 
4.3 to 2 .9 percent of the budget. A close examination of the 
planned FY 1986 program shows that most of the reeearch that 
NRC plans to sponsor in universities consists of relatively small 
amounts aimed at funding university operation of seismic moni
toring stations throughout the eastem half of the United States. 
These are programs that the NRC recently has said are candidates 
for transfer to the U.S. Geological Survey, a move that would fur
ther diminish the level of NRC support for university research. 

While this report focuses primarily on the NRC, it should be 
noted that substantially more of the amount spent by the federal 
government on civilian nuclear power is spent by the DOE than 
by the NRC. However, DOE spends the greatest part of its civilian 
nuclear R&D money on development, not on safety research. DOE 
will spend approximately $182 million for civilian nuclear R&D 
in FY 1986. In addition, DOE has large programs in uranium 
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TABLE A.4 Allocation of NRC Raearch Contract. by Sector 

U.S. pYemment 
aatioaal laboraton. 

UDiYeniti. 
Private ACtor 
Other 

TOTALS 

P!fC!Iltace of D!!imated Contracb 
FY 1976 FY 1981 FY 1986 

88.9 89.1 86.7 
(86.0) (86 .9) (83.4) 

1.6 4.3 2.9 
8.0 6.0 10.4 
1.6 0.6 1.0 

100.0 100.0 100.0 

enrichment, naval propulsion reactors, and high-level radioactive 
waste management, each of which is larger in acale than the NRC 
program of safety research. 

Table A.5 shows how DOE intends to allocate the $182 million 
available in FY 1986 for civilian nuclear R&D and how this sum 
is meant to be distributed among the five programs within the de
partment devoted to that effort (Light Water Reactor Safety and 
Technology; Regulatory Development; Plant Performance; Ad
vanced Converter Reactors; and Technology Development) .  Table 
A.5 indicates that DOE has allocated only about $50 million for 
light-water reactor safety. Furthermore, most of that amount is 
aimed at supporting the decommissioning of the LOFT facility 
and the removal and analysis of the damaged Three Mile Island 
reactor core. 

Table A.6 provides a different perspective on the DOE pro
gram by dividing it into research on current light-water reactors 
and research on future reactors. The table also provides greater 
detail on how the $182 million is allocated: at least 70 percent 
of the DOE program is directed at advanced reactor R&D; 16.5 
percent will fund the continuing cleanup at Three Mile Island; and 
5 percent will fund the cleanup of the LOFT reactor in Idaho. 
Very little of the remaining 9.5 percent of DOE's civilian nuclear 
R&D budget for FY 1986 directly supports current reactors, and 
even less goes for safety research. 
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TABLE A.& Allocation of DOE Contract• by Program (thouaanda of dollan) 

LWR 
Safety and Replatory Plant Advanced Technolol)' 
Technolol)' Development Performance Converten Development Totals 

U.S. aovernment 43,6G1 200 1,460 72,471 0 1 1 7,822 
National laboratoriu 43,291 200 1,460 50,0&6 0 95,007 

Arlo nne 350 0 40 26,662 0 27,052 
Brookhaven 0 0 0 0 0 0 
Idaho 42,0S6 0 0 564 0 42,600 OD 
Lawrence Berkeley 0 0 0 0 0 0 

N 

Lawrence Livermore 0 0 0 0 0 0 
Loa Alamo• 0 0 0 993 0 993 
Oak Ridp uo 0 1,420 943 0 1 ,093 
Sandia 755 200 0 14 0 1 ,029 

Other U.S. IOVernment 400 0 0 22,41 6  0 22,816 
Univenitiu 0 0 0 0 6,6oo! 6,600 
Private aector 7,SOG 0 0 50,013 0 67,322 
Foreip 0 0 0 0 0 0 

TOTALS 51,000 200 1,460 122,484 6,600 181,744 

�stimate (grant• not yet awarded) . 
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TABLE A.6 AJlocatlon of the 1986 DOE �arch Prop-am by Reactor SYtte� 
(t� of dollan) 

Fu&urw Geuei'MloD R .. don 

1. Curnnt 2. Ad- S. Ad- 4. BTGRa 
LWRa Tuacecl Tuacecl 

LWRa LMRa 

745 1,006 SO,SIC» 21,700 

ProjecU iDclud..t in ach of the abcwe catepriel: 

1. pluat life -'-ioD; plant anllabilit,' 

5. Breeden 6. Bothl!..s. 7. Other 

50,101 14,760 20,727 

2. lld't'anced nactor --ment; ALWR -i8tauce; advauced LWR (EPRI proBr&Dl) ; 
lld't'anced LWR; pool plant d.ip and wuuaticm 

S. lld't'uacecl ccmcepta dw�t; power convenion hc:lmoiOI)' dwelopment; 
nuclev .,n- hc:lmoiOI)' dwelo�t 

4. BTGR tu.a. and materiu teniq, d.ip and Hc:euinc 

5. breeder componenh dwelopment; fuel performance aud •upply; reactor core 
cleveJopa.nt; breeder fuel cycle cleveaop-t 

6. ateDded bumup of LWR fuel; .ource term; technoloiY manapment center; 
STEP; LOFT (podlrndia&ion fuel examination); Three-Mile bland; 
riU-bued liceminc 

7. LOFT cleanup; interna&ionu nuclev policy and propam; nuclear/louD 
power plaut ec:oiiOIIIic., -t•; economic rqulation; inatitutlonu •u•; 
-'ructibllit,'; nlqullrdll; r.earch/t.t nac:tor fuel demomtration 

.luciud. the follcnrinc cliviUoa. under the �aut Mentary for nuclear 
energ: LWR Afety and hchnolo�Y; rqulatory dwelopment; Plaut performance; and 
lld't'uacecl conv.ter dwelopment. 

I!.Potentially 8pPiicable either to curnnt or futun nacton or to both. 

!iway be 8pPiicable to curnnt and rutun nacton. 
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PRlVATE SECTOR SPONSORSHIP 
OF NUCLEAR RESEARCH 

Because of proprietary restrictions on access to data, the com
mittee is unable to estimate accurately the current scale of safety 
research sponsored by U.S. reactor vendors (Babcock and Wilcox, 
Combustion Engineering, GA Technologies, General Electric, and 
Westinghouse) ; it is believed to be in the tens of millions of dol
lars. The committee has no estimate at all of the R&D conducted 
by nuclear suppliers (e.g., pump and valve manufacturers) , but it 
assumes that the amount is relatively limited, particularly when 
compared with the amount of R&D sponsored by reactor vendors 
or the electric utility industry. Architectural engineering firms 
also conduct some nuclear research, some of which is safety re
search, but the committee estimates the level of safety research by 
architectural engineering firms at less than $10 million. 

Utilities sponsor research either by contracting for it or by 
performing it themselves. In general, only the larger utilities, 
like Tennessee Valley Authority, Duke Power Company, Pacific 
Gas and Electric Company, and Commonwealth Edison Company, 
have the human and financial resources to conduct safety research 
apart from the work they sponsor through their membership in 
the Electric Power Research Institute (EPRI) . For example, TVA 
is conducting research on advanced reactor design concepts and 
acoustic emission monitoring of reactor vesael flaws; Duke has 
an in-house Artificial Intelligence Demonstration Project; Pacific 
Gas and Electric is beginning a four-year study entitled "Field 
Studies to Support Off-site Dose Calculations at Nuclear Power 
Plants" ; and Commonwealth Edison is conducting research to as
sess the addition of hydrogen to reactor coolant as a potential 
means of arresting crack propagation in reactor coolant system 
piping. Several nuclear utilities, including the New York Power 
Authority and Northeast Utilities, have performed probabilistic 
risk assessments on their reactors; and &Ome, such as Arizona 
Public Service Company, cofund Gas Cooled Reactors Aasociates, 
an organization sponsored primarily by the utilities and by DOE 
that conducts research on gas-cooled advanced reactors. Some of 
the smaller utilities do sponsor research independently of EPRI. 
For example, Portland General Electric is currently sponsoring a 
small program of thermal hydraulics research at Oregon State Uni
versity ; Yankee Atomic is involved in development work to explore 
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design improvements and to improve calculational methods; and 
Baltimore Gas and Electric Company supports the Johns Hopkins 
NDE (Nondestructive Examination) Center. 

In recent years the utility industry has also sponsored a num
ber of ad hoc projects of a short-term nature directed, like the 
Owners Groups discussed below, at specific problems. This year, 
one of these-the Industry Degraded Core Rulemaking project 
(IDCOR}-will come to a close. The purpose of IDCOR was to 
develop a technical understanding of the issues related to severe 
accidents using the best available information, to develop an inte
grated methodology for assessing reactor severe accident behavior, 
and to serve as a unified industry point of contact with the NRC, 
which had undertaken a large-scale program of severe accident re
search after the accident at Three Mile Island. IDCOR led to the 
development of new mathematical models and analytical codes for 
assessing reactor behavior during severe accidents, and these were 
used to analyze four reference plants. IDCOR has nearly com
pleted developing simplified techniques for use by utilities with 
nuclear power plants to enable them to screen for susceptibilities 
to severe accidents. 

Aside from the vendors, the principal sponsor of nuclear safety 
research in the private sector is EPRI, headquartered in Palo Alto, 
California. EPRI was formed by the electric utility industry in 
1972. Utility membership in EPRI is voluntary; financial support 
for EPRI research by a member utility is based on the amount 
of power it produces. Nuclear safety research is conducted by 
EPRI's Nuclear Power Division, which had expenditures in 1985 
of about $65 million, which is about $4 million more than was 
budgeted for that year. Only about one-third of EPRI's 1985 
expenditures, however, were for safety research. Although figures 
on expenditures for 1986 are not yet available, the committee is 
told that they are likely to be somewhat lower than in 1985. 

Roughly 90 to 95 percent of EPRI's nuclear research is tar
geted at current light water reactors, and about half of the ad
vanced reactor R&D budget ($5.4 million in 1985) is devoted to 
breeder and advanced gas reactors, with the remainder funding re
search on improved light water reactors . In sum, as in the case of 
DOE, most of the research undertaken by EPRI's Nuclear Power 
Division does not have safety as its primary emphasis; perhaps 
30 to 35 percent of the work does, but the majority is aimed at 
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TABLE A.7 EPRI Nuclear Power Diviaion Budpte, 1973-1985, in 
Current and Conetant 1985 Dollan 

Current Conetant 
Doll an Doll an 

1973 5.0 11 .3 
1974 4.2 8.7 
1975 15.0 28.4 
1976 29.5 53.0 
1977 35.8 60.9 
1978 48.6 76.9 
1979 48.9 71.2 
1980 53.5 71 .4 
198 1  5 5 . 1  67.2 
1982 57.6 66.3 
1983 68.6 76.4 
1984 60.7 64.0 
1985 60,g! 60.9 

TOTALS 543.4 716.6 

.!planned ependinc (actual expendituree were eomewhat bieber 
after accountiq for rolloven and reductione from commitment• 
made in previoue yean.) 

improving power plant economics (e.g., availability and reliability) 
which may yield safety improvements as a by-product. 

Table A.7 shows figures for the EPRI Nuclear Power Division 
since its inception. In thirteen years the Nuclear Power Division 
has funded more than half a billion dollars of research . In current 
dollars the peak year was 1983, when nearly $70 million was 
expended. In constant dollars spending peaked in 1978. Both of 
these cases are anomalous. If one looks at the overall trend in 
constant dollars, spending went up until the late 1970s and has 
been decreasing since then. 

Table A.8 shows actual expenditures by EPRI's Nuclear Power 
Division in 1985 both in terms of the type of research conducted 
and the sector of the contract research community that performed 
it. 

Table A.9 shows the percentages of EPRI, DOE, and NRC 
prime contracts allocated among different sectors of the contract 
research community. The total value of this research (in mixed 
1985 and 1986 dollars) is approximately $356 million; but it is 

I 
_j 
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TABLE A.8 EPRI Nuclear Power Dlvillon 1085 Expendituru by Procram and Contractor 
(thouaanda of dollara) 

---

U.S. IOVernment 
---

National 
Laboratoriu Other Unlvenitlu lnduatry Foreip EPRI Other Total• 

Rl1k UIUIIIlent 80 0 Sll 6,S12 285 642 -26S 7,268 
Source term S,S52 1 ,575 S56 2 ,96S S78 0 - 1 ,SIS 7,27S 
Analytical methodl 
and verification 506 5 65 S,165 8 0 1 1  S,757 

Safety control 
and teatinc 20G 4'15 S'TI 4,55'1 125 0 14 5,75S OD 

Component reliabUity IS 72 508 8,598 71 443 1 19 9,865 � 
LWR fuel and 1pent 

fuel atorace us 0 152 3,439 671 0 13 4 ,428 
Corroaion control 230 0 515 4,4'16 880 0 - 139 5 ,960 
Plant availability 0 0 225 4,006 2 1  16 0 4,269 
Life extenaion and 

con1tructibility 0 25 85 2,222 15 20 0 2 ,370 
Low-level wute and 

coolant technolol)' s 0 424 3,213 559 13 0 4 ,212  
Advanced nuclear 

ceneration 0 50 120 '1,025 0 1 16 -25 7,286 
Generic ufety '15 0 0 1 ,737 0 S2 0 1 ,844 
Subtotall 4,661 2,202 

TOTALS 6,863 S,140 5 1 ,'11S 3,013 804 - 1 ,245 64,285 

NOTE: Row may not add up due to roundinc. 
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TABLE A.9 PaUema of DOE, EPRI, and NRC Support for Nuclear R&D (prime 
contrada in thouaanda of dollara) 

DOE§ EPRih NRc£ 

U.S. government 117,822 (64.8%) 6,863 (10.5%) 94,038 (86.4%) 
Univeraitiea 6,600 (3.6%) 3,140 (4.8%) 3,067 (2.8%) 
Induatry 57,322 (31.5%) 51,713 (78.9%) 11,396 (10.5%) 
Foreign 0 3,013 (4.6%) 260 (0.2%) 
Other 0 804 (1.2%) 125 (0.1%) 

TOTALS 181 ,744 (100.0%) 65 ,533 (100.0%) 108,886 (100.0%) 

�rimarily non-aafety-related research, FY 1986. 
-Primarily non-aafety-related reaearch, CY 1985. £Primarily safety-related reaearch, FY 1986. 

important to reiterate that the greatest part of these funds was 
not earmarked for nuclear safety research. 

One finds clear distinctions among the principal sponsors of 
nuclear R&D. In total dollars, DOE provides over half of all of the 
nuclear R&D sponsored by these three organizations ($182 million 
of a total of $356 million, or 51  percent) . Dollar for dollar, DOE 
provides more support for nuclear research conducted by federal 
laboratories, by universities, and by the private sector than any 
other sponsor, public or private. 

On a percentage basis, however, the picture is a little different . 
The NRC spends by far the largest share of its available research 
budget on work performed in federal laboratories. EPRI spends 
more, proportionately, than either of the others for research con
ducted either in the universities or in industry. The proportion 
that EPRI spends for research in industry is significantly more 
than either government agency, and the total dollar amount of 
this research is on a par with the amount that DOE provides to 
industry for civilian nuclear R&D. The NRC, on the other hand, 
provides the least support for nuclear research whether performed 
in the universities or in the private sector, and whether on a. 

percentage or total dollar basis. 
The utility industry sponsors and conducts research through 

several additional mechanisms. One of these is the so-called 
Owners Group. Research in several specific areas-for example, 

Copyright © National Academy of Sciences. All rights reserved.

Revitalizing Nuclear Safety Research
http://www.nap.edu/catalog.php?record_id=18442

http://www.nap.edu/catalog.php?record_id=18442


89 

TABLE A.10 1985 AllocUioD of Owaen Group Coanacu (*houaada of 1985 dollan) 

A B c D E I' To'ala 

U.S. &OYel'lllllell' 0 3H 0 0 7 537 873 
Naticmal labora-

toriea 0 3H 0 0 7 537 873 
Other U.S. &OY-

el'lllllell' 0 0 0 0 0 0 0 
UDiYeniti• 0 279 162 0 0 59 500 
lndua*ry 69 7,039 1,837 359 1,052 3,584 13,940 
l'oreip 0 1,148 0 734 0 0 1 ,882 

0 0 0 0 0 0 0 lntenl:J UN 
Other 0 -146 -650 -350 0 -20 -1 ,065 

TOTALS 69 8,876 1,450 743 1,0&9 4,158 16,130 

A - Steam Generator Ownen Group I 
B - Steam Generator Ownen Group U 
C - Seismicity Ownen Group 
D - Nuc:lear l'uel lndua'ry llelean:h Own.n Group 
E - Byclropn Con,rol (BWR8/Mark m) Ownen Group 
I' - Boilinc Water Rncklra Ownen Group U 

NOTE: ColUIIIIU may not add up due to roundinc. 

§uniden,ified con*rac:U minus redudiona from previous yean commi*mentl. 

steam generator performance and stre• corrosion in boiling wa

ter reacto�is managed by EPRI; but it is funded and has its 
agenda set by a utility Owners Group, which consists of a group of 
utilities in partnership with one or more reactor vendors, foreign 
utilities, or industrial firms, depending on the research area. Fund
ing is arranged by the Owners Group rather than out of general 
EPRI funds. This approach is followed for several reasons. Often 
the benefits from the research apply to a limited number of utili
ties. Foreign utilities, which are not permitted to join EPRI, can 
provide funding and participate in research decisions more easily 
through Owners Group activities. And agreements regarding the 
scope of the research and the funding responsibility of vendors can 
be developed on a programmatic basis. In addition to the two 
areas identified above, EPRI manages Owners Group programs 
on hydrogen control, nuclear fuel, and seismic research. As Table 
A.lO indicates, these programs fund an additional $16 million of 
nuclear research. 
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The Institute of Nuclear Power Operations (INPO) in Atlanta 
disclaims conducting research, but it does collect and distribute 
operating data to the nuclear utility industry and conducts audits 
of power plant operations with the aim of defining and promoting 
standards of operational excellence. In particular, INPO manages 
the nuclear plant reliability data system (NPRDS) , which consists 
of two data bases. One is a component failure reporting data base, 
and the other is an engineering data base. This information is 
not only valuable for member utilities to determine histories of 
particular types of equipment, but also serves as the data base 
necessary for finding accident precursors and for doing statistical 
treatments included in probabilistic risk analyses. INPO estimates 
that the annual cost of operating the NPRDS system is about $1 .4 
million. A major upgrade of the system, including over $1 million 
in new programming, is scheduled for FY 1987. 
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A . REACTOR ENG INEERING DECI S ION UNIT 

l , TITLE : LOAD COMBINATIONS 
CONTRACTOR : ·Lawrence L ive rmore 
�at ional Labo ratory 

OBJECTIVE : 

92 

BUDGET : 
FY 8 5  

1 1 5  
F Y  86 

225 
F Y  87 

• 

Gene ral Design Cr iter ion 4 has resulted in the instal lation of · 

protect ive devices ( e . g . , pipe whip rest raints and j et impingement 
ba r r i e r s )  to mitigate event s which are now rega rded a s  extremely 
unl ikely for PWR reactor coolant loops . The se protect ive devices 
impede inservice i nspect ion and maintenance , reduce safety if 
imprope r ly installed , and increase wor k e r  radiation exposures . I t  i s  
now gene rally bel ieved t hat the number o f  protect ive dev ices can be 
reduced because pipe degradation will be detected throQgh leakage 
monito r i ng before brea k i ng occur s .  The obj ect ive of this program is 
to provide the l icensing staff with the technical basi s  for apply ing 
the leak-befor e-break concept to reactor coolant loop piping . 

2 ,  TITL E :  SEISMIC MARG INS STUDIES 
CONTRACTOR : Lawrence L ivermore BUDGET 
National Lab 

OBJECTIVE : 

FY 8 5  
5 9 1  

F Y  86 
681 

py 87 
511 

Nuclear power pl ants are des igned to res ist large earthquakes . 
Howeve r ,  as new seismological data are obtained throughout the u . s . , 
the appropr iatene ss of cur rent plant design earthquake l evels has been 
quest ioned . The re is concern over the abil i ty of current l i ght water 
reactor plant de s igns to accommodate earthquakes larger than the 
des ign bas i s  and to adequately protect the publ ic health and safety . 
The obj ect ive of this program is to provide the l icens ing staff with a 
procedu re to evaluate the seismic de sign margin of l ight-water-reactor 
pl ant s with potent ially increased design bas i s  ear thquakes . Thi s  will 
se rve as the bas i s  or regulatory dec i s ion on the acceptabil ity of 
l icensee submittals regarding the cont inued operation of the i r  
fac i l i t ie s .  

3 .  SEISMIC RISK METHOD . TECH TRANSFER 
CONTRACTOR : Lawrence L ivermore BUDGET 
Nat i onal Lab 

OBJECT IVE : 

FY 8 5  
1 8 8  

F Y  86 
188 

Nuclear power pl ant s are designed to res ist l arge ear thquakes . 

FY 87 
I 

However , as new seismological data are obtained throughout the u . s . , 
the appropr iatene ss of pl ant de s ign earthquake levels have been 
que stioned . The re is concern over the ab i l i ty of cur rent l ight water 
reactor pl ant de signs to accommodate ear thquakes larger than the design 
bas i s  and to adequately protect the publ ic health and safety . 
The obj ect ive of this program is to t r ansfer computer codes and data 
developed unde r the SSMRP to national laborato r ies and other ent ities 
engaged in se i smic stud i e s , with the intent that these f ac i l ities could 
a s s i st the NRC staff in evaluating seismic des ign c r i te r i a .  I n  
addition ,  the se i smic i nformation developed as pa rt of this research 
program will be used to help establ i sh internat ional technical exchange 
agreement s f rom which NRC can obtain informat ion f rom other countr ies . 
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4 • TITLE : ASSESS ' IMP OF SPBC'lRDM
BROADERING PROC USED IN PIPING BUDGET 
DES IGN 
CONTRACTORJ Lawrence L iver.ore National Lab 

OBJECTIVE : 

" 85 
51J 

" 86 
7 5  

py 8 7  
IJ 

NRC dynaaic load design cr i teria have led to the placement of large 
nuabers of snubber s  and r igid supports on nuclear plant piping . The 
instal lation of too aany restraints has potent ially detr imental 
effect s .  Because of the st iffening they provide , the restraints 
which are i nstalled to resist ea rthquake and other dyna.ic loads have 
increased the theraal forces on the piping systems dur ing noraal 
operating conditions . In add i tion ,  the snubber have proven to be 
unreliable devices that requ i r e  extensive inservice inspection and 
maintenance , resulting in increased levels of worker radiation 
exposure .  The object ive of this progra. is to provide the NRC staff 
with the information necessary to evaluate l icensee subaittals to 
r educe the conservations associated with def ining in-plant response 
spectra for seismic loads on piping systems , and thereby use fewer 
r estraint s .  

5 . TITLE : VALIDATION, PLAIOIIIIG ' COORD 
CONTRACTOR : Argonne National Lab BUDGET 

OBJECTIVE I 

" 85 
365 

" 86 
6 2 5  

" 87 
9 1J IJ  

Nuclear power plants a r e  designed t o  resist large earthquake s .  
However ,  a s  n ew  data a r e  obtained o n  earthquake act ivity throughout 
the u . s . , plant design earthquake levels have increased . The re i s  
concern ove r the ability o f  cur rent l i ght water reactor plant designs 
to accomaodate these larger earthquakes and to adequately protect the 
public health and safety . Thu s ,  there is a high prior ity need to 
establ ish seismic design margins of these plant s .  The obj ect ive of 
this prograa is to provide , through doaestic and international 
cooperat ive efforts , information and exper imental data which can be 
used to val idate and improve predictions of the behavior of nuclear 
powe r plants ( includ ing soi l-structure interact ion and the nonl inear 
behavior of bu ildings and piping system) subjected to earthquakes 
larger than design basis . The predictive methods to be val idated are 
used both in probab ilistic and deterministic calculations and in 
part icular may be used as part of Seismic Probab i l ist ic Risk 
Assessments ( PRAs ) for nuclear powe r plant s .  
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6 .  TITLE 1 BERCBMARltiNG COMPUTER CODES 
FOR STRUC ENGR . BUDGET 
CONTRACTOR z Brookhaven 
Nat ional Labo ratory 

OBJECTIVE : 

FY 8 5  
311  

F Y  86 
211 

Nuclear power plants are des igned to r e s i st large earthquake s .  
Howeve r ,  as new data a r e  obtained o n  ear thquake act ivity throughout 

FY 87 
211 

. the u . s . , plant design earthquake levels have increased . Ther e  i s  
concern ove r the ability of cur rent l ight wate r  r eactor plant designs 
to accommodate these larger earthquakes and to adequately protect the 
public heal th and safety . The obj ect ive of this program i s  to 
establ ish problems with expe r imentally known sol ut ions ( benchmarks ) 
for use by the l icensing staff to val idate maj or parts of l icensee 
methods used to calculate the transmittance of earthquake loads 
through the soil to safety-related build ings , systems and components .  

7 .  TITLE 1 SEISMIC COORD 7 SSMRP TECH 
TRANSFER BUDGET 
CONTRACTOR : Brookhaven 
Nat ional Labo ratory 

OBJECTIVE ! 

FY 8 5  
2 3 4  

F Y  8 6  
1 1 1  

FY 87 
1111 

Nuclear power plant s are designed to res ist large earthquake s .  
Howeve r ,  as new data are obtained o n  earthquake act ivity throughout 
the u . s . , plant des ign ear thquake level s  have increased . There is 
conce rn over the abi l i ty of cur r ent l i ght wate r  reactor plant designs 
to accommodate these larger earthquakes and to adequately protect the 
public heal th and safet y .  The obj ective of this program i s  to 
val idate , through domestic and internat ional coope rative efforts , 
those computer codes u sed to predict the nonl inear behavior of piping 
systems and building s  subj ected to ear thquakes larger than the des i gn 
bas i s . These val idated computer codes can then be used by the 
l i censing staff as a bas is for evaluating l icensee submittal s .  

8 .  TITLE : COMP FRAGIL ITY DATA 
ACQU ISITION & EVAL 
CONTRACTOR : Brookhaven 
National Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

2 4 1  
F Y  8 6  

8 7 5  
F Y  87 

1111 

Nuclear power plants are des igned to r e s i st large ear thquakes . 
Howeve r ,  as new data are obtained on earthquake act ivity throughout 
the u . s . , plant design earthquake levels have increased . Ther e  i s  
concern ove r the abi l i ty of cur rent l ight water reactor plant de s i gns 
to accommodate these l arger ear thquakes and to adequately protect t he 
publ ic health and safety . Al though large uncertainties exist in 
predict i ng the ear thquake level at which c r i t ical components fail to 
pe rform the i r  safety f unction ( because qual if ication data cannot be 
extrapol ated to accurately predict f a i lure level ) ,' i t  i s  now bel ieved 
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coaponents have greater resistance to ear thquake loads t han previously 
est imated . The obj ect ive of this prograa is to establish an 
ezper imental data base on component f ragi l i ty through domest ic and 
foreign cooperat ive effort s .  Thi s  data base will provide the 
l icensing staff with a basis for assessing the earthquake levels at 
which individual co.ponents and generic classes of co.ponents fail to 
perform the i r  safety funct ions . 

9 .  TITLE : REL ANALYS IS OF NON-
LINEAR BEHAVIOR OF CONCRETE BUDGET 
STRUCTURES 
CONTRACTOR : Brookhaven National Laboratory 

OBJECT IVE :  

FY 8 5  
8 

FY 86 
288 

FY 87 
288 

Develop a rel iabil ity analysis method and a stochast ic nonl inear 
analysi s  method for concrete containments and shear walls subjected to 
multiple static and dynaaic loads that produce nonl inear behavior . 
Eztend RAS code to include nonlinear behavior . Def ine when 
appropr iate to use this nonl inear method or the s impl if ied ( l inear 
SSMRP) method . Ve rify the approz iaate nonl inear limit states f r om 
A-3882 . 

18 . TITLE : DAMPING STUDIES 
CONTRACTOR : I daho Nat ional 
Eng inee r ing Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

2 3 8  
F Y  8 6  

288 
FY 87 

8 

RRC dynamic load design cr iter ia have led to the placement of large 
numbers of snubbers and r igid supports on nuclear plant piping . The 
i nstallation of too many restraints has potent ially detr imental 
effect s .  Because of the stiffening they provide , the restraints which 
are instal led to resist earthquake and other dynamic loads have 
increased the thermal forces on the piping systems dur ing no rmal 
operati ng cond i tions . In add i t ion , the snubbers have proven to be 
unrel iable devices that r equi r e  eztens ive inservice inspection and 
maintenance , resulting in increased levels of wo rker radiation 
ezposure . The object ive of this program is to provide the NRC staff 
with information with which to evaluate l icensee subaittals to 
increase the l evel of damping for plant piping systems and thereby 
reduce the number of snubbers without reduc ing the level of plant 
safety . 
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11 . TITLE r SEISMIC CATEGORY I 
STRUCTURES PGM BUDGET 
CONTRACTOR r Los Alamos National Labo ratory 

OBJECTIVE I 

py 8 5  
821 

PY 86 
1211 

FY 87 
1511 

Nuclear power plants are des igned to resist l a rge earthquakes . 
Howeve r ,  as new data are obtained on earthquake activ i ty throughout 
the u . s . , plant de sign ear thquake levels have incr eased . Ther e  is 
concern over the abil ity of cur rent l ight water reactor plant desi gns 
to accommodate these larger earthquakes and to adequately protect the 
public health and safety . The object ive of this program is to 
val idate existing methods and , as necessary , to develop new methods to 
reduce uncertainties that exist in the methods used by the NRC staff 
to predict the t ransfer of the increased earthquak e  loads used by 
plant bu ildings to safety systems and components needed to operate and 
shutdown the plant , and to provide a bas i s  for regulatory dec i s ions 
regarding continued ope ration of these fac i l ities . 

12 . TITLE : PIPE-TO-PIPE IMPACT 
CONTRACTOR : Pac ific Northwest 

OBJECTIVE : 

BUDGET 
py 8 5  

2 5  
p y  86 

25 
FY 8 7  

I 

Nuclear power plants a r e  designed for many types of postulated 
accident s ,  including pipe break s .  Certain type s o f  pipe breaks may 
cause the broken pipe to whip f reely and impact nearby components and 
other piping . It i s  impor tant that such impacts not cause saf ety 
equ ipment to malfunct ion and prevent plant shutdown . The obj ect ive of 
this prog ram i s  to determine whether existing l icens ing c r i t e r i a  on 
pipe-to-pipe impact are acceptable ,  and to develop new cr iter i a  wher e  
nece ssa ry . 

1 3 . TITLE : SEISMIC FRAGILITY DEMONSTRATION 
PIPING TEST BUDGET 
CONTRACTOR : Energy Tech Engr . Co r p .  

OBJECTIVE : 

PY 8 5  
92 

p y  86 
111 

PY 8 7  
I 

NRC dynamic load design c r i t e r i a  have l ead to the pl acement of l arge 
number s of snubber s  and r igid supports on nuclear plant piping . The 
installat ion of too many restraint s  has potent ially detr imental 
effects . Because of the st iffening they provide , the restraints wh ich 
are installed to resist earthquake and other dynamic loads have 
increa sed the the rmal forces on the piping systems du r ing no rmal 
ope rating condit ions . In add i t ion , the snubbe r s  have pr oven to be 
unreliable dev ices that requ i r e  extensive inservice inspection and 
maintenance , resul ting in increased levels of worker r ad i at ion 
exposu r e .  The pr ima ry obj ect ive of this program is to provide the NRC 
staf f with information to evaluate whether the ASME Code failure mode 
c r iter ion for dynamic loads is ove rly conservat ive . Mod if icat ions to 
the Code c r i ter ion would pe rmit the use of fewer rest r a ints without 
reducing the ove rall level of plant safety . A secondary object ive of 
this program i s  to val idate cur rent assumpt ions on piping f ra g i l ity 
( i . e . , f a i l u r e  level s )  that influence the results of s e i smic 

probabil istic r i sk assessment studies . 
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14 .  TITLE : PIPE CAPACITY/FAILURE NODES 
CONTRACTOR : An co BUDGET 

OBJECTIVE : 

l"Y 8 5  
188 

FY 86 
7tt 

FY 87 
7tt 

RRC dynaaic load design criteria have led to the placement of large 
numbers of snubbers and rigid supports on nuclear plant piping . The 
installation of too aany restraints has potentially detr imental 
effects . Because of the stiffening they provide , the restraints which 
are installed to resist earthquake and other dynamic loads have 
increased the theraal forces on the piping systems dur ing normal 
operating conditions • .  In addition , the snubbers have proven to be 
unreliable devices that require extensive inservice inspection and 
maintenance, resulting in increased levels of workers radiat ion 
exposure . The obj ectives of this program are to clearly and 
systematically deaonstrate the failure modes of piping due to dynamic 
i nvertial loads , and to provide the basis for changing ASME code rules 
r egarding seisaic piping stress criter i a .  

1 5 .  TITL E :  DESIGN CRITERIA FOR SHIPPING 
CONTAINERS BUDGET 
CONTRACTOR : Lawrence Livermore Rational Lab 

OBJECTIVE : 

FY 8 5  
258 

l"Y 86 
3tt 

l"Y 87 
3tf 

Shipping containers are used to store and transport spent radioactive 
fuel . There is concern over the ability of these containers to 
properly protect the publ ic health and safety during postulated 
storage and transportation conditions . The obj ective of this prograa 
is to develop l icensing cr iteria for the design and f abr ication of 
spent fuel shipping container s ,  and to develop siapl ified theraal 
stress analysis procedures for use by the l icensing staff in 
evaluat ing similar analyses by l�censees . 

16 . TITLE:  MECHANICAL EO QUAL PROGRAM 
CONTRACTOR : Idaho Rational BUDGET 
Eng ineering Laboratory 

OBJECTIVE : 

FY 8 5  
1186 

FY 86 
2tt8 

l"Y 87 
18tf 

The NRC requires that nuclear power plant equipment important to 
safety be qualif ied to assure operabil i ty dur ing design basis accident 
conditions . Because qualif ication procedures are in many cases 
inadequately defined there are many areas where the procedures are 
inconsistent or incorrect . These areas include t he proper mount ing of 
equipaent to be qual if ied J the proper def init ion of qual if ication 
loads J and the generic appl icat ion of qual if ication test results . 
The objective of thi s program is to provide the licensing staff with 
the technical basis for evaluat ing equipment operabil ity test ing and 
to provide the technical basis for developing the criteria and 
aethodologies to improve national standards and regulatory documents 
used to qual ify specific mechanical equipment . 
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17 . TITLE a ASIIE XI SUPPORT - TECHNICAL FY 8 5  FY 8 6  FY 87 
ASSISTANCE - RES BUDGET 61 211  311 
CORTRACTOR 1 Idaho National Engineer ing Lab 

OBJECTIVE a 
Assist the NRC staff in a thorough evaluat ion of proposed revisions 
and/or additions to the ASME Boiler and Pressure Vessel Code (ASMB 
Code ) rules which are used to detect nuclear power plant component 
degradation ( including that of pr imary system piping ) as they age i n  
operating reactors,  s o  that corrective action can b e  taken before 
safety i s  compromised . These rule s ,  which are contained in Sect i on 
XI ,  •Rules for Inservice Inspection of Nuclear Jower Plant Components •  
o f  the AS ME  Code , are  incorporated b y  reference , as appropriate,  into 
the NRC regulations following the NRC staff evaluation of each new 
section XI edition and addenda . 

18 . TITLE 1 ASIIE SECTION I I I  FY 8 5  FY 8 6  FY 87 
CORTRACTOR 1 Oak Ridge BUDGET 1 1 4  151 211 
Rat ional Laboratory 

OBJECTIVE I 
Assist the NRC staff in a thorough evaluation of proposed revision 
and/or additions to the ASME Boiler and Pressure Vessel Code (ASMB 
Code ) , which provides rules for the design and const ruct ion of nuclear 
power plant component s ,  to ensure that the qual ity of new co•ponents 
is adequate to protect the publ ic health and safety . These rules , 
which are contained in Section I I I , •Rules for Constr uction of Nuclear 
Power Plant Components •  of the ASME Code , are incorporated by 
reference , as appropriat e ,  into the NRC regulations following the NRC 
staff evaluation of each new Sect ion I I I  edition and addenda . 

19 . TITLE : VALVE PERFORMANCE TESTING FY 8 5  FY 8 6  FY 87 
CORTRACTOR 1 Energy Tech BUDGET 37 1 2 1 1  211 
Engineer ing Corp.  

OBJECTIVE : 
Pr imary system isolation valves are used to separate and protect low 
pressure reactor systems f rom the high pressure of the pr imary 
system . The integr ity of these isolation valves i s  presently ver i f i ed 
by periodic inservice leak testing . The abil ity of these leak tests 
to adequately detect valve degradation is uncertain . Ezper iments are 
needed to reduce this uncertainty by developing a cor relat ion between 
inserv ice leak tests and valve degradation . The obj ective of this 
prog ram i s  to val idate and improve ezist ing technical specif ication 
( l icense condition) allowable leak rates and ASME Code ( Section XI , 
•Rules for Inservice Inspection of Nuclear Power Plant Components • ) 
methodology for inserv ice test ing of pr imary system i solation valve s ,  
t o  assure these valves crucial t o  safety w i l l  operate when called 
upon ; and to evaluate advanced techniques for detect ing valve 
degradation . 
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2 8 . 'l'ITLE : EXPERIMEM'l'S ON COM'l'AINMEM'l' 
MODELS 
CONTRACTOR : 

OBJECTIVE : 

BUDGE'l' 
Sandia Nat ional Laboratory 

FY 85 
2 11 6 11  

FY 8 6  
28111 

FY 8 7  
2411 11 

Severe accidents exceeding the original design basis that lead to core 
mel t  have been postulated . Tbe containment building provides the last 
bar r ier to the release of radioact ivity resulting f ro• such an 
accident . Ther e  are large unce rtainties in predicting the leak 
integr ity of containment bu ildings under sever e  accident pressures and 
t eaperatures . The objective of this program i s  to implement test s on 
scale containment models to support development and val idation of 
methods for assessing the capabil ities of containment buildings under 
condit ions exceeding their  design basis to permit l icensing staff 
evaluation of l icensee est imates of containment performance and to 
support Commission pol icy on sever e  accidents . 

2 1 . TITLE : COM'l'AINMEM'l' PENE'l'RATIONS FY 85 FY 86 FY 87 
CONTRACTOR : Sandia Nat ional BUDGE'l' 91111 9811 68 11 
Labo ratory 

OBJECTIVE : 
S evere accidents exceeding the original design basis that lead to core 
melt have been postulated . The containment bu ilding provides the last 
bar r ier to the release of radioact ivity resulting from such an 
accident . Ther e  are large uncertainties in predicting the leak 
i ntegrity of containment buildings under severe accident pressures and 
t emperatures . The object ive of this prog ram i s  to develop an 
exper iaental data base for assessing the leak integr ity of containment 
penetrations under severe accident conditions and for validating 
exist ing methods used to assess these penetrations , in order to 
provide a basis for regulatory dec isions regarding continued operation 
of existing facilities , and for identifying containment penetration 
features , which if iaproved , would significantly increase containment 
capac ity . 

2 2 . TITLE : COM'l' INTEGRITY UNDER EXTREME FY 8 5  FY 8 6  F Y  8 7  
LOAD BUDGET 7 41 1  6 11 11  7 11 11  
CONTRACTOR : Sandia Nat ional Labo ratory 

OBJECTIVE : 
Severe accidents exceeding the original design basis that lead to core 
aelt have been postulated . The containment building provides the last 
bar r ier to the release of radioact ivity resulting from such an 
accident . There are large uncertanties in predicting the leak 
integr ity of containment bu ildings under severe accident pressures and 
temperatures . The obj ective of this prog ram is  to provide a basis for 
the rel iable est iaation of containment performance during severe 
accidents . 
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23 . TITLE ; FISSION PRODUC,r CONTROL ESF 
EFFEC,riVERESS BUDGET 
CORTRAc.roR : Pacific Northwest Labs 

OBJEc.riVE : 

FY 8 5  
411 

FY 86  
195 

In evaluat ing potential releases of radioactivity f rom containment 
atmospheres to the env ironment as a result of severe l ight water 
reactor accident s ,  the effect iveness of certain Engineered Safety 
Features for removal of radioactive particulates is an important 
factor . This proj ect will develop and val idate codes and model s  to 
est imate particulate reaoval effectiveness of ice condensers and 
suppression pools .  

24 . TITLE : ICEDF CODE VERIF/VALID TESTS 
CORTRAc.roR : Pacific Northwest Labs BUDGET 

OBJEc.riVE ; 

FY 8 5  
179  

FY 86  
451 

F Y  8 7  
611 

FY 8 7  
I 

In evaluating potent ial releases of radioactivity from containment 
atmospheres to the environment as a result of severe l ight water 
reactor accident s ,  the effect iveness of certain Engineered Safety 
Features for removal of radioactive particulates i s  an important 
factor . This proj ect will support exper imental studies to be used in 
val idation of a developed model and code for ice condenser 
effectiveness . 

25 . TITLE : ADDITIONAL RBQUIREMENTS FOR 
MATERIALS BUDGET 
CONTRAC,rOR : Oak Ridge Rational Lab 

OBJEc.riVE ; 

FY 8 5  
7 5  

F Y  86  
151 

FY 87 
211 

Provide technical expertise and assistance to Research in the rev i ew 
of national codes and standards that may be referenced in RRC 
regulations or guides related to nuclear reactor components .  Prov ide 
comments ,  proposed modif ications and reviews as appropr iate in the 
areas of design , mater ials , fabr ication and inspect ion . When 
necessary, specific information (or data ) will be developed and/or 
analyzed to support recommendations related to proposed regulations , 
gu ides , or referenced codes and standards . 

26 . TITLE : HEAVY SEc.riOR STEEL TECH PROG 
CONTRACTOR ; Oak Ridge Rational Lab BUDGET 

OBJEC,riVE : 

FY 8 5  
5521 

FY 86 
5211 

FY 87 
5111 

To provide a thorough, quant itative assessment of heavy-section 
reactor vessel f racture characteristics including a realistic 
evaluation of f racture potent ial and development of f racture 
prevention c r iter i a ,  flaw growth mechanisms , crack propagat ion and 
crack ar rest , including the effects of irradiation are considered . 
The development and evaluation of materials character izat ion method s , 
f ractu re mechanics analysis methods , the development of mater ial data 
bases , and the val idation of structural integ r i ty analyt ical methods 
using thick-sect ion structural tests are maj or act ivities in this 
prog ram . 
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27 .  TITLE : PRESSURE VESSEL SIMULATION 
COIII"l'RACTOR :  Qak Ridge National Lab 

OBJECTIVES : 

BUDGET 
FY 8 5  

281 
FY 86 

361 
FY 87 

111 

Val idate in well-defined r eproduc ible benchmark exper iment s ,  
aethodologies and data bases which a r e  used t o  predict radiation 
damage in reactor pressure vessels .  Considerable attention is given 
to the quality of data generated . A key element in this prograa is 
the need to set and achieve real istic uncertainties for neutron 
dosimetry and to ensure that these uncertainties are fairly propagated 
in the assessment of i rradiated aater ial perforaance . Rigorous 
variables are characterized and quanti f ied in terms of their aean 
values and their associated uncer tanties . 

2 8 . TITLE : RESIDENT ENGINEER - FRG 
CONTRACTOR : Oak Ridge National Lab 

OBJECTIVES : 

BUDGET 
FY 85 

128 
FY 86 

138 
FY 8 7  

138 

Act as a resident engineer in Stuttga r t ,  Germany , for the Division of 
Engineering Technology , Materials Engineering Branch , for liason to 
tbe aater ial s ,  structural and safety programs underway at MPA and 
elsewhere . To provide inforaation on European regulatory activities 
for comparision to or adoption into NRC regulations . 

2 9 .  TITLE : SURVEILLANCE DOSIMETRY 
CONTRACTOR : Banford Engr Dev Lab 

OBJECTIVE : 

BUDGET 
FY 8 5  

4 5 1  
FY 86 

66 8 
FY 87 

428 

Preparation of updated and improved dosimetry,  damage co rrelation , and 
the associated reactor analysis ASTM standards for LWR pressure vessel 
(PV) irradiation surveillance prograas to assure conformance with 
liCFR Part 58 , Appendix G requirement s .  Perform supporting •Benchaark 
Fields , •  reactor •Test Regions , •  and operate power reactor 
•surveillance Positions • validation and calibration testing of the 
recomaended ASTM procedures , measurements ,  and analysis techniques.  
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31 . TITLE : DOSIMETRY MBAS DATA BASE 
CONTRACTOR : National Bureau of 
Standards 

OBJECTIVES : 

102 

BUDGET 
FY 8 5  

211 
FY 86  

211 
FY 87 

111 

Provide calibration of LWR-PV related surveillance dosimetry traceable 
to NBS standard neut ron f ields including distr ibution of neutron 
f luence standards . Such dosimetry is needed to accur ately assess 
radiation damage in reactor pressure vessels and to assure confor.ance 
with l iCPR Part 51 , Appendix G .  Maintain a compendi um o f  reference 
data for LWR-PV related benchmark neutron f ields . Participate in the 
preparat ion of ASTM standards for rout ine LWR-PV dosimetry and in 
establ i shing consensus methods of data interpretation . Provide 
exper imental assistance for LWR-PV dosimet ry benchmark measurement 
programs . 

31 . TITLE : ELASTIC PLASTIC PRACTURB 
MECHANICS EVALUATION OP LWR ALLOYS 
CONTRACTOR: Naval Ship R&D Center 

OBJECTIVE : 

BUDGET 
FY 8 5  

1 8 5  
FY 86 

311 

Through small and moderate scale exper iments determine the crit ical 
parameters affecting duct ile f racture toughness of nuclear grade 
steels and weldments,  evaluate new test methods for possible 
standardization , and verify the appl icabil ity of new data analysis 
methods to existing specimen types . 

32 . TITLE : STRUCTURAL INTEGRITY OP B21 
REACTOR BOUNDRY COMP I I  BUDGET 
CONTRACTOR : Naval Ship R&D Center 
CONTRACTOR : Materials Engr . Assoc . ,  Inc . 

OBJECTIVES : 

py 8 5  
1881 

PY 86  
2151 

PY 87 

311 

py 87 
2111 

To prov ide to the NRC analytical and exper imental methods and data 
that are necessary for compliance with 11CPR51 Appendix A, GDC-1 4 ,  31 
and 31 , to ensu re the structural safety and rel iabil ity of pressu r e  
boundary components in l ight water reactor components of u . s .  
commercial nuclear power systems . Specific obj ectives are : 
a )  Development o f  c r iteria f o r  establ ishing elastic plast ic f racture 

toughness . 
b )  A n  exper imentally val idated mechanism model f o r  i r radiation 

damage effect of reactor pressure vessel steels . 
c )  Modificat ion o f  Code fat igue curves t o  recognize environmental 

effect s .  
d )  A n  exper imentally val idated mechanism model for corrosion 

assi sted fatigue crack growth . 
e )  A comprehensive computeri zed f r actur e  mechanics data base f o r  a l l  

steels and weldments in u . s .  nuclear commercial power plant 
piping . 
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3 3 .  '.riTLE: GUNDREMMIRGER 
COR"l'RACTOR : Noell , GG 

OBJECTIVE : 

103 

BUDGET 
FY 85 

I 
FY 86 

111 

Evaluation of i r radiated pressure vessel aater ial removed f rom 
a decoamissioned reactor to deteraine effect of long-time 
i rradiation at service teaperature and low flux rate , for 
coaparison to regulatory trends for rate of i r radiat ion versus 
fluence fro• ir radiations at a faster rate , to assure 
compliance with 11CFR51 Appendix A, GDC 1 4 ,  31 and 31 . To 
measure fracture toughness values through the vessel thickness 
to validate the regulatory position on fluence and 
eabr ittlement gradient s ,  to determine annealing recovery from 
in-situ ir radiated vessel steel , and through parallel 
i rradiat ion in test reactors,  to measure the dose rate effect . 

34 . TITLE : BYDROGER COII'l'ROL 
CONTRACTOR : Sandia National Lab 

OBJEC'l'IVE : 

BUDGET 
FY 85 

781 
FY 86 

411 

FY 87 
I 

FY 87 
I 

An igniter system is employed in a reactor containment to control the 
coabustion of hydrogen that may result from certain possible 
accidents . Data are needed to reduce the uncertaint i es associated 
with the capabil ity of an igniter systea to perform its function ,  
i . e . , controlled burning o f  hydrogen without detonation ,  i n  the 
presence of water sprays provided to reduce the temperature of the 
containment atmosphere . Too much water on the igniter eleaent would 
prevent the hydrogen-air mixture froa reaching its ignit ion 
temperature . This proj ect will provide t he NRC l icensing staff the 
information to evaluate the igniter systems and operational schemes 
proposed by reactor licensees . 

35 . TITLE : ENVIRONMENTALLY ASSISTED 
CRACKING IN LWR PIPING SYSTEMS BUDGET 
CONTRACTOR : Argonne National Laboratory 

OBJECTIVE : 

FY 8 5  
1715  

FY 86  
1821 

FY 87 
1811 

To determine if the •f ixes • proposed by industry for mit igation of 
interg ranular stress corrosion cracks including induction heating 
stress improveaent , hydrogen water chemistry , repair by weld clad 
overlay, or replacement mater ial 316 RG (nuclear grade ) will actually 
perform the crack mitigation and prov ide assurance of crack-f ree 
future service , to provide assurance that repaired cracks will not 
continue to grow and thus threaten catast rophic failure of the pipe 
system especially when it is known that the weld clad overlay 
precludes effect ive ultrasonic inspect ion to moni tor any further 
growth.  
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36 . TITLE 1 CAST STAINLESS STEEL 
CONTRACTOR : Argonne National Lab 

OBJECTIVE I 

BUDGE'!' 
py 8 5  

7 5 
py 8 6  

3 1 1  
p y  8 7  

311 

To evaluate if the loss in toughness suffered by cast stainless steel 
dur ing normal operating service , is  suffic ient to render the steel so 
brittle that it will not stand up to operating or accident load s ,  and 
thus could f ract u r e ,  leading to a loss of coolant accident , possible 
meltdown and ezposure of the publ ic to radiation . This program w i l l  
measure t h e  f racture toughness of such aged steels t o  determine 
whether the code requirements and NRC regulations are adequate for 
Leak Before Break and for the safety of the publ ic against failure of 
the reactor pr imary system . 

37 .  TITLE I AGING STUDIES ON MATERIALS 
PROM THE SHIPPINGPORT REACTOR BUDGET 
CON'l'RACTOR z Argonne National Laboratory 

OBJECTIVE : 

PY 8 5  
1 8  

p y  8 6  
7 5 1  

p y  87 
1251 

To measure the properties of mater ials compr ising the pressure vessel , 
thermal shield , piping , pumps and valves of the Shippingport r eactor 
pl ant to determine how much change there baa been due to service , and 
to help val idate models of aging deg radation due to t ime , temperatur e ,  
proaaure and radiation i n  reactor service . 

38 . TITLE : STRESS CORROSION CRACKING OP PNR 
STEAM GENERATOR TUBING BUDGET 
CON'l'RACTOR 1 Brookhaven National Laboratory 

OBJECTIVE : 

py 8 5  
3 1  

p y  8 6  
31 

py 87 
I 

Develop data and models to be used by the regulatory staff to predict 
the stress corrosion crack ing (SCC ) service l ife if Inconel 6 1 1  steam 
gene rator tubing under normal and upset condi tions and establ ish 
c r iteria for safe operat ion of such steam generator s .  Factors r elated 
to service and material conditions which inf luence sec such as 
temperatu r e ,  stress , strain and strain rate , metallurgical structure 
and processing and ingredients of the pr imary and secondary coolant 
are included as variables in the testing program and appropriate 
results and factors incorporated in the predict ive models for sec 
service l ife . 

39 .  TITLE : STEAM GENERATOR INTEGRITY-GROUP 
PROJECT 
CONTRACTOR : 

OBJECTIVE : 

BUDGET 
Pacific Northwest Laboratory 

PY 85 

1 2 5 1  

p y  86 
1351 

py 87 
1 2 51 

To reduce the unce rtainty of possible multiple and massive failures of 
steam generator tubing that have become dented , cracked or dangerously 
thinned down by wastage or intergranular attack dur ing service in 
light water reactor steam generators,  and to fully characterize the 
massive break ing up of structural and suppo r ting components of the 
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generators , the broken parts of which can hammer at the tubing to 
cause addit ional break s ,  all of which results in loss of coolant 
accidents which could lead to core aeltdovn and ser ious exposure of 
the public to radiation . To iaprove the reliabil ity of the 
non-destructive exaaination procedures which are the only means 
available for early warning of i .. inent tube failure which could lead 
to the loss of coolant and potential exposure of the publ ic to 
radiation . Because of broad international concern about these 
problema this is an international program whose participants (France , 
Italy , Japan , EPRI ) are contributing f unds . 

48 . T ITLE : WELDED i WBLD-RBPAIRBD STAINLESS 
STEEL 
COiirl'RACTOR: 

OBJECTIVE : 

BUDGET 
Pacif ic Northwest Laboratory 

FY 85 
335 

FY 86 
358 

FY 87 
581 

To evaluate whether or not the welding or repair welding of a pipe 
will cause sensitization that will likely develop into a stress 
corrosion crack during service which could break under an accident 
loading thus leading to a loss of coolant , possible core aeltdovn and 
signif icant exposure of the publ ic to radiation . This prograa will 
develop a aodel for prediction of the degree of sensitization and the 
susceptibil ity to intergranular stress cor rosion crack ing of welded 
and repair welded stainless steel piping in LWR service so that 
l icensing reviewers and IE and regional inspectors can perform 
independent evaluations of veld and veld repair procedures by 
appl icant . 

41 . TITLE : DEGRADED PIPING PHASE I I  
CONTRACTOR : Battelle Columbus Lab BUDGET 

FY 8 5  
1818 

FY 86 
1258 

FY 87 
1288 

OBJECTIVE : 
Exper imentally determine the capacity of cracked duct ile piping to 
withstand normal , transient and accident loading conditions to assure 
compl iance with 18CFR51 Appendix A, GDC 1 4 ,  38 and 31 . Develop and 
validate ducticle fracture mechanics analyses for predict ing the 
loading capacity and failure mode of cracked pipes . 

42 . TITLE : INTL PIPING INTEG RBSBARCB 
GP ( IPIRG) BUDGET 
CONTRACTOR : Battelle Columbus Labs 

OBJECTIVE : 

FY 85 
8 

FY 86 
6 51 

To develop, iaprove and ver ify engineer ing methods for assessing the 
integr ity of nuclear power plant piping conta ining defect s ,  and to 
develop the technology to j ustify plant l ife extension and 
s impl ifications in nuclear plant piping design criteria . 

FY 87 
511 
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43 . TITLE:  LEAK DETECTION 
CONTRACTOR : Argonne National Lab 

OBJECTIVE : 

BUDGET 
FY 85 

458 
FY 86 

558 
FY 87 

681 

To val idate that acoustic emiss ion technology can be used for leak 
detect ion to provide additional confidence that the Leak Before Break 
regulatory principle can be maintained . 

44 . TITLE : IMP EDDY CURRENT INSERVICE 
INSP FOR STEAM GEN TUBING BUDGET 
CONTRACTOR : Oak Ridge National Laboratory 

OBJECTIVE : 

FY 8 5  
1 8 8  

F Y  86 
158  

FY 87 
281 

To ver ify and upgrade inspections requ ired by ASNE code , and assur e 
validity of tube plugging and inspect ion plan cr iteria set forth in 
Reg Guides 1 . 8 3 and 1 . 12 1 . To demonstrate signif icantly improved 
capabil ity for detect ion and s i z ing of all kinds of flaws and 
degr adat ion in steam generator tubing , so that the rel iabil ity of s uch 
inspect ions will be greatly incr eased (and the uncertainty about the 
reliabil ity of in-service inspect ion results will be greatly reduced) 
thus gr eatly lessening the possibil ity of unexpected and massive tube 
failures resulting in loss of coolant and exposure of the publ ic to 
radiation . The unrealiability of present methods , and the need for 
such improved methods , is demonst rated by the round robin inspect ion 
tr ials of the Steam Generator Group Proj ect using the retired surry 
steam generator . 

45 . TITLE : ACOUSTIC EMMISSION MATERIAL STUDY 
CONTRACTOR : Pac ific Northwest Lab BUDGET 

OBJECTIVE : 

FY 85 
681 

FY 86 
288 

FY 8 7  
211 

To val idate that acoustic emmission technology can be used as a 
continuous monitor to provide assurance that cracks , have neither 
initiali zed nor are growing and thus that the pressure boundary i s  not 
endangered and remains in compl iance with 18CFR58 ,  Append ix A, Gener al 
Design Cr iteria 38 , 31 and 32 . The technology is a key method of 
assu ring Leak Before Break in piping systems and thus preclude 
violat ion of that new r egulatory basis . 
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46 . T ITLE : INTEGRATION OF NDE RELIABILITY AND 
FRACTURE MECHANICS BUDGET 
CONTRACTOR : Paci f ic Northwest Laboratories 

OBJECTIVE : 

FY 85 
1288 

FY 86 
1288 

FY 87 
1288  

To establ ish the effectiveness and adequacy of inservice inspect ions 
to reliably f ind and accurately size flaws in reactor pr essure vessels 
and piping systems us ing current and advanced nondestruct ive 
exaaination techniques . To determine the impact of inservice 
inspection rel iabil ity on system integrity and to reduce the 
uncertainty in safety evaluations through quantitat ive knowledge of 
the inspection rel iabil ity . To reco .. end ASME Boiler and Pressure 
vessel Code and NRC regulatory changes to inspection criteria 
( sampl ing plan , frequency of inspections ) based on mater ial 
propert ies , service conditions and inspection uncertainties and 
develop the requireaents for demonstration of qualif ication inspection 
per sonnel,  procedures and equipaent to assure that flaws can be 
rel iably found and evaluated as plants age to avoid unexpected 
failures . 

47 . T ITLE : REAL TIME SAP'T-UT 
CONTRACTOR : Pacific Northwest Labs BUDGET 

OBJECTIVE : 

FY 8 5  
6 8 8  

FY 8 6  
388 

FY 87 
388 

To reduce the uncertainty in safety evaluations by iaproving the 
detection reliabil ity and siz ing accuracy of flaws in light water 
reactor nuclear components ,  to assure that component f ai lures and 
corresponding loss of coolant accidents cannot occur because a severe 
flaw was missed dur ing inspect ion or because a large flaw vas al lowed 
to remain in service since it was imprope rly thought to be of much 
saaller size . Thi s  program is complet ing f ield val idation of a new 
untrasonic test inspection method , SAF-UT , that will provide this 
greatly enhanced detection and siz ing capabil ity that can be used by 
the NRR staff for third party checks on quest ionable inspection 
results fro• the f ield . To incorporate the method into the ASME 
Boiler and Pressure Vessel Code and or NRC Regulatory requirements to 
provide improved results f rom commercial inservice inspect ion of 
nuclear reactor components . 

48 . TITLE : POSTMORTEM EXAMS OF EQUIP - PLANT 
AGING 
CONTRACTOR : 

OBJECTIVE : 

BUDGET 
Brookhaven National Laboratory 

FY 8 5  
575 

FY 86 
658 

FY 87 
1258 

To ident ify and character ize aging and sevice wear effects associated 
with selected safety system equipment . Also , determine bow aging and 
service wear affects the capabil ity of selected equipment to perform 
its function dur ing or after seismic events and what methods might be 
practical and cost effect ive in detecting signif icant ag ing and 
service wear deter ioration that may compromise its seismic 
per formance . 
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49 . TITLE : SURVEY OP AGED PONBR PLANT PLANT 
FACILITIES BUDGET 
CONTRACTOR : Idaho National Engineer ing 
Laboratory 

OBJECTIVE : 

PY 8 5  
3 5 1  

PY 8 6  
1 1 5 1  

PY 87 
1511 

The maj o r  obj ect ives of this research element are to identify , at 
plant leve l ,  LWR systems and components which might develop aging 
concerns and impact safety as plant operations cont inue , to perfora a 
structured aging assessment study on a selected fluid-mechanical and 
electrical system and to develop a plan for residual l ife evaluation 
of vital safety system mechanical components . 

51 • TITLE : DECONTAMINATION METHODS - EPP 
AND SAPBTY BUDGET 
CONTRACTOR : Idaho National Eng ineer ing 
Laboratory 

OBJECTIVE :  

py 8 5  

1 8 1  

PY 86 

I 
PY 87 

411 

The increased utilization of in s i tu decontamination of pr imary 
coolant systems and associated equ ipment has raised questions within 
the Nuclear Regulatory Commission as to the effect iveness of the 
decontaminations in reducing occupational exposure . This program is 
to obtain informat ion , by collecting actual operating exper ience , on 
decontamination methods in reducing occupational exposure s ,  waste 
forms generated , and potent ial problem areas . 

51 . TITLE 1 DEGRADATION MONITORING NPP SAPBTY 
EQUIPMENT BUDGET 
CONTRACTOR : Oak Ridge National Laboratory 

OBJECTIVE : 

PY 8 5  

9 1 5  

P Y  8 6  
1 3 1 1  

py 87 
1511 

Evaluate and ident ify pract ical and cost effect ive methods for 
detecting , monitor ing and assessing the severity of t ime dependent 
degradat ion (aging ) of electr ical and mechanical components and 
structures in nuclear power plants . Emphasis will be on methods for 
detection of the onset of incipient defects prior to failures and on 
assessment of per iodic maintenance and surveillance schedules for 
v ital components in plant safety systems . 
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52 . TITLE : LWR AGING S'l'ODIES 7 SBIPPIN PlfR 
AGING EVALUATION BUDGET 
CONTRACTOR : Paci f ic Northwest Laboratory 

OBJECTIVE : 

" 85 
475 

FY 86 
711 

A.  Evaluate the relevancy of components and aater ials at 
Shippingport - PlfR as a source of plant aging inforaation , 
perform in-situ assessments of aged components and obtain 
equ ipment for post service examinations and tests . 

" 87 
1811 

B. Evaluate and assess the system performance of hyd raul ic and 
mechanical snubbers . Establish failure mechanisms and causes and 
provide recommendations for pract ical and cost effect ive 
application , operation , and maintenance . 

C .  Make r ecommendations and generate guidel ines for inspect ion , 
surveillance conditions monitor ing methods and aaintenance for 
room coolers and emergency diesel generator s  associated with 
plant safety systems . 

53 . TITLE : FACILITIES UNDERGOING DECOMMISS-
IONING BUDGET 
CONTRACTOR: United Nuclear Corp .  

OBJECTIVE : 

" 85 
475 

FY 86 
788  

" 87 
1111 

Provide the NRC l icensing staff data which will allow an assessment of 
radiation exposure dur ing decommissioning and the implementation of 
ALARA techniques .  Provide informat ion to determine the proper amount 
of funds which must be ava ilable to ensure t imely and safe 
decoamission ing operat ions . This information is being used by NRR for 
evaluation of reactor decommission ing plans and will be used by RES in 
the developaent of the f inal decommissioning rule and in the proposed 
res idual contamination rule . 

54 . TITLE : FIRE PROTBC'l'ION RESEARCH 
CONTRACTOR : Sandia National 
Laboratory 

OBJBC'l'IVE : 

FY 85 
BUDGET 888 

FY 86 
658 

FY 87 
581 

Probabil istic r isk assessments (PRA) have indicated that f ires may 
contr ibute a s ignif icant f ract ion of the risk from nuclear plant s ,  but 
there are large uncertaint i es in estimating the r isk because of lack 
of data quantifying heat and cor ros ive mater i als generated by f i res , 
the i r  transport through the plant , the effects on safety equipaent , 
and the relative effectiveness of f i r e  protect ion measures to suppress 
f i res and prevent damage to safety equ ipaent . The obj ect ive for FIN 
A-1118 is  therefore to develop test data for use in (a) evaluation of 
res idual r i sk f rom f i res in nuclear power plants in order to determine 
whether the l icens ing requ i rements for f i re protection need to be 
.edi f ied , and ( b )  assessment of proposals by l icensees for 
implementation of cur rent regulat ions . 
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5 5 .  TITLE : QUAL TESTING EVALUATION 
CON'l'RAC'l'OR : sandia National 
Laboratory 

OBJBC'l'IVE : 

1 10 

FY 85 
BUDGE'l' 1681 

FY 8 6  
1355 

Bv�luate the procedures and methods used to qual ify safety related 
elect r ical equipment to assure that they survive and function dur ing 
and following an accident taking into account the effects of aging 
prior to the accident . 

56 . TI'l'LE : BQU IPMBN'l' SURVIVABILITY 
CON'l'RAC'l'OR : Sandia National 
Laboratory 

OBJBC'l'IVE : 

FY 85 
BUDGE'l' 7 8  

FY 86 
311 

FY 87 
1611 

" 87 
211 

1 .  Analyses and equ ipaent thermal response tests to provide data for 
licensing decision on equipment surv ival in large dry PWR 
containment . 

2 . Develop cr iteria for assess ing Hydrogen Cont rol OWner s  Group 
(BCOG) exper iments on equ ipment survival in a BWR MK I I I  
containment with standing fla.es . 

57 . TITLE : BLEC'l'RIC PENE'l'RATION ASSEMBLIES FY 85 
CON'l'RAC'l'OR : Sandia National BUDGET 187 
Laboratory 

OBJEC'l'IVE : 

FY 8 6  
251 

FY 87 
111 

1 .  Evaluate the containment integr ity , leakage and potent ial failure 
mechanisms with electrical penetration assemblies ( BPA) used in 
the three principal reactor containments (PWR, MI I BWR and MK 
I I I  BWR) when exposed to a severe accident env i ronment . 

2 . Determine the elect ric functional behav ior of the BPAs under 
these same accident conditions . 

58 . TITLE : TESTING BQUIPMBN'l' - SBVBRB FY 85 
ACCIDEN'l' SEQUENCES BUDGE'l' 51 
CON'l'RAC'l'OR : Sandia National Laboratory 

OBJECTIVE : 

FY 86 
151 

FY 87 
.... 

Conf i rm the adequacy of data obtained f rom plant instrumentat ion and 
the availability of electr ical equ ipment under severe accident states 
which prov ide the basis for operational and emergency preparedness 
actions J provide more accurate data for deterministic and 
probab i l i stic calculat ions as they per tain to sever e  accident states . 
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59 .  TITLE : FIRE PROTECTION RESEARCH 
CONTRACTOR : Brookhaven National 
Laboratory 

OBJECTIVE : 

1 1 1  

FY 8 5  
BUDGET 288 

" 86 
358 

FY 87 
288 

Probabil istic r isk assessments (PRA) have indicated that f i res may 
contribute a significant fraction of the risk f r om nuclear plant s ,  but 
t here are large uncertainties in est imating the r isk because of lack 
of data quanti fying heat and cor ros ive materials generated by f i r e s ,  
the i r  transport through t h e  plant , the effects on safety equipaent , 
and the relat ive effect iveness of f ire protection measures to suppress 
f i res and prevent damage to safety equipment . The obj ect ive for FIN 
A-3252 at Brookhaven National Laboratory is  to develop a computational 
capabil ity for use in ( a )  evaluat ion of residual risk f rom f i res in 
nuclear power plants , and (b) assessment of proposals by l icensees for 
implementation of cur rent regulations . 

6 8 . TITLE : OPER AVAIL OF INSTRUMENTS FOR FY 8 5  
SEVERE ACCIDENTS BUDGET 388 
CONTRACTOR: Idaho National Engineering Lab 

OBJECTIVE : 

FY 86 
158  

FY 87 
318 

Conf i rm the adequacy of data obtained f rom plant inst rumentation and 
the availab i l i ty of electr ical equ ipment under sever e  accident states 
which provide the basi s  for operational and emergency preparedness 
actions 7 provide more accu rate data for deterministic and 
probabil istic calculations as they pertain to severe accident states . 

B .  THERMAL HYDRAULICS DECISION UNIT 

61 . TITLE : MIST INSTRUMENT FACILITY SUPT 
CONTRACTOR : Idaho National 
Enginee r ing Laboratory 

OBJECTIVE : 

FY 85 
BUDGET 465 

FY 86 
388 

" 87 
388 

Provide advanced instr umentation , analysi s  and consulting support for 
MIST test prog r am, which bas as its objective to provide exper imental 
data unique to the NRC safety analysi s  code ver if icat ion . 

6 2 .  TITLE : MIST i OTIS ANALYSIS 
CONTRACTOR : Los Alamos National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 485 

FY 86 
488  

FY 87  
488 

To provide code analysis and consulting support for MIST program ,  
which bas as its objective t o  provide exper imental data unique to the 
BiW reactor system geometry for NRC safety analys i s  code verif ication . 
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63 . TITLE : MIST/OTIS LOOP FACILITY 
CONTRACTOR : Babcock ' Wilcox 

OBJECTIVE : 

1 12 

FY 8 5  
BUDGET 4588 

FY 86  
2425 

To provide the only full pressure integral system exper imental dat a  
unique t o  the B'W system des ign for addressing safety and l icensing 
issues and code assessment requirements for trans ients involving 
SBLOCA ( small break loss-of-coollant accidents ) ,  reestabl ishment of 
natural ci rculation and steam gene rator tube r upture (SGTR) . Thi s  
w i l l  provide data needed b y  NRR and B'W OWner s  to resolve 
uncertainties raised by the Three-Mile Island Acc ident in 1979 with 
respect to the ability of emergency cool ing or different operating 
procedures to prevent fuel damage and radionucl ide release . 

64 .  TITLE : 3D INSTRU SUPPORT 
CONTRACTOR : Idaho National 
Eng ineer ing Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

751 
FY 86 

511 

FY 87 
3 511 

FY 87 
451 

To provide technical support and instrumentat ion services for sever al 
fac il i t ies of the 2D/3D program in Ge rmany and Japan . 

6 5 .  TITLE : TRAC APPLICATIONS TO 2D/3D 
CONTRACTOR : Los Alamos Nat ional 
Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  
2621 

FY 86 
1918 

To calculate with TRAC multidimens ional processes dur ing the ref ill 
and reflood stages of a PWR LOCA in order to plan and coordinate 
multidimens ional exper iments providing data to assess NRC 
best-est imate l icens ing codes under large break ( LOCA )  cond itions . 

FY 87 
2351 

To perform post-test predictions and analyses for the ref ill/ref lood 
tests being performed in Japan and Ge rmany . To resolve uncertainties 
in the three dimens ional (cross ) flows of steam and l iquid along w it h  
f a l l  back of l iquid f rom the upper plenum into t h e  reactor core . The 
above obj ect ives support the ultimate obj ect ive of developing more 
real istic thermal hydraulic codes to predict plant pe rformance under 
accident condit ions . 

66 . TITLE : ADV INSTRUMENTATION FOR PWR 
REFLOOD STUDIES BUDGET 
CONTRACTOR : Oak Ridge National Laboratory 

OBJECTIVE : 

FY 8 5  
571 

FY 86 
388 

To provide two-phase f low instr umentation for large scale ref lood 
studies.  

FY 87 
251 
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67 . TITLE : LOCA/ECCS SUPPORT STUDIES 
CONTRACTOR : WPR Associates 

OBJECTIVE : 

BUDGET 
FY 8 5  

6 9 5  
FY 8 6  

3511 

1 . To provide technical support for revising 11 CFR 51 Appendi x  K 
r ules . 

2 . To provide technical support for analyzing data for improved 
under standing of the loss-of-coolant accident ( LOCA) phenomena 
and coaputer code TRAC assessment . 

68 . TITLE : ROSE 4 TECH SUPPORT 
CONTRACTOR : Idaho National 
Enginee r ing Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

6811 
FY 86 

5511 

FY 87 
351 

FY 87 
Sill 

To obtain thermal-hydraul ic exper imental data from a fac il ity of 
sufficiently large scale to ver ify existing small scale dat a .  Scaling 
uncerta int ies become important in some accidents that are affected by 
the higher surface to volume ration of small test facil ities . For 
instance , ROSA-IV will help resolve uncertanties in an accident 
d iscovered in the Seaiscale facility in which larger than expected 
water level depression in the core vas expe r ienced with accompanying 
fuel beat up as a result of l iquid hold-up in other parts of the 
pr imary system . 

6 9 .  TITLE : TECHNICAL SUPPORT TO JAERI 
CONTRACTOR : Idaho National 
Enginee r ing Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

221 
FY 86 

II 
FY 8 7  

411 

To obtain data f rom large scale integral thermal hydraulic test 
facilit ies . The data are to be used to evaluate safety analysis codes 
which are be ing used by the NRC l icens ing staff to audit l icensees . 
The data are to be obtained as economically as possible from foreign 
facili ties through exchange of instrumentation and computer codes . 
Scal ing uncertainties become important in some accidents that are 
affected by the higher surface to volume ratio of  small fac i l ities . 
Spec ifically, the data obtained is to help resolve uncertainties in an 
acc ident d iscovered in the Semiscale fac i l ity in which larger than 
expected water level depression in the core was exper ienced with 
accompanying fuel beat up as a result of l iquid bold-up in other parts 
of the primary system . 

7 1 . TITLE : ROSA IV DATA ANALYSIS 
CONTRACTOR : Los Alamos National 
Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

2 2 8  
F Y  8 6  

6 5 11  

To conf i rm the abi l ity o f  NRC ' s  safety analysis codes t o  predict 
safety system performance dur ing transients and accidents by 
val idating the code against data f rom large scale integral test 
fac ilities . 

FY 87 
71111 
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71 . TITLE : COOP PROGRAMS SUPPORT 
CONTRACTOR : Idaho Nat ional 
Eng ineer ing Laboratory 

OBJECTIVE : 

1 14 

BUDGET 
FY 8 5  

5 1 8  
FY 86 

311 
FY 87 

511 

To prov ide suppo r t ,  advice and transfer of national laboratory 
technology to industry cooperative programs to ensure that these 
programs meet the i r  regulatory obj ect ives ( see di scussion under 83114 , 
BWR FIST ,  and B8252 , MB-2 ) . Audit cooperative progr ams to address 
potent ial confl ict-of- interest quest ions since the reactor vendo r s  are 
par ties to the cooperative ventures . 

72 . TITLE : SEMISCALE PROGRAM 
CONTRACTOR : Idaho Nat ional 
Eng ineer ing Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  
4 5 8 1  

FY 86 
3146 

FY 87 
511 

As needed to resolve NRC concerns with plant safety and with l icensing 
concerns in Westinghouse and Combus ion Engineer ing plant design s ,  
perform integral systems transient and loss of coolant accident t ests 
and evaluate the data generated f rom these test s .  Provide data for 
val idation of computer codes used for reactor l icensing safety 
evaluat ions by NRC staff . Uncertainties in the ability of 
best-est imate codes to predict response to these transients and 
acc idents must be quant if ied as a bas is for assess ing the adequacy o f  
conservat ism& used i n  l icens ing-type codes . In this way the NRC staff 
can independently assess vendor and utility approaches to plant design 
and ope rat ions to assure safe response of the reactors to these 
events . Dur ing its l i fet ime , Semiscale bas provided data for 
uncertainty assessment on essentially every loss of coolant accident 
and trans ient type of interest to the NRC staff . 

7 3 .  TITLE : NRC/DAB DATA BANK 
CONTRACTOR : Idaho Nat ional 
Eng inee ring Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

7 5  
F Y  8 6  

4 1 1  
FY 8 7  

411 

The regulatory purpose is to preserve the results of safety tests 
performed in exper imental facilities and reactors . These safety tests 
wer e  performed for regulatory purposes in the u . s . A .  and wor ldwide . 
The test results could become inacessible after an exper iment i s  
dismantled . Hence, the Exper imental Data Bank preserves and prov ides 
rapid access in a common easy to use format for all the safety test s . 
The saf ety tests data are needed to test and ver ify computer codes 
used for l icensing analyses . 

74 . TITLE : SG TUBE RUPTURE 
CONTRACTOR : Oak Ridge Nat ional 
Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  

1 5 5  
FY 8 6  

2 1 1  
FY 8 7  

191 

To exper imentally determine the partition of iodine between l iquid and 
steam in an environment which simulates steam generator tube rupture . 
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1 1 5  

7 5 .  TITLE : MIXING I N  STRATIFIED PLOWS 
CONTRACTOR : UC-SB 

OBJECTIVE :  

BUDGET 
py 85 

85 
py 86 

254 
py 87 

281 

( 1 )  Develop simplif ied accurate methods to analyze thermal mixing i n  
reactor s  and perform analyses i n  support o f  the Pressur i zed 
Thermal Shock (PTS) rule . 

( 2 )  Obtain boron mix ing data needed f o r  bo ron transport model 
develop�ent . 

76 . TITLE : MODELING OP 'l'WQ-PBASE PLOW 
CONTRACTOR : Argonne National Lab 

OBJECTIVE : 

BUDGET 
PY 85 

3111 
py 86 

248 
py 87 

3111 

To develop two-phase flow models and cor relations to support accurate 
LWR safety analyses and to assess scal ing compromises in experimental 
facilities . 

77 .  TITLE : CRIT DISCHARGE TBRO PIPE CRACK PY 8 5  
CONTRACTOR : Lawrence Berkeley Lab BUDGET 811 

OBJECTIVE : 
To remove uncer tainties in determining : 
a .  critical discharge through pipe crack s ,  and 

py 86 
7 5  

b .  critical f low through small-breaks i n  hor izontal pipes with 
stratif ied upstream conditions by providing test data and 
val idated models . 

7 8 . TITLE : NONBQUIL BEAT TRANSFER 
CONTRACTOR : Lehigh Univer sity 

OBJECTIVE : 

py 85 
BUDGET 85 

py 86 
188 

To develop an exper imental ly and phenomenologically based model for 
thermal non equ ilib r ium post Critical Beat Flux (CBP ) heat transfer 
model appl icable to both high and low flow rates in r od bundles . 

7 9 .  TITLE : GEOMETRIC ANAL OP ENSEMBLE OP 
SOL - 2 PHASE PLOWS 
COR'l'RACTOR : Brown University 

OBJECTIVE : 

py 85 
BUDGET 511 

PY 86 
8 8  

a .  To complete t h e  resolution o f  the chok ing flow problem by 
conducting a geometric analysis of two-phase flow solutions . 

b .  To establ ish a choked flow cr iter ion and val idate it aga inst 
available exper imental data . 

py 87 
8 

py 8 7  
8 

py 8 7  
8 
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1 16 

8 1 . TITLE : DATA ANALYSIS i TESTS OP CORR 
CONTRACTOR : Ondea Laboratory 

OBJECT IVE : 

py 85 
�OOft I 

PY 8 6  
51 

FY 87 
• 

To explore the feasibil ity of synthesiz ing and generaliz ing 
expe r imental data and code calculation results via appropr iate 
s imilar ity groups and/or s imilar i ty funct ions . To date , exper iments 
and/or code calculat ions are pe rformed by varying one parameter at a 
t ime , for example ,  by varying break s i z e  or power or emergency cor e  
cool ing ( ECC ) water , etc . Similarly, for each r un t h e  results a r e  
presented as plots o f  s i ngle variables versus t ime , for example ,  
pressure o r  break flow o r  T clad are plotted versus t ime . As a 
resul t ,  a large number of teat runs and/or of code calculat ions a nd 
requ i red in order to assess the effects of the var ious paramete r s  of 
interest . If this program demonstrates that syntheses of exper imental 
data and/or of calculated results are feasibl e ,  then this program wi l l 
y ield methods for ach iev ing cons iderable sav ings in f unds by reducing 
the number of requ i red expe r imental testa and/or of code calculation s . 

8 1 .  TITLE : CODE ASSESSMENT i APPL (Al2 1 5 )  P Y  8 5  
CONTRACTOR : Sand ia National Lab BOOOBT 525 

OBJECTIVE : 
As pa rt of the TRAC-PWR assessment effor t .  

82 . TITLE : CODE ASSESSMENT i APPL 
CONTRACTOR : Brookhaven National Lab 

OBJECTIVE : 

py 85 
BODGET 225 

PY 8 6  
425 

py 86 
2 1 1  

n �  
311 

n �  
151 

The obj ect ives are 1 )  to assess thermal • hydrau l i c  system transient 
codes TRAC-BWR and RAMONA I I I  B us ing domestic teat data to assure the 
accuracy of the codes and to quant ify the uncertainties of code 
predict ions . The regulatory goal is to provide NRR with assessed 
computer codes so that vendor submittals of reactor t r ans ient analys e s  
and operator guidel ines can b e  aud ited . 

8 3 .  TITLE : CODE ASSESSMENT i APPL 
CONTRACTOR : Idaho Nat i onal 
Eng inee r i ng Laboratory 

OBJECTIVE : 

PY 8 5  
BOOOET 4 3 5  

P Y  86 
• 

n �  
311 

The obj ectives are 1 )  to assess thermal • hydraulic system transient 
codes ( TRAC-PPl/MODl , TRAC-BDl/MODl and TRAC-BPl )  us ing domestic teat 
data to assure the accuracy of the code s ,  2)  to quant ify the 
unce r tant ies of code predict ions and 3)  to perform t ransient analyses 
to resolve l icens ing issues . The regu latory goal is to provide NRR 
with assessed computer codes so that vendor submittals on reactor 
t r ansient analyses and operator guidel ines can be independently 
aud ited . 
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1 17 

8 4 .  TITLE : USER ASSISTANCE FOR CODE FY 8 5  
EXCHANGE BUDGET 358 
CONTRACTOR: Idaho Nat ional Eng ineer ing 
Laboratory 

OBJECTIVE : 

FY 86 
1288  

FY 87  
858 

The obj ectives are 1) to assess thermal & hydraul ic system transient 
codes RELAPS/MOD2 , TRAC-BWR us ing foreign results and domestic data to 
1) assure the accur acy of the code s :  2) quant ify the uncertainty of 
code predict ions and 3 )  perform plant t ransient analyses .  The 
r egulatory goal is to provide NRR with assessed computer codes so that 
l icensee submittals on reactor transient analyses and operator 
gu idel ines can be audited and reviewed , and operating transients can 
be reviewed and assessed . 

85 .  TITLE : USER ASSISTANCE FOR CODE 
EXCHANGE 
CONTRACTOR : Los Alamos National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 3511 

FY 86 
6 8 5  

F Y  87 
4511 

The obj ect ives are 1 )  to assess thermal & hydraul ic system trans ient 
code TRAC-PFl/MODl using fore ign results and domestic data to : 1 )  
assure the accuracy of the codes ,  2 )  quant ify the uncertainty of code 
predictions , and 3) per form plant transient analyses . The r egulatory 
goal is to prov ide NRR with assessed computer codes so that l icense 
submittals on reactor transient analyses and operator guidel ines can 
be reviewed and audited and operat ing transients can be reviewed and 
assessed . Resolves uncertanties assoc iated with nod ing sensitivities 
in B&W reactor thermal hydraulic behav ior predict ions with 
TRAC-PFl/MODl . 

86 . TITLE : THERMAL REACTOR SAFETY CODE 
DEVELOPMENT 
CONTRACTOR : Brookhaven National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 511 

FY 86 
5 8  

F Y  87 
188 

The obj ective is  to provide NRR with a system transient Boil ing Water 
Reactor thermal & hydraulic analysis code (RAMONA III B) with three 
dimensional neutron k inetics capabil ity so that vendor submittals on 
reactor transient analyses and operator gu idel ines can be audited . 

87 . TITLE : DEVELOPMENT OF PLANT ANALYZER 
CONTRACTOR : Brookhaven National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 158 

FY 86 
1511  

FY 8 7  
2 8 8  

The obj ective i s  t o  provide N RR  with a fast r unning system transient 
( not including LOCA) Bo il ing Water Reactor thermal & hydraulic 
analys i s  code ( HIPA )  on a stand-alone parallel process ing computer so 
that vendor submittal s on reactor transient analyses and operator 
guidel ines can be audited quickly . 
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8 8 .  TITLE : CODE DEVELOPMENT ' IMPROVEMENT FY 8 5  
CONTRACTOR : Idaho National BUDGET 656 
Eng ineer ing Laboratory 

OBJECTIVE :  

FY 86 
885  

" �  
511 

To provide NRR the capabil ity to accurately analyze a wide variety of 
PWR transients for use in aud it ing vendor calculations of ECCS 
behavior under Loss-of-Coolant Accident conditions def ined 11 CFR 
51 . 46 Appendix K, and reviewing operator procedures . Develop a code 
to be used to perform sensitivity study on paramters (such as decay 
heat , break flow , etc . , )  which affect fuel peak clad temperature . 

89 . TITLE : RELAP 5 
CONTRACTOR : Idaho National 
Engineer ing Laboratory 

FY 85 
BUDGET 151 

FY 86 
I 

" �  
211 

OBJECTIVE : 
To provide NRR the capabil ity to accurately calculate a wide variety 
to PWR trans ients for use in auditing vendor calculations of ECCS 
behavior under Loss-of-Coolant-Acc ident condit ions def ined 11 CFR 
51 . 46 Appendix K, and reviewing operator procedures . Develop a code 
to be used to perform sensitiv ity study on parameters ( such as decay 
heat , break flow, etc . , )  which affect fuel peak clad temperatur e .  

91 . TITLE : PLANT ANALYZER 
CONTRACTOR : Idaho National 
Engineer ing Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 533 

FY 86 
575 

" �  
711 

The object ive is to assist NRR in audit ing l icensee appl ication and 
pe rformance . The regulatory goal is to make swift decis ions on the 
safe operation of a plant where an operational trans ient has occu r red 
( and s imilar plants ) .  This requires speed up of the computer program 

used for analys is,  mak ing input to the programs easier and mak i ng 
program output more quick ly comprehensible by translating thousands of 
numer ical values into pictures . 

91 . TITLE : TRAC CODE DEVELOPMENT 
CONTRACTOR : Los Alamos National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 511 

FY 86 
511 

" �  
511 

To maintain the best est imate advanced TRAC-PWR code 
(thermal-hydraulic code for Pressu r i zed Water Reactor s )  in order to 
respond to licensing issues such as : ( 1 )  best est imate LOCA 
calculat ions to determine the ava ilable margins in vendor calculat ions 
of plant behav ior under LOCA and transient conditions , ( 2 )  resolut ion 
of issues involving decay heat removed using feed and bleed 
procedures,  and ( 3 )  evaluat ion of operator gu idel ines . Calculations 
us ing TRAC-PWR al low resolution of uncer tainties regarding the abi l i ty 
of the reactor safety systems to prevent fuel damage dur ing these 
transient cond it ions and accident s .  Some of the spec if ic 
uncertainties are c r i t ical heat flux , heat t r ansfer fol lowing c r i tical 
heat flux and coolant flow distr ibut ion dur ing reactor blowdown . 
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92 . TITLE : PLABJ.' ANALYZER 
CONTRACTOR : Los Alamos National 
Laboratory 

OBJECTIVE : 

1 19 

FY 8 5  

BUDGET 7 5 8  
F Y  86 

518 
FY 87 

781 

The obj ect ive i s  to assist RRR in audit ing l icensee appl icat ions and 
performance . Tbe r egulatory goal is to make swift dec isions on the 
safe operation of a plant where an operational transient bas occurred 
( and s imilar plants ) .  This r equ i r es speed up of the computer program 
u s ed for analys i s ,  mak ing input to the programs eas ier and mak ing 
program output mor e  quickly comprehensible by translating thousands of 
n ume r ical values into pictures . 

93 .  T ITLE : COBRA MAINTENANCE 
CONTRACTOR : Pac i f ic Northwest 
Laboratories 

OBJECTIVE : 

FY 8 5  

BUDGET 79 
FY 86 

1 5  

FY 87 
111 

To maintain the COBRA-TRAC and COBRA-FS thermal-hydraulic codes for 
pressur i zed wate r  r eactors with specific abi l i ty to calculate two 
phase f low mechanist ically and to handle complex geomet r ies in order 
t o  respond to l icensing issues . The codes should be able to perfora 
best est imate loss-of-coolant-acc ident (LOCA) predict ions ( especially 
for West inghouse plants with Uppe r Bead Inj ect ion ) to determine the 
available margins in vendor calculation , and to evaluate operator 
gu idelines , and should be able to perform detailed sub-channel 
behavior calculat ion for the r eactor cor e .  

94 . TITLE : NUCLEAR REACTOR PLABJ.' 
DESCRIPTION DATA BARK 
CONTRACTOR : Technology Develop Cor p .  

OBJECTIVE : 

FY 8 5  
BUDGET 3 8  

F Y  8 6  
6 5  

FY 87 
I 

S erve as a computer bank of plant reactor geometr ic and operating 
data , suff icient for thermal hydraulic reactor safety analyses .  
P r ovide automated tools t o  permit rapid r enodel i zat ion and c r eation of 
input decks to RRCs safety analys is computer code s .  Train potential 
users to input data and perform input deck cr eat ions . Assist with 
User Acceptance Testing of the software . 

C .  ACCIDENT EVALUATION DECIS ION UNIT 

9 5 .  TITLE : SEVERE ACCIDENT SEQUENCE FY 8 5  
ARALYS IS-PWRS 

. 
BUDGET 8 2 5  

CONTRACTOR : Sand ia National Laboratory 

OBJECTIVE : 

FY 86 
6 1 8  

FY 87 
611 

Apply deterministic analyses to risk dominant accident sequences for 
spec i f i c  plants u t i l i z ing best est imate values . Impr ove our 
under stand ing on severe acc idents by defining operator actions which 
can reduce co re melt likel ihood or mitigate its consequences and 
provide assessment of the adequacy of proposed operat ional guidel ines 
for coping with t ransients that challenge plant safety . Provide 
mechanistic analyses of containment loading f rom seve re accidents and 
the result ing threats to safety equ ipment . 
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16 . TITLE 1 BWR SEVERE ACCIDENT ANALYSIS 
CONTRACTOR : Sand ia Nat ional 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET I 

FY 86 
24 1 

FY 87 
I 

Apply deterministic analyses to r i sk dominant accident sequences for 
spec ific plants utiliz ing beat est imate values . Improve our 
under stand ing of severe accidents by assur ing development of ez-veaeel 
core/concrete interaction models to be fully reapreaentat ive of BWR 
plants . Provide mechanistic analys is of conta i nment loading f rom 
severe accident and the result ing threats to safety equ ipment .  

17 . TITLE : SEVERE ACCIDENT SEQUENCE FY 8 5  
ANALYSI S-PWRS BUDGET 8 2 5  
CONTRACTOR : Idaho Nat ional Engineer ing 
Laboratory 

OBJECTIVE : 

FY 86 
811 

Perform realistic analyses for r i sk dominant accident sequences for 
specific plants u t i l i z ing beat-est imate values in deterministic 
analys is codes . Improve unde rstanding of potent ial severe reactor 
accidents by i) def ining operator action which can r educe core mel t  
l ikel ihood or mit igate i t a  consequences and i i )  providing an 
assessment of the adequacy of proposed operat ional guidel ines for 
coping with t r ansients that challenge a plants safety . 

18 . TITLE : SEVERE ACCIDENT ANALYSIS-BWRS 
CONTRACTOR : Idaho Nat ional 
Eng ineer ing Laboratory 

OBJECTIVE : 

FY 85 
BUDGET I 

FY 86 
151 

Perform realistic analyses for r i s k  dominant accident sequences f o r  
spec i f i c  plants u t i l i z ing beat-est imate values in deterministic 
analys i s  codes . Improve understand ing of potential severe reactor 
accidents by i) def ining operator action which can reduce core mel t  
l i kel ihood or mit igate i t a  consequences and i i )  provid ing an 
assessment of the adequacy of propo sed operational guidel ines for 
coping with t r ansients that challenge a plants safety . 

II . TITLE : METB SAFETY ANALYSIS 
CONTRACTOR : Loa Alamos National 
Labo ratory 

OBJECTIVE : 

FY 8 5  
BUDGET 4 1 1  

F Y  8 6  
4 7 5  

FY 87 
651 

FY 87 
I 

py 87 
I 

The SIMMER- I I  computer code was developed to provide a tool to analyee 
hypothetical core d i s r upt ive accidents ( BCDA ) in l iquid metal fast 
br eeder r eactors . The code calculates the energetics of BCDS ' a  and 
the i r  potent ial threat to the reactor vessel and containment . The 
obj ect ive of ongo ing wor k  is to make improvements to t he running t iae 
of the code to reduce costa and to apply the code to analys i s  of 
safety probl ema . Continued coope rat ion with KFK of West Germany , CBA 
of France and PNC of Japan will maintain acce ss to exper imental data 
from fore ign fast br eeder r esearch prog r ams . 

Copyright © National Academy of Sciences. All rights reserved.

Revitalizing Nuclear Safety Research
http://www.nap.edu/catalog.php?record_id=18442

http://www.nap.edu/catalog.php?record_id=18442


121 

111 11 TITLE : S EVERE  ACCIDElft' SBQUEIICE FY 85 
ANALYSIS-PWRS BUDGET 11114 
CONTRACTOR: Oak Ridge National Laboratory 

OBJECTIVE s 

FY 86 
851 

FY 87 
651 

Apply deterainistic analyses to risk doainant accident sequences for 
specific plants utilizing best est iaate values . Improve understanding 
of severe accidents by def ining operator actions which can reduce core 
melt likelihood or aitigate its consequences and provide assessment of 
the adequacy of proposed operational guidel ines for coping with 
t rans ients that challenge plant safety . Assure that methodology 
developed primarily for PWR analysis includes adequate modif ication of 
BWR plant studies . 

111 TITLE : FP TRANSPORT IN BWR SEVERE FY 85 
ACCIDElft'S BUDGET II 
CONTRACTOR :  Oak Ridge National Laboratory 

OBJECTIVE : 

FY 86 
188 

Apply deterministic analyses to r isk doainant accident sequences for 
specific plants utiliz ing best estimate values for fission product 
track ing . Improve under standing of severe accidents by def ining 
operator actions which can reduce the source term to the environment 
and the offsite consequences .  Assure that methodology developed 
primarily for PWR analysis includes an adequate data base for BWR 
plant stud ies . 

112 TITLE : ACRR MELT PROG EXPETS 
CONTRACTORs sandia National 
Laboratory 

OBJECTIVE s 

FY 8 5  
BUDGET 9 7 5  

F Y  8 6  
1111 

FY 87 
I 

FY 87 
1411 

To develop a data base and val idated analytical models on the 
governing processes in the development of severe fuel damage 
( including the oxidation process and hydrogen generation) , cor e-melt 
progression ( including control-rod effects ) ,  and in-vessel 
fission-product and aerosol release for the range of LWR severe 
accident conditions by performing smal l-scale integral exper iments in 
the Annular Core Research Reactor (ACRR) . The results are used to 
assess and improve severe-accident analysis codes,  in part icular the 
mechanistic MELPROG melt-progression and SCDAP fuel-damage codes .  
This program includes four fresh-fuel Debris Formation (DF ) 
exper iments , two with control-rods , to be completed in FY 86 , and two 
follow-on Melt Progression and Source Term (MPST) exper iments with 
high burnup fuel up to fuel-aelt temperatures for a PWR and a BWR 
risk-doainant accident sequence that are to be per formed in FY 87 . 
This program is part of the joint international Severe Fuel Damage 
(SFD) and Source Term ( ST )  research prog ram of the Fuel Systems 
Research Branch . 
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113 TITLE a MELPROG CODE DBVBLOPIIEN'l' 
CONTRACTOR : Sand ia National 
Laboratory 

OBJECTIVE a 

122 

FY 8 5  
BUDGET 565 

FY 86 
811 

FY 87 
611 

1 . Develop a best-est imate computer code ( j o int wor k  with FIN A7 3 1 3 )  
MELPROG , to analyze severe accidents f r om cor e melt to reactor 
vessel failu r e .  

2 . Apply the code to predict the t iming and the characte r i st ics of 
the release of core deb r i s  and radioactive materials to the 
containment . 

1 1 4  TITLE : MELPROG VALIDATION EXPTS 
CONTRACTOR : Sand ia Nat ional 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET I 

FY 86 
1211 

FY 87 
1311 

To provide a technical bas is for val idat ion of the MELPROG mechani s t i c  
in-vessel cor e-melt progress ion code b y  assess ing t h e  uncer taint i e s  i n  
the governing process and b y  prov iding a much stronger val idat i on data 
base by exper iments to reduce the r isk-dominant uncertaint ies . 
Because of the large scale and complex inter act ions involved , a 
large-scale integral val idation proof test of MELPROG is not 
feasible . Key individual elements of the code are to be val idated by 
exper iment with integration of the elements of necessity by analys i s  
with some relevant integrat ion data furni shed by the TMI-2 cor e  
examination . Areas requ i r ing new exper imental data include : 
cor e-debr i s  relocation , the thermal attack on the core-support 
structure and the r eactor vessel , the node of vessel failure , the 
effects of cont rol rod materials,  and the effects of multi-dimens ional 
natural convect ion and heat transfe r .  These are to be addressed by a 
program of separate-eff ect exper iments ,  out-of-pi le in the laboratory 
and in existing test fac i l i t i e s ,  and in-pile in ACRR . 

115 TITLE : TMI FUEL EXAM 
CONTRACTOR : Argonne Nat ional 
Laboratory 

OBJECTIVE a 

FY 8 5  
BUDGET 2 1 1  

F Y  86 
311 

py 87 
3 1 1  

B y  examination of t h e  TMI-2 cor e  debr i s ,  to provide benchmark data f o r  
t h e  assessment of severe accident codes and f o r  augmentation o f  
results of the Severe F u e l  Damage and Source Term research prog r am .  

186  TITLE : COMMIX CALCULATIONS 
COHTRACTOR a Argonne Nat ional 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 151 

FY 86 
1 1 1  

T o  predict mult i-d imens ional flow patterns and tempe rature 
distr ibutions in the reactor coolant system of a pressu r i zed wat e r  
r eactor ( PWR) dur ing high-pr essure t r ansients . 

py 87 
I 
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1 1 7  'rl'ft.B 1 IIBLCOR BBRCIIIIAIUURG 
� �  Brookhaven Rational 
Engineer ing Laboratory 

OBJBC'l'IVB I 

123 

" 85 
BUDGET 211 

" 86 
511  

F Y  87 
611 

'ro ensure tbat .odels developed for IIBLCOR are adequate for source 
ter. analysis , and to perform benchaark analyses and code verification 
for the coaplete IIBLCOR code . 

118 'ri'ft.B 1 PBF ftAIIDBY OPBRATIORS 
(POS'l " 85)  

COII'l'RACTOR 1  Idaho Rational 
Engineering Laboratory 

OBJBC'l'IVB 1 

" 85 
BUDGBT 6531 

" 86 
511  

" 87 
I 

In n 86 to provide for ainiaua cost standby operation of Power Burst 
Facility until n 87 . Wben funds for deact ivation will become 
available .  

1 1 9  'r l'ft.B 1  RBSIDIII'r SCIBRTIB'r AT 
KFK , II'RG 
�R 1 Idaho Rational 
Engineer ing Laboratory 

OBJBC'riVB 1 · 

" 85 
BUDGET 111 

FY 86 
61 

" 87 
2 1 1  

'r o  facil itate the eachange o f  nuclear safety-related inforaation 
between the u . s .  and Geraany . Geraany provides in-k ind research as 
ita contr ibut ion under the Severe Fuel Daaage International Agreeaent . 

1 1  I TI'ft.B 1 SBVBRB II'UBL DAIIAGB IIODEL DBV 
COB!RACTOR 1 Idaho National 
Engineer ing Laboratory 

OBJBC'riVB 1 

" 85 
BUDGBT 781 

F Y  86 
7 7 1  

" 87 
651  

1 .  Develop and val idate a best-est iaate coaputer code ( SCDAP) to 
analyze recovered or aitigated severe accidents from initial core 
daaage to accident recovery . 

2 .  Apply this ( SCDAP )  code to predict the t iming and magnitude of 
radioactive aaterial and hydrogen release to the containment or 
to other areas outside tbe reactor coolant system dur ing 
recovered severe accidents .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e v i t a l i z i n g  N u c l e a r  S a f e t y  R e s e a r c h
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 4 2
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111 TITLE : TRAC/MELPROG INTEGRATION 
CONTRACTOR : Los Alamos National 
Labor atory 

OBJECT IVE : 

124 

FY 8 5  
BUDGET 328 

PY 8 6  
3 8 8  

1 .  Develop the best-estimate computer code ( j oint work with PIN 
Al 342)  MELPROG , to analyze severe accidents from cor e melt to 
reactor vessel failure . 

2 . Apply the code to predict the t iming and the character istics o f  
the release o f  core debris and rad ioact ive mater ials t o  the 
conta inment . 

112  TITLE 1 SEVERE CORE DAMAGE MATERIALS PY 8 5  
PROP TEST BUDGET 2911 
CONTRACTOR : Pacific Northwest Laborator ies 

OBJECTIVE : 

py 86 
388 

FY 87 
351 

FY 87 
211 

To obtain high temperature data on core mater ial behavior for use in 
severe core damage fuel behav ior irradiation test s ,  for safety 
analys is codes , and for analysis of the severe fuel damage research 
program results . Uncertainties in reactor core mate r ials properties 
under severe accident conditions affect f iss ion product release 
analyses in two ways . The chemical interact ions calculations , which 
require accurate mater ial propert ies input , yield radionucl ide 
chemical states . These are needed for health effects determinations . 
The second ef fect of accurate mater ials properties data is on fuel 
mit igat ive actions to cool a damaged cor e .  

1 1 3  TITLE : MOLTEN CORE-COOLANT PY 8 5  
INTERACTIONS BUDGET 1188 
CONTRACTOR : Sand ia National Laboratory 

OBJECTIVE : 

py 8 6  
585 

py 87 
• 

To study the interact ion of molten core material with water in order 
to develop a fundamental under standing of the governing phenomena and 
to measure the mechanical energy released from a cor ium-coolant 
interaction dur ing a severe accident in a l ight water reactor . 
Provide analytical methods and computer codes to predict the 
mechanical energy produced , hydrogen generat ion rate , coarse mix ing , 
and debr is characteristics resulting f rom cor ium-coolant interact ions . 

114 TITLE : CONTAINMENT ANALYSIS 
CONTRACTOR : Sand ia National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 11158 

FY 86 
888 

To develop and implement a computer program (CONTAIN) to model 
power-reactor containment systems and to predict the thermal , 
physical , and chemical loads imposed by accident condit ions . 

FY 87 
1211 
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115 'ri'ft.B 1 COilB IIBL'l' '1'BCIDIOLOGY 
c:o.rJIAC'fOll1 Sandia .. tional 
r..boratory 

OBJ�I'IB I 

125 

py 85 
BUDGft 2111 

py 86 
1451 

py 87 
1588 

In severe reactor accidents in vbicb .olten core aater ial escapes tbe 
reactor pressure vessel and falls into tbe reactor cavity, tber.al and 
�cal interactions between tbe bigb-te�rature core debr i s  and 
structure concrete are eapected to ensure . 'l'be purpose of tbis 
project is to design and conduct eaperi8ents to study tbe tber.al and 
cbeaical pbeaa.ena eapected to characterise tbese core-concrete 
interactions . 

1 16 'l'I'l'LB 1 BJDitOGBR BIBAVIOR PROGJUUI 
COII'l'IIAC'fOill Sandia Rat ional 
r..boratory 

OBJJICri'IB I 

py 85 
BUDGft 1318 

py 86 
1288 

py 87 
211 

'1'o provide tbe BRC vitb tbe basis to quant ify tbe tbreat to nuclear 
power plants contain.ant structure,  safety equipment and tbe pr iaary 
eystea posed by bydrogen co.Ous ion . 

117 'l'I'l'LB 1 DIIIBC'f COlftAIIIIIBft BBA'l'IRG 
COII'l'IIAC'l'Olll Sandia Rational 
r..boratory 

OBJBC'l'IVB I 

py 85 
BUDGft 8 

py 86 
651 

py 87 
711 

'1'be obj ective of tbis prograa is to investigate consequences of bigb 
pressure 8elt ejection . In certain accident scenarios , tbe reactor 
vessel aay reaain pressurized vben tbe .olten core aater ials breacbes 
tbe bott� of tbe reactor vessel . Wben tbe .. lt is ej ected under 
pressure into tbe contain.ant , it is l ikely to be d ispe r sed as f ine 
particles and beat tbe contain.ant at.ospbere by tberaal and cbeaical 
interactions producing bigb static and dynaaic loading on tbe 
contain.ant . A large a.ount of aerosols, includ ing refractory 
radioactive f ission products ,  could be generated so tbat is tbe 
contaia.ent sbould fail froa tbe DCB loading ,  massive release of 
f ission products could result . Results of tbis eaper iaental prograa 
will provide data basis for quant itative assess8ent of tbe 
consequences of this potentially bigb risk event . 

1.1.8 'l'I'l'LB 1 QUAII'f UIICBII'fAIIII 011' PY 85 
COII'fAIIIIID'l' LOADIRG BUDGET 8 
co.taAC'l'Oit 1  Sandia Rat ional Laboratory 

OBJK'l'IVB 1 

py 86 
288 

Bvaluate uncertainties in quantitative predications of loading on 
reactor containaents for selected severe accident sequences at 
speci f ic plants.  

II' Y  87 
8 
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126 

119 TITLE : ICE CONDENSER MSLB ANALYS IS FY 85  
MTHDS ( MAIN STEAM LINE BREAK ) BUDGET I 
CONTRACTOR : Argonne National Laboratory 

OBJECTIVE : 

FY 86 
151 

" �  
I 

Develop and implement the necessary models in the COMMIX code to 
invest igate the mix ing phenomena and temperature behavior in the lower 
compartment of an Ice Condenser PWR dur ing a postulated main steam 
l ine break accident us ing a three dimensional simulation . 

121 TITLE : CORIUM-COOLANT MIXING 
CONTRACTOR : Argonne National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET I 

FY 86 
865 

To study the mixing of cor ium with water in order to develop a 
fundamental understand ing of the governing phenomena dur ing a severe 
accident i n  a l ight water reactor . Provide analyses of the mechanical 
energy produced , hydrogen generation rate , amount of breakup and 
mix ing , depth of mix ing , quench rate , and debris character istics 
result ing f rom corium-coolant interactions . 

121 TITLE : THERMAL HYDRAULIC EXP 
CONTRACTOR : Brook haven National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 751 

FY 86 
�� 

" �  
818 

Perform exper iments ,  together with cor respond ing model development , to 
improve under standing of thermal-hydraul ic phenomena involved in 
severe acc ident high-temperature core debris behavior . 

122 TITLE : THERMAL HYDRAULICS-CORE/ FY 8 5  
CONCRETE INTERACTIONS BUDGET I 
CONTRACTOR : Brookhaven Nat ional Laboratory 

OBJECTIVE : 

FY 86 
291 

Conduct exper iments together with analys is and model development on 
the the rmo-dynamic phenomena that govern the interact ions between 
reactor core debris and concrete as well as evolution of aerosols and 
fis sion products f rom deb r i s  pool . 

123 TITLE : HYDROGEN MIGRATION & MIXING FY 8 5  
STUDIES BUDGET 251 
CONTRACTOR : Los Alamos Nat ional Laboratory 

OBJECTIVE : 

FY 86 
17� 

" �  
181 

To develop a three-dimens ional code for the analys is of hydrogen 
distr ibut ion and combustion under severe accident condit ions . The 
code will provide the capab i l i ty to analyze hydrogen diffusion f l ames , 
sepc if ically to assess the impact of the flames on safety related 
equ ipment . 
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127 

124 '!'I'l'LB 1 ABitOSOL RBLBASB ' '!'RABSPORT 
COR'l'RAC'fOR1 O.k Ridge .. t ional 
Laboratory 

OBJBC'l'IVB 1  

py 85 
BUDGET 1388 

py 86 
1888 

Perfor. designed eaper i.enta to invest igate phenomena affecting the 
behavior of aerosols within contain88nt over a range of l ight water 
reactor severe accident conditions . Develop a data base for the 
assessment of ezisting analytical .adele and codes that will 
accurately pred ict the behavior of aerosols within LWR containaents . 

125 '!'I'l'LB 1 COBRA APPLICATIOIIS (b239 l )  
COift'IIAC'fOR1 Pacific Rorthwest 
Laboratory 

OBJBC'!'IVB1 

py 85 
BUDGET 258 

py 86 
55 

'!'be obj ective of this program is to develop a f inite-difference , 
advanced contain.ent analys is code that can bencbaark simpler 
lu.p-par48eter codes and analyze proble•s which these lump-parameter 
codes are unable to deal with. 
Bza.ples of such proble•s are 1 

py 87 
1888 

py 87 
488 

o Design basis accident - subcoapar t.ent different ial pressure, 
reactor cavity pressur ization , ice condenser drain water miz ing , 
etc . 

o Severe accident - co.Oustible gas miz ing and transport, aerosol 
transport inside contain.ent . 

rypically , the analysis of these proble•s require the capabil ity to 
calculate the .otion and condit ions of d if ferent spec ies and/or phases 
of the fluid miztur e .  This cannot be acco.odated by the 
lu.p-par48eter code with a well mized assumpt ion . 

126 '!'rrLB 1 BIGB TBKP F ISSION PROD CBEM 
COBTRAC'!'OR 1 Sandia .. t iona! 
Laboratory 

OBJBC'I'IVB I 

py 85 
BUDGET 4 5111 

FY 86 
488 

FY 87 
488 

To provide data for development of f ission product transport .odels to 
enable beat-estiaate consequence calculations for the retention of 
f iss ion products in the reactor coolant system in a severe accident . 
Specif ically, to invest igate , following release from the fuel , the 
high te�rature chemistry of f ission products in the vapor phase and 
the cheaical interaction of fission products with structural surface 
aater iala and airborne aerosols . 

Copyright © National Academy of Sciences. All rights reserved.

Revitalizing Nuclear Safety Research
http://www.nap.edu/catalog.php?record_id=18442

http://www.nap.edu/catalog.php?record_id=18442


127 TITLE 1 ACRR SOURCE TERM EXP'l'S 
CONTRACTOR : Sand i a  Nat ional 
Laboratory 

OBJECTIVE : 

128 

BUDGET 
FY 85  

8 1 1  
F Y  8 6  
1 5 1 1  

F Y  87 
1811 

To develop a data base· on the in-vessel f ission-product and aerosol 
release rates from reactor fuel and on f i ssion product and aerosol 
chemical form· for cor e-uncovery-accident condit ions including 
temperatures up to fuel melt ,  a range of pressur e ,  and a range of 
condit ions of fuel l iqu ifact ion and thermo-chemical environment . A 
series of seven sepa rate-effects Source Term ( ST )  exper iment s w i l l  be 
pe rformed in the Annular Co re Research Reactor (ACRR) test reactor in 
precisely cont rol led in-core environments to provide these dat a .  Thi s  
research is pa rt o f  the integrated Seve re Fuel Damage and Source Term 
re search prog r am of the NRC and its fore ign program partne r s ,  who have 
furni shed the maj or ity of the program funding . 

128 TITLE : FUEL FP REL FASTGRASS CODE 
CONTRACTOR : Argonne National 
Laboratories 

OBJECTIVE : 

FY 85 
BUDGET 811  

FY 8 6  
2 5 1  

F Y  87 
1 51 

To develop a mechanistic f ission product release model (the FASTGRASS 
code ) for best-est imate source term calculat ions for the NRC· l i censing 
staff . The code should descr ibe f i s s ion product release f rom LWR 
fuels dur ing thermal transients and sever e  reactor acc-idents and 
should be developed based on exper imental results obta i ned from other 
NRC sponsored prog rams on the area of f i ss ion product r elease . 

129 TITLE : POST TEST PUBL EXAM 
CONTRACTOR : Argonne National 
Laborator ies 

OBJECT IVE : 

FY 8 5  
BUDGET 151 

FY 86 
151 

FY 87 
I 

To provide information on f i ssion product release mechanisms for use 
in developing detailed models of f i s s ion product r elease f r om fuel in 
severe core melt accidents by conduct ing post-test examinations of the 
commercially i r r adiated fuel rods spec imens subjected · to h igh 
temperature f i s s ion product release testing at ORNL . 

131 TITL E :  UNCERTAINTY ANALYSIS OF 
SOURCE TERM 
CONTRACTOR :  B rookhaven Nat ional 
Laboratory 

OBJECT IVE : 

FY 8 5  
BUDGET 83 

FY 86  
811  

FY 87 
611 

( 1 )  Perform a systematic evaluation o f  the input pa r ameters on 
phenomenolog ical models in the Source Term Code Package ( STCP ) to 
def ine reasonable ,  technically defensible ranges and assumpt i ons 
for use in the STCP ) . 

( 2 )  Determine the unce rtainty i n  the source term t o  the containment 
for selected sequences at two of the f ive reference plant s 
studied by the NRC ' s  Assi tent Source Term Program Off ice (ATPO) 
in order to evaluate conf ormance to NRC seve re acc ident policy. 
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131 'rrn.E 1 PBF ED'.r PGII 
COIIDACI'Oih Idaho Rational 
Engineer ing Laboratory 

OBJBC'l'IVB 1 

129 

py 85 
BUDGET 2923 

" 86 
1958 

FY 87 
2888 

'ro provide a data base for aechanistic .odels on the developaent of 
severe fuel daaage , under the core-uncovery conditions of severe 
accidents in Light-water Reactors (LNRB) , by performing integral 
aulti-rod fuel-bundle tests in the Power Bust Facil ity test reactor ,  
analysis of the test results, and by .odel developaent and 
assesa.ent . Fission-product release and t ransport, hydrogen 
generation and t .. perature distr ibutions dur ing the test transients 
are aeasured , with post-test character ization of test fuel debris,  
including core-aelt progression , aade by neutron radiography and 
toaography and by Post- Irradiation Eza.inat ion (PIE ) . �is program i s  
pa r t  o f  the integrated Severe Fuel Daaage and Source Tera research 
program of the BRC and its foreign program partne r s .  

132 'rJ:'l'LE 1 PBP PISSIOR PRODUCT FY 8 5  
S'rODIES BUDGET 1884 
�R1 Idaho Rational Engineering 
Laboratory 

OBJBC'l'IVB1 

" 86 
958 

1 .  To investigate f ission product release , transport and behavior 
under proto-typic accident condit ions . 

2 .  To collect , analyze, and report f ission product release and 
transport data froa the Severe Fuel Daaage (SPD )  tests . 

py 87 
1888 

3 . To aeasure aagnitude , timing , release tules, chemical foras , 
transport and deposition of f ission products released in in-pile 
Tests . 

133 'ri'l'LE 1 PP RBLBASB AT SBVBRB 
ACCIDBRT COIDITIORS 
OOBTRACrOR 1  Oak Ridge National 
Laboratory 

OBJBC'%IVB I 

FY 85 
BUDGET 1468 

FY 86 
1388 

FY 87 
858 

'ro provide an ezper iaental data base for developing f ission product 
release .odels to enable best-estiaate source tera calculations in the 
f ission product release area in severe accidents. Specif ically , to 
investigate ezper t.entally uncertainties in the aagnitude and 
physioch .. ical fora of fission products released and control rod 
failure behavior under the elevated t .. perature and environaental 
conditions character istic of severe fuel daaage and core aelt 
accidents . 

1 34 'ri'l'LB 1 POST ACCIDEIII'.r PISS PROD 
CHEll 
COIITRACTOR1 Oak Ridge Rat ional 
Laboratory 

OBJBCTIVB 1  

FY 8 5  
BUDGET 388 

py 86 
388 

" 87 
288 

To determine the aqueous and vapor phase chemistry of fission products 
in the containaent under representative reactor accident cond itions 
and to .odel the f indings in aatheaatical formulations to facil itate 
best-estiaate source tera calculation s .  
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130 

135 TITLE : TRAP-MELT VERIFICATION PGM 
CONTRACTOR : oak Ridge National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BODGBT 388 

FY 86 
388 

py 87 
388 

To provide data for the assessment of the TRAP-MELT pr imary systea 
transport and deposition code which enables the NRC regulatory staff 
to have best-estimate consequence calculations done to determine the 
retention of f i ssion products and aerosols in the reactor coolant 
system in a severe accident . Specif ically, to conduct small scale 
aerosol transport tests and resuspension tests . The forme r  wil l  
provide data t o  b e  compared t o  TRAP-MELT calculation s ,  with the f inal 
aim of assessing the code ' s  aerosol t ransport models .  The latter will 
provide data for the development of an aerosol resuspension model that 
can be incorporated in TRAP-MELT and other aerosol transport code s .  

1 3 6  TITLE : MARVIKEN ATT SUPPORT 
CONTRACTOR : Oak Ridge National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGBT 135 

FY 86  
. 25 

Provide technical support for the large f ission product and aerosol 
tests in the MARVIKEN f acil ity ( Sweden ) as needed to identify 
uncertainties in the quantities and form in which f ission product 
aerosols might be released to the publ ic . 

137 TITLE : NRD COOLANT BOILAWAY i 
DAMAGE PROGRESSION TESTS 
CONTRACTOR : Pacific Northwest 
Laboratories 

OBJECTIVE : 

FY 85 
BUDGBT 1992 

FY 8 6  
2888 

FY 87 
8 

py 87 
2781 

To obtai n  data for full-length coolant boildown tests in NRO on 
in-reactor f i ssion product release and transpor t ,  hydrogen releas e ,  
and f u e l  relocation f o r  computer code ver if ication, f o r  implementation 
of the NRC severe Accident Pol icy Statement , for emergency planning, 
and for establ ishing siting policy .  

138 TITLE : SUPPORT SERVICES FOR SEVERE 
ACCIDENT ANALYSIS 
CONTRACTOR : Battelle Columbus 
Laborator ies 

OBJECTIVE : 

BUDGBT 
py 8 5  
1912 

p y  8 6  
1 1 4 8  

py 8 7  
8 

Prov ide a source of expertise and analysi s  capabi l ity whic� can be 
called upon by RES to perform research and evaluation of severe 
acc ident phenomena . Assist NRC in expedi tiously developing a revised 
source term and severe accident pol icy statement . Provide integrating 
ass i stance to NRC with regard to the severe accident research program .  
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D .  BBACI'OR OPBRA'riOJIB AIID RISK 

131 

139 'I'I'rLB 1 BPPICIBft PROB COIIPO'fA'riOJIB 

6 IIB!IIODS/PRA 
COII'fRAC'lORa Lawrence Liver110re 
Jlat ional Lab 

OBJBC'l'IVB I 

py 85 
BUDGB'l' 225 

py 86 
91 

py 87 
• 

Bzisting PRA .. tbods and procedures lack internal consistency , are 
inco.plete in teras of tbeir treat.ent of co.aon-cause failures ( e . g . , 
ezternal events ,  buaan reliabil ity) and , as a result, produce results 
witb large uncertainties . 'lbese inadequacies bave severely l iaited 
the usefulness of PRAs in guiding and supporting a broad range of 
eo..dssion decisions and actions, e . g . , in tbe areas of safety issue 
isolation , backfitting , iapleaentation of safety goal and severe 
accident policies . 'lbe objective of tbis project is to assess and 
develop a quantif ication technique tbat will be used for calculating 
systea reliability characteristics wben tbe rare event appro•iaation 
does not bold , to investigate ••tensions of tbe fault graph aetbod, 
and to investigate and ref ine cut set generation algor itbaa . 

14. 'fi'rLB1 Ilft'BGRA'lBD DBPBIIDBft PAILURB PY 85 
IIB'liiODOLOGY BUDGB'l' 275 
COII'fRAC'lORa Sandia Rational Laboratory 

OBJBC'riVB I 

py 86 
285 

py 87 
251 

Bzisting PRA .. tbods and procedures lack internal consistency, are 
inco.plete in teras of their treat.ent of coaaon-cause failures ( e . g . , 
ezternal events,  buaan reliability) and , as a resul t ,  produce results 
witb large uncertainties . 'lbese inadequacies bave severely l iaited 
the usefulness of PRAs in guiding and supporting a broad range of 
eo.aission decisions and actions, e . g . , in tbe areas of safety issue 
isolation , backf itting , iapleaentation of safety goal and severe 
accident policies . 'lbe object ive of tbis proj ect is to develop an 
integrated .. tbodoloqy for tbe identif ication , quantif ication, and 
assessaent of tbe iapact of dependent failures upon systea failures 
and accident sequence occurrences . 'lbe aetbods will address 
location-dependent coa.on causes tbat can l ink events in systea aodels 
by location and susceptibil ity to gener ic environaents as well as 
coaaon causes tbat transcend locations sucb as aaintenance and 
operator actions . 
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132 

141 TITLE : RISK METHODOLOGY INTEGRATION 
i EVAL PGM (RMIEP ) BUDGET 
CONTRACTOR : Sandia National Laboratory 

OBJECTIVE : 

FY 8 5  
9 11 8  

F Y  8 6  
5 4 5  

FY 87 
425 

To provide RNN information needed in areas of external events ,  human 
factors ,  plant analysis and containment analysis,  RMIEP will : 
o Integrate interna l ,  external , and dependent failure risk  methods 

to achieve greater efficiency , consistency , and completeness in 
r isk assessments,  

o Evaluate Probabil istic Risk Analysis (PRA) technology 
developments and lay the basis for improved PRA procedures ; 

o Identify , evaluate , and effectively d i splay the uncer tainties in 
PRA r isk predictions which stem f rom l imitations in plant 
model ing , PRA methods , or data J 

o Conduct a PRA on Boil ing Water Reactor (BWR 5 ) . Mark II nuclear 
plant ( La Salle Unit 2 ) , ascer tain the plant ' s  dominant 
sequences , and formulate the results to make it possible to 
easily update the PRA and to allow test ing of future improvements 
in methodology , data , and the treatment of phenomena . 

142 TITLE : FIRE RISK ANALYSIS APPLICATION 
CONTRACTOR : Sandia National BUDGET 
Laboratory 

OBJECTIVE : 

FY 85 
218  

FY 8 6  
5 8  

FY 87 
51 

The obj ective of this program is to perform a probabil istic analysi s  
o f  the occurrance f r equency and sever ity of f i r e  accident scenarios 
for the Risk Methodology Integration and Evaluation Program (RMIEP) , 
using the state-of-the-art f ire r isk analysis modelling techniques . 
Existing analytic techniques have large uncertainties, lack internal 
consistency , and are incomplete in treatment of major failure 
mechanisms . These inadequacies severely limit the appl ication of PRA 
to safety goal deci sions , plant-specific examination of generic safety 
i ssues,  and the synergistic considerations necessary for prudent 
regulation . The obj ect ive of this program is to provide for these 
problems a set of solut ions which are complete , integrated , and 
tested . 

143 TITLE : INTEGRATED PRA SOFTWARE DEV 
CONTRACTOR : Idaho National 
Eng ineer ing Laboratory 

OBJECTIVE : 

BUDGET 
FY 85 

288  
FY 8 6  

2 8 8  
F Y  8 7  

181 

The obj ective of the program is to provide computer tools for 
systematically performing rel iability and r isk studies and assessing 
the uncer tainties in them . This will help provide a more uniform and 
consistent treatment of unce rtainties in regulatory and reliabil ity 
analyses . 
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133 

Design tbe aoftware syst.. including developaent of analytical 
techniques, evaluate and integrate ezisting techniques to .. et tbe 
aeeda identif ied in tbe PIA aoftware plan, identify techniques and 
eaisting software, and develop software wbere needed . In addition 
tbis progr.. will develop integrated software wbicb includes 
capabilities to treat dependent failures and eaternal events in a 
consistent aanne r .  

144 'rl'ftdh SYS'rlll AIIAL 6 RID ASSBSS n 85 
ftftlll (SARA) BUDGft 251 
COIIDAC'l'OR1 Idabo Rational Bngineer ing Lab 

OBJBC'l'IVB 1  

" 86 
251 

" 87 
211 

Develop a capability for co.putation and analysis of infor.ation on 
-.. risk characteristics , using state-of-the-ar t ,  uaer-f riendly and 
80dulariaed co.puter software and eaisting BPP r isk inforaat ion 
developed under current progr... . 'rbe purpose is priaarily to assist 
tbe CRGR in track ing tbe progress tbat required/proposed plan 
80dif ications did/will aake toward i8proved safety levels .  In 
addition, tbe SARA systea is to be designed as a fleaible tool to 
support d ifferent levels of users requiring risk and reliability 
iafor.ation for decisionaaking and regulatory analysis. 

145 'ri'!'LII BRA RISUL'rS U'l'ILIIA'riOII FOR n 8 5  
OSI/GSI RISOLU'l'IOII BUDGft 331 
COIIDAC'l'OR1 Brookhaven Rational Lab 

OBJIIC'!'IVB I 

" 86 
215 

" 87 
251 

Baisting probabil istic risk asses ... nt (PIA) .. tbods and procedures 
lack internal consistency, are inc08plete in ter.a of tbeir treat..nt 
of �n cause failure ( e . g . , eaternal events ,  buaan reliabil ity) 
and, as a result, produce results witb large uncertainties . 'rbese 
inadequacies bave severely l t.ited tbe usefulness of PRAa in guiding 
and supporting a broad range of Ca.aission decisions and actions , 
e . g . ,  in tbe areas of safety issue isolation, backf itting , 
l8pl ... ntation of safety goals and severe accident policies . 'rbe 
objective of tbis research is to develop and f ield evaluate/val idate 
.. tbods and techniques for syst ... tically using buaan reliability 
analysis (BRA) data f roa PRAa and otber buaan rel iabil ity or buaan 
factors aources, for supporting resolution of unresolved and Generic 
Safety Issues , and for identifying i.-ediate and long-tera buaan 
reliability and buaan factors research require .. nts consistant witb 
RIC safety goals . 
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146 TITLE : RUMAN 
RMIPP 
CONTRACTOR : 
Laboratory 

134 

RELIABILITY ANAL FOR 
BUDGET 

Idaho National Engineer ing 

FY 8 5  
" 

FY 8 6  
3 3 8  

F Y  8 7  
175  

OBJECTIVE : 
Begin with the Gener i c  Obj ect ive . a) Ident i fy ,  evaluate , and apply 
selected human rel iabil ity analysis inputs for probabil istic r isk 
assessments , in support of the RMIEP prog ram .  b)  Analyze selected 
accident sequences using mor e  qual if ied human reliability analys is 
methods in order to predict the nature,  frequency , duration and 
probability of signif icant human error contribut ions to the LaSalle 
PRA. c)  Prov ide recommendations for future utilization of human 
reliability analysis methods in PRAs as an integrated element in the 
RMIBP program .  

1 4 7  TITLE : RUMAN RELIABILITY DATA BOOK 
CONTRACTOR : Idaho National 
Engineer ing Laboratory 

OBJECTIVE : 

FY 85  
BUDGET B 

FY 86 
258 

FY 87 
281 

Ezist ing probabilistic r isk assessment (PRA) methods and procedures 
lack internal consistency , are incomplete in terms of  their treatment 
of common cause failure ( e . g . ,  ezternal events,  human rel iabi l ity ) · 
and , as a result , produce results with large uncertainties . These 
inadequac ies have severely l imited the usefulness of PRAs in guiding 
and supporting a broad r ange of Commission decisions and act ions , 
e . g . ,  in the areas of safety issue isolation , backfitt i ng , 
implementation of safety goals and severe acc ident policies . The 
obj ective of this research is to computer ize and br ing on-l ine a 
real-t ime human reliabil ity data bank based on the technical 
specif ication presented in NURBG/CR-4111 . This technical 
specif ication was the f inal milestone of an earlier NRC research 
program directed toward a data bank conf iguration capable of accept ing 
human performance data f rom a wide var iety of sources and collating 
and processing those data for use in rel iability evaluat ions . 

148 TITLE : COGNITIVE MODELING-NUC POKER 
STATIONS 
CONTRACTOR : Westinghouse 

OBJECTIVE :  

FY 8 5  
BUDGET 152 

FY 8 6  
2 51 

FY 87 
. 275 

Existing probabil istic r isk assessment (PRA) methods and procedures 
lack internal consistency, are  incomplete in te rms of their treatment 
of commoncause failure ( e . g . , external events,  human rel iability) and , 
as a result , produce results with large uncertainties . These 
inadequac ies have severely l imited the usefulness of PRAs in guiding 
and suppor ting a broad range of Commiss ion dec isions and act ions , 
e . g . , in the ar eas of safety issue isolation , backf itting , 
implementation of safety goals and severe accident pol icies . The 
obj ective of this research is to develop and test improved methods and 
techniques for modeling the cognitive performance of selected NPP 
per sonnel , for use in rel iabi lity evaluation studies and progr ams , 
safety issue , resolution and related risk reduct ion initiat ives of the 
NRC . 
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135 

149 TI'l'LE : REL BVAL BASE S'l'UDY WITH EPRI 
CONTRACTOR : Undes Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGB'l' 8 

FY 86 
58 

FY 87 
• 

Ezist ing probabil istic r isk assessaent (PRA )  methods and procedures 
l ack internal consi stency , are incoaplete in terms of their treatment 
of common cause failure ( e . g . , ezternal events ,  human reliability) 
and , as a result , produce results with large uncertainties . �ese 
inadequac ies have severely l imited the usef ulness of PRAs in guid ing 
and support ing a broad range of co .. ission dec isions and actions , 
e . g . , in the areas of safety i ssue isolat ion , backf itt ing , 
implementation of safety goals and severe acc ident policies . The 
objectives of this research is to conduct a f ield evaluat ion within 
t he context of an Italian Joint Research Center Benchmar k  program, of 
selected huaan rel iabil ity analytic tools and procedures recently 
developed by the NRC and Elect r ic Power Research Institute ( EPRI ) . 
U t i l i z ing a case study approach, this proj ect will allow the NRC and 
EPRI to acquire comparative data on selected NRC and EPRI analytic 
tools/procedures and tools/procedures developed by other nations 
participating in the program. 

1 51 'fi'l'LE :  HUMAN FACTORS NBBDS IN RBS 
COift'RACTOR 1 HAS 

OBJECTIVE : 

py 85 
BODGB'l' 8 

py 86 
1 3 1  

FY 87 
8 

With the termination of the NRC huaan f actors research program at the 
end of PY 1 9 8 5 ,  except for participat ion in the international Halden 
Proj ect , and consideration of the changing human factors function of 
RRR, NRC staff (RBS and HRR) ,  ACRS ( May 1 3 , 1985 letter to 
Commission) , and the co .. ission ( September 1 3 ,  1985 meeting ) , have 
determined that it would be h ighly benef icial to obtain an 
independent , unbiased , nonevaluative assessment of u . s .  commercial 
nuclear power human factors research and appl icat ions accompl ishments 
both ins ide and outside the NRC s ince the TMI-2 accident , and to 
identify broad areas where add it ional huaan factors research may be 
needed in the future to enhance plant saf ety . The obj ect ive of this 
proj ect is to benchmar k ,  make broad recommendations for future 
research . 

151 'fl'l'LE : PRA UHCER'l'AIHTIES 
CONTRACTOR : Sandia National 
Laboratory 

OBJECTIVE : 

py 8 5  
BUDGET 58 

PY 86 
788 

py 87 
78 8  

1 .  'l'o perform an integrated unce rtainty analysis ( including the 
l ikelihood and consequences ) of the ATWS class of accidents for 
the Peach Bottom plant . 

2 .  Develop gu idel ines for incorporating acc ident l ikelihood 
uncer tainties and physical process uncertainties into an overall 
r i sk uncertainty estiaate , and for determining the pr incipal 
cont r ibutors to this uncertainty . Perform cor e ,  containaent , and 
consequence analyses for LaSalle be ing investigated in the RMIB 
( Risk Methods Integration and Evaluat ion ) program us ing the 
MBLCOR code system , in order to evaluate the central est imate 
consequences of accident sequences in that plant , the associated 
uncer tainty , and the pr inc ipal contr ibutors to that uncer tainty . 
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152 TITLE : ROOT CAUSE FAILURE ANALYSIS 
CONTRACTOR : Idaho National 
Engineer ing Laboratory 

OBJECTIVE : 

FY 85  
BUDGET 158 

FY 86 
185 

py 8 7  
I 

Develop methodologies and provide demonstrations for util i zation and 
interpretat ion of root causes of component failure information for 
plant aging , rel iabil ity assurance , inspection , and other regulatory 
appl ications . 

153 TITLE : INTEGRATED RISK ANALYSIS DATA FY 85 
ACQU ISITION PROGRAM BUDGET 281 
CONTRACTOR : Idaho National Engineer i ng Lab · 

OBJECTIVE : 

FY 86  
258 

py 87 
8 

A un iform, comprehensive and consi stent set of data on failure r ates 
for components and plant safety systems does not presently exist . 
Furthermore,  the absence of data on the root causes of such failu r es 
severely l imits the use of PRA in supporting regulatory decisions as 
well as in the development and implementation of inspection and 
reliabil ity assurance programs applicable to NRC licensee s .  The 
obj ective of this proj ect is to integrate existing data prograns to 
obtain a coherent data base for use in r isk assessments and collect 
and analyze additional data , as required .  

1 5 4  TITLE : ANALYSIS OF RELIABILITY DATA FY 85 
FROM NPPS ( IPRDS )  BUDGET 588 
CONTRACTOR : Oak Ridge National Laboratory 

OBJECTIVE : 

FY 86 
318  

FY 87 
8 

Prov ide uniform, consistent nuclear component rel iabi l ity data for use 
in NUREG 1158 and probabilistic risk assessments in general . Existing 
PRA data sources do not provide suff icient statistics for rel iabi l i ty 
and r isk estimates with smal l uncertainties that are reasonably 
achievable .  The lack of coordination and consistency among the 
var ious sources of data inj ects added uncertainty and var iability in 
PRA results . Impor tant data are lacki ng , such as fractions of root 
causes contr ibuting to important component failure modes .  Such data 
are vital to plant rel iabil ity programs and to use of PRA in the NRC 
inspect ion program. The objectives of these programs (A6831 , A6 39 3 ,  
B9 4 4 5 ,  A7222 5 ,  and Al393)  a r e  to provide f o r  ident if ication of 
regulatory r isk assessment data needs , identify the proper sources for 
var ious data , and to put in place the mechanisms for coordinated 
collection of consi stent sets of data . 

155 TITLE : PROCEDURE FOR EVALUATING TECH FY 85  
SPECS (PETS ) BUDGET 588 
CONTRACTOR : Brookhaven Nat ional Laboratory · 

OBJECTIVE : 

FY 8 6  
. 888 

FY 87 
711 

Develop and demonstrate methodologies to util ize reliabil ity and r isk 
techniques in evaluat ing the scope , detailed r equirements ,  and safety 
impact of plant technical specif ications.  The procedures developed 
are to provide a quantitative basis for making engineer ing j udgements 
in revising the specif icat ions and in responding to l icensee 
submittals . 

Copyright © National Academy of Sciences. All rights reserved.

Revitalizing Nuclear Safety Research
http://www.nap.edu/catalog.php?record_id=18442

http://www.nap.edu/catalog.php?record_id=18442


137 

156 T I'rLB 1 OPBRA'IIOIIAL SAPB'IY RBLIABILI'fi py 85 
BUDGB'l' ._7 

Brookhaven Rational Laboratory 
RBSBARCB 
COIII'l'RAC!OR 1 

OBJ�IVB I 

py 86 
811 

py 87 
1111 

'Ibis project is part of the planned resolution of Gener ic Issue I I C 
C ,  Rel iability Engineer ing . This generic issue ar ises f ro• the 
concern tbat dur ing a plant ' s · operating l ifetiae , the reliabil ity of 
systeas and activities iaportant to safety aight degrade froa the 
designed-in rel iabil ity tbat was considered in the licensing process . 
'Ibis research is evaluating the effectiveness of a reliability prograa 
to prevent safety degradation dur ing a plant ' s  operating l ifetiae . 

1 57 T I'rLB a IRSPBCTIOR GUIDAICB 

CORTRACTOR a OAk Ridge Rational 
Laboratory 

py 85 
BUDGB'l' 533 

py 86 
211 

py 87 
1331 

OB.J�IVB I 
Tbis prograa will review ' evaluate eKisting PRA results , aetbods ' 
data with the specific objective of developing inforaation which will 
assist RRR l icensing project aanagers residen� inspectors , regional ' 
headquarters staff to pr ior itize specific inspection activities on the 
bas is of risk relevance , tak ing into account , wherever possible , the 
r eal-tiae status of the nuclear power plant . 

1 58 'fi'rLB 1 'lRARSPORTA'fiOR IIODAL S'!'UDY 
CORTRAC!OR I Lawrence Liver.ore 
Rational Laboratory 

OBJBC'!'IVB I 

py 85 
BUDGBT 261 

py 86 
221 

py 87 
I 

Docuaent the basi s  of protection provided by spent fuel casks designed 
to ez isting regulatory standards if these cask s  are subj ected to 
severe transportation accident conditions . 

1 59 'fi'rLB 1 ACCIDBII'r SBQUDCB BVALUATIOR PY 85 PY 86 
(PRBV 86762)  BUDGBT 1671 1211 

COIII'l'RACTORa Sandia Rational Laboratory 

OBJBC'!'IVB 1 

py 87 
7 1 1  

Provide updated LMR accident sequence information f o r  the RRC 
reference plants and eztend the information for all operating and 
near-tera operating plants to support RRC/IDCOR interface on severe 
accident technical issues , preparation of IDRBG 1151 , iapleaentat ion 
of Severe Accident Policy Statement , NRC source term reassessment , and 
other safety and regulatory issues . Specif ically, ASBP is to a 1 )  
develop accident sequence l ikel ihood inforaation and insights f o r  the 
reference plants J 2) eztend the reference plant accident likelihood 
inforaation to other LWRS including systems modeling ,  accident 
sequence likelihood character istics and insights on aajor 
contr ibutors, 3 ) catalog the dominant accident sequence inforaation 
f r oa  ezisting PRAs into a single reference document .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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168 TITLE : ACCIDENT SEQUENCE EVALUATION 
CONTRACTOR : Idaho National 
Eng inee r ing Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 578 

FY 86 
54 8  

F Y  8 7  
7 1 1  

Provides updated LWR acc ident sequence information f o r  the NRC 
reference plan and extend the information for all operating and 
near-term operating plants to support NRC/IDCOR interface on severe 
accident technical issues , preparation of NOREG 1158,  implementation 
of Severe Accident Pol icy Statement , NRC source term reassessment , and 
other safety and regulatory issues . Specif ically, ASEP is to : 1 )  
develop accident sequence likelihood information for the reference 
plants J 2) extend the reference plant accident likel ihood information 
to other LWRS including systems modeling ,  accident sequence l ikel ihood 
character istics , and insights of major contr ibutors , and 3)  catalog 
the dominant accident sequence information from existing PRAs into a 
single reference document . 

161 TITLE : REACTOR VITAL EQU IP FY 85 
DETERMINATION TECHNIQUES BUDGET 258 
CONTRACTOR : Los Alamos National Laboratory · 

OBJECTIVE : 

FY 8 6  
458  

F Y  8 7 
B 

To provide increased assur ance that the reactor vital equipment 
assumpt ions and procedures used the NRC as a technical basis for 
safeguards reactor licensing dec is ions reflect cur rent knowledge in 
the area of reactor safety and sabotage vulnerabil ity . This proj ect 
will also provide guidel ines for implementation of the Vital Area 
Committee r ecommendat ions . 

162 TITLE : STAT METHODS FOR NUCLEAR MC&A 
CONTRACTOR : Pacific Northwest 
Laboratories 

OBJECTIVE : 

FY 8 5  
BUDGET 8 1 9 3  

F Y  86 
58 

FY 8 7 
B 

To provide the NRC with a reference handbook needed to update and 
revise the regulatory guidance and the statistical methods for nuclear 
mater ial cont rol and accounting . 

163 TITLE : REGULALTORY SUPPORT 
CONTRACTOR : Pacific Northwest 
Laboratories 

OBJECTIVE : 

FY 8 5  
BUDGET 25 

FY 86 
1188 

FY 8 7 
2281 

Support initiatives designed to improve r egulations and to ensure that 
NRC regulatory decisions are based on adequate information . To 
accompl ish these goals , efforts will be under taken to develop, 
document , demonstrate , and implement new tools and methods for 
performing r egulatory analyses . In addit ion , efforts will be d i r ected 
toward the review and evaluation on a continuing bas is of the existing 
regulatory requirements to determine their  r i sk effect iveness' toward 
review of exist ing regulatory guides for possible revis ion or 
withdrawal ' and in general exercising cent ral ized control of ongo ing 
rulemak ing/standards act ivitie s .  

Copyr igh t  ©  Nat iona l  Academy o f  Sc iences .  A l l  r i gh ts  reserved .
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16 4 'fi'1'LB 1 SYS'ri!IIS RBLIABILITY SBRVICB 
S'I'DDIBS 
COJft'llAC'l'OR1 United K ingdoa ABA 

OBJBC'J'IVB : 

" 85 
BUDGET 85 

" 86 
85 

" 87 
85 

'fbe obj ective of tbia agreeaent ia to provide for collaboration 
between tbe parties in regard to tbe review and evaluat ion of USRRC 
program plana , .. tboda , guidel ines and standards relat ing to ayatea 
analysis,  r isk aaaeasaent .. tbodology and reliability data 
develo�nt . The OIABA/SRS perforaa specif ic review and aaaeasaent 
tasks for tbe SIKRC relating to var ious topics including , 
probabil ity and stat ist ics for reliabil ity analysis, accident sequence 
analysi s ,  systeaa reliability analysis, reliability engineer ing and 
reliabil ity assurance , and nuaber ical r isk criteria developaent . 

1 6 5  'fi'1'LB 1 PRO'l'BCTIVB AC'fiOII DBCISIOIIHIIIG FY 8 5  
CORTRAC'fOR1 Brookhaven National BUDGET 258 
Laboratorty 

OBJECTIVE I 

FY 86 
351 

oro develop a revised protective action strategy for accidents at 
nuclear power plants baaed on results of new source tera research . 

166 'fiTLB : BVALOATIOII OF PRO'l' AC'fiOII RISKS FY 85 
COIITRAC'l'OR1 Pennat BUDGET 121 

OBJECTIVE I 

" 86 
51 

" 87 
111 

FY 87 
218 

'fbe purpose of tbia contract is, under rad iological accident 
conditions , to deteraine bow tbe non-radiological r isks of evacuation 
coapare witb tbe radiological r isks if no protective actions are 
taken . 

167 'fi'1'LB 1 STA'fiS'riCAL 'fBCBIIIQUBS FOR FY 85 
RISK ANAL BUDGET 448 
CONTRACTORs Loa Alamos Rational Laboratory 

OBJBC'l'IVB : 

FY 86 
258 

" 87 
311 

'fbia program will provide a data base and iaproved aetboda for 
estimating coaponent failure character i stics and consequently reducing 
tbe uncertainty in core melt frequency estimates . This program will 
also develop a data base for tbe Accident Sequence Evaluation Program, 
develop methods for quantifying co.-on cause failures and continue 
direct support to RKIBP in tbe develo�nt of iaproved .. tboda for 
PRA . 

168 TI'1'LB 1 ACCIDBIIT SBQUBHCB PRBCORSORS FY 85 
(PREY B67 45) BUDGET 435 

COIITRAC'fORs Oak Ridge llational Laboratory 

OBJECTIVE I 

FY 86 
325 

FY 87 
• 

Produce and val idate a method to aid in systematically evaluating tbe 
sign ificance of IIPP operational exper ience LBR data by estiaating tbe 
l ikel ihood of severe core daaage , and abow which precursor incidents 
or accidents cont ribute tbe most to this frequency est imate . 
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169 TITLB 1 CONSBQUENCB MODBLING-NUC RBAC FY 85 
ACCIDENTS BUDGET 311 
CONTRACTOR • Sandia Rational Laboratory 

OBJECTIVE I 

py 86 
. 651 

py 87 
6 5 1  

The obj ective o f  this wor k  i s  t o  update the accident consequence 
models or iginally developed for the Reactor Safety Study in 1973 , t o  
account f o r  new environmental transport ,  radiation dosimetry, health 
effect and economic models and data bases developed dur ing the past 
decade , or more . Further , the code structure is being designed for 
ease of the user and to be readi ly amenable for uncer tainty analyse s . 
The latter is a major obj ective of the MBLCOR program, which this PIR 

supports , in part . 

17 8 TITLB 1 MBLCORE 
CONTRACTOR : Sandia National 
Laboratory 

OBJECTIVE I 

PY 85 
BUDGET 1251 

l"Y 86 
USB 

py 87 
581 

HRC is faced in the near term with determining bow considerations of 
severe reactor accidents should be incorporated into the regulatory 
process and , further , on deteraining how the results of source term 
research should influence cur rent regulatory r equirements .  Spec i f i c  
conversion decisions w i l l  b e  requi red in t h e  areas o f  emergency 
planning , siting , and the impleaentation of a quantitative safety 
goal . The obj ective of this proj ect is to develop, verify,  and 
maintain a second generation accident s imulation code for use in 
uncertainty analysis for probabil istic r isk analysis . 

171 TITLB 1 SEV . ACCIDENT RISK RBBASBLING l"Y 85 
AND REDUCTION PROGRAM ( SARRP) BUDGET · 818 
CONTRACTOR • Sandia National Laboratory 

OBJECTIVE : 

py 86 
981 

py 87 
• 

Provide r isk prof i les with associated uncer tainties and assessments of 
the costs and r isk reduction effectiveness of methods to prevent o r  
mit igate the consequences o f  severe reactor accidents in s i •  reference 
plants representing different contai�nt types . 

172 TITLB 1 Z ION RBBASELING 
CONTRACTOR 1 Sandia National 
Labo ratory 

OBJECTIVE : 

PY 85 
BUDGET · I 

l"Y 86 
251 

py 87 
• 

The obj ective is to provide a risk prof ile and an assessment of the 
values and impacts of the various prevention and mitigation features , 
for use in the staff repo r t ,  NUREG-1151 . Sandia National Laborator i e s  
( SNL ) i s  performing the evaluation f o r  f ive plants ,  and Zion, the 
s ixth plant , will be done by BNL . SNL , however , will provide the 
•frontend • evaluation ( the l ist of sequences ) and containment event 
tree to BNL . Battelle Columbus Laboratories ( BCL )  will provide the 
source term calculations using the Source Term Code Package ( STCP ) . 
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17 3 'riTLB 1 AIIALYSIS OP VBII'fiRG OPriOII 
�R 1 Idaho Rational 
Bn9ineer in9 Laboratory 

OBJBC'l'IVB I 

" 85 
BUDGB'r · 387 

" 86 
CSI 

" 87 
I 

Perfora a ayateaatic evaluation of ventin9 a BMR, Kark I Containaent , 
aa a aeana of aiti9atin9 consequences of loaa of containaent ao aa to 
identify operator actions , procedu res, or hardware which individually 
o r  collectively reduce riak . 

1 7 4  'fl'rLB 1 RISK IIB'fBODOLOGY-o'l'IIBR IIBDIA 
COIJ'l'RAC'fOR 1  8andia Rational 
Laboratory 

OBJBC'riVB I 

" 85 
BUDGB'r ttl 

" 86 
t25 

" 87 
. us 

'fbe riak aethodol09Y developed for IRC ' a  quantitat ive aaaeasaent of 
isolation of RUW in bedded aalt (under PIR All92) needs to be extended 
to aaaiat analyaia of BLN iaolation in baaalt, tuf f ,  doaed aalt, and 
9 ranite . 'fbe object ive of thia project ia to aodify the r iak 
aetbodol09y developed for the aaaeaaaent of isolation of BLM bedded 
salt (under PIR All92) ao tbat the aetbodolo9y will be applicable to 
analyzin9 BLW iaolation in baaalt, tuf f , doaed aalt,  and 9ranite. 

17 5 'fl'rLB 1 COIIPU'f'BR CALCULA'fiOIIS IR SOPPOil'f n 85 n 86 n 87 
OP 'fBB BYDROCOIR S'fUDY BUDGB'r 75 111 111 
COIJ'l'RAC'fOR1 Sandia Rational Laboratory 

OBJBC'fiVB I 
'fo provide technical support for IRC participation in BYDROCOIR (an 
internat ional cooperative inveati9ation ) will provide an internat ional 
eroaa coapariaon of predict ive aodela and codes which will provide 
inai9ht into the appropriate uae of auch codes for IRC licenain9 
evaluat ions . 'fbia research will enhance the confidence in the 
appl icability of hydrol09ic pro9raaa for safety related calculations 
associated with 9e0l09ic disposal of BLM and increase the IRC ' s  
awareness of the stren9th and l iaitations of var ious pro9raaa and 
aodel in9 strate9ies that can or will be used to evaluate RUW 9e0l09ic 
repository perforaance . 

176 'fl'rLB I Pl'l"fiRG COIUtOSIOR 
COR!RAC'fORI Brookhaven Rat ional 
Laboratory 

OBJBC'fiVB I 
'fo deteraine the de9ree of confidence 
laboratory testa of pittin9 corrosion 
tiaes . 

" 85 
BUDGB'r 151 

py 86 
151 

" 87 
211 

in extrapolation of short-tera 
rates to predictions over lon9 
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177 TITLE : VALENCE EFFECTS OR ADSORPTION FY 85 
COI.II'l'RACTOR 1 Oak Ridge Rational BUDGET · 151 
Laboratory 

OBJECTIVE a 

FY 86 
151 

FY 87 
151 

Several of the most hazardous radionucl ides in high-level waste can 
exist in multiple valence ( a . k . a .  oxidation) states . The valence 
state of the nucl ide* in ground-water, and hence controls the mobility 
and sorption of the nuclide in a repository setting . Tbe factor s  
which control the valence state o f  nucl ides in t h e  earth a r e  not wel l  
under stood . This project bas three prt.ary obj ectives a 1 )  t o  identify 
and under stand tbe factors wbicb control radionucl ide valence state& 
under repository conditions ' 2 ) to measure the solubility, speciat ion , 
and sorpt ion properties of individual valence states of technetium 
(Tc ) , neptunium (Rp ) , and uraniu• ( D )  under proj ected repository 
conditions' and 3) to assess laboratory methods of valence state 
control needed to repl icate repository conditions in tbe laboratory.  
These data are needed to model tbe migration of  radionuclides releaaed 
from a repository, and to independently assess DOE calculations . 

178 TITLE 1 SITE GEOCBEMISTRYR ADSORPTION FY 85 
COI.II'l'RACTOR a Lawrence Berkeley BUDGET 687 
Laboratory 

OBJECTIVE : 

FY 86 
511 

py 87 
611  

This research will identify and gauge the relative importance of 
individaul hydrochemical processes controll ing radionucl ide behavior 
within and close to a geologic repository and form a basis for 
evaluating tbe chemical evolut ion of groundwater and transport of 
radionucl ides . 

179 TITLE : COUPLED INTERACTIONS- GEOTHERMAL FY 85 
i BYDROTBERIIAL SYSTEMS BUDGET 368 
COI.II'l'RACTOR r Lawrence Berkeley Lab 

OBJECTIVE I 

FY 86 
. 211 

FY 87 
225 

The obj ect ive of this proj ect is to identify, descr ibe , and quantify 
coupled interactions which .. Y be important to bigb-level waste 
isolat ion ,  by analogy with s imilar natural systems . Emplacement of 
high-level waste in a geologic repository will induce therma l ,  
hydrolog ic,  mechanical , and chemical changes in t b e  geologic 
envi ronment . Many such changes are coupled , i . e . , the combined 
effects of tbe changes are different f rom the sum of the separate 
parts . Such coupled interactions are difficult to study in tbe 
laboratory because tbe geologic environment is  very complex ' because 
the effects often are very large-scale and cannot be scaled down to 
laboratory size, and because some effects operate over very long t ime 
per iods . Natural analogues of high-level waste repositories , such as 
geothermal systems and hydrothermal ore deposits , can be used to 
observe the response of the geologic environment to coupled thermal , 
hydrologic,  mechanical , and chemical changes at the scales of interest 
for repository licensing . 
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181 '!'H'LB 1 LOIIG-'l'8RII PDP OP BLW PACUGIRG PY 85 
IIA'!'LS BODGft 1111 
COBTRACTOR1 Battelle COlu.bua Laboratories 

OBJBC'l'IV8 1 

" 86 
511 

PY 87 
. 511 

RRC auat assess the val idity of DOE ' s  d..onatration that waste 
packages will aeet the containaent and controlled release requireaanta 
of 11 CPR Part 6 1 .  '!'his proj ect will identify the conditions and 
aecbani .. a of BLif package failure to be eapected under repository 
conditions . '!'be results will be used to support ita claiaa of 
co.pliance with Part 61 requireaenta. '!'bia research will reduce the 
uncertainties associated with long tera predictions of waste package 
corrosion rates and waste fora dissolution under reapoaitory 
conditions . 

181 '!'I'l'LB 1 COftAIIIBll IIAmPAC'!'URIRG PAIIAIIB"!'BRS PY 85 
COII'rRAC'fOR1 Jlanufactur ing BODGB'!' !II 
Sciences COrp. 

OBJBC'!'IV8 1 

" 86 
111 

" 87 
I 

'!'o assess the effect of aanufactur ing techniques and variabil ities in 
these techniques on overpack perforaance. 

182 '!'H'LB 1 URSA'!' PLOif ' '!'RAllS '1'BRU PACT ROCit PY 85 
PBASB I I BODGft 221 
COBTRACTOR1 University of Ari aona 

OBJBC'!'IV8 1 

" 86 
I 

" 87 
211 

Asaea ... nt of techniques for model ing and data gather ing and for 
descr ibing unsaturated flow and transport in f ractured rock . '!'bia 
study will provide the RRC licensing staff with an understanding and 
technical inforaation for evaluating DOB ' a  site character isation plana 
and studies on long-tera predication of water ( liquid/vapor moveaent ) 
and cont .. inant transport through unsaturated fractured rock 
foraationa . '!'be study will help to provide the RRC with a technical 
basis for developing regulations and licensing review procedures for 
assessing DOB aubaittala for BLW geologic repositories si tuated in the 
unsaturated aone . '!'bia research will reduce the uncertainties 
associated with eatiaation of par .. etera,  such as recharge rate , used 
to aodel ground-water flow and transport in unsaturated fractured 
rock . 

183 '!'I'l'LB 1 '!'IIBRIIAL BPPBCTS 011 REPOSITORY ROCitS PY 85 
COII'l'RACTOR a  University of Delaware BODGft 111 

OBJBC'!'IV8 1  

" 86 
111 

" 87 
111 

'!'be obj ective of tbia project is to use scale aodel laboratory testa 
to evaluate current conceptual and aatbeaatical aodela of beat 
transfer froa individual BLW packages and froa the aggregate of 
eaplaced BLif which can not be tested over long times . 

184 '!'I'l'LB 1 PiftiRG S'!'ATIS'l'ICS 
CORrRACTOR1 Rational Bureau of 
Standards 

OBJBC'!'IV8 1 

py 85 
BODGft 211 

py 86 
151 

'!'o assess the ranges of repository environaental condition that 
control initiation and rates of pitting corrosion in overpack 
aater iala . 

" 87 
211 
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185 TITLE : GROUNDWATER & TRANSPORT OF 
CONTAMINANTS 
COift'RACTOR : lSI 

OBJECTIVE : 

FY 85 
BUDGET 227 

FY 86 
155 

FY 87 
425 

The obj ective of this proj ect is  to provide NRC with an independent 
technical base to j udge whether DOE ' s  models and measurement methods 
for descr ibing the hydrology of a repository site in low permeabi l ity 
saturated f ractured rock are appropriate to such media . 

186 TITLE : PROP OF DECON WASTES 
CONTRACTOR : Brookhaven National 
Laboratory 

OBJECTIVE : 

BUDGET 
FY 8 5  
188 

To determine the leaching character istics of sol idified 
decontamination waste in expected di sposal environments . 

187 TITLE : LLW SOURCE TERM 
CONTRACTOR : Brookhaven National 
Laboratory 

OBJECTIVE : 

FY 8 5  
BUDGET 288 

FY 86 
158 

FY 86 
488 

FY 87 
158 

FY 87 
511 

In order to assess compl iance with Part 61 requirements for model ing �rformance of LLW disposal the NRC needs a comprehensive set of 
source terms • . This r esearch will develop a set of • source terms • 

related to the amount of radionucl ides in waste packages and the rate 
at which they are released f rom the packages and enter the soils at 
the di sposal site . These will be used for radionuclide transport 
model ing of LLW disposal sites dur ing l icensing reviews . This 
research will reduce the uncertainties associated with the chemical 
form and quantity of radionucl ides released f rom shallow land bur ial 
facilities , such as c-14 , Co-6 8 ,  and Cs-137 . 

188 TITLE:  CHAR OF LL RAD DECON WASTE 
CONTRACTOR : Idaho Nat ional 
Eng ineer ing Laboratory 

OBJECTIVE : 

FY 85 
BUDGET 188 

FY 86 
188 

FY 8 7  
1 18 

The characterist ics of LLW waste f rom the decontamination of reactor 
systems must be known in order to establ ish site performance by 
model ing the migration of radionucl ides for LLW disposal sites . Thi s  
proj ect will provide reachabil ity data by studying actual wastes f r om 
LWR decontaminat ion . The results wil l  be used in establ ishing the LLW 
source term for decontamination wastes for use in NRC l icensing 
evaluat ions . This research will reduce the uncertainties in 
calculat ions of the species , quantities , and mobi l ities of 
radionucl ides from decontamination wastes , such as Ni-63 and Co-6 8 , 
important to safety of LLW disposal . 

189 TITLE : SFTY ASSESSMENT OF ALT TO 
SHALLOW LAND BURIAL BUDGET 
CONTRACTOR : Idaho Nat i onal Eng ineer ing Lab 

OBJECTIVE : 

FY 8 5  
138 

FY 86 
158 

This proj ect will help ident ify safety issues for eng ineered 
enhancements or alternat ives to shallow land bur ial for disposal of 
low level waste . 

FY 87 
8 
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191 'lrrLE 1 CBBJIICAL SPBCIES OP IIIGRATIIIG PY 8 5  
RADIOIIaJCLIDES BUDGB'l 158 
COHTRAC'IOR: Pacific Northwest Laborator ies 

OBJBC'liVIh 

py 86 
liiJ 

11 CPR Part 61 requires a perforaance assesaaent of LLW disposal . 
'Ibis research is a beg inning asses ... nt of the effect iveness and 
practicabil ity of exist ing models , codes, and data gather ing 
techniques which may be used in predicting LLW site perforaance . 

191 'li'ILE 1 SOIL-BIO'l'ICB-BYDRO PROCESSESG PY 85 
COR'IRAC'IOR1 Pacific Northwest Lab BUDGB'l 9 5  

OBJBCTIVB 1 

py 86 
UIJ 

py 87 
IJ 

PY 87 
IJ 

Cbeaicals froa plant roots have been observed to affect the mobi l ity 
of radionuclides in soils . This work will produce an integrated 
understanding of soil-plant-hydrologic processes governing the 
aobi l ity and b iological availabi l i ty of r adionucl ides fro• LLW 
disposal fac i l ities . 

192 TITLE : LLW/SLB MODEL FIELD VALIDATION 
CONTRACTOR : Paci f ic Northwest Lab BUDGET 

OBJBCTIVB :  

FY 85 
9 2  

py 8 6  
17 2 

py 87 
.... 

Geostat istical .ethods for desc r ibing hydrologic processes and 
paraaeters in unsaturated heterogeneous soils have not been f ield 
val idated . Thi s  research will test the val idity and appl icab i l ity of 
such techniques to BLW and LLW disposal performance assessments .  The 
results will assist the l icensing staff to identify and quant ify the 
uncertainties using statistical aethods for the prediction of 
r ad ionucl ide transport fora BLW reposi tor i es and LLW disposal 
facilities . Uncertainties associated with spat ial variabil ity in 
moisture content , hydraulic conductivity, and dispersivity will be 
quant ified . 

193 'lrrLE : STOCIIASTIC HYDROGEOLOGIC 
ABALYSIS BUDGET 
CORTRACTOR : Mass Inst itute of Technology 

OBJBCTIVB : 

py 85 
128 

py 8 6  
58 

P Y  87 
IJ 

Before the techniques of stochast ic hydrology can be used in reviewing 
l icense appl icat ions for LLW disposal , the appl icability of these 
techniques for this purpose needs to be assessed . This research will 
provide a theoretical base for evaluating LLW site characte r i zation 
plans using statist ical methods of pred icting ground-water flow and 
solute transport in unsaturated heterogenous earth materials . This 
research will reduce the present level of uncertainty in model ing 
movement of radionucl ides in heterogeneous unconsol idated soi l s . 

194 TI'ILE 1 ASSESSIIBN'l' OF CLOSURE METHODS 
CONTRACTOR : UCA-Lab Bio Envir BUDGET 
Science 

OBJBCTIVB : 

FY 85 
175 

F Y  86 
175 

FY 87 
21JIJ 

Experience with shallow land bur ial of LLW at sites in humid areas 
ind icates that water inf ilt rat ion through trench caps is a problem . 
This research will assess the effectiveness of a number of methods 
under consideration by the States and industry to control water entry 
through LLW site cover s  in humid a reas . 
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195 TITLE 1 INSTRUMENTATION FOR KENTUCKY 
NETWORK BUDGET 
CONTRACTOR ! Univ . Of Kentucky 

OBJECTIVE ! 

FY 85 
28 

FY 86  
• 7  

FY 87 
. 8 

The tectonic cause of seismicity in the Eastern United States is not 
well under stood . Additional data is needed to assist the NRC in 
conduct ing regulatory reviews and establ ishing appropr iate regulations 
and policies . This proj ect is part of a program to obtain such data . 
This proj ect is providing basic seismolog ical data recorded on 
Kentucky . This data includes earthquake locat ions , magnitude s ,  source 
parameter , phase arr ival time , etc . 

196 TITLE : GILES COUNTY SEISMIC PROFILING 
CONTRACTOR ! Vi rginia Polytech · · BUDGET 
Inst itute 

OBJECTIVE I 

FY 85 
. 25 

FY 86 
. 25 

FY 87 
8 

The tectonic cause of seismicity in the Eastern United States is not 
well under stood . Additional data is needed to assist the NRC in 
conduct ing regulatory reviews and establ ishing appropr iate regulations 
and policies . This proj ect is part of a program to obtain such data . 
This proj ect is providing basic seismological reflection data 
generated near the Giles County Seismic Zone . Both P-wave and s-wave 
reflect ion prof iles · are being acqui red to def ine subsurvace 
structure . The data also include earthquake location s ,  magnitudes ,  
source parameter , phase arr ival t ime , etc . A comparison of the two 
sets of data is expected to provide insights into the causes of the 
seismicity in Giles County . 

197 TITLE 1 DOWNHOLE STRONG MOTION STUDIES 
CONTRACTOR ! University of . BUDGET 
Cal ifornia 

OBJECTIVE & 

FY 8 5  
78 

FY 86 
183 

FY 87 
7 5  

Ther e  i s  presently no acceptable method for determining the 
attenuation of seismic shear and body waves in soi l .  This exper iment 
is designed to measure this attenuation by the use of down-bole 
sei smometers and surface seismometers in a seismically active area of 
Cal ifornia . 

198 TITLE & GEO & SEISMO SITING STUDIES 
CONTRACTOR : U . S .  Geological 
Survey 

OBJECTIVE I 

BUDGET 
FY 85 
. 298 

FY 86 
1888 

FY 87 
878 

The obj ective of this work is to provide NRR with the data and 
analytical techniques necessary to maintain an independent technical 
basis for the review of appl icat ions . 
A .  Lack of basic seismological data from any other source f o r  the 

Charleston region . 
B .  The interpretation o f  high acceleration ground motion a t  abort 

distance s .  
c .  The interpretat ion o f  the propagation of strong ground mot ion 

with distance . 
D .  The impl ications of the numerous theories on the cause of easter n  

earthquakes . 
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199 '!'I'l'LE1 SOO'l'JIERlf IIBif MADRID IIB'flfORK 
COIIDAC'l'OR1 M•pbia State BODGBT 

Unversity 

OBJBCTIVB 1  

FY 85 
111 

FY 86 
93 

FY 87 
121 

T h e  tectonic cause of sei .. icity in t h e  &astern United States i s  not 
well under stood . Additional data is needed to assist the NRC in 
conduct ing r egul atory reviews and establ ishing appropr iate regulations 
and policies . This project is part of a prograa to obtain such data. 
'!'his proj ect is prov iding basic sei .. ological data recorded near the 
southern end of the !lev Mad r id Sei .. ic Zone . This data includes 
earthquake locations , aagni tudes, sources paraaeter , phase a r r ival 
t iae , etc . 

211 TI'1'LE 1 SOIL SBTTLEIIBIIT 
CORTRACTOR 1 COrp of Engineers/ 
Waterways Eape r iaental Stat ion 

OBJBC'!'IVE 1 

BODGBT 
FY 85 

I 
FY 86 

111 
FY 87 

251 

'!'be latest posit ion of the United States Geological Survey (USGS) on 
the 1886 Charleston ear thquake could result in the postulat ion of 
ground motions h igher than the Safe Shutdown Earthquake ( SSE) at aany 
nuclear power plant sites in the &astern United States . Since aany of 
these plants are founded on soi l ,  the stability of nuclear power plant 
structures , syste .. and components subj ect to possible foundat ion soil 
l iquefaction and dynaaic settlement becomes a matter of conce rn . The 
objective of this research is the val idat ion of dynamic analyses 
aodels capable of predicting settlements resulting f rom soil 
l iquefaction . 

211 '!'I'1'LE 1 IIIBW MADRID RBSBARCH PROGRAM 
COIIDAC'l'OR: St . Louis Univers ity BODGBT 

OBJECTIVE I 

FY 85 
113 

FY 86 
121 

FY 87 
121 

'!'be tectonic cause of seismicity in the Eastern United States is not 
well understood . Addit ional data is needed to assist the NRC in 
conduct ing regulatory reviews and establ ishing appropr iate regulat ions 
and policies . This proj ect is part of a progr am to obtain such data. 
'!'his proj ect is providing bas ic se ismolog ical data recorded near the 
southern end of the !lev Mad r id Seismic Zone . This data includes 
earthquake locations , magn itudes , source parameter , phase arr ival 
t iae , etc . 

212 TITLE 1 OHIO/IIIDIANA SEISMIC NETWORK 
COIITRACTOR 1 Univ . of Michigan BUDGET 

OBJBC'!'IVE : 

FY 85 
113 

FY 86 
121 

FY 87 
121 

The tectonic cause of seismicity in the Eastern United States is not 
well understood . Addit ional data is needed to assist the NRC in 
conducting regulatory reviews and establishing appropr iate regulations 
and policies . This proj ect is part of a program to obtain such data . 
'!'his pro j ect is providing bas ic seismological data reco rded in Ohio 
and Indiana . This data includes earthquake locat ions , magnitude s ,  
source parameter , phase arr ival ti.e , etc . 
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213 TITLE : NEOTECTONIC IHVBSTIGATIOHS 
CONTRACTOR : Univ . of South 
Carol ina 

OBJECTIVE : 

BUDGET 
FY 8 5  
. 1 1 8  

F Y  86  
. 111 

FY 87 
· 181 

The tectonic cause of se ismicity in the Southeastern United States is 
not wel l understood . The seismic history there includes tbe large 
1886 Char leston earthquake . The combination of that event and the 
unknown tectonics results in a high uncertainty in seismic. hazard 
assessments .  Under this proj ect , and evaluation of several hypotheses 
on the cause of seismicity in the Southeastern uncertainty in seisaic 
hazard assessment of HPP ' s .  

214  TITLE : CHARLESTON EARTHQUAKE PROJ 
CONTRACTOR : Law · Engineer ing 

OBJECTIVE : 

BUDGET 
FY 85 

317 
FY 86 
. 251 

FY 87 
. 211 

The tectonic cause of se ismicity in the Eastern United States is not 
wel l  understood . Additional data is needed to assist the NRC in 
conducting regulatory reviews and establ ishing appropr iate · regulations 
and policies . This proj ect is part of a program to obtain such data . 
This proj ect is · providing geophysical and geological data f rom the 
vicinity of Charleston, South Carol ina , which will better define the 
possible mechanism and structures assoc iated with the Charleston 
earthquake . The geophysical data , including seismic reflection 
prof iles , will def ine the subsur face at the depths of earthquake 
hypocenter s . The results of this work will nar row down the range of 
theories that can explain the Charleston earthquake and serve to 
better def ine the seismicity of the eastern seaboard . 

215 TITLE : IN SITU STRESS MEASUREMENTS 
CONTRACTOR : Engrs . Internat ional 

OBJECTIVE : 

FY 8 5  
BUDGET · 1 2 8  

F Y  86  
. 151 

FY 8 7  
• 

The cause of seismicity in the Northeastern United States is not wel l 
under stood . The obj ectives of this project are to determine the in 
situ stresses and the di rection of the faulting occur r ing in the 
seismic zones . The seismic networks in the Hew England States ,  the 
southeastern States , the Hew Madr id area and the Hamaha Ridge area 
have identif ied active seismic zones1  however ,  they have not fully 
ident if ied the di rection of fault ing . This information is needed for 
testing hypotheses on the causes of seismicity .  Better understanding 
of the causes of seismicity will result in reduced uncertainty in the 
relat ionship between seismic hazards, seismicity and active geologic 
structures . 
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286 'ri'.rLE 1 EQUME RESIS'J'Aift DESIGB CRI'lEiliA FY 85 
�� Struct ' Ertbqk Engr Con BODGS'J' 158 

OBJBC!'IVB I 

FY 86 
<18 

FY 87 
158 

�re is paucity of recorded strong ground motion data for the Eastern 
United States . Currently , recorda fr� other geographic areas auat be 
used . If recorda were available ,  it would be possible to 
significantly reduce the uncertainty associated with def ining the 
design response spectrua. The objective of this r esearch is to 
develop analytical techniques that could be used to generate useable 
design response spectra for nuclear power plant sites for which a 
co.prehensive suite of strong motion recorda are not available .  The 
r esults will be used by RRR in the review of plant l icense 
applications and ... ndllenta . 

287 'ri'.rLE : 'lBCB BASIS SEISMIC S'J'AJIDARDS 
coat'ltACrOR1 Request for Proposal 

OBJBC!'IVB : 

n 85 
BUDGET 8 

FY 86 
58  

n 87 
188 

Objective is to provide proapt basic earth science inforaation for use 
in RRC invest igations proapted by current signif icant aei aaic events 
or geologic discoveries' e . g . , the January 9 ,  1982 , Rev Brunswick 
earthquake and ita aftershocks ,  and the recently identified Meers 
f ault in Oklahoaa . 

288 'ri'.rLE 1 CAJIADIAJI SEISMIC COOP AG1lUIIE1I'l FY 8 5  
COIJ'lRAC'fOlh Canadian Coaa Corp. BODG S'J'  385 

OBJBC!'IVB 1 

FY 86 
165 

n 87 
165 

'rhe tectonic cause of aei .. icity in the Eastern United States is not 
well understood . Additional data is needed to assist the RRC in 
conducting regulatory reviews and establ ishing - appropr iate regulations 
and policies . 'rbia project is part of a program to obtain such data . 
'rhia proj ect is providing basic seismological data recorded in the 
vicinity of the US/canada border . 'rhia data includes earthquake 
locations , magnitudes , source parameter , phase arr ival tiae . 

289 'ri'.rLE 1 D US SEISMOGRAPHIC D'fWOUS 
COJI'l'RAC'fOR 1  ColUIIbia University 

OBJBC!'IVB : 

FY 85  
BUDGS'J' 258 

FY 86 
338 

FY 87 
27 8 

'rbe tectonic cause of aei .. icity in the Eastern United States is not 
well understood . Additional data is needed to assist tbe RRC in 
conducting regulatory reviews and establishing appropr iate regulations 
and policies . Tbia project is part of a program to obtain such data . 
'rbia project is providing basic seismological data recorded in Rev 
York State . This data includes earthquake locations , magnitudes,  
source paraaeter , phase arr ival time ,  etc . 
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211 'l'I'l'LB 1 RBIIO'fB SBBSIS OBS OP IIJB 
NBO!'BC'rOBICS 
COII'l'RACTOR1 PBNNST 

OBJBC'l'IVB :  

150 

py 85 
BUDGET · 173 

PY 86 
128 

The tectonic cause of aei .. icity in the Northeastern United States is 
not well understood because this is a structurally coaplez region 
where geologic structures are obscured by vegetation , where there are 
few deep boreholes to give subsur face inforaation , and where daaaging 
earthquakes occur at inf requent intervals . Therefore ,  there is g reat 
uncertainty in estiaati ng seismic hazards for the region . Thi s  
proj ect w i l l  teat hypotheses o n  the causes of seismicity in· areaa 
within the Northeastern u . s .  where there is localized seismic 
act ivity . This will be done through the use of remote sensing coupled 
with ground investigations to assess the cause of seismicity . Better 
understanding of the cause of seismicity will reduce uncertainty in 
the relationship between seismic hazard and seismically active 
geolog ic structures . 

211 TITLE : BROAD-BAND I NSTRUMENTATION 
CONTRACTOR 1 RONDOOT,  Associates 

OBJBCT IVB : 

py 85 
BUDGET 51 

py 86 
• 

PY 87 
58 

The tectonic cause of se isaicity in the Eastern United States is  not 
well under stood . Additional data is needed to assist the NRC in 
conduct ing regulatory reviews and establ ishing appropr iate regulations 
and pol icie s .  This project is  prov iding wide dynamic-range, 
broad-band data on seismic event s in the Northeast and on the 
propagation character i stic there . This data include earthquake 
locations , mangi tudes ,  source parameters,  phase arr ival times, etc . 

212 TITL E 1  PIEDMONT SEISMIC REFLECTION 
CONTRACTOR : Virginia Polytech 
Institute 

OBJECTIVE : 

py 8 5  
BUDGET 238 

py 86 
258 

PY 87 
218 

The tectonic cause of sei smicity in the Eastern United States i s  not 
well under stood . Addi tional data is needed to assist the NRC in 
conduct ing regulatory reviews and establ ishing appropr iate regulations 
and policies . This project is part of a prograa to obtain such data . 
This proj ect is prov id ing seismic reflect ion data generated in the 
Southeast . Data may include aagnetic and gravity aaps and other 
geolog ical and geophysical data prov iding information on crustal 
str ucture at the depths of earthquake hypocenter s .  

2 1 3  TITLE : REG IONAL SEISMOGRAPH IC PY 8 5  
NETWORK BUDGET 128 
CONTRACTOR : Memphis State University 

OBJECTIVE : 

py 86 
168 

PY 87 
1 38 

The tectonic cause of seismic ity in the Easter n  United States i s  not 
well  under stood . Addi tional data is  needed to assist the NRC i n  
conduct ing regulatory rev iews and establ ishing appropriate regulations 
and policie s .  This proj ect seismological data recorded in Tennessee 
and Nor th Carol ina . This data includes earthquake locations , 
magnitude s ,  source paraaeter , phase a r r ival t ime , etc . 
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214 'fH'LBa VA-RBG IOIIAL SEISMOGRAPHIC FY 8 5  
lllmfORit BUDGB'l' 168 
COBTRAC'fORz Virginia Polytech Inst itute 

OBJEC'l'IVB a 

FY 86 
288 

FY 87 
158 

The tectonic cause of seisaicity in the Eastern United States is not 
well understood . Additional data is needed to assist the NRC in 
conduct ing regulatory rev iews and establ ishing appropr iate regulations 
and policie s .  This project is part of a program to obtain such data.  
This proj ect is providing basic seisaological data reco rded in 
Tennessee and West Virgini a .  This data includes earthquake locations, 
aagnitudes, source parameter ,  phase arr ival time,  etc . 

215 TH'LBz GA-AL-RBGIOIIAL SBISJIOGRAPIIIC FY 85 
BETWORit BUDGB'l' 188 
CONTRAC'fORz Georgia Institute of Tech 

OBJBC'fiVB : 

FY 86 
128 

py 87 
188 

The tectonic cause of seismicity in the Eastern United States is not 
well under stood . Additional data is needed to assist the NRC in 
conducting regulatory rev iews and establ ishing appropr iate regulations 
and policies . This proj ect is part of a program to obtain such data . 
This proj ect is providing basic seismological data recorded in Georgia 
and Alabaaa . This data includes earthquake locations, aagnitudes, 
source paraaeter ,  phase arr ival time, etc . 

216 TI'l'LE a NEW BBGLARD SEISMOGRAPHIC 
lllmfORJt 
COBTRAC'fOR : Boston College 

OBJBC'fiVB : 

FY 85 
BUDGB'l' 38 9 

PY 86 
388 

PY 87 
278 

The tectonic cause of se ismicity in the Eastern Uni ted States is not 
well understood . Addit ional data is needed to assist the NRC in 
conduct ing regulatory reviews and establ ishing appropr iate regulations 
and policies . This project is part of a program to obtain such data . 
This proj ect is prov iding basic seismological data recorded in New 
England . This data includes earthquake locations, aagnitudes, source 
parameter , phase arr ival time, etc . 

217 TITLEz MASS . /IIBW HAMPSH IRE FY 8 5  
SBISJIOGRAPHIC NETWORK BUDGB'l' 135 
COBTRAC'fORz Mass Inst i tute of Technology 

OBJBC'fiVB z 

FY 86 
128 

FY 87 
138 

The tectonic cause of se ismicity in the Eastern United States is not 
well under stood . Addit ional data is needed to assist the NRC in 
conducting regulatory reviews and establ ishing appropr iate regulations 
and policie s .  This project i s  pa r t  o f  a program t o  obtain such data.  
This proj ect is providing basic seismol ogical data recorded in 
Massachusetts and New Hampshi r e .  This data includes earthquake 
l ocations , aagnitudes, source parameter , phase arr ival time,  etc . 
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218 TITLE:  PENNSYLVAN IA 
SEISMOGRAPHIC NETWORK 
CONTRACTOR : PENNST 

OBJECT IVE : 

152 

BUDGET 
FY 85 

118 
FY 86 

9 5  
F Y  8 7  
1 1 11  

The tectonic cause o f  sei smicity i n  the Eastern Uni ted States i s  not 
well under stood . Add itional data is needed to assist the NRC i n  
conduct ing regulatory reviews and establ ishing appropr i ate regulations 
and pol icies . Th is proj ect is part of a program to obtain such dat a .  
This proj ect i s  providing basic seismological data r ecorded in 
Pennsylvania and Maryland . This data includes earthquake locat ions , 
magnitude s ,  source parameter , phase arr ival time , etc . 

219  TITL E :  LONG ISLAND SEISMIC ARRAY 
CONTRACTOR : SUNY 

OBJECT IVE : 

BUDGET 
FY 8 5  

81 
FY 86 

45 
FY 87 

511 

The t ectonic cause of seismicity in the Eastern United States is  not 
well under stood . Additional data is  needed to assist the NRC i n  
conduct ing regulatory reviews and establ ishing appr opr i ate regul ati ons 
and policies . This proj ect is part of a program to obtain such dat a . 
This proj ect is providing basic seismol ogical data r ecorded on Long 
I sland . This data includes earthquake locat ions , magnitude s ,  source 
parameter,  phase arr ival time , etc . 

2211 TITL E :  COMMITTEE ON SEISMOLOGY 
CONTRACTOR : NAS 

OBJECT IVE : 

BUDGET 
FY 8 5  

211 
FY 86 

211 
FY 87 

211 

The Committee on Seismology is a standing committee of the National 
Academy of Sc ience composed of l eading seismolog ists f r om industry,  
academia and gover nment . The results of their  effor ts are adv i se t he 
federal government in the area of seismology.  The results of this 
work of the committee will be used to help determine if the NRC 
pol icie s ,  guidance and research progr ams concerning seismic hazard are  
properly directed . Th is is a grant to the National Academy of 
Sciences to partially offset the cost of gather ing these expert panels 
together and for the publ ication of the i r  f indings in special repor t s .  

2 2 1  TITL E :  WORKSHOP O N  STRONG GROUND MOTION 
CONTRACTOR : Ear thquake Engr BUDGET 
Research Inst itute 

OBJECT IVE : 

FY 8 5  
II 

FY 86 
211 

FY 87 
II 

There are gaps in the understanding of the gene ration and propagat ion 
of strong ground mot ion resul ting from seismic event s in the Eastern 
u . s . The Ear thquake Eng ineer ing Research Inst itute (EERI ) is 
sponsoring the Th i rd National Conference on Earthquake Engineer ing to 
bring together earthquake eng ineer s  and scient ists to exchange ideas 
and theor ies . This conf erence will include a work shop that is 
i ntended to help reduce the unce rta inty in seismic hazard assessment 
that results from these gaps . This wor k shop will help to r educe the 
uncertainties in the NRC ' s  i ndependent evaluations of l icensee 
submittal s .  
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222 Tl'l'LB : CRUSTAL SOBSIDBRCB IIAIRB 
COII'.rRAC'lOR : llain Geological 
Survey 

OBJBC'l' IVB : 

153 

BUDGET 
py 8 5  

7 5  

py 86 

7 5  

py 8 7  

I 

The cause of aeiaaici ty in Baatern United States is not well 
understood . Along coastal Maine there is an area that for the last 
5 1 1-1111 years baa been expe r i encing very rapid crustal subsidence . 
That is associated with seiaaicity.  This investigation is directed at 
determining the cause of the subsidence and the aeiaaicity associated 
with it . Better understanding of tbe cause of the aeiaaicity will 
help reduce uncertainty in aeiaaic hazard aaaeaaaent for RPP ' a  located 
in the Eastern u . s .  

2 2 3  TI'l'LB : GEOLOGICAL SCIBBCBS BOARD 
COII'.rRAC'lOR : liAS BUDGET 

OBJBC'l' IVB I 

py 8 5  

1 1  

F Y  86 

1 1  

F Y  87 

1 1  

The Geological Sciences Board i s  a standing Board of the Rational 
Acade.y of Sciences coapoaed of leading geoscientists fro• industry, 
acade•ia, and governaent . The purpose of the i r  efforts i s  to advise 
the Federal governaent in the area of the geological science s .  The 
results of the board will be used to help determine if the BRC 
policies , guidance, and research progr ... concerning geological 
hazards are properly di rected . Thi s  grant to the Rational Academy of 
Sciences is to partially offset the cost of gather ing these expert 
panels together and of publ ishing the i r  f indings in special reports . 

2 2 4  TI'1'LB 1 ACUTB MORBIDITY i MORTALITY 
IR ARIIIALS BUDGET 
CORTRACTORJ Inhalation Toxicology 

OBJBC'l'IVB I 

FY 8 5  

261 

FY 86 

2 5 1  

F Y  8 7  

I 

To develop information that will i•prove the est imates of potential 
ear ly health effects of postulated accidents and sabotage in nuclear 
power plants ,  fuel cycle facil ities,  and transportation . The specif ic 
objective is to provide experimental data necessary to verify the 
early mor tal ity model and to develop models for •orbidity and 
mortal ity expected to occur within 18 months after exposure to 
radionucl ides . 

225 T I'l'LB : IIB'l'ABOLIC STUDIES OF IRBALBD 
YBLLOWCAI:B IR ARIIIALS BUDGET 
CORTRACTORJ Inhalation Toxicology 

OBJBC'l'IVB I 

FY 8 5  

lU 
FY 8 6  

1 1 1  

The results will be used tb determine lung deposition and organ 
transfer factors ,  and to exaaine kidney toxicity of yellowcake 
inhalat ion . 

FY 8 7  

211 
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226 TITLE : METABOLISM STUDY OF THORIUM WORKERS 
CONTRACTOR 1 Argonne National BUDGET 

Laboratory 

OBJECTIVE : 

FY 85 
1511 

FY 86 
1311 

The obj ect ive of this research is to enhance the human data base on 
the behavior and health effects of thorium and other alpha eait ing 
radionucl ides.  

227  TITLE:  GASTROINTESTINAL ABSORPTION OF PU 
AND ACTINIDES BUDGET 
CONTRACTOR : Argonne National Laboratory 

OBJECTIVE : 

FY 85 
91 

FY 86 
1115 

FY 87 
21111 

F Y  87 
251 

The cur rent obj ect ives are ( 1 )  to determine the gast rointest inal 
absorption of act inides in a nonhuaan priaate species, the baboon ,  t o  
provide a more rel iabl e basis for the ext rapolat ion o f  G I  absorpt ion 
data in exper imental animal s to huaans, and ( 2 )  to determine the 
steady-state aaount of uranium in human bone for a population of 
per sons with prolonged ( 25 y) and known daily intakes of uranium in 
drinking water . 

228 TITLE:  QUALITY FACTORS OF LOW DOSE NEUTRONS 
CONTRACTOR : Argonne National BUDGET 

Laboratory 

OBJECT IVE : 

FY 85 
II 

FY 86 
259 

FY 87 
• 

To det ermine the relat ive biological effect iveness of f ission neut r ons 
at occupat ional exposure levels . 

229 TITLE:  LUNG CANCER IN WOMEN - RADON 
CONTRACTOR : Argonne Nat ional BUDGET 

Labor atory 

OBJECTIVE : 

FY 85 
II 

FY 86 
16 

FY 87 
• 

Determine whether the Lung Cancer r i sk observed in exposed women is,  
after adj ustment for s.ok ing habits of the study population , 
consistent with lung cance r r i sks observed in radon exposed miner 
population s .  Present risk est imates for radon are based ent i r ely on 
miner populations . Thus , the results of this study are valuabl e in 
assess ing the gene rality of these est imates . 

2311 TTTLE:  REFERENCE MAN-UPDATE 
CONTRACTOR : Oak Ridge Nat ional 

Laboratory 

OBJECT IVE : 

FY 85 
BUDGET 25 

FY 86 
311 

FY 87 
51  

This research will update anatomical and phys iologica l  informati on for 
adult males and extend the data base to adult females and children of 
both sexe s .  
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231 TITLE : EARLY EFFECTS OF IRBALBD 
RADIORJO.IDES IR AIIIIIALS BUDGET 
CONTRACTOR : Paci f ic Northwest 

Laborator ies 

OBJECTIVE : 

" 8 5 

288 

" 86 

28 8  
" 87 

8 

To develop information that will t.prove the eatiaatea of potential 
early health effects of postulated accidents and sabotage in nuclear 
power plants ,  fuel cycle facil i ties and transportation .  The specif ic 
objective is to prov ide experiaental data necessary to verify the 
early aortal ity model and to develop 8Ddela for aorbidity and 
aortality expected to occu r  within 18 aonths after exposure to 
radionucl idea . 

232 TITLE : IIE'l'ABOLISII OF SR PO A11D All IR 
IIOIIKEYS BUDGET 
CONTRACTOR : Lawrence Berkeley Lab 

OBJECTIVE : 

" 8 5 

1 3 8  

" 86 

1&8 

The results will be used to deteraine organ uptake and retention 
factors following injection of strontiua, plutoniua, and aaer iciua .  

2 3 3  TITLE: SUPPORT FOR HAS COIIIII'l"l'EE BEIR IV 
COift'RACTOR : Environaental BUDGET 
Protection Agency 

OBJECTIVE : 

" 8 5 

138 
" 86 

158 

" 87 

8 

" 87 

218 

To develop state-of-the-art aethoda for quantitative aaaeaaaent of 
risk to huaans f r oa internally deposited alpba-eaitting radionucl idea 
and their decay products ( IDAER) . 

234 TITLE : RADIATION PROTEC'l'IOH/IIEASOREIIENT STUDY FY 8 5  

CORTRAC'l'OR : Rational Council BUDGET 7 5  

Rad . Prot . ' lleas . 

OBJECT IVE :  

" 86 

281 

RCRP is an organization of scientists and physicians expert in 
radiation related sciences and aedicine, which by Congressional 
Charter provides the nation advice on radiation protection .  The 
results of their efforts are publ ished and serve as a base f or 
Federal , State,  and local agenc ies to develop sound protection 
practices , including the use of radiation in the heal ing arts . 

2 3 5  TI'ft.E : DEVELOP RAD PROT . S'l'AIIDARDS 
COIIITRACTOR : Int ' 1 Co-. 

Radiation Protection . 

OBJBC'!'IVE : 

" 8 5 

BUDGET 18 
" 8 6 

18 

" 87 

8 

" 87 

2 5  

ICRP i s  a n  international organi zation o f  scient ists expert i n  
radiation physics , biology, and aedicine that provides recoaaendations 
on radiation protection practice s .  All international standards are 
baaed on these recoaaendationa . 
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236 TITLE : SURVEILLANCE ; IND/DOE RES ' 
RPP ALARA PGMS BUDGET 
CONTRACTOR : Brookhaven 

National Laboratory 

OBJECT IVE : 

FY 8 5  

1 2 8  

FY 8 6  

2 & 5  

FY 8 7  

8 

Obj ect ive is to establ ish aff ect ive surveil lance of industry R ' D 
pr oj ects on dose reduction aid ALARA engineer ing by developing work 
relationship ' s  with national ' internat ional gover nment ' industry 
groups , maintaining comprehens ive data base on informat ion obtained , 
analyze proj ects for effectiveness and developing methods for 
informing government and industry management of impor tant new dose 
reduct ion effor ts . 

237 TITLE : I NTERNAL DOSE CALCULATIONS 
ASSISTANCE BUDGET 
CONTRACTOR : Oak Ridge Nat ional Lab . 

OBJECT IVE : 

FY 8 5  

1 5  

FY 8 6  

2 8  

F Y  8 7  

8 

The problem is that f r equent r equests are made of NRC staff to prov ide 
approved methods of estimat ing intakes and internal doses f rom 
bioassay data . The goal of this proj ect is to provide RRC staff 
access to state-of-the-art techn iques for calculating worker internal 
dose , body burdens , and excret ion rates . Oak Ridge Nat ional Lab 
(ORNL ) monitors maj o r  research and development pr oj ects being 
performed by DOE , NIB , and othe r s ,  and extracts impor tant f indings for 
inclusion into the highly advanced ORNL data banks and compute r  
progr ams . This technical support is then avai lable to ORPB/RBS staff 
to assit them in r eviewing regulatory requirement s ,  such as the 
proposed Part 2 8  revisions , in developing l icensee gu idance on 
bioassay and respiratory protection , and in providing up-to-dat e  
technical informat ion to other NRC off ices , other governmental 
agenc i e s ,  l i censees and groups such as INPO, EPRI , and EBI . 

2 3 8  TITL E :  RAD EXP I NFO RPT SYS 
CONTRACTOR : Oak Ridge National 

Lab . 

OBJECTIVE : 

BUDGET 
FY 8 5  

2 8 2  

F Y  8 6  

2 8 5  

To provide computer , programming and processing suppo r t  for the 
operation of RBIRS . 

FY 8 7  

288 
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239 'U'l'LB 1 TBS'liRG BX'l'RBIIITY DOSIIIBTRY S'lAIIDARDS 
�CTOR : Paci f ic Rortbweat BUDGET 

Laboratories 

OBJBCI'IVB : 

FY 85 

8 
FY 86 

188 
FY 87 

8 

RRC inspector s  regularly observe inadequate doaisetry for sonitor ing 
the beads and eztr .. itiea of workers who perfors tasks in non-unifors 
radiation f ields . In order to isprove this s ituation the RRC staff 
plana to reco ... nd that l icensees be required to use only eztr .. ity 
dost.etera and processors that have passed perforsance testa as 
defined in an ARSI standard being developed by the Bealtb Physics 
Society . The contractor is  to detersine i f  the draft standard 
(P/&1 3 . 32 ,  •standard for the Perforsance Testing of Bztr .. ity 

Dosiseter • )  is appropr iate for testing tbe perforsance of eztr .. i ty 
dos iseter processors,  or to sake recossendationa to the BPS regarding 
c hanges necessary to ensure that the standard is nei ther too straight 
nor too lenient . 
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Appendix C 

Planned FY 1986 Nuclear Research and 
Development Program of the U . S .  

Department of Energy 
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DOE CONTRACTS LIST 

FY 1986 

LWR Saf ety & Technology 

1 .  TITLE:  ADVANCED REACTOR ASSESSMENT 
CONTRACTOR : Idaho National Eng ineering Laboratory 

FY 86 BUDGET : 1 , 888* 

SCOPE : Development of severe accident l icens ing 
methodology for advanced LWRs . 

2 . TITLE:  EXTENDED BURNUP OF LWR FUEL 
CONTRACTOR : Several utility and f uel supplier contractors 

FY 86 BUDGET : 2 ,  7 9 9  

SCOPE : Development o f  advanced fuel designs possessi ng 
greater longevity, better economics , iaproved 
i nteg r i ty ,  and reduced spent f uel waste 
generation . 

3 .  TITLE:  LOFT 
CONTRACTOR : Idaho National Engineer ing Laboratory 

FY 86 BUDGET : 9 , 2 2 5  

SCOPE : Cleanup o f  LOFT facil ity . 

4 .  TITLE : SOURCE TERM 
CONTRACTOR :  Banford Engineer ing Development Laboratory 

FY 86 BUDGET : 488 

SCOPE : Aerosol behav ior i n  r eactor conta inments .  

5 .  TITLE:  PLANT L IFE EXTENSION 
CONTRACTOR : Sandi a  National Laboratory 

FY 86 BUDGET : 495 

SCOPE : Removal of technical and inst i tut ional ba r r iers to 
longer l if e  and l i cense of nucl ear plant . 

* All dollar amounts i n  thousands 
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6 . Tl'l'Lia 'l'ICBROLOGY IIAIIAGBJIIII'l' Clll'l'IR 
COITIACTORa Bandia Rational Laboratory 

FY 86 BUDGIT1 251 

800Pi a Ranageaent and planning of overall technology 
transfer activities in LKR area . 

7 .  Tl'l'LB1 ALWll ASSIS'fARCI 
COITIACTORa Bandia Rational Laboratory 

ft 86 BUDGIT1 11 

SCOPi a Technical revi- and assistance in ALWll progr-. 

8 .  Tl'l'Lia PLAII'1' AVAILABILITY 
COITIACTORa Argonne Rational Laboratory 

FY 86 BUDGIT 1  251 

SCOPi a Analysis of regulatory-t.poaed outages in the 
United States versus the Federal Republic of 
Ger-ny . 

9 • Tl'l'Lia STIP 
ODRTRACTOR :  Argonne Rational Laboratory 

FY 86 BUDGIT1 111 

800Pi a  Post-teat ez-ination o f  the Source Ter• 
lzper t.ent Progr- ( STEP ) testa . 

11 . Tl'l'LB1 LOn' 
OORTRACTOR a Idaho Rational Engineering Laboratory 

FY 86 BUDGIT 1  27 5 

SCOPi a Post-i r radiation ••-ination of f inal LOFT teat 
fuel . 
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11 . TITLE : TMI 
CONTRACTOR: Idaho National Engineer ing Laboratory 

FY 8 6  BUDGET: 38 , 7 3 6  

SCOPE : Development of technology to recover from severe 
accident , R&D program to obtain information to 
impr ove nuclear reactor safety and regulation . 

12 . TITL E :  ADVANCED LWR 
CONTRACTOR : Six industr ial contractors 

FY 8 6  BUDGET : 4 , 518 

SCOPE : 15 tasks in support of EPRI Advanced LWR Program, 
cover ing small plant designs , large plant design 
ver i f icat ion , construct ibility ,  and advanced I &C .  

13 . TITLE : ADVANCED LWR 
CONTRACTOR : Oak Ridge Nat ional Laboratory 

FY 86 BUDGET : 158 

SCOPE : Review of advanced r eactor designs and cr i ter i a .  

Regulatory Development 

1 4 . TITLE : RISK-BASED LICENS ING 
CONTRACTOR : Sandia National Laboratory 

FY 86 BUDGET : 2 8 8  

SCOPE : Risk-based r eview of l icensing to help reform 
regulatory process . 

Plant Performance 

1 5 . TITLE : INTERNATIONAL NUCLEAR POL ICY AND PROGRAM 
CONTRACTOR : Argonne Nat ional Laboratory 

FY 8 6  BUDGET : 48 

SCOPE : Support services to several bilateral cooperat ive 
arrangements . 
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16 . 'l'ftLBa .UO.IIAit/rOSSIL POifBR PLAft BC08011IC81 C08'1'8 
COII'l'RAC'I'Oita Oak Ridge .. tional Laboratory 

n 86 BUDGft a 721 

SCOPB a Bconoaic analysis, coat eatillating llet:boda, and 
updating of Bnergy Bconoaic Data Base . 

17 . 'l'ftLBa BCOIIOIIIC RBGDLM'IOH 
�· oak Ridge .. tional Laboratory 

n 86 BUDGft a 211 

SCOPB a Issues in econoaic regulation aucb as aanageaent 
practices, financial arrang ... nta ,  accounting 
practices, capital recovery .. tboda , prudency and 
institutional considerations . 

1 8 .  'l'ftLBa IHS'I'l'I'U'I'IOJIAL I880BS 
COftllAC'I'Oita Oak Ridge .. tional Laboratory 

n 86 BUDGft a 211 

SCOPB a Institutional , f inancial , and regulatory issues 
including iapact of f uture nuclear plants on 
national econoaica , cboice of base-load generation 
options, energy security, and u . s .  nuclear supply 
inf rastructure . 

U .  'l'ftLBa COHS'I'RUC'l'IBILI'I'Y 
COB'I'IlAC'l'OR a  Oak Ridge .. tional Laboratory 

n 86 BUDGft a 311 

SCOPB a Institutional , f inancial , and regulatory issues 
including issues of nuclear plant conatructibility 
and availabil ity and operating and aaintenance 
costa . 
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Adyanced Converter peyelopment 

211 . TITLE : HIGH TEMPERATURE GAS REACTOR PROGRAM - FUELS & 
MATERIALS TESTING ,  DES IGN & LICENSING 

CONTRACTORS : GA Technologies ( 1 5 , 227 ) 
Oak Ridge National Laboratory ( 3 , 45 11 )  
General Elect r ic Co . ( 2 , 915)  
Bechtel ( 2 , 235)  
Stone & Webster ( 2 , 235)  
Combustion Engineer ing ( 1 , 835)  
Gas Cooled Reactor Associates ( 423)  
Idaho National Engineer ing Laboratory ( 3811 ) 

PY 86 BUDGET : 28 , 7 8 8  

SCOPE : Design and l icensing activities , fuels and 
mater ials R&D/testing , and design code 
development . 

21 . TITLE : LIQUID METAL REACTOR - ADVANCED CONCEPTS 
DEVELOPMBN'l' 

CONTRACTORS : Gene ral Elect r ic Co . ( 8 , 8 7 3 )  
Rockwel l International ( 5 , 7 31)  
West inghouse ( 9 6 5 )  
Oak Ridge ( 4 8 11 )  
BEDL ( 37 5 )  
Pacif ic Northwest Lab ( 231)  
Argonne National Lab ( 2811) 
Los Alamos ( 1 8 4 )  
ETEC ( 1 8 4 )  
Idaho National Engineer i ng Lab ( 1 8 4 )  
Bechtel ( 1 5 1 )  
Brown & Root ( 115)  
Sandi a  National Lab ( 3 4 )  

PY 86 BUDGET : SAFR design , safety & l icensing ( 5277 )  
PRISM design , safety & l icensing ( 86 5 8 )  
Long L i f e  Core System Assessments ( 1 9 2 )  
Licensing Interactions/Cost Reduction ( 935)  
Smal l  Plants Appl ications Assessments ( 1 11 11) 
Evaluation & Assessment s of PRISM & SAPR 

( 16 4 5 )  
Support DOE-PNC Critical ity Data Program 

( 23 1 )  
CRBRP/Monj u Exchange & Prov ide Site Rep in 

Japan ( 597 ! 
Total Budget : 17 , 6 27 

Copyright © National Academy of Sciences. All rights reserved.

Revitalizing Nuclear Safety Research
http://www.nap.edu/catalog.php?record_id=18442

http://www.nap.edu/catalog.php?record_id=18442


165 

SCOPB 1 Des ign act ivities , safety and l icensing analyses, 
and evaluations and assea ... nt s of PRISK and SAFR 
concepts . 

2 2 .  'J'I'lLB 1 LIQUID KB'J'AL RBAC'J'OR - POWBR COIIVBRSIOII 
'J'BCBJIOLOGY DBVBLOPIIBlft' 

COI'J'RACrORS z  Rockwell International ( 981) 
OAk Ridge National Lab (7 51) 
B'J'BC ( 548 )  
Argonne National L ab  ( 331)  
HBDL (338)  
General Electric ( 261) 
Pac ific Northwest Labs ( 235)  
Westinghouse ( 235 ) 

PY 86 BUDGB'J' z Visual Inspection Technology for Objects in 
Sodiua ( 338)  
Deaonst rate High 'J'eaperature Design Methods 

( 385 )  
Shrouded Inducer Pool Puap '!'eating ( 8 4 5 )  
PRISK Rotat ing Plud Des ign ' '!'eating ( 116)  
RV Ai r Cool ing Inspect ion Systeaa Design ' 
'J'est ( 27 1 )  
PRISK Control Rod Dr ivel ine Bel lows 
'!'eating ( 38 )  
PRISK ' SAFR Coaponent Des ign ' Analyses 
( 33 1 )  
Nondestruct ive Test ing o f  SG Tubes ( 116 ) 
Materials 'J'est - LKR Stainless Steel 
Appl ications ( 4 8 )  
IHX Hydraul ic Model Design ' Fabr icate 
(135)  

Des ign , Fab r icate ' '!'est H igh 'J'eap Flux 
Monitor (21 1) 
BK Puap '!'eat ing ( 168)  
Support DOE - PIIC Critical ity Data Program 
( 235)  

Control Rod Drive Test ing ( 11 1 )  
Guard Vessel Stabil ity Testing (134)  
Codes ' Standards ' QA Appl ications 
Assessaent ( 7 7 )  
Artif icial Intel l igence - Plant Operators 
ABaiat Cl58l  

Total Budget z 3 , 668 
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SCOPE : Test ing of shrouded inducer pool pump J design , 
fabrication , and testing of high temperature flux 
monitor , sodium visual inspect ion R&D J PRISM/SAFR 
component design and analyses,  demonstrate high 
temperature design methods . 

2 3 .  TITLE : LIQUID METAL REACTOR - NUCLEAR SYSTEMS 
TECHNOLOGY DEVELOPMENT 

CONTRACTORS : Argonne National Lab ( 37 2 5 )  
Oak Ridge National Lab ( 2388)  
General Elect r i c  ( 1123 )  
HEDL ( 7 6 4 )  
ETEC ( 57 3 )  
Pacific  Northwest Labs ( 47 7 )  
Rockwel l  International ( 2 8 6 )  
Babcock & Wilcox ( 1 9 1 )  
West inghouse ( 9 5)  

FY 86 BUDGET : SAFR/PRISM/LSPB Shielding Designs & 
Analyses ( 2 8 9 )  
RVACS/RACS Mode l  Test & Analyses ( 14 4 )  
RVACS Full Scale Testing ( 2 4 1 )  
RVACS Emissivity Tests & Specs Preparation 
( 34 )  
RISKSP Computer Code Ver i f ication ( 1 6 1 )  
PRISM/SAFR Core Design Analyses & Studies 
( 1 7 3 8 )  
U-Pu - z r  Metallic Fuel System Qualif ication 
( 3 8 8 )  
Innovat ive Design Core Key Feature Tests 
( 16 4 4 )  
Impact o f  Smaller Fuel Pins on SAFR Core 
Design ( 95 )  
GSCRAP Seismic Code Val idation ( 4 8 )  
DOE-PNC Jasper Shielding Evaluations ( 4 8 3 )  
Small Scaled DRACS Testing ( 4 2 9 )  
Decay Heat Removal Model Testing ( 2 8 6 )  
Support DOE-PNC Critical i ty Data Program 
( 4 7 7 )  
DOE-PNC Rel iabi l ity Data Collect ion ( 23 1 )  
Seismic Modeling for Advanced Concepts 
( 351 ) 
PRISM Core Design ( 44 7 )  
Core Des igns-Multimodular Control System 
( 1 6 7 2 )  

Act i nide Measurements (US/UK Agreement ) 
( 9 6 )  
Qual ify Neutron Absorber Assemblies for 
LKRs C 384l  

Total Budget : 9 , 6 2 2  
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SCOPB a PRISII/SAPR Core deaign analyses , code 
designs-ault i.odular control aystea1 innovative 
design core key features tests 1 Jasper shielding 
evaluations , critical ity data develo�nt 1 a .. ll 
scale DRACS testing , seismic .odel ing for advanced 
concepts , neutron absorber assemblies 
qualif ication . 

2 , . 'fiTLE a CIVILIA!I RBACIOR DBVBLOPIIBII'l' SUPPOR'f - RBACIOR 
DBVBLOPIIBft SUPPOR'f - POOL PLAII'l' DESIGR AIID 
BVALUA'fiOR/BPRI 

COR!RAC'fORS a Rockwell International ( 858)  
General Electr ic ( 6 , 3 )  
Westinghouse ( '2 1 )  
Bechtel ( 3,9)  
Brown • Root ( 1 6 1 )  
GA 'fechnologies ( 9' )  

PY 86 BUDGET & 2 526 

SCOPE a Large pool plant design act ivities . 

2 5 .  'fiTLB a CIVILIA!I RBAC'fOR DBVBLOPIIBII'l' SUPPORT -
SAFEGUARDS AND PROGRAM ASSURAIICE - SPECIAL 
IIUCLBAR MATDIALS SAFEGUARDS SUPPORT 

COR'fRAC'fORS a  Argonne National Lab ' ''26 ) 
HBDL ( 7 51 )  

PY 8 6  BUDGET 1 5177 

SCOPB a na 

26 . 'fi'fLB a CIVILIAN REACTOR DBVBLOPIIBII'l' SUPPOR'f - SAFEGUARDS 
AND PROGRAM ASSURANCE - PROGRAM ASSURAIICE PROJECT 
OPPICE OPERATIORS 

CORrRACTOR a Oak Ridge National Lab 

PY 86 BUDGET & 362 

SCOPE a na 

27 .  'fiTLB a CIVILIAN REACTOR DBVBLOPIIBII'l' SUPPORT - REDUCED 
ENRICBMBII'l' RESEARCH/TEST REACTOR - LEU FUEL 
DEIIONSTRA'fiON 

COR'fRAC'fOR 1 Argonne National Lab 

PY 86 BUDGET 1 67 83 
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SCOPE : Low enr iched uranium fuel demonstration . 

2 8 . TITLE : BREEDER REACTOR DEVELOPIIBN'l' PROGRAM - BREEDER 
COMPONEN'l'S DEVELOPMEN'l' 

CONTRACTORS : l'l'EC ( 2tl8 ) 
Argonne Nat ional Lab ( 13t8)  
Oak Ridge National Lab ( 6 7 8 )  
Babcock & Wilcox (621)  
HEDL ( 383)  
Rockwell International ( 287 ) 
Westinghouse ( 287 ) 

FY 86 BUDGET : Steam Generator Fabrication & Testi ng 
( 2 8 7 )  

Automation Noise Surveillance & Testing 
( l U )  

E M  Pump Coil/SG Booster Tube Model ing & 
Testing (13U) 
Double Wall Tube Steam Generator (WNCD) 
Fab (287)  
Hel ical Coil Tube Steam Generator Test 
Support (628 ) 
In-Situ Nondestructive Inspect ion of IHX 
( 1 3 8 )  
Nuclear Systems Mater ials Handbook (NSMB) 
Update ( 9 6 )  
Qual if ication of 9 Cr-1 Mo Steel f o r  LMRs 
( 3 81 ) 
Risk Assessment Support--SAFR/PRISM Designs 
(212 ) 
Steam Generator Test Installation ( SCT I )  
Opns ( 21 1 8 )  
Tech Transfer-Universities & Small 
Bus inesses Cl7ll  

Total Budget : 5597 

SCOPE : EM pump coil/SG booster tube model ing and testing J 
hel ical coil tube steam generator testing J 9 
Cr-1-Mo steel qualif ication test s J  SCTI 
operations . 
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29 . 'l'I'!'LE a BRBBDER RBAC'l'OR DBVELOPIIBII'l' - PUBL PERFORIIAMCE 
AIID SUPPLY 

OOR!RACrORB a  BBDL ( 13653 )  
Argonne National Lab ( 7 , 7 84) 
Los AlUIOS (769)  
West inghouse ( 1 92)  
General Electr ic (96)  

n 86 BUDGB'l' a Secure Autoutec1 Fuel ( SAF )  Fab Line 
Installation ( 8651)  
Ozide Fuel Fab • Testing-SMA with Japan 
(866)  • 
Qual ify Mized Ozide Fuel Systea ( 4131)  
Update Long Lifetiae Fuel (LIFE-4) ( 192) 
IFR Safety Ezper iments ' Analysis ( 3896) 
IFR Fuel Pe rforunce Deaonstration ( 3888 ) 
Bot Cells Closeout - PIE (769)  
Fuel • Blanket Asseably Perforunce ( 9 6 )  
ANS Fuels Keeting !51  

Total Budget a 2 2 , 494 

SCOPE • Secure Autoutec1 Fuel fabr ication l ine 
installation ' ozide fuel fabrication and test ing , 
mized ozide fuel system qual if ication test a ,  IFR 
fuel perforunce deaonstration , safety 
ezper iments,  and analysi s .  

31 . TITLE 1 BRBBDER RBAC'l'OR DBVBLOPIIBN'l' PROGRAM - RBAC'l'OR 
CORE DEVELOPMENT 

COift'RAC'l'ORS a  Argonne Rat ional Lab ( 2548)  
BEDL ( 2227 ) 
Westinghouse ( 1435) 
Rockwell International ( 1 9 5 )  

PY 8 6  BUDGB'l' a  Control Driveline Ezpans ion Dev ice Design ' 
Test ( 1 6 9 )  
A I  Appl icat ion t o  Control Systems ( 24 1 )  
Opt imize PRISM/SAFR Metal Fuel Cor e  
Designs ( 4 48) 
Safe Core Features Analyses ( 582 ) 
Assessment of Device-F ree Safe LMRs ( 385) 
Evaluation of L icensing Strategies for Adv 
LMRs ( 115)  
Fault Tolerant Cont rol System Ver if ication 
( 1 2 8 )  
High Burnup Ozide Fuel Des ign ( 352) 
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Complete 08/PRG/Pr ench Na P i res Data 
Ea:change ( 2 6 )  
Installat ion and Test ing o f  the S AP  L ine 
( 898 ) 

Core Des ign • Safety Methods Documentat ion 
( 1 4 9 1 )  
Power Plant Surveillance and Diagnost ics 
( 1 2 8 )  

Assess Robot ics Appl ications f o r  I PR  Fuel 
Cycle ( 1 2 8 )  
Self Actuated Shutdown System ( SASS )  Pab • 
Test ( 4 3 3 )  
Core Assembly Seismic Analys ts • 
Evaluat ion ( 86 )  
Install & Test Smar t  Instr umentat i on ( 8 99)  

Total Budget & 6397 

SCOPE a Core design and safety methods documentation, safe 
core features analyses , opt imization studies of 
PRISM/SAPR fuel core designs , instal l at ion and 
testing of • smar t •  instruaentation channels ' 
self-actuated shutdown systea fabr ication and 
test ing . 

31 . TITLE 1 BREEDER REACTOR DEVELOPMENT PROGRAM - BREEDER 
FUEL CYCLE DEVELOPMENT 

CONTRACTORS & Oak Ridge Nat ional Lab ( 1 2 , 8 8 8 )  
Argonne National Lab ( 1 6 1 4 )  
BEDL ( 6 2 5 ) 
GA Technologies ( 58 8 )  
Los Aluos ( 4 8 )  
Sand i a  ( 48 )  

PY 8 6  BUDGET & Breeder Casks Design Opt ions Report ( 45 )  
Fuel Cycle • Pl utonium Supply Analysis 
( 2 4 8 )  

Fuel Cycle Integrat ion Efforts ( 34 8 )  
Integrated Equ ipment Test ( lET )  Facility 
Opns ( 1 2 , 88 8 )  
I sotope Co r relat ion Technique for 
Safeguards ( 8 8 )  
B reede r Spent Fuel Handl ing - Closeout 
( 4 8 )  

Design Opt ions for Fuel Cycle Fac i l ities 
( 4 8 )  -
Proof-of -Breeding Analytical suppor t  
( 1 53 4 )  . 

BTGR Spent Fuel Treatment Opt ions Analyses 
ilUl 

Total Budget a 1 5 , 6 1 9 
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SCOPE 1 LWR proof-of -breeding analytical auppo r t 1  BTGR 
apent fuel treat.ent options analysea , integrated 
cold test ing and r..ote aaintenance 
d..onstrat ions J laboratory and hot cell 
exper iments on fuel dissolution ,  feed 
cla r i f i cation , and solvent ext raction . 

32 . 'l'I'I'L£1 UNIVBRBI'l'Y USIARCB PROGRAM 
COR'l'RACI'ORS 1 Not yet des ignated . 

PY 86 BUDG£'1' 1 6611 (Est iaated) 
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Actual CY 1986 Nuclear Research and 
Development Program of the U . S .  

Department of Energy 
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EPRI CONTRACT LIST 
CY 19 8 5  

Risk Assessment P r og r am  

1 . TITLE : Soil-Structure Interact ion 
CONTRACTORS : NTS Eng ineer ing 
AMOUNT : 5 

2 . TITLE : Development and Appl icat ion of Advanced 
GO Methodology for Nuclear Safety 
Systems Assessment 

CONTRACTORS : Energy , Inc . 
AMOUNT : 153 

3 .  TITLE : Seismic Test ing and Analysis Progr am 
CONTRACTORS : Anco Eng ineer s ,  Inc . 

AMOUNT : 86 

Impel! Corporation 
Westinghouse Electr i c  Corp .  
Sargent & Lundy Engineers 

4 .  TITLE : Foreign Exper imental Data and Analysis 
CONTRACTORS : Bechtel Group, Inc . 

AMOUNT : 35 
Power Comput ing Co . 

5 .  TITLE : Nonl inear Finite Element Dynamic 
Computer Code Appl ications 

CONTRACTORS : H ibbitt , Karl sson and Sor ensen , Inc . 

AMOUNT : 176 
Power Comput ing Co . 

6 .  TITLE : Ducti l e  Support Des ign for Pipe Systems 
CONTRACTORS : Bechtel Group, Inc . 
AMOUNT : 1 9 3  

7 . TITLE : Initiate Model ing of Fluid-Structure 
Interacti on Associated Large-Scale 
Jet Impingement Tests 

CONTRACTORS : S .  Levy Inc . 
AMOUNT : 26 

B .  TITLE : Nuclear Power Plant Probabil ist ic 
Safety and Availabil ity Analysi s  

CONTRACTORS : Pickard , Lowe & Gar r ick , Inc . 
AMOUNT : H I  
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9 .  TITLE : Development and Appl ication of Ri sk-Based 
Allowed Downtime Methodology 

CONTRACTORS : Battelle-columbus Laborator ies 
Del ian Corporation 

AMOUNT : 3 47 
Various Cosponsor s  

1 8 . TITLE : Development o f  Common Cause Fa ilure 
Methodology and Data Base 

CONTRACTORS : Los Alamo s Technical Associates , Inc . 

AMOUNT : 4 2 3  
Pickard , Lowe & Gar r ick , Inc . 

11 . TITLE : Probabil istic Risk Assessment Methodology 
Development 

CONTRACTORS : Gaver ,  Donald P . , Prof . 

AMOUNT : 52 

NUS Corporation 
U r ibe , Lu is  c .  
ICoen , Billy 
Bil l ,  Joe 

12 . TITLE : Severe Accident Containment Integr ity 
CONTRACTORS : Anatech International Corp . 

AMOUNT : 755  

Const ruct ion Technology Labs 
Winkleblack , R. IC .  

13 . TITLE : Pipe Rupture and Depr essuri zat ion 
Exper iments 

CONTRACTORS : Wyle Labo r ator i es 
AMOUNT : 318 

14 . TITLE : Large-Scal e  S e i sm i c  Expe r iment 
CONTRACTORS : Ta iwan Power Company 

IC i nemet r i cs Syst ems 
Becht el G r o up ,  Inc . 
Anco Eng inee r s ,  Inc . 

AMOUNT : 682  

15 .  TITLE : Pl ant System I n t e r act ion Analys i s  
Method s 

CONTRACTORS : Energy I ncorpo r ated 
AMOUNT : 2 8  
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16 . TITLE : Seismic Mit igation Systems 
CONTRACTORS : Robert L .  Cloud Assoc iates ,  Inc . 
AMOUNT : 2 9 4  

17 . TITLE : S impl ified Str uctural Des ign and 
Analysis Methods 

CONTRACTORS : Slag i s ,  Gerald C .  

AMOUNT : 7 5  
Rockwell International Corp . 

18 . TITLE : Quant if icat ion of Sei smic Design 
Conservat ism and Its Cost Impact 

CONTRACTORS : Ander son , Donald 
AMOUNT : 22 

19 . TITLE : Seismic Intens i ty and Attenuation 
CONTRACTORS : Internal Use Only 
AMOUNT: · 542 

2 frJ . TITLE : Rel iability Analys is Software Support 
and Development 

CONTRACTORS : Science Appl icat ions International 
Power Comput ing Company 

AMOUNT : 262 

21 . TITLE :  Use of PRA Methods for Enhanci ng 
Operat ional Safety 

CONTRACTORS : Energy I nco rporated 

AMOUNT : 646 

Los Alamos Technical Associates , Inc . 
Science Appl icat ions Internat ional 
GPU Nucl ear Corporation 
Var ious Cosponso r s  
Ar i zona Publ ic Service Co . 
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22 . TITLE a Seismic Des ign Ground Mot ion for Nuclear 
Power Plant s 

CONTRACTORS & Univ . of Cal ifornia at San Diego 
Stanford Univers i ty 
Jack R .  Benj amin ' Associates , Inc . 
Woodward-Clyde Consultant s 
Stanford Unive r s ity 
Teledyne Geotech 
Ea rthquest 
Geomatr ix Consultants 
Br igham Young Unive r s i ty 
Risk Eng inee r ing , Inc . 
Power Comput ing Company 
Pac i f i c  Geophysics , Inc . 
Tsa i ,  Y i-Ben 
Sc ience Appl icat ions Internat ional 

AMOUNT a 1 , 1 2 1  

23 .  TITLE a Power Piping dur ing and a f t e r  Earthquakes 
CONTRACTORS & BQE Incorporated 
AMOUNT a 1 8 8  

24 . TITLE : Human Rel iab i l ity Methodology and PRA 
Review 

CONTRACTORS : NUS Corporat ion 
AMOUNT : 5 4 8  

2 5 . TITLE a Regulatory Impact Assessment 
CONTRACTORS : Sc ience Appl icat i ons Internat ional 

B rookhaven Nat ional Labo ratory 
Technology Appl ication Inc . 

AMOUNT a 1 5 1  
Safety ' Rel iabi l i ty Opt imi zation 

26 . TITLE : Nuclear Pl ant Reeval uat i on for Ear thquakes 
to Quantify S e i smic Mar g ins 

CONTRACTORS : NTS/Structural Mechanics As soc i ates 
Pickar d ,  Lowe ' Gar r ick , Inc . 

AMOUNT a 2 9 9  

EQE I nco rpor ated 
ANCO Eng inee r s ,  Inc . 
DRS/John Blume ' Assoc i ates 
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27 . TITLE : Improved Load ing Input Due to Ine last ic 
Response of Structures 

CONTRACTORS : URS/John Blume & Associ ates 
AMOUNT : 116 

Source Term Program 

2 8 . TITLE : Degraded Core Interact ions 
CONTRACTORS :  Univ . of Cal ifornia at Los Angeles 

Ar gonne Nat ional Labs 

AMOUNT : 371 

Univ . of  Cal ifornia at Ber keley 
Un iv . of Wisconsin 

29 . T ITLE : Hydrogen Generat ion , Combustion ,  and 
Management in Severe Postulated Accidents 

CONTRACTORS : Astron Research & Engineer ing 
AMOUNT :  lfrJ 

38 . TITLE : In-Vessel Severe Acc ident Progress ion 
and Containment Load ings 

CONTRACTORS : Science Appl icat ions International 
Massachusetts Inst itute of Technology 
University of Ill inois 

AMOUNT : 238  

3 1 . TITLE : Removal of Rad ionucl ides by Water Pools Onder 
Severe Accident Cond it ions 

CONTRACTORS : Battelle-Columbus Laborator ies 
Science Appl icat ions Internat ional 
Otha Inc . 

AMOUNT : 392 

32 . TITLE : Act ivity Tr ansport & Diffusion in Two-Phase 
Flows Under Acc ident Cond itions 

CONTRACTORS : Battell e-Columbus Laborator ies 
L i ,  Jun 

AMOUNT : 189 

Power Comput ing Company 
She r ,  Rudolph 
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33 . TITLE : H igh Concent rat ion Ae rosol Model ing 
and Exper iments 

CONTRACTORS : Rockwell Inter nat ional Co r p .  

AMOUNT : 1 , 6 36 

Studsv i k  Energ itekn ik AB 
u . s .  Depa rtment of Energy 
Intermountain Technolog ies , Inc . 
H . M .  Associates , Ltd . 
Argonne Nat ional Labs 
Sher , Rudol ph 
Gol ay , Michael 
Stone & Webster Eng . Co r p .  
Technical Research Centr e  o f  Finland 
Commissa r i at a L ' Ene r g i e  Atomique 
Institute f o r  Reactor Resea rch 
ENEA-C . R . E .  Casac ia 
Japan Atomic Ener gy Resea rch Inst . 
SKI 
Uni ted K i ngdom Atomic Ene rgy Autho r ity 
New Yor k  Power Autho r i ty 

34 .  TITLE : F i ssion Product Chemical Behav ior Under 
Severe Acc ident Cond i t ions 

CONTRACTORS : Argonne Nat ional Labs 
Ontar io Hyd ro 

AMOUNT : 7 3 8  

3 5 .  TITLE : Thermal-Hyd r aul ic Model ing of Pr imary Cool ant 
System Fol lowing Seve rely Deg raded Core 
Acc ident 

CONTRACTORS : Sci ence Appl ications Internat ional 
Westinghouse Elect r i c  Corp . 
Argonne Nat ional Labs 

AMOUNT : 8 8 7  

Power Comput ing Company 
B ieniar z ,  Pet er 

36 . TITLE : In Reactor Sou r ce Term Expe r iments 
CONTRACTORS : Argonne Nat ional Labs 

Onta r i o  Hyd r o  
AMOUNT : 9 9 9  

3 7 . TITLE : Degr aded Co r e  Acc ident Studies 
CONTRACTORS : Lawrence Berkeley Lab 

Leve rett , Miles c .  

AMOUNT : 1 1 7  
Fauske & Assoc iates , Inc . 
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38 . TITLE : Technical Support for Cur rent Issues 
CONTRACTORS : Northwestern University 
AMOUNT1 6 2  

39 . TITLE : Water Distr ibution in LWR Pr imary Coolant 
System and Contai nment Dur ing a Seve re 
Accident 

CONTRACTORS : Science Appl ications International 
B . M .  Associates , Ltd . 

AMOUNT : 394 

Jaycor 
Battelle-Northwest 
Intermountain Technologies , Inc . 
Power Comput ing Company 
Fede ral Data Systems , Inc . 
Almenas ,  ·Kazys 
Energy Incorpo rated 
Kernfor schungz entrum Karlsruhe GMBH 
Systems Control , Inc . -
Expert-Ease Systems 

4 8 . TITLE : Cor i um-Concrete Interact ion 
CONTRACTORS : Maly, Jaromi r 

AMOUNT : 278 

Argonne Nat ional Labs 
Massachusetts Institute of Technology 

41 . TITLE : Methodology and Appl icat ions for Severe 
Accident Analyses 

CONTRACTORS : Science Appl icat ions Internat ional 
Fauske & Assoc iates , Inc . 

AMOUNT : 671  

Stone & Webster Eng . Co rp.  
Jaycor 
Switzer , Paul 
Fede ral Data Systems , Inc . 

42 . TITLE : F i ssion Product Aerosol Tr ansport Development 
and Implementation 

CONTRACTORS : Rockwel l  Internat ional Cor p .  

AMOUNT : 131  
Fauske & Assoc iates , Inc . 
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4 3 . TITLE & Coupled Ae r oso l/Thermal-Hydrau l i c  Methodology 
and Procedures for Severe Acc ident Analys i s  

CONTRACTORS & Sci ence Appl ications Internat ional 
AMOUH'l' I U J  4 

44 . TITLE : Analys i s  of Po stulated BWR ATWS Acc idents 
CONTRACTORS : Gene ral Elect r i c  Co . 

AMOUH'l' a 152 
Mal y ,  Jaromi r 

Anolytical Methode and Ver if ication Program 

4 5 .  TITLE : Development and Appl ication of the EPRI 
DATATRAN Execut ive Code System 

COH'l'RACTORS : Technology Development of Cal ifornia 
Intermountain Technologies , Inc . 

AMOUH'l' 1 6 5 

46 . TITLE : Distr ibut ion and Cont r o l  of Nuclear Computer 
Codes 

COH'l'RACTORS a Power Computing Company 
AMOUNT &  4 8  

47 . TITLE : Two-Phase Flow Analys i s  Related to Reacto r 
Safety 

COH'l'RACTORS : Jayco r 
AMOUNT :  99 

48 . T ITLE : Development of a System Tr ans ient S imul ator 
CONTRACTORS & Energy Incorpo rated 
AMOUNT :  7 8 8  

49 . TITLE : Development of Model s  f o r  Reactor Transi ent 
Effects 

COH'l'RACTORS : Ene rgy Inco rporated 
AMOONT :  88 

58 . TITLE : Extens ions of the Advanced Methodology 
Prog r am (ARMP) for Fuel Management 
Appl icat ions 

COH'l'RACTORS a Science Appl icat ions Internat ional 
AMOONT :  16 5 

51 . TITLE : Nuc l ear Power Plant Ope rat ions Mode l ing 
CONTRACTORS : Power Computing Company 
AMOUNT : 28 
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52 . TITLE : Core Performance Benchmark ing 
CONTRACTORS : Science Applications International 
AMOUNT1 · 46 

53 . TITLE : Advanced In-Core Fuel Management 
Optimization Methodology for PWRs 

CONTRACTORS : Science Appl ications International 
AMOUNT : 6 frJ  

54 . TITLE : Fuel Management Physics Capabi l ity 
Enhancement 

CONTRACTORS : S .  Levy Inc . 

AMOUNT : 387 

Swuco , Inc . 
Williams , Mark 

55 . TITLE : Analyt ical Methods for Transient Fuel 
Behavior 

CONTRACTORS :  Anatech Internat ional Corp. 
AMOUNT : 4 frJ  

56 . TITLE : Benchmark Analysi s  of Cor e  Bundle 
Thermal-Hyd raul ic Exper iments 

CONTRACTORS : Argonne Nat ional Labs 
AMOUNT : 36 

57 . TITLE : Development of an Advanced Methodology 
in Dosimetry Appl icat ions 

CONTRACTORS : Ma rtin Mar i etta Energy Systems , Inc . 
AMOUNT : 99 

58 . TITLE : A Qual if ied Co re The rmal Hydraul ics 
Analysis Code for Util ity Appl icat ions 

CONTRACTORS : Battelle-Northwest 

AMOUNT : 371 
Wang Sof tware Service 

59 . TITLE : Assessment and Appl icat ion of Trans i ent 
Fuel Behavior Computer Codes 

CONTRACTORS : Texas Engineer ing Exper iment Stat ion 
AMOUNT : 2 frJ  

6 frJ . TITLE : Core Power Distr ibut ion Benchmark Code 
Development 

CONTRACTORS : G . R . P .  Consulting , Inc . 
AMOUNT : 37 
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6 1 . TITLE 1 Qualif icat ion of New Nuclear Data 
Libraries for the ARMP Latt ice 
Phys ics Programs 

CONTRACTORS 1 Martin Mar i etta Energy Systems , Inc . 
AMOORT 1 1 5  

6 2 . TITLE 1 RASP 1 Reactor Analysis Support Package 
CONTRACTORS 1 S .  Levy Inc . 

AMOORT 1 1 , 879 

Technology Development of Cal ifornia 
Science Appl ications International 
Tennessee Valley Author ity 
Energy Incorpo rated 
Power Computing Company 
Pickard , Lowe , & Garr ick , Inc . 
G . R . P .  Consulting , Inc . 
Del ian Corporation 
Diamond , David J .  
Tu r insky, Paul 
Combust ion Eng ineer ing ,  Inc . 

6 3 . TITLE 1 Development of a Nodal-Based 3-D Transient 
Capabil ity for Detailed LWR Analysis 

CONTRACTORS 1 S .  Levy Inc . 
AMOORT 1 9 3  

6 4 . TITLE 1 Nuclear Power Division Internal Computer 
Usage 

CONTRACTORS 1 Power Computing Company 
Lawrence Berkeley Lab 

AMOORT 1 2 8 5  

6 5 .  TITLE 1 Co re Phys ics Methods Development and 
Val idation 

CORTRACTORS 1 Studsv ik Energiteknik AB 
s .  Levy Inc . 

AMOORT :  4 8  

6 6 . TITLE 1 Fuel Cycle Scoping Capab ility Development 
CONTRACTORS 1 Purdue Research Foundat ion 
AMOUNT : 4 5  
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Saf ety Cgntr ol and Test ing Prggram 

67 . TITLE : BWR Full Integral S imulat ion Test 
( BWR-F IST )  Prog ram 

CONTRACTORS a General Elect r ic Co . 

AMOONT a 1 51 

Ar i zona State Unive r s i ty 
Unive r s i ty of Mich igan 

6 8 .  TITLE a Reactor Saf ety R&D Pl anning and Evaluat ion 
Support 

CONTRACTORS & Intermountain Technologies,  Inc . 

AMOUNT : 1 7  

Atomic Energy o f  Canada , Ltd . 
Power Computing Company 

6 9 . TITLE s On-Line Analys i s  of Power Plant Ala rms 
and Disturbances 

CONTRACTORS a Nuclear Sof twa re Services , Inc . 
AMOUNT s 28 

7 8 . TITLE s PWR Ref lood ing and System Thermal
Hydraulic Tests 

CONTRACTORS : Science Appl ications Interna t i onal 
Boe ing Computer Service 

AMOUNT : 8 1  

7 1 . TITLE : Multid imens ional Thermal-Hydraul ic 
Analys is of Steam Generator s  

CONTRACTORS & Cham of No rth Amer ica , Inc . 

AMOUNT : 1 4 8  

Wang Software Service 
West inghouse Elect r ic Co r p .  

7 2 . TITLE : Bas ic Invest igat ion and Qual if ication of 
Singl e-Channel Counter-Cu r rent Flood ing 
Models 

CONTRACTORS : Univ . of Cal ifornia at Berkeley 
AMOUNT : 86 

7 3 .  TITLE : BWR Stabi l i ty Analys i s  and Pred ict ion 
CONTRACTORS & Asea-Atom 

AMOUNT s 87 
Univer sity of Wash ington 
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74 . �ITLE r On-Line Nuclear Power Distr ibut ion 
CONTRACTORS : Systeas Control , Inc . 
AJIOON'l' r  188 

75. �ITLE r Analysis of Power Plant Tests with 
Advanced Systems Codes Crack ing 

CON'l'RAC'l'ORS r S .  Levy I nc . 

AJIOOift' I 66 

Interaountain Technologies , Inc . 
Middle South Services, Inc . 
Lou isiana Power ' Light 

76 . �ITLE r PWR - Power Shape Mon itor ing Systea 
CONTRACTORS : Systems Control , Inc . 

AMOON'l' r  197 

PSE•G Research Corp . 
Blake Scientific , Inc . 
Util ity Associates International 

77 . �ITLE r Beat Transfer above the Two-Phase Mixture 
Level under Cor e  Dncovery Condi tions 

CONTRACTORS : Purdue Research Foundation 
AMOON'l' r  42 

7 8 .  TITLE : Steam Generator Siaulation Expe r iaents 
Onder Dynamic Thermal Condi tions 

CONTRACTORS : Westinghouse Elect r ic Cor p .  

AMOUNT : 323 
Massachusetts Institute of Technology 

79 . �ITLE r Analytical Siaulations for Reactor Acc ident 
Analysi s  

CON'l'RACTORS : Babcock ' Wi lcox Co . 

AMOUN'l' r 184 

General Phys ics Corp . 
Energy Incorporated 

88 . �ITLE r In-Pile Tests and Analysis of Beat Tr ansf er 
in Fuel Bundles Onder Acc ident Condit ions 

CONTRACTORS : Rowe ' Assoc iates 
AMOUNT : 25 

81 . TITLE : Thermal Mixing Due to BCC Inj ect ion 
CONTRACTORS : Creare Research and Development , Inc . 

AMOUNT : 21 
Dniv . of Cal ifornia at Los Ange les 
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82 . TITLE : Nuc lear Powe r Plant S ignal Val idat ion 
CONTRACTORS : Westinghouse Elec t r i c  Corp . 

AMOUNT : 3 6 9  
Tenne ssee Val l ey Autho r i ty 

8 3 . TITLE : PWR Pump Analys is and Test ing 
CONTRACTORS : Tetra Tech ,  Inc . 

AMOUNT : 111 

EG&G Idaho , Inc . 
Power Computing Company 

8 4 . TITLE : PWR and BWR Real-Time S ignal Val idat ion 
Demonstrations 

CONTRACTORS : Babcock & Wi lcox Co . 

AMOUNT : 281 
Nor theast Util ities Service Co . 

8 5 . TITLE : C r i t ical Plow Thr ough Small Break s 
CONTRACTORS : Dar tmouth College 

EG&G Idaho , Inc . 
AMOUNT z 1 1 8  

86 . TITLE : Exper imental Study o f  PWR System Response 
in Small Break and OVercool ing Transients 

CONTRACTORS : SRI Internat ional 
Jayco r 

AMOUNT : 3 7 8  

8 7 . TITLE : Val idation of Emergency Procedures Tracking 
System 

CONTRACTORS : Nuc lear Sof tware Service s ,  Inc . 

AMOUNT : 1 7 8  
Operat ions Eng ineer ing , Inc . 

88 . TITLE : Development and Evaluat ion of Component Models 
CONTRACTORS : Jaycor 
AMOUNT : 84 

89 . TITLE : Plow Reg imes in Large Pipes with Ent rance 
Effects 

CONTRACTORS : Sci ence Appl icat ions Internat ional 
AMOUNT : 7 5  
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9 1 .  TITLB a Compact Plant Analyzer Development 
CONTRACTORS & Systems Cont rol , Inc . 

AMOUR'l a 322 

Duke Power Company 
s .  Levy Inc . 
Borne , Char les P .  

91 . TITLE a Integr ated Tests for Babcock ' Wi lcox 
PWR System Design 

CONTRACTORS • Babcock ' Wi lcox Co . 

AIIOUN'l' a 649 

Sc ience Appl ications Internat ional 
Dartmouth College 
Intermountain Technolog ies , Inc . 

9 2 . TITLB a LOPT Consortium--Reacto r Safety Exper iments 
CONTRACTORS a u . s .  Depar tment of Ener gy 

Jayco r 

AIIOUN'l' 1 5 12 
Intermountain Technologies , Inc . 

9 3 . TITLB a LWR Digi tal Cont rol and Diagnostics 
CONTRACTORS : Charles Stark Draper Lab . , Inc . 

AIIOUN'l' 1 5 1 8  

Science Appl icat ions Internat ional 
Los Alamos Technical Associates , Inc . 
Atomic Energy of Canada , Ltd . 
Nor thern States Powe r Co . 

9 4 . TITLE : I nvest igat ion of Steam Gene r ator Tube 
Rupture The rmal Hydraulics in PWRs 

CON'l'RACTORS a Acur ex Corporat ion 
Northwestern Unive r s i ty 

AIIOUN'l' a 2 8 9 

Science Appl icat ions Internat ional 
Boeing Computer Service 

9 5 . TITLE a Knowledge-Based Expe r t  Systems for Safety 
Cont rol and Fuel Management 

CONTRACTORS : Intel l i corp 

AIIOUN'l' a 386 
Technology Appl icat ion , Inc . 

96 . TITLE a Di agno s i s  of Internals Vibrat ion of Reactor 
Systems 

CONTRACTORS : Ma r t i n  Ma r i etta Ene r gy Systems , Inc . 
AMOUNT a 4 8  
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9 7 . TITLE : LWR Digital Cont rol and Faul t-Toler ant 
Computer Technology 

CONTRACTORS : Argonne Nat ional Labs 

AMOUNT : 8 3 
Atomic Energy of Canad a ,  Ltd . 

Component Rel iab i l ity Program 

9 8 . 

9 9 . 

1 9 9 . 

TITLE : Development and Evaluat ion of an Acous t i c  
Imag ing System f o r  F ield Appl ication 

CONTRACTORS : S igma Research 
AMOUNT : 8 

TITLE : Po rtable Rad iogr aph ic System for In-Se rv ice 
and Repa i r  Inspect ion 

CONTRACTORS : Schonberg Rad iation Co r p .  
AMOUNT : 2 3  

TITLE : Feasib i l i ty of and Methodology for The rmal 
Annealing an Embr ittled Reactor Vessel 

CONTRACTORS : We s t inghouse Elect r ic Corp . 

AMOUNT : 1 3 1  
Univ . of Cal ifornia at Santa Barbara 

1 9 1 . TITLE : Cont r o l  of Re s idual Stresses in Repai r 
Weld ing of Heavy Sect ion Steel Nozzles 

CONTRACTORS : Uni ted Kingdom Weld ing Institute 
AMOUNT : 19 

1 9 2 . TITLE : S impl if ied Pred ict ion of Elast ic-Plast ic 
F ract u r e  

CONTRACTORS : Gene r a l  Elect r ic Co . 
AMOUNT : 9 2  

1 8 3 . TITLE : The Effect of Spec imen S i z e  and Conf igurat ion 
on F r act u r e  Toughness and Duct ile I nstability 

CONTRACTORS : Westinghouse Elect r ic Co rp. 
AMOUNT : 18 

1 8 4 . TITLE : In-Service Inspection Data Analys i s  
CONTRACTORS : Colo rado State Unive r s i ty 

Power Comput ing Company 
AMOUNT : 126 
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185 . TITLE : Structural Rel iabil ity Methodology 
( Initial Study) 

CONTRACTORS : Strategic Decisions Group 
Pickard , Love ' Gar r ick , Inc . 
Structural Integr ity Associates 
Lefohn , Allen s .  

AMOUNT : 55 

186 . TITLE : Rel iabi l ity of Piping and Fittings 
CONTRACTORS : F racture Control Corp . 

AMOUNT : 648 
General Elect r ic Co . 

187 . �ITLE : �Ml-2 Mechanical Component Inforaat ion 
and Examination Programs 

CONTRACTORS : Pentek ,  Inc . 

AMOUH'l : 9 8  
Carnegie-Mellon University 

188 . TITLE : EPRI Nondestruct ive Evaluation (NDE) 
Center 

CONTRACTORS : J .  A.  Jones Appl i ed Research Co . 

AMOUNT : 4 , 157 

Combustion Engineer ing Inc . 
Coecorp 

189 . TITLE : Requal if ication of Pressure Retaining 
Components Fol lowing Emergency and 
Faulted Transi ents 

CONTRACTORS : Teledyne Eng ineer ing Services 
Babcock ' Wilcox Co . 

AMOUNT : 7 8  

118 . TITLE : Codes , Standards , and Technology Transfer  
CONTRACTORS : Failure Analysis Assoc iates 

Wessel , Edward T .  
Cent ral Electricity Generat ing Board 
Babcock ' Wilcox Co . 
Fracture Control Corp . 
Teledyne Eng ineer ing Services 
G. Robert Odette 
Impell Corporat ion 
Smith , Edwin 
Robert L .  Cloud Assoc iates , Inc . 
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190 

Reedy Assoc iates 
Anamet Laboratory 
Novetech Corporat ion 
Structural Integr ity Associates 
Metal Properties Counc i l ,  Inc . 
Westinghouse Elect r ic Corp . 

111 . TITLE : Reactor Coolant Systems Decontamination 
and Dose Reduction 

CONTRACTORS : Quadrex Computer Systems , I nc . 

AMOUNT : 229 

Pacific Nuclear Systems & Services 
Battelle Pac i f ic Northwest Lab . 

112 . TITLE : Support Structure and Pr essure Boundary 
Component Rel iability 

CONTRACTORS : Aptech Eng inee r ing Services , Inc . 

AMOUNT : 254  
Raymond Bolting Services 

113 . TITLE : Long-Term Inspect ion Requi r ements of 
Nuclear Units 

CONTRACTORS : Nutech Eng inee rs 

AMOUNT : 6 4  

Science Appl ications International 
Vintek , Inc . 

114 . TITLE : Near Surface Underclad Crack Detection 
CONTRACTORS : Qualcorp, I nc . 

AMOUNT : 377 

Shanker , Ramesh 
We st inghouse Elect r ic Corp . 

115 . TITLE : In-Service Inspect ion of Dissimilar Metal 
Welds and Bolts in Support Structures 

CONTRACTORS : Southwest Research Inst itute 
Battelle-Northwest 

AMOUNT : 88 

116 . TITLE : Pressure Boundary Reliabil ity 
CONTRACTORS : Combu st ion Engineer ing Inc . 

AMOUNT : 354  

Southwest Research Institute 
Massachusetts Institute of Technology 
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117 . TITLE a S iapl if ied P iping Design Methods 
CONTRACTORS & Duke Power Coapany 
AIIOUft a  2 1  

118 . TITLE : Rozzle and Pipe Inspect ion Technology 
COII'l'RACTORS a Mayer ,  Walter G .  

AMOOft a 562 

Amdata Systems , Inc . 
Ult rasonics International , Inc . 
Vitek , Inc . 
Structural Integ r i ty Associates 
RES/Dynacon Systeas , Inc . 
Aptech Eng ineer ing Services ,  Inc . 
Southwest Research Inst itute 
Dr exel Univer s i ty 

119 . TITLB a Mate r i al Property Var i abil ity 
COII'l'RACTORS a Materials Research/Coaputer Simulat . 

Product and Systems Eng ineer ing 
Battelle-Col umbus Labo rator i es 
SRI Internat ional 

AMOOII'l a  345 

121 . TITLE a Integr ity Related Remedial Act ions Evaluation 
COII'l'RACTORS a Combust ion Eng ineer ing Inc . 

AMOUNT : 38 
Southern Cal ifornia Ed ison Co . 

121 . TITLE a Development of Advanced Methods of Str uctural 
Analysis 

122 . 

CONTRACTORS : Impel! Co rporat ion 

AMOUII'l a 299 

TITLB a TMI - 2 
CONTRACTORS : 

AMOUNT : 869 

Gene ral Elect r ic Co . 
Combust ion Eng inee r ing Inc . 
Techint Incorporated 
Fa i l u r e  Analys i s  Associ ates 
Rovetech Corporat ion 

Recovery : Technology 
Pentek , Inc . 
Burns ' Roe , Inc . 
Va i l e ,  Robe rt B .  
Grove Eng ineer ing 

Transfer 
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123 . TITLE : Advanced Steam Generator I S I  
CONTRACTORS : Battelle Memor ial Institute 

Combustion Engineer ing Inc . 
University of Washington 
Colorado State University 

AMOUNT : 7 3  

124 . TITLE : Ultrasonic Ene rgy Propagation Studies 
CONTRACTORS : Ames Laboratory 

AMOUNT : 1 9 8  

Colorado State University 
I l l inois Inst itute of Technology 

125 . TITLE : Fat igue Monitoring on Plant Components 
CONTRACTORS : Robert L .  Cloud Assoc iate s ,  Inc . 

AMOUNT : 146 

EG'G Idaho , Inc . 
Structural Integr ity Associates 
General Electric Co . 

126 . TITLE : Systematic Snubber Reduct ion 
CONTRACTORS : Teledyne Eng ineer ing Services 
AMOUNT : 72 

LWB Fuel & Spent Fuel Storage Prog r am  

127 . TITLE : Halden Research Program Support 
CONTRACTORS : Institute for Energiteknikk 
AMOUNT : 152 

128 . TITLE : Fuel Rod Pe rformance Tests 
CONTRACTORS : Sc ience Appl icat ions Internat ional 
AMOUNT : 18 

129 . TITLE : EPRI/Combust ion Eng ineer ing Cooperat ive 
Program on PWR Fuel Performance 

CONTRACTORS : Combustion Enginee r ing Inc . 
AMOUNT : 59 

138 . TITLE : EPRI/West inghouse Cooperat ive Program on 
PWR Fuel Pe rformance 

CONTRACTORS : West inghouse Elect r ic Corp . 
AMOUNT : 58 
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131 . �ITLB 1 Unifora and Nodular Water side Cor ros ion 
of Z i rcaloy 

CONTRACTORS 1 Battell e-Northwest 

AJIOUft I 287 

Asea-Atoa 
Sandvik , Inc . 
Unive r s ity of I l l ino i s  
s .  Levy Inc . 
Battelle Pac i f ic Northwest Labo ratory 
Univ . of California at Berkeley 
Li ,  C .  Y .  

132 . �ITLB 1 Support of BPRI Fuel Performance Data Base 
CON'l'RACTORS 1 S .  Levy Inc . 

Util ity Associates Internat ional 
AJIOUB'l l 1 2 3  

133 . TITLB 1 Fuel-Performance Economics and Rel iab i l ity 
Assessaent , Resolut ion of In-Reactor Is sues 

CO.r.RACTORS 1 Babcock ' Wi lcox Co . 

AIIOONT 1 26 
Combust ion Eng ineer ing Inc . 

134 . �ITLE 1 Demonst rat ion of Pellet-Cladd ing Interact ion 
( PCI ) - Res i stant Fuel Rod Design 

CO.r.RACTORS a Exxon Nuclear Co . ,  Inc . 

AJIOUNT I 116 

Alf red Unive r s ity 
Stanford University 
Babcock ' Wi lcox co . 

135 . TITLE 1 Demonstrat ion of Extended Burnup Fuel 
Des igns 

CONTRACTORS 1 Massachusetts Inst itute of Technology 
Central Electr icity Generating Board 
Belgonuclea i r e  

AIIOONT : 1 2 8  

B r itish Nuclear Fuel s ,  Ltd . 
Gebco Eng inee r ing 
Power Comput ing Company 
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136 . TITLE : LWR Cont rol Mater ials 
CONTRACTORS : Asea-Atom 

AMOUift' : 3 72  

Stoller Corp . , s .  M .  
West inghouse Electric Corp . 
Duke Power Company 

137 . TITLE : Fission Product Migration and Release 
Behavior in UB2 Fuels 

CONTRACTORS : Riso Nat ional Laboratory 
Anatech International Corp.  
Combustion Eng ineer ing Inc . 

AMOUNT : 1B8  

138 . T ITLE : Improved NDE Capab i l it ies for Reactor 
Core Components 

CONTRACTORS : Nat ional Nuclear Corp . 
AMOUNT : 1 

139 . TITLE : Core Mater ials Performance Forecast ing 
and Cont rol 

CONTRACTORS : Battelle-No r thwest 

AMOUNT : 281  

Combust ion Eng inee r ing Inc . 
s .  Levy Inc . 

1 4 1 . TITLE : Spent Fuel Behavior Under Storage Condit ions 
CONTRACTORS : Atomic Energy of Canada , Ltd . 

AMOUNT : 6 B  

Battelle-Northwest 
Jones , Robert B . 
Coeco rp 

141 . TITLE : Nuclear Fuel Indu stry Research 
CONTRACTORS : NF IR 
AMOUNT : 35B  

142 . TITLE : Character izat ion and Reduct ion of Fuel 
and Core Component Failures in LWRs 

CONTRACTORS :  Battelle Pac if ic Northwest Labo ratory 
Babcock & Wilcox Co . 

AMOUNT : 1 3 1  
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143 . TITLE : Spent Fuel Consol idat ion Technology 
Demonstr ation 

CONTRACTORS : Northeast Ut il ities Serv ice Co . 

AMOUNT :  172 

Fracture Control Corp . 
Graf , Walter 

144 . TITLE : Spent Fuel Storage Cask Technology and 
Deaonstration 

CORTRACTORS : Transnucl ear Inc . 

AMOUNT : 1 , 839 

Battelle-Northwest 
Vi rginia Elect r ic ' Power Co . 

1 4 5 . TITLE : H igh-Level Waste Technical , R,D , and 
Safety Assessment 

CONTRACTORS : Analytic Sc iences Corp . 

AMOUNT : 177 

Kaiser Eng ineers Cal ifornia Corp . 
Golder Associates Incorporated 

146 . TITLE : Spent Fuel Silo Storage Demonstrat ion 
CONTRACTORS : Carol ina Power ' Light Co . 
AMOURT : 358  

147 . TITLE : Nuclear Fuel Rel iabi l ity dur ing Load 
Follow Operation in LWRs 

CORTRACTORS : Belgonucleai re 

AMOURT : 132 
s .  M .  Stol ler Corp . 

148 . TITLE 1 Mit igat ion of I r radiation - Assisted 
SCC in Core Components 

CONTRACTORS : Structural Integ r i ty Associates 
General Electr i c  Co . 

AMOUNT 1 1 9 8  

149 . TITLE : Storage Demonstrat ions Technical Support 
CONTRACTORS : B . R .  Johnson Assoc iates , Inc . 

AMOUNT 1 178 

F r acture Control Corp . 
Anatech International Corp . 
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Corros ion Control Progr am 

151 . TITLE : Steam Generator Model Bo iler Program 
CONTRACTORS : SRI International 
AMOUNT : 15  

151 . TITLE : Corros ion Programs to Support Rel iability 
of Nuclear LWR Systems 

CONTRACTORS : Ohio State University 
Massachusetts Institute of Tech. 
Rensselear Polytechnic Inst i tute 
S . M .  Stol ler Corp . 

AMOUNT : 312 

152 . TITLE : Chemical React ion Data for Pred ict ing 
Corros ion Behavior of LWR Mate r i als in 
High Temperature Water 

CONTRACTORS : Power Computing Company 
AMOUNT : 1 

153 . TITLE : Corros ion Fatigue Cha racter izat ion of 
Reactor Pressure Vessel Steel s 

CONTRACTORS : Babcock & Wilcox Co . 

AMOUNT : 461 

Fracture Cont rol Corp . 
SRI Internat ional 
Gustaf sson , Ulla 
Structural Integ r i ty Assoc iates 
Framatome 
C i se Spa 

154 . TITLE : Alternate PWR Steam Gener ator Tubing 
Evaluat ion 

CONTRACTORS : Val lourec , Inc . 
AMOUNT : 21 

155 . TITLE : Evaluation of t he Use of Incone l 6 9 1  
i n  BWR Components 

CONTRACTORS : Southwest Research Institute 
AMOUNT : 19 

1 56 . TITLE : Crevice Cor rosion 
CONTRACTORS : Rensselear Polytechnic lost . 
AMOUNT : 77  
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1 57 . �I�B a Cor rosion Resi stance of Theraally �reated 
Al loy 6 8 1  

COBTRACTORS a West inghouse Elect r i c  Cor p .  
AIIOUII"l' a  164 

158 . �I�B a Advanced Methodology for Iaproving 
�urbine Disc L ifetiaes 

COBTRACTORS a West inghouse Elect r i c  Cor p .  
AIIOUII"l' a  3 

1 5 9 . �I� a Hydrogen Water Cheaistry for BWRs 
CONTRACTORS a Gene ral Elect r i c  Co . 

AMOUII"l' a 1 , 6 85 

Advanced Process Technology 
Commonwealth Research Cor p .  
Amdata Systeas , Inc . 

1 6 8 . TI�B a Predict ion of Cor ros ion-Assisted C r ack 
G rowth in Ruclear Power Plant Coaponents 

COBTRACTORS a West inghouse Elec t r i c  Cor p .  

AIIOUII"l' r  837 

Battel le-Columbus Laborator ies 
Fai lu r e  Analys i s  Associ ates 
General Electr i c  Co . 
Metal Proper ties Counci l  Inc . 
Research Inst . for Strength & F r act . 

1 6 1 . �I�B r Metal l urgical Analys i s  and Eval uat ion of 
Service Failures of Nuclear Powe r Component s 

COBTRACTORS a Babcock & Wi lcox Co . 

AMOUII"l' : 29 

Gene ral Elect r ic Co . 
Battelle-Columbus Laborator ies 

1 6 2 . TI�E r Autoaatic Remote Welding 
CONTRACTORS : Georgia Power Company 
AMOOII"l' r  2 5  

1 6 3 . TITLE : High-Pu r i ty Steels for U t i l ity Components 
CONTRACTORS : Bethlehem Steel Corpo rat ion 
AMOOII"l' r  24 
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164 . TITLE : Examinat ion and Test ing of a Ret i r ed 
Steam Generator 

CONTRACTORS : Battel le-Northwest 
AMOUNT : 2 11 8  

165 . TITLE : Pred ict ion of Local iz ed Corrosion Rates 
in Steam Generators 

CONTRACTORS : Br igham Young University 

AMOUNT : 328 

San Diego State Univ . Foundat ion 
Paul Cohen 
w. T. Lindsay , J r . 
SC&A , Inc . 
S-Cubed 
McB ride , Donald 
Atomic Ene rgy of Canada , Ltd . 

166 . TITLE : sec of Cold Wor ked Al loy 61111  Steam 
Generator Tubes 

CONTRACTORS : S .  Levy Inc . 

AMOUNT : 123 

Rutger s  
Bogae rts , Walter 
Battelle Pacific Northwest Lab . 
Commissar iat a L 1 Energie Atomique 
Wolver ine Metal Company , Inc . 
Somitomo Metal Ame r ica , Inc . 

167 . TITLE : Opt imi zed Beat Treatment for Al loy X-7511 
and Othe r High Strength Age-Bardenable 
Al loys 

CONTRACTORS : Babcock & Wi lcox Co . 

AMOUNT : 1811 

Westinghouse Elect ric Corp . 
Kraftwerk  Union Aktiengesell schaft 

168 . TITLE : BWR Water Chemi stry Impur ity Studies 
CONTRACTORS : Asea-Atom 

Gene ral Elect r ic Co . 
AMOUNT : 1 , 223 

169 . TITLE : Full-Scale Inst rumented Steam Gene r ator 
Tests and Analyses 

CONTRACTORS : Combustion Engineer ing Inc . 
AMOUNT : 1 8 5  
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17 1 . �I�E a Iaproved Steam Generator water Chemistry-
Field Stud ies 

CONTRACTORS & HNT Corporat ion 

AMOUII'l a 1 5 1  
Atomic Energy of Canada,  Ltd . 

17 1 . TI�E a Sludge Reaoval in PWR Steam Generators 
COII'lRACTORS a Energy Management Sources 

Dominion Engineering ,  Inc . 
Babcock & Wilcox co . 

AMOUII'l a -9 

London Nuclear Service s ,  Inc . 
Combustion Engineer ing Inc . 
West inghouse Electr ic Corp.  
Bmpi re State Elec . Energy Research 

Plant Ayailabilit� Program 

172 . TITLE a On-Line Vibration Diagnost ics for Powe r 
Plant Machinery 

COII'lRACTORS : Rad ian Corpor ation 
AMOUII'l : 1 5 5  

17 3 .  TI�E a Pr imary Coolant Pump Seal Improvements 
CONTRACTORS : Atomic Energy of Canada,  Ltd . 
AMOUII'l : 2 1  

1 7 4 . TITLE 1 Human Factor s  Operat ional Guidel ines 
and Pr imer 

CONTRACTORS & Essex Corporat ion 
AMOUII'l a 2 8 8  

1 7 5 .  TITLE : Set Po int Test ing of Safety Valves with 
Alternat ive Test Media or Methods 

COII'lRACTORS : J . A .  Jones Appl ied Research Co . 
AMOUII'l : 1 3  

1 7 6 . TITLE : Evaluat ion of Advanced Alarm Handl ing 
Approaches 

CONTRACTORS : M . P . R .  Associate s ,  Inc . 
AMOUII'l : 1 3 5  
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177 . TITLE : Wor k  Structure and Per formance 
CONTRACTORS : Essex Corporation 
AMOUNT & 112 

17 8 . TITLE : Failure Analysi s  of Nuclear Plant 
Components 

CONTRACTORS : Schonberg Radiat ion Corp. 

AMOUNT & 41 
Beat Exchanger Systems , Inc . 

179 . TITLE : Human Eng ineer ing Guidel ines for Computer
Generated Di splays Used in Power Plants 

CONTRACTORS : Union Carbide Corp . 

AMOUNT : 59 

Search Technology , Inc . 
The Hartford Graduate Center 
Blake,  Tyler 

181 . TITLE : Robot Appl ications for Nuclear Power Plants 
CONTRACTORS : Advanced Resource Development Corp . 

AMOUNT & 552 

B . B .  Meieran Associates 
Odetics , Inc . 

181 . TITLE : Key Valves 
CONTRACTORS :  Foster-Mi ller Assoc iates , Inc . 
AMOUNT : 542 

182 . TITLE : On-Line Moni tor ing and Diagnostics for 
Diesel Generato r s  

CONTRACTORS :  Southwest Research Institute 
AMOUNT : 35  

183 . TITLE : Gu idelines for the Appl icat ion of Computer
Ass isted Instr uction (CAI ) 

CONTRACTORS : Search Technology , Inc . 

AMOUNT : 227 
Ar inc Research Corp.  

184 . TITLE : On-Line Mon ito r ing and Diagnost ics for 
Submerged Vertical Shaft Pumps 

CONTRACTORS : Shaker Research Corp . 
AMOUNT : 148 
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185 . �I�E 1 Ruclear Plant Performance Iaprovement 
CONTRACTORS 1 Combustion Engineer ing Inc . 

AMOUII'l 1 91 
Mollerus Eng ineer ing 

186 . �ITLE 1 F ield Data Requi reaents to Predict Stress 
Corrosion Crack ing 

CORTRACTORS 1  General Electric Co . 

AIIOUII'l' I 8 5  
Power Coaputing Coapany 

187 . �I�E 1 F ield Hardened Instruaents and Elect r i cal 
Coaponents for Ruclear Plant Appl ications 

COII'lRACTORS 1 Science Appl icat ions International 
Foster-Miller Associates , Inc . 

AMOUII'l 1 419 

188 . �I�LE 1 Guidel ines for Surveillance Testing of 
Standby Bquipment 

1 8 9 . 

COII'lRACTORS 1 Mollerus Enginee r ing 
Gilcrest , James 

AMOUII'l : 9 

TITLE I Data Consol idation for Research 
Planning 

CONTRACTORS 1 HUS Corporat ion 
s .  M. Stoller Corp.  

AMOUII'l 1 173 

Proj ect 

191 . TITLE 1 Secondary Side Component/System Improvement 
COII'lRACTORS 1 Raymond Eng ineer ing Inc . 
AMOUII'l a  25 

191 . �ITLE 1 Long-Range Research Support for System 
Performance Progr am 

192 . 

COII'lRACTORS a Carneg ie-Mellon University 
Wayne State Univers ity 
University of Pennsylvan ia 

AMOUN'l' 1 189 

TI�E 1 Rel iabil ity and Lifetime Extension of 
LP Discs 

CONTRACTORS 1 Southwest Research Inst itute 

AMOUII'l 1  22 
Failure Analysis Associates 
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19 3 . TITLE & Maintenance Equipment Appl ications 
Center 

CONTRACTORS : J . A.  Jones Appl ied Research Co . 

AMOUNT :  SIS 
Video by Design 

194 . TITLE & Nuclear Plant Maintenance Improvements 

19S . 

196 . 

197 . 

CONTRACTORS & Dominion Eng ineer ing , Inc . 

AMOUNT & 17S 

Battelle Memor ial Insti tute 
Stud io 16 Coaaunications , Inc . 

TITLE & Evaluat ion of the Turbine Protection 
System 

CONTRACTORS &  Foster-Mi ller Associates , Inc . 
AMOUNT & l i S  

TITLE : Loose Parts Monitor ing System Improvements 
CONTRACTORS & Science Appl icat ions Internat ional 
AMOUNT : 116 

TITLE & Studies of Man-Machine Interface Problems 
in Maintenance 

CONTRACTORS : West inghouse Electric Corp . 
Seminar a ,  Joseph 

AMOUNT : 126 
Georgia State University 

Nucl ear Plant Life Extens ion 6 Constructibility Program 

198 . TITLE & Fire Retardant Lubricant for Reactor 
Coolant Pump Motors 

CONTRACTORS & West inghouse Electr i c  Corp . 
AMOUNT & 217 

199 . TITLE & Equ ipment Qual if ication Program 
CONTRACTORS & NOS Corporat ion 

Los Alamos Technical Assoc iates , Inc . 
Wyle Labo rator ies 
University of Connecticut 
EOE Incorporated 
Anco Eng ineer s , Inc . 
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URS/Jobn Blume & Associates 
Impell Corporation 
Washington Public Power Supply System 
Hartford Valve & Pitt ing Co . 
Par West Technology , Inc . 
Mazzella Wi re Rope & Supply , Inc . 
McCarty & Sons , Inc . 
Fisher Scientific 
Economy Elect ric  Supply 
Automatic Switch Company 
Brookstone Company 
Bolt , Robert 
Nutecb International 

211 . TITLE & Remote Indicat ion of Degradation of F i r e  
Retardant Lubr icant LMPBRs 

COMTRACTORS & Mechanical Technology , Inc . 
u . s .  Depar tment of Energy 

AMOUIIT & 131 

211 . TITLE a Maintainabil ity Studies 
COMTRACTORS a Pennsylvania State Univer s i ty 

General Physics Cor p .  
Westinghouse Elect ric  Corp . 

AMOUII'l a 253 

212 . TITLE & TMI-2 Equ ipment Qualif icat ion Methodology 
Testing 

CONTRACTORS a  Westinghouse Electric  Corp . 
AMOUIIT : 11 

213 . TITLE a Studies of Nuclear Plant Operab i l ity and 
Maintainab il ity 

CONTRACTORS a  Stone & Webster Eng . Co r p .  
AMOUII'l a 36 

2 1 4 . TITLE : Elect r ical and Inst rumentation Const ructab i l ity 
for Nuclear Plant Appl icat ions 

COMTRACTORS : J . A .  Jones Appl ied Research Co . 

AMOUII'l a 26 
Spiewak , I rving 
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285 . TITLE : Piping Design and Construct ion Technique 
CONTRACTORS : Reedy Assoc iates 
AMOUNT : 1 

286 .  TITLE : Guidel ines for Applying Computer-Aided 
Design Systems to Generating Plant Proj ects 

CONTRACTORS : Clyde Boswe l l  Tatum 
Duke Power Company 
Consumer s  Power Company 

AMOUNT : 47 5 

287 . TITLE : LWR Plant Life Extens ion 
CONTRACTORS : Vi rginia Elect r ic & Power Co . 

AMOUNT : 589  

Northern States Power Co . 
Grove Eng ineer ing 
Multiple Dynamics Corporation 
Str uctural Integ r i ty Associates 
s. M .  Stoller Corp.  
Gebco Eng ineer ing 
Ishikawaj ima - Bar ima Heavy Industries 

Low Level Waste and Cool ant Technology Program 

288 . TITLE : Dosimet ry Measurements of Neutron and Gamma 
Ray Fluxes in the Reactor Cavi ty of LWR 1 S  

CONTRACTORS : University of Arkansas 
AMOUNT : 58  

2 8 9 . TITLE : BWR Rad iat ion Assessment and Cont rol 
CONTRACTORS : General Electr ic Co . 

AMOUNT : 6 2  
Commonwealth Research Corporation 

2 1 8 . TITLE : Rad iat ion Cont rol in the Pr imary Coolant 
Loop of PWR Plants 

CONTRACTORS : Babcock & Wi lcox Co . 

AMOUNT : 1 8 8  

Westinghouse Elect ric Corp.  
Combustion Engineer ing Inc . 
Gebco Eng ineer ing 
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21 1 . �ITLE 1 In-Plant Demonstration of Probes for pB , 
Dissolved Hydrogen and Corros ion Potential 

CO&r.RACTORS 1 SRI International 
AMOUNT 1 1 8 3  

212 . �ITLE a Cor rosion Product Dissolution 
COBTRACTORS a Central Electricity Generating Board 
AMOUNT : 151 

213 . TITLE : Bigh-Teaperature Filtration 

2 1 4 . 

21 5 .  

CONTRACTORS : Atomic Energy Commi ss ion 
AMOUNT 1  5 1  

TITLE s In-Plant Inst rumentat ion for 
Condit ions 

COHTRACTORS a General Elect r i c  co . 
Amer ican Univers ity 

AMOUNT : 36 2 
University of Ar i zona 

Cor rosive 

�ITLE : Advanced Low-Level Radwaste Treatment 
Systems Technology 

CONTRACTORS s Sargent & Lundy Engineers 
Impell Corporation 
National Nuclear Corp . 
Babcock & Wilcox Co . 

AMOUNT : 212 

BVC Consultants , Inc . 
Paul Mayo Associates 
Analytic Sciences Cor p .  
NNT Corporation 

216 . TITLE a Reactor System Fission Product Transpo r t  
Computer Code Package 

CONTRACTORS s Stanford University 
AMOUNT s 18 

217 . TITLE 1 Secondary System Water Treatment Opt imi zat ion 
CONTRACTORS 1 Paul Cohen 

AMOUNT 1 3 1 3  

San Diego State Univ . Foundation 
Atomic Energy of Canada, Ltd . 
Gibbs & Bill , Inc . 
Wi rth , Louis F .  
Westinghouse Elect r ic Co rp . 
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218 . TITLE : BWR Rad iat ion Control-Plant Demonstrat ion 
CONTRACTORS : NWT Corporation 
AMOUNT : 6 9  

21 9 . TITLE : Qualif icat ion of Alternate Materials for 
Cobalt Alloys 

CONTRACTORS : Amax Mater ials Research Center 
Consumers Power Company 

AMOUNT : 218 

Martin Mar i etta Energy Systems , Inc. 
West inghouse Elect ric Corp . 

2 2 1 . TITLE : Corrosion Product Cobal t  Release Rates 
CONTRACTORS : Atomic Energy of Canada , Ltd . 
AMOUNT :  115 

2 2 1 . TITLE : Cont rol of Cobal t  Transport in LWRs 
CONTRACTORS : Aere Harwe l l  

Gene ral Electr i c  Co . 
AMOUNT : 419 

222 . TITLE : Decontaminat ion Process Development and 
Demonstrat ion 

CONTRACTORS : Vermont Yankee Nuclear Power Corp. 

AMOUNT : 438 

Quad rex Computer Systems , Inc . 
London Nuclear Service s ,  Inc . 
Gene ral Electric Co . 
Commonwealth Research Corporat ion 

223 . TITLE : Field Test of Oxygen Control Agents 
CONTRACTORS : Burns & Roe , Inc . 
AMOUNT : 145 

224 . T ITLE : Monitoring Chemical Contaminants 
CONTRACTORS : Sc ience Applications Internat ional 
AMOUNT : 288 

225 . TITLE : Radwaste Process ing 
CONTRACTORS : North Carol ina State Unive r sity 

Duke Power Company 

AMOUNT : 261 

ITT Research Institute 
Babcock & Wilcox Co . 
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226 . �ITLE a Crud �ransport Chemistry 
CONTRACTORS a HNT Corporation 

AIIOUB'l' a 121 
Advanced Process �echnology 

227 . �ITLE a Passivation and Surface Condi tioning 
CONTRACTORS a London Nuclear Services , Inc . 

AIIOUB'l' a  158 

University of Pittsburgh 
Gannon University 
SRI International 

228 . �ITLE a Cor ros ion Cont rol Add i t ives 
CONTRACTORS : NUS Corporat ion 
AIIOUB'l' 1 155 

229 . �ITLE a PWR Rad iat ion Control Demonstration 
CORTRACTORS a West inghouse Electr ic Cor p .  
AIIOUB'l' I 7 3 

238 . TITLE a Low-Level Waste Disposal Technology 
CONTRACTORS & Roger s  and Assoc iates Eng ineer ing Co . 
AIIOUB'l' 1 17 5 

231 . TITLE a Waste Stabi l i zat ion and Storage 
CONTRACTORS & Sargent i Lundy Engineers 
AIIOUN'J.' a 7 

Adyanced Nuclear Generat ion Program 

232 . 

2 3 3 . 

TITLE a Fast 
Fuel 

CONTRACTORS : 
AIIOUN'J.' a  -28 

TITLE a LWR 
CONTRACTORS a 

AIIOUN'l' :  386 

Breede r Systems and Ron-Proliferation 
Cycles 

Internat ional Energy Assoc iates , Ltd . 

Standardized Pl ant Des ign Evaluation 
s .  Levy Inc . 
Tou ro Col l ege 
M . P . R .  Assoc iates , Inc . 
Combust ion Eng ineer ing Inc . 
Battelle-Columbus Laborato r ies 
Pickard , Lowe i Gar r i c k , Inc . 
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234 . TITLE : Development of Flow Couple r  Electromagnetic 
Pump for Large LMFBRs 

CONTRACTORS : Pickar d ,  Lowe and Gar rick , Inc . 
AMOUNT : 1 8 3  

2 3 5 .  TITLE : BTGR Technology Assessment and Technology 
Transfer 

CONTRACTORS : GA Technologies , Inc . 

AMOUNT : 479 

Pickard , Lowe & Gar r ick , Inc . 
Madell , John 
Combust ion Engineer ing Inc . 
Burns & Roe , Inc . 
Proto-Powe r Corporat ion 
General Elect r i c  Co . 
Publ ic Service Company of Colorado 

236 . TITLE : LMFBR Commercial Size Studies 
CONTRACTORS : Southern Electric Internat ional , Inc . 

AMOUNT : 6 
Amoros i ,  Alf r ed 

237 . TITLE : Technical Evaluation Tasks 

2 38 .  

CONTRACTORS : Pickard , Lowe & Gar rick , Inc . 

AMOUNT : 138 

TITLE : LMFBR 
CONTRACTORS : 

AMOUNT : 2 , 1 3 5 

Johnson , Mor r i s  
Babcock & Wilcox Co . 
West inghouse Electr ic Corp. 
u . s .  Depar tment of Energy 

Technical Integration Stud ies 
Bechtel Group , Inc . 
Burns & Roe , Inc . 
Gene ral Elect r ic Co . 
Rockwell Internat ional Corp . 
Stone & Webster Eng . Corp . 
International Ene rgy Associates Ltd . 
Fauske & Assoc iates , Inc . 
Tecop, Inc . 
Westinghouse Electr ic Corp. 
Amoros i ,  Alfred 
Rowan , William 
Southern Elect r ic Internat ional , Inc . 
Combust ion Eng ineer ing Inc . 
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239 . TITLE 1 Advanced LWR Program 
COMTRACTORS 1 Combustion Eng ineer ing Inc . 

AIIOUII'l l 4 , 1 1 8  

West inghouse Electr ic Corp. 
M . P . R .  Associates Inc . 
s .  Levy Inc . 
General Elect ric Co . 
Babcock ' Wilcox Co . 
Stone ' Webster Eng . Corp. 
Massachusetts Institute of Technology 

Generic Safety Aoolysis Program 

248 . TITLE 1 Appl icat ion of PRA to Gene r ic Saf ety Issues 

241 . 

COMTRACTORS 1 E r in Engineer ing ' Research ,  Inc . 

AJIOUR'l' 1 186 

Del i an Corporation 
NOS Corporation 
Pickard , Lowe ' Gar r ick , Inc . 

TITLB 1 Contract Research and Development and 
Coaputer Costs Related to Gener i c  Safety 
Issues 

CONTRACTORS 1 

AMOUR'l' 1 1 , 7 3 8  

Power Computing Coapany 
Energy Incorporated 
Pickard , Lowe ' Gar r ick , Inc . 
s .  Levy Inc . 
Mollerus Engineer ing 
Aptech Enginee r ing Services , Inc . 
Science Appl icat ions Internat ional 
Combustion Engineer ing Inc . 
Nuclear Proj ects , Inc . 
Vol ian Enterpr ises 
General Elect r i c  Co . 
Babcock ' Wilcox Co . 
Horowitz , Jeffery s .  
Intermountain Technolog ies Inc . 
M . P . R .  Associates Inc . 
Quad rex Computer Systems , Inc . 
Ast ron Research ' Eng ineer ing 
Brookhaven Nat ional Laboratory 
Technol ogy Appl ication Inc . 
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QWNERS GROUPS 

Steam Generator Qwne r s  Group I 

1 . TITLE s Model Test of Once Through Steam Generator 
for Code Ver ificat ion and Lane Blocker 
Assessment 

CONTRACTORS : Consumers Power Company 
Arkansas Power i Light 
Duke Power Company 

AMOUNT : 4 3 

2 . TITLE : Steam Generator Technology Transfer 
CONTRACTORS : Gebco Eng ineer ing 

Gustafsson , Olla 
AMOUNT : 26 

Steam Gene rator Qwne r s  G roup I I  

3 .  TITLE : Improved Steam Generator Nondestructive 
Examination Techniques 

CONTRACTORS : J .  A .  Jones Appl ied Research Co . 

AMOUNT : 1 , 186 

West inghouse Elect r ic Corp . 
Combustion Engineer ing Inc . 
Babcock i Wilcox Co . 

4 .  TITLE : Arr est Steam Generator Intergranular 
Attack i Tube Crack ing 

CONTRACTORS : Brookhaven Nat ional Laboratory 
Jones , Denny A .  

AMOUNT : 1 , 744 

Combustion Engineer ing Inc . 
Framatome 
Lawrence Livermore Lab . 
Westinghouse Electr ic Cor p .  
Babcock i Wilcox Co . 
Battelle-Columbus Labo rator ies 
Rockwell International Corp. 
Unive r sity of Nevada - Reno 
HWT Co rporation 
Dominion Eng ineer ing ,  Inc . 
Calgon Corporat ion 
Commissar iat a L ' Energie Atomique 
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211  

Causes and Cor rect ive Act ions f o r  Pr imary 
Water Crack ing of Steam Gene rator Tub ing 

CON'l'RAC'l'ORS 1 Brookhaven Rational Laboratory 
s. Levy Inc . 

AIIOOB'.r a  1 , 856 

Pennsylvani a  State Un ive r s i ty 
RW'l' Corpo rat ion 
Stone & Webster Eng . Co rp . 
Dominion Engineer ing , Inc . 
Structural Integr i ty Associ ates 
West inghouse Electr ic Cor p .  
Battelle-Northwest 
Massachusett s Inst itute of Technology 
Studsvik Energ itek n i k  AB 
Babcock & Wilcox Co .  
Combustion Eng inee r ing Inc . 
Foster Wheeler Energy Corporat ion 
Ohio State Un ivers ity 
Belgatom 
Cordovi , Marcel A .  
Westinghouse Elect r ic Corp .  

6 .  TI'l'LE a Destr uct ive Analys is of Steam Generator 
Components 

CONTRACTORS : J .  A .  Jones Appl ied Research Co .  

AMOOB'.r 1 52  2 

West inghouse Elect r ic Cor p .  
Battelle Memor ial Inst itute 
NUS Corporat ion 
Onion Elect rica-Fenosa 
Northern States Power Co . 

7 .  TITLE : PWR Steam Gene rator Chemical Cl eaning Process 
Development and Evaluat ion 

CONTRACTORS : Babcock & Wilcox Co .  

AMOOB'.r : 8 3 8  

M . P . R .  Assoc iates Inc . 
Combust ion Engineer ing Inc . 
PH Systems and Service s ,  Inc . 
West inghouse Elect r ic Co rp. 
Duke Power Company 
NWT Co rporat ion 
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8.  �ITLB a Bvaluation and Iaproveaent Steaa Generator 
Perfor.ance and tbe Bffectiveness of 
Prevent ive ' Cor rect ive Measures 

CONTRACTORS • West inghouse Blectric Corp . 

AMOUNT 1 383 

NW'l Corporation 
Radiological ' Chemical �ecb . Inc . 
Babcock ' Wilcox co . 
NUS Corporation 
Sargent ' Lundy Bng ineers 
Balazs Analyt ical Laboratory , Inc . 

9 . �ITLB 1 PWR Steaa Generator Technology Transfer 
CORTRACTORS a �or r ey Pines �ecbnology 

Gebco Engineer ing 

AMOONT 1 298 
Bnergy Management Sources 

11 . �ITLB 1  Causes and Cor r ective Act ions for Pitt ing 
of Steam Generator TUbing 

CORTRACTORS 1 Ob io State Univer s i ty 
Combustion Bng ineer ing Inc . 
Battelle-Coluabus Laboratories 
Bogaerts , Walter 

AMOONT 1 291 

11 . �ITLB 1 Minimize tbe Bffects of Sludge , SCale 
and Deposits on Cor rosion in Steaa 
Generato r s  

CONTRACTORS • Dominion Bng ineer ing , Inc . 

AMOUB'r 1 141 

Bnergy Management Services , Inc . 
Coabustion Eng ineer ing Inc . 
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12 . �ITLE a �ube Fretting and Wear in Preheat Steaa 
Generators 

CORr.RACTORS a Coabust ion Eng ineer ing Inc . 

AIIOUlft' a  1 , 388 

Foster Wheeler Energy Corporat ion 
Jaycor 
Southwest Research Institute 
Westinghouse Electric Corp . 

1 3 . �I�LE a Improved �be Suppo r t  Mater ials and 
Des igns 

CORr.RACTORS a Atomic Energy of Canada ,  Ltd . 
11ft Corporat ion 

AIIOUlft' a 319 

Seiamicity Qyner a  Groyp 

Central Electr ic ity Generating Board 
Commissar iat a L ' Energie Atomique 
West inghouse Electr ic Corp . 

14 . �ITLE a Seismic Hazards--Se ismicity OWner s '  Group 
CORTRACTORS a Woodward-clyde Consultants 

Toksoz , M.  N.  

AMOUlft' a 1 , 4 5 1  

Alexander , s .  s .  
Hinz e ,  Will iam J .  
Nuttli , Otto 
Allen , Clarence R .  
Weston Geophysical Corp . 
Dames ' Moor e  
Law Engineer ing Test ing Company 
Bechtel Group, Inc . 
Rondout Assoc iates Incorporated 
Cornel l ,  c .  Allen 
Zoback , Mark D .  
Cynga Energy Services 
Solomon , Sean 
Brillinger , David 
Appl ied Dec is ion Analysi s ,  Inc . 
Hudson , Donald 
Arabasz ,  Walter 
Geomat rix Consultants 
Risk Enginee r ing Inc . 
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1uc1ear Fuel lnduatty Beaeargb Qwnera Grgup 

1 5 .  TI'l'LB : Ruclear Fuel Industry Research (RriR) 
Owne r s  Group 

CONTRACTORS : Commissar iat a L ' Bnergie Atoaique 
Atomic Bnergy of canada , Ltd . 
Bxxon Nuclear Co . ,  Inc . 

AMOUII'l' : 7 43 

B r it ish Ruclear ruel s ,  Ltd . 
Belgonucl eai re 
C-B Power Systems 
Central Blect r i city Generating Board 
Nuclear Power Bxper ience , Inc .  

Hydrogen Control Qwner s  Gtoup 

16 . TITLB : BWR 6/Mar k  I I I-Hydr ogen Control Owne rs 
Group 

COII'l'RACTORS : Factory Mutal Res . Corp . 

AMOOII'l' : 1 , 859 

Fauske ' Associates , Inc . 
Lawrence Ber keley Lab .  
Power Comput ing Company 

Boil ing water Reactgrs Oyner s  Gtoup II 

17 .  TITLB : Detect ion 6 S i z ing of IGSCC in BWR P iping 
CONTRACTORS : J .  A .  Jones Appl ied Research Co . 

AMOOII'l' : 863 

Science Appl icat ions Internat ional 
Amdata Systems , Inc . 
s .  Levy Inc . 
General Blectr i c  Co . 

1 8 . TITLB : Testing of Inter im Repa i r s  and Remed ies 
for Cracked Piping 

CONTRACTORS : General Blect r i c  Co . 
Battelle-Rorthwest 
Dunegan Corporat ion 

AMOUNT : 1 , 886 

19 . TITLB : BWROG-I I  Technology Transfer 
CONTRACTORS : Structural Integr ity Associates 

Gene ral Blectr ic Co . 

AMOUNT : 147 

Steiner t ,  Lar ry D .  
Vai l e ,  Rober t  B .  
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21 . �I�B a Qualif icat ion of BMR Decontaminat ion 
and Pass ivation �echniques 

COHTRACTORS a General Blect r i c  Co . 
AIIOUII'l' 1 224 

21 . �I�B• BMR Rec i rculation Piping System 
Replaceaent/Repai r  

COHTRACTORS a J .  A .  Jones Appl ied Research Co . 

AIIOUII'l' 1 1 , 919 

SRI Internat ional 
Southwest Research Inst itute 
Schonberg Radiat ion Corp . 
Co..onwealth Bdi son Company 
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1 .  In your vi ew , which of the following constitute 
•nuclear saf ety r e search • : 

( a ) r esearch suppo r ting the ope r ation and 
maintenance of nuclear power plants 

( b )  r esearch i n  suppo r t  o f  l icens ing 

( c )  r e search t o  r eevaluate exist ing 
r egulations against new c r i t e r i a  

( d )  r esea rch on new designs 

( e )  r e search t o  ext end the l if e  o f  ex i st i n g  
r eactor s 

( f )  ba s i c  r e search 

( g )  other ( please spec i f y )  

2 .  What saf ety r esea r ch of this k ind a r e  you engaged 
in? 

3 .  What nuclear safety r e search are you pl ann ing t o  
under take that you a r e  not now doing ? 

4 .  How i s  your r e se a r ch div ided between short- and 
long-t e rm r e search? What is the pu rpose of you r  
r e search? 

5 .  In gene r a l , what saf ety research should be done ; 
who should do it ; who should use i t ; and who 
should f und i t ?  

6 .  What saf ety r e s e a r ch now be ing done should be 
brought to closu r e ?  
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7 .  Do you be l i eve that resea rch r esponsibi l ities a r e  
properly allocated w i t h i n  t h e  NRC ? w i th i n  DOE ? 
within i ndustry? If you do not , how might they be 
real located? 

8 .  What are your views on the cur r ent state of 
cooperat ive government-indus try research in th i s  
country? 

9 .  Bow effectivel y ,  in your j udgment , doe s this 
country integrate safety research done abroad ? 
research done by u . s .  industry? research done by 
gover nment? research done in the un iver s i t i e s ?  

11 . What i s  you r v i ew o f  t h e  qual i ty of nuc lear safety 
research cur rently being done ? 

11 . Bow do you view the pe r f o rmance of the Uni ted 
States in replenish ing the pool of scient i f i c  
tal ent avai l abl e f o r  conduct ing r esearch i n  
nuclear safety? 

12 . To what ext ent does the f ederal government have a 
respons ibi l i ty f o r  sustaining the techn ical 
community engaged i n  nuc lear saf ety r esea rch? 

1 3 . What const r a i nts impinge on nuc l ear safety 
resear ch? 

14 .  What recommendat ions do you have for improv ing 
nuclear saf ety r e search? 
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Appendix F :  
Recipients of the 

Committee's Questionnaire 

Mr. Eel Abbo" 
Pickard, Lowe 1.& Garrick 
Newport Beach, California 

Mr. L. E. Ackm&IUl 
Sr. Partner 
Sarpnt aad Lundy, lac. 

Dr. Harold M. Apew 
Saa Dieco, California 

Dr. Sheltoa S. Alexaader 
Depanmeat of Geo.c:ieacea 
PeauylYaaia State Uaivenity 

Mr. M. P. Alexich 
VICe President for Nuclear Power 
Americaa Electric Power Compaay 

Dr. Kuya Almeau 
Depanmeat of Chemical 
Eaciaeerias 
Uaivenity of Marylaad 

Mr. T. Louis Austin 
Prwideat 
Browa 1.& Root 

Dr. Saajay Baaerjee 
Chairmaa, Department of 
Chemical aad Nuclear Ensineerin1 
Univenity of California - Santa 
Barbara 

Mr. Demetri Budekia 
Electrical Ensiaeerin1 aad 
wtrnmeatation 
Control Bruch 
U.S. Nuclear Replatory 
Commission 

Mr. Ken Baskin 
Vice President for Nuclear 
Operations 
Southern California Edison 

Mr. Julius W. Becton, Jr. 
Director 
Federal Emeqency Maaasement 
Aseacy 

Dr. A. L. Belblidia 
Nuclear Reaearch Center 
Georsia Institute of TechnoloiY 

Dr. G ilbert A. Bollinser 
Department of Geophysics 
Virsinia Polytechnic wtitute 

Mr. Otis R. Bowen 
Secretary 
Department of Health 1.& Human 
Services 

Mr. Vincent Boyer 
Sr. Vice President for Nuclear 
Power 
Philadelphia Electric Compaay 

Mr. Shelby Brewer 
Vice President 
Combustion Engineering 

Mr. Dale Bridenbaugh 
MHB Auociatea 
Saa Jose, California 

Dr. Harvey Broob 
Aiken Computation Lab 
Harvard Univenity 
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Dr. Ken Bucher� 
School of Engineering 
Universi� of Sou�hern Illinois 

Dr. Frederick W. Buckman 
Vice Presiden� for Nuclear Power 
Conaumers Power Company 

Dr. Thomas C. Buschback 
Depar�men� of Geology 
S�. Louis Universi� 

Mr. L. D. Butterfield 
Chairman 
Wes�inghouse Owners G roup 

Dr. D. J. Campbell 
JFB Associates 
Knoxville, Tennessee 

Mr. Gene Campbell 
Vice President for Nuclear Power 
Arkansas Power and Ligh� 

Mr. Jack Carey 
Nuclear Group Chief 
Duqueine Light 

Dr. Ivan Catton 
Depar�emn� of Mechanical, 
Aerospace and Nuclear Engineering 
Universi� of California - Los 
Angeles 

Dr. Leslie Cave 
Depar�ment of Mechanical, 
Aerospace and Nuclear Engineering 
Universi� of California - Los 
Angeles 

Dr. John C. Chen 
Departmen� of Mechanical 
Engineering 
LeHigh Universi� 

Mr. Russell J. Christesen 
President 
Ebuco Serv ices , Inc. 

Dr. C. C. Chu 
Department of Nuclear Engineering 
University of Wisconsin 

Mr. Philip Clark 
Presiden� 
General Public Utili�ies Nuclear 
Corporation 
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Mr. J im Cleveland 
SEA, Inc. 
San Jose, California 

Mr. R. C. Conway 
S r. vice Presiden� for Nuclear 
Power 
Georgia Power c"ompany 

Dr. C. Allen Cornell 
Departmen� of Civil Engineering 
S�anford Universi� 

Dr. M. L. Corradini 
Departmen� of Nuclear Engineering 
Universi� of Wisconsin 

Dr. Jaak K. Daemen 
Departmen� of Geological 
Engineering 
Universi� of Arisona 

Mr. Edward M. Davis 
Pruiden� 
American Nuclear Energy Council 

Mr. W. Kenne�h Davis 
Consul�an� 
San Francisco, California 

Dr. John Deu�ch 
Office of �he Provos� 
Massachusetts Institu�e of 
Technology 

Mr. John DeVincen�is . 

Seabrook Station 
Seabrook, New Hampshire 

Dr. Vij ay Dhir 
Departmen� of Mechanical, 
Aerospace and Nuclear Engineering 
Universi� of California - Los 
Angeles 

Mrs. Elisabeth H. Dole 
Secretary 
Depar�men� of Transportation 

Mr. J .  L. Dooley 
R & D Allocia�es 
Marina del Rey, California 

Dr. E. Linn Draper 
President 
Gulf Sta�es Utili�ies Company 
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Dr. Patricia W. Durbin 
Staff Senior Scientiat 
Lawrence Berkeley Laboratory 

Dr. John Ebel 
Department of Geolo11 and 
Geophysic:a 
Boston Colle1e 

Mr. Michael G. Evan. 
NUS Corporation 
Gaithenbur1, Maryland 

Mr. Phillip Fulford 
NUS Corporation 
Gaithenbur1, Maryland 

Mr. John M. Fulton 
Chairman 
GE Ownen G roup 

Mr. Jeff A. Gabor 
Fa.usb & Auoc:iatea 
Burr Rldp, Illinois 

Mr. John Gahm 
Manapr for Nuelear Production 
Public Service of Colorado 

Mr. B. J. Garrick 
Pickard, Lowe & Garrick 
Newport Beach, California 

Mr. Carl Giesler 
Vice President for Power 
Production 
Willeonsin Public Service 

Dr. Lynn Glover 
Department of GeoloiY 
Virginia Polytechnic Institute 

Dr. Michael W. Golay 
Department of Nuclear Engineering 
Ma.aaaehuaetts Inatitute of 
TechnoloiY 

Mr. John Gray 
International EneriY Auociatea, 
Ltd. 
Waahincton, D.C. 

Dr. Peter Griffith 
Department of Mechanical 
Engineering 
Ma.aaaehuaetts lnatitute of 
TechnoloiY 
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Mr. V. H. Guthrie 
JFB Aaaoeiates 
Knoxville, Tenneuee 

Mr. Paul Guymer 
NUS Corporation 
Gaithenbur1, Maryland 

Dr. Eliu Gyftopouloua 
Department of Nuelear Engineering 
Ma.aaachusetts Institute of 
TechnoloiY 

Mr. John F. Hagelaton 
Eneru Technolo11 Engineering 
Center 

Dr. William Hall 
Department of Civil Engineering 
University of Illinois 

Mr. R. P. Hammond 
R & D Auociatea 
Marina del Rey, California 

Mr. G. William Hannaman 
NUS Corporation 
San Diego, California 

Dr. Kent Hansen 
Department of Nuclear Engineering 
Ma.aaachusetts Institute of 
TechnoloiY 

Dr. Joseph Hendrie 
Brookhaven National Laboratory 

Dr. Allan F. Henry 
Department of Nuclear Engineering 
Maaaachusetts Institute of 
TechnoloiY 

Mr. R. E. Henry 
Fa.uske & Aaaociates 
Burr Ridge, Illinois 

Dr. Robert Herrmann 
Department of Geophysics 
St. Louia University 

Dr. Y. Y. Hsu 
Department of Chemical 
Engineering 
University of Maryland 

Mr. Richard Hubbard 
MHB Aaaociatea 
San Joae, California 
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Dr. George Irwin 
Department of Mechanical 
Engineering 
University of Maryland 

Dr. William A. Jeeter 
Department of Nuclear Energy 
Pennsylvania. State University 

Dr. Arch Johnston 
Director, Tennessee Earthquake 
Information Center 
Memphis, Tennessee 

Mr Vojin Joksimovich 
NUS Corporation 
San Diego, California. 

Mr. W. C. Jonee 
Vice President for Nuclear Power 
Omaha. Public Power District 

Mr. James A. Joyce 
Department of Mechanical 
Engineering 
United Statee Naval Academy 

Mr. Geoffrey Kaiser 
NUS Corporation 
Gaithersburg, Maryland 

Mr. Mardy Kasa.rians 
Pickard, Lowe & Garrick 
Newport Beach, California 

Mr. Marc A. Kenton 
Fauske & Associates 
Burr Rid ge, Illinois 

Mr. Bruce D. Kenyon 
Sr. Vice President for Nuclear 
Operations 
Pennsylvania Power & Light 

Dr. William Kerr 
Department of Nuclear Engineering 
University of Michigan 

Dr. Joseph Kestin 
Department of Engineering 
Brown University 

Dr. Heonil Kim 
Department of Nuclear Engineering 
University of Wisconsin 

Dr. S. H.  Kim 
Department of Nuclear Engineering 
Rensselaer Polytechnic Institute 
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Mr. Oliver D. Kingsley 
Vice President for Nuclear Power 
Mississippi Power & Light 
Company 

Mr. Ed Kintner 
G.P.U. Nuclear Corporation 

Mr. Roger Kober 
Vice President for Electricity and 
Steam Production 
Rochester G as & Electric 

Mr. G lenn Koester 
Vice President for Nuclear Power 
Kansas Gas and Electric 

Mr. Charles Koma.noff 
Komanoff Energy Associates 
New York, New York 

Dr. Herbert Kouts, Chairman 
Department of Nuclear Energy 
Brookhaven National Laboratory 

Dr. Francis A. Kulacki 
Department of Mechanical and 
Aeronautical Engineering 
University of Deht.ware 

Mr. Larry Kunc 
Vice President for Nuclear Power 
Nebraska Public Power District 

Mr. T. S. LaGuardia 
TLG Engineering 
Brookfield, Connecticut 

Dr. Richard T. Lahey 
Chairman, Department of Nuclear 
Engineering 
Rensselaer Polytechnic Institute 

Dr. David D. Lanning 
Department of Nuclear Engineering 
Massachusetts Institute of 
Technology 

Mr. Charles E. Latson 
Vice President for Nuclear Power 
Northern States Power 
Dr. Ronald M. Latanision 
Department of Material Science 
and Engineering 
Massachusetts Institute of 
Technology 
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Mr. Richard s. Leddick 
Sr. Vice Preaident for Nuclear 
Operations 
Louisiaaa Power & Light 

Mr. William S. Lee 
Cha.irmaa 
Duke Power Compaay 

Mr. Thomas Lempgea 
Vice President for Nuclear Power 
Niapra Mohawk Power Company 

Mr. John D. Leonard 
Chief of Nuclear Power Generation 
Long Ialaad Lighting Compaay 
Shoreham Nuclear Power Station 

Dr. Richard Lener 
Department of Nuclear Engineering 
Ma.uachusetts Institute of 
TechnoloJY 

Dr. Sal Levy 
Sal Levy, Inc. 
Campbell, California 

Dr. Lawrence Lidsky 
Department of Nuclear Engineering 
Ma.uachuseUs Iustitute of 
TechnolOJY 

Mr. Jim Liu 
Pickard, Lowe & Garrick 
Newport Beach, California 

Dr. 0. Raynal Lunt 
Department of Biology 
University of California - Los 
Angelea 

Mr. John MacMillan, Sr. 
Vice President 
Babcock & Wilcox 

Dr. Herbert G .  MacPherson 
Oak Ridge, Tenneaaee 

Dr. Anthony Malinauskis, Director 
Nuclear Regulatory Programs 
Oak Ridge National Laboratory 

Mr. Harry Mandil 
MPR A.uociatea 
Washington, D .C. 

Mr. George Man eat is 
Executive V�ce Preaident 
Pacific Gas & Electric Co. 
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Mr. Jerry Martin 
Washington Public Power Supply 
System 

Mr. Robert Patrick McDonald 
Chief of Nuclear Power Generation 
Alabama Power Compaay 

Mr. M. A. McDuffie, 
Chief of Nuclear Power Generation 
Carolina Power & Light 

Mr. Tim J. Mcintyre 
Pickard, Lowe & Garrick 
Newport Beach, California 

Mr. Corbin McNeil 
Vice Preaident for Nuclear Power 
Public Service Electric & Gas Co. 

Mr. R. L. Miller 
UNC Nuclear Industriea 
Richland, Washington 

Dr. Parvis Moieni 
NUS Corporation 
Saa Diego, California 

Dr. Fraak J. Munno 
Department of Chemical 
Engineering 
University of Marylaad 

Mr. Kai Naidu 
Electrical Engineering 
U.S. Nuclear Regulatory 
Commission 

Mr. David Nauman 
Vice President for Nuclear 
Operations 
South Carolina Electricity and Gas 
Compaay 

Dr. Schlomo Neumaa 
Department of Hydrology and 
Water Resourcea 
University of Arisona 

Mr. Vincent Noonaa, Director 
PWR Project Directorate 
Division of PWR Licensing 
U.S. Nuclear Regulatory 
Commission 
Dr. Otto Nuttli 
Department of Geophysics 
St. Louis University 
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Dr. Robert Odet;t;e 
Department of Chemical and 
Nuclear Engineerin1 
University of California • Santa 
Barbara 

Dr. David Okrent 
Profeuor of Nuclear Ensineerins 
University of California at Los 
Angeles 

· 

Mr. Lee Oxaen 
Vice President for Nuclear 
Operations 
Boston Edison Company 

Dr. Lawrence Papay 
Southern California Edison 

Mr. John Parkyn 
Plant Superintendent 
Dairyland Power 

Mr. Garreth Parry 
NUS Corporation 
Gaithersburs, Maryland 

Mr. Dallas M. Peek 
Director 
U.S. Geological Survey 

Mr. Philip Pymon 
Director 
Nuclear Information Resource 
Service 

Mr. John Ranessa 
Executive Vice President 
Maine Yankee Atomic Power 

Mr. Cordell Reed 
Vice President for Nuclear Power 
Commonwealth Edison 

Mr. Harry 0. Reinsch 
President 
Bechtel Power Corporation 

Dr. F. J. Remick 
Auociate Profeuor for Research 
Pennsylvania State University · 

Mr. Robert Renuart 
Bechtel Power Corporation 

Dr. Albert Reynolds 
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Department of Nuclear Engineering 
University of Virginia 

Mr. Howard Ria 
Executive Director 
Union of Concerned Scientists 

Mr. Louis H. Roddia 
Consultins Ensineer 
Charleston, South Carolina 

Mr. Ronald J. Rodrisuu 
Assistant General Manaser -
Nuclear 
Sacramento Municipal Utility 
District 

Mr. Kenneth A. Roe 
President 
Bums and Roe, Inc. 
Mr. Larry Root 
Sr. Vice President for Operations 
and Procedure 
Iowa Electric Power & Light 

Mr. William RUIIell, DirectOr 
Division of Human Factors' 
U.S. Nuclear Resulatory 
Commission 

Mr. Gunnar Santen 
President 
United Ensineers & Constructors, 
Inc. 

Mr. Richard P. Schmit• 
Bechtel Power Corporation 

Mr. Donald Schnell 
Vice President for Nuclear Power 
Union Electric 

Dr. Virsil E. Schrock 
Department of Nuclear Engineerin1 
University of California - Berkeley 

Mr. Fred Sean 
Vice President 
Notheut Utilities 

Mr. Leonardo Seeber 
Lamont Doherty Geological 
Obnrvatory 

Mr. Murray Selman 
Vice President for · Nuclear Power 
Consolidated Edison 
Mr. Ariel Sharon 
Fauske & Associates 
Burr Ridge, Illinois 
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Mr. Richard R. Sherry 
NUS Corporation 
Gaithenburg, Maryland 

Mr. Jamu D. Shiffer 
Vac:e President for Nuclear Power 
Pacific Gas & Electric: 

Dr. MU&Dobu Shinosub 
Department of Civil Engineering 
Columbia Univenity 

Mr. Warren K. Sinclair 
President 
National Council on Radiation 
Protection and Measurement 

Mr. Madan M. Singh 
President 
Engineering International, Inc. 

Dr. David B. Slemmons 
Departemnt of Geology & 
Geophysic:a 
Univenity of Nevada 

Dr. Mete Sosen 
Department of Civil Engineering 
Univenity of Illinois 

Mr. Hunter Spillan 
Houe Committee on 
Appropriations 

Dr. Chauncey Starr 
Vice Chairman 
Electric Power Research Iutitute 

Mr. William L. Stewart 
Vice President for Nuclear 
Operations 
Virginia Power Company 

Dr. Pradeep Talwani 
Department of Geology 
University of South Carolina 

Dr. Theo C. Theofanous 
Department of Chemical and 
Nuclear Engineering 
Univenity of Califronia - Santa 
Barbara 

Mr. Georp F. Thomas 
Vice President for Production 
New Hampshire Yankee Division 
Public Service Company of New 
Hampshire 
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Mr. Lee M. Thomas 
Administrator 
Environmental Protection Agency 

Dr. Clifford H. Thurber 
Department of Earth Sciencu 
State Univenity of New York -
Stony brook 

Mr. JOHph Tiernan 
Sr. Vice Pruident for Nuclear 
Power 
Baltimore Gas & Electric 

Dr. Neil Todreu 
Department of Nuclear Engineering 
MaaaaehuaeUs Institute of 
Technology 

Dr. Nafi Tobos 
Department of Earth, Atmospheric 
and Planetary Scieneu 
Massachusetts Institute of 
Technology 

Mr. Hal Tucker 
Chairman 
B&W Ownen Group 

Dr. Robert Uhrig 
Department of Nuclear Engineering 
Univenity of Tennuaee 

Mr. Edward Uthe 
SRI International 

Mr. Edwin Van Brunt 
Vice President for Nuclear Power 
Arisona Public Service Company 

Mr. Carl Walske 
Atomic Industrial Forum 

Mr. John Ward 
President 
Radiation Research Society 

Dr. Alvin M. Weinberg 
lutitute for Energy Analysis 

Mr. Abraham We its berg 
NUS Corporation 
Gaithersburg, Maryland 

Mr. Rik Wells 
Chairman 
Combustion Engineering Owners 
Group 
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Mr. Steven White 
Manager, Nuclear Power 
Tenneuee Valley Authori'Y 

Mr. Walter S. Wilgus 
Vice President for Nuclear Power 
Florida Power Corporation 

Admiral Joe Williams 
Sr. Vice President for Nuclear 
Power 
Toledo Ecliaon 

Mr. Bart With era 
Vice President for Nuclear Power 
Portland General Electric 
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Mr. C. 0. Woody 
Group Vice President-Nuclear 
Florida Power 1.& Licht 

Mr. Isa Y'm 
En1ineerin1 Branch 
Division of Reactor Safety 
U.S. Nuclear Regulatory 
Commission 

Dr. AI L. Youn1 
Comminion on Interagency 
Radiation Research 
and Policy Coordination 
Executive Office of the President 

Dr. Walter H. Zinn 
Clearwater, Florida 
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Appendix G:  
Participants in 

Committee Hearings 

1. November 11-RR, 1985 
Robert Budnitz, Future Resources Associates, Inc. 
Delbert Bunch, U.S. Department of Energy 
Herbert Kouts, Brookhaven National Laboratory 
Robert Minogue, U.S. Nuclear Regulatory Commission 
Nunzio J. Palladino, U.S .  Nuclear Regulatory Commission 

2. February 8- 7, 1988 
Randy Carter, B& W Alliance Research Center 
William Dircks, Atomic Industrial Forum 
David McGofF, U.S. Department of Energy 
Warren Minners, U.S. Nuclear Regulatory Commission 
Paul North, EG&G Idaho National Engineering Laboratory 
Bernard Rock, U.S. Department of Energy 
Bill Snyder, Sandia National Laboratory 
Themis Speis, U.S . Nuclear Regulatory Commission 
Michael Stevenson, Los Alamos National Laboratory 
Ed Wood, General Electric Co. 
Larry Ybarrondo, Ybarrondo & Associates, Inc. 

3. April 9--1, 1988 
Guy Arlotta, U.S . Nuclear Regulatory Commission 
James K. Asselstine, U.S . Nuclear Regulatory Commission 
Frederick Bemthal, U.S. Nuclear Regulatory Commission 
Gary Burdick, U.S. Nuclear Regulatory Commission 
Sol Burstein, Wisconsin Electric Power Co. 
Donald Edwards, Yankee Atomic Power Co. 
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Jim Gallagher, Westinghouse Electric Corp. 
Dick Gardner, Stone & Webster Engineering Corp. 
Frank Gillespie, U.S. Nuclear Regulatory Commission 
Karl Goller, U.S. Nuclear Regulatory Commiaion 
Walt Loewenstein, Electric Power Research Institute 
Bill Morris, U.S. Nuclear Regulatory Commission 
Cordell Reed, Commonwealth Edison Co. 
Steve Rosen, Institute of Nuclear Power Operations 
Herschel Specter, New York Power Authority 
Terry Sullivan, Institute of Nuclear Power Operations 
Bert Wolfe, General Electric 
Lando W. Zech, Jr. ,  U .S .  Nuclear Regulatory Commission 

4 .  May 15-1 61 1986 
Del Bunch, U.S . Department of Energy 
Ivan Catton, U.C.L.A. 
Jerry Griffith, .U.S. Department of Energy 
Mark Kerrigan, Office of Management and Budget 
Richard T. Lahey, Jr. ,  Rensselear Polytechnic Institute 
Honorable James A. McClure, United States Senate 
Robert Minogue, U.S. Nuclear Regulatory Commission 
Thomas Palmieri, Office of Management and Budget 
Denwood Ross, U.S. Nuclear Regulatory Commission 
Chester Seiss, Advisory Committee on Reactor Safeguards 
Victor Stello, U.S . Nuclear Regulatory Commission 
Theofanis Theofanous, U.C. - Santa Barbara 
David A. Ward, Advisory Committee on Reactor Safeguards 
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Appendix H 
Biographical Sketches of the Members 

ROBERT A . FROSCH (Ch&nmm) 
Bob Frosch is vice president in charge of research labora

tories at General Motors Corporation, a member of the National 
Academy of Engineering, and former ch&rman of the National Re
search Council's Naval Studies Board. He is a former administrator 
of the National Aeronautics and Space Administration (NASA) , 
a former assistant secretary of the Navy for research and develop
ment, and a former director of Hudson Laboratories at Columbia 
University. He is the recipient of a number of awards, including 
the Industrial Research Institute's Maurice Holland Award and 
NASA's Distinguished Service Medal. 

JOHN F. A HEARNE 
John Ahearne is vice president of Resources for the Future. He 

is a former coiDIIlillllioner of the Nuclear Regulatory Commission 
and served as ch&nmm from December 1979 to March 1981 .  Dr . 
Ahearne previously served in a number of posts in the Defense 
Department, including director of tactical air programs, deputy 
assistant secretary of defense for program analysis and evaluation, 
and principal deputy assistant secretary of defense for manpower 
and reserve aff&rs. 

ROBERT A VERY 
Bob Avery is a senior physicist at Argonne National Labo

ratory. He has been director of Argonne's Reactor Analysis and 
Safety Division and, before that,  of the Applied Physics Division. 
He is a member of the National Academy of Engineering. Dr . 
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A very is an expert in nuclear reactor safety and was the chairman 
of a special committee of the American Nuclear Society on safety 
goals for nuclear powerplants. 

JA MES BILODEA U 
Jim Bilodeau is an associate engineer working with Eagle En

gineering. From 1971 to 1974, he was chief of the National Aero
nautics and Space Administration's Crew Procedures Division, 
where he supervised the development of rules and procedures for 
the conduct of manned space missions. He served as a member of 
the Crew Safety Panel on both the Gemini and Apollo programs. 
He later served as chief of NASA's Crew Training and Procedures 
Division, where he was given the added responsibility of managing 
the training programs for astronauts and flight control personnel 
in the Shuttle Program. 

ROBERT S. BRODSKY 
Bob Brodsky is a principal managing partner of Basic Energy 

Technology Associates, Inc. ,  a consulting firm serving clients in 
the nuclear industry and at all levels of government. He has over 
25 years of experience in the naval nuclear program and served 
as one of Admiral Rickover's principal aides on matters relating 
to reactor safety. As assistant director for reactor safety and 
computation in the Naval Reactors Division at the Department of 
Energy, he was responsible for design and operational safety of the 
Navy's shipboard nuclear propulsion plants, the Department of 
Energy 's naval nuclear prototypes, and the Shippingport Atomic 
Power Plant. 

A NNICK CA RNINO 
Annick Carnino is a nuclear engineer who serves as assistant to 

the director of the Inspector General for the Safety and Security of 
Nuclear Installations, Electricite de France. From 1963 to 1982 she 
worked for the French Atomic Energy Commission, where her main 
fields of interest were neutronics, thermal-hydraulic calculations, 
and reactor safety. From 1972 to 1980, she was also head of 
the Probabilistic Safety Assessment Group in the Institute for 
Nuclear Safety and Radiological Protection. She is a member of 
the American, British and French nuclear societies and a recipient 
of the Chevalier de l'Ordre National du Merite. 
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MYRON B. FIERING 
Mike Fiering is Gordon McKay Professor of Engineering and 

Applied Mathematics at Harvard University. He is an expert in the 
integration of error estimation in large scale hydrodynamic mod
eling, and in water resource and other environmental engineering 
problems. Prior to taking up his current post at Harvard, he was 
assistant professor of engineering at the University of California 
at Los Angeles and a Fulbright lecturer and visiting associate 
professor of engineering at the University of New South Wales, 
Australia. 

TED GREENWOOD 
Ted Greenwood is associate professor of political science at 

Columbia University and affiliated with the Institute of War and 
Peace Studies. From 197 4 through 1984 he was on the faculty 
of the political science department at M.I.T., where he taught 
science, technology and public policy and national security and 
arms control. During the Carter administration he served as a se
nior policy analyst in the Office of Science and Technology Policy, 
where his responsibilities included concern for the federal nuclear 
research and development program. Dr. Greenwood was a mem
ber of the National Research Council's Committee on Institutional 
Means for the Assessment of Risk to Public Health. He has written 
extensively on federal policy toward radioactive waste disposal and 
other aspects of nuclear policy and on governmental decisionmak
ing in public policy arenas with important science and technology 
components. 

WILLIA M E. KASTENBERG 
Bill Kastenberg is professor of engineering and applied science 

and chairman of the Department of Mechanical, Aerospace and 
Nuclear Engineering at the University of California at Los Angeles. 
He is an expert in nuclear reactor physics, reactor dynamics , risk 
assessment and nuclear safety and has served as a consultant to 
a number of governmental agencies. From 1979 to 1980 he was a 
senior fellow of the Advisory Committee on Reactor Safeguards of 
the U.S. Nuclear Regulatory Commission. Dr. Kastenberg is the 
past chairman of the American Nuclear Society's Nuclear Reactor 
Safety Division . 
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HUGH KENDRICK 
Hugh Kendrick is a professional nuclear engineer who is deputy 

chief operating officer a.t Science Applications International Cor
poration, where he is responsible for the direction of the firm's 
research and development program. Formerly he was acting direc
tor of the Office of Plans and Analysis in the Office of the Assistant 
Secretary for Nuclear Reactor Programs at the Department of En
ergy. 

DA NIEL MENELEY 
Dan Meneley is professor of nuclear engineering at the Univer

sity of New Brunswick. From 1983 to 1984, he was a member of 
a special committee of the International Nuclear Societies Group, 
set up to consider formation of an International Commission on 
Nuclear Safety. That activity led to the establishment of the In
ternational Atomic Energy Agency (IAEA) International Nuclear 
Safety Advisory Group, of which he is a member . From 1980 to 
1984 he was manager of the Nuclear Design Group of Ontario 
Hydro, Canada's largest electric utility. This Group is responsible 
for safety systems design and licensing, mechanical design of NSSS 
systems, and waste management. He was previously manager of 
the Nuclear Studies and Safety Department. He gained nine years 
of experience at Argonne National Laboratory, where he held the 
post of chief of the Reactor Analysis Section. He is a member of 
the Board of Directors of the American Nuclear Society. 

A NTHONY ROISMA N 
Tony Roisman is the executive director of Trial Lawyers for 

Public Justice. He has extensive experience with the Nuclear Reg
ulatory Commission 's licensing and appeals process and was a 
member of the Nuclear Regulatory Commission's Ad Hoc Com
mittee for Review of Nuclear Reactor Licensing Proposals. He is 
also a member of the NRC's Advisory Panel on Atomic Safety and 
Licensing Board Nominating. He was the first chief of the Depart
ment of Justice's Hazardous Waste Section, and is chairman of 
the Subcommittee on Victim Compensation of the Committee on 
Health and Environmental Law of the American Bar Association. 
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CHRIS G. WHIPPLE 
Chris Whipple is technical manager of the Electric Power 

Research Institute's Energy Study Center, and a member of the 
National Research Council's Board on Radioactive Waste Man
agement. He previously served on an Academy committee on the 
health and environmental impacts of the synthetic fuels industry. 
Dr. Whipple is an expert on technological risk assessment and a 
former president of the Society for Risk Analysis. He has chaired 
two IAEA research coordinating meetings on risk criteria for the 
nuclear fuel cycle. He has been a member of three National Science 
Foundation advisory committees for projects on risk assessment . 

• • • 

ROBERT J. B UDNITZ 
Bob Budnitz is president of Future Resources Associates, Inc. ,  

a consulting firm .  He is a former director of the Nuclear Regulatory 
Commission's Office of Research, and previously served on the 
"Lewis Committee," a special review group established by the 
Nuclear Regulatory Commission to evaluate the Reactor Safety 
Study. More recently he served as a consultant to the American 
Physical Society's study group on radioactive source terms. Prior 
to joining the NRC, Mr. Budnitz was a senior staff scientist and 
division head of the Energy and Environment Division at Lawrence 
Berkeley Laboratory. He has served on several Academy panels 
and committees and during the course of this study he was a 
member of the National Research Council's Energy Engineering 
Board (EEB) . He joined in the activity of the Committee on 
Nuclear Safety Research as liaison from the EEB. 
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