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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, empressed or imSeed, or assumes any legal liability of re.
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.
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Availability of Reference Materials Cited in NRC Publications

Most documents cited in N RC publications will be available from one of the following sources

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Decoments. U.S. Government Printing Of fice. Pmt Olla e Bon 37082
Washington, DC 20013N62

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications.
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu
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The following documents in the NUREG series are available for purchase from the GPO Sales
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Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, ;ournal and periodical articles, and transactions. Fealeral Register notices, federal and

[ state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations,and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technicai information and Document Control, U S. Nuclear Regulatory Com
mission. Wash ngton, DC 20555.

Copies of industry codes and standards use in 4 substantive manner in the NRC regulatory process
are maintair.ed at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
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American National Standards institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

This report develops projections for nuclear power plant regulatory needs
in general, and those relating to quality assurance in particular, for the time
period 1985 to 1995. This required an assessment of future prospects for the
nuclear power industry and its primary segments. Electric power demand projec-
tions and their relationship to estimated schedules for nuclear plant construc-
tion and operations were evaluated, and estimates of anticipated business
volume and long term economic viability were made for each of the major seg-
ments of the U.S. nuclear industry (utilities, NSSS vendors, AEs, constructors,
component suppliers, and service vendors). These estimates were.made for two,
five and ten year intervals through 1995. Other significant factors that are
not specific to any one industry segment were also reviewed. These included:
1) the expanding foreign presence in U.S. markets; 2) pending legislations; 3)
trends in personnel availability; 4) new institutional arrangements for nuclear
power generation; 5) nuclear plant aging, life extension, and decommissioning;
6) reactivation of mothballed projects; 7) advanced and standardized plant
designs; and 8) likely technological development in computer applications and
inspection methods. The trends revealed by these analyses imply a number of
significant challenges for nuclear power regulation in the U.S. Many projected
changes have implications for NRC OA policies and practices. These issues were
divided into functional elements, each of which was analyzed in terns of its
significance and kinetics of emergence for each of the overall industry projec-
tions. Finally, NRC options for dealing with each 0A-related issue were<

assessed.
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INTRODUCTION

Over the r. ext ten years, the character of the commercial nuclear power
industry will change dramatically. Construction projects currently under way
will be complete around the turn of the decade after which the power generating
segment of the industry will enter an "all-operating-plant" phase which is
expected to persist until at least 1995. This transition has major implica-
tions for all segments of the nuclear industry and for the NRC. As the plants
presently being built are completed, the NRC will have progressively less regu-
latory concern with large, complex construction activities and relatively more
involvement with plant operations, maintenance, life extension, foreign
imports, etc. The nature of the NRC quality assurance (QA) progran is expected
to evolve to conform to the changing mix of safety issues which the industry
transition will bring. The purpose of this study is to anticipate these
changes and to guide the NRC in developing QA policies and programs which will
effectively deal with them.

To arrive at specific conclusions and recommendations pertinent to evolv-
ing NRC QA policies, it was necessary to begin with a global assessment of
nuclear powcr and its overall prospects. Capacity demand projections and their
relationship to best estimate schedules for nuclear plant construction and
operations were evaluated. In addition to nominal powar-time projections for
plants currently in operation or under construction, most credible upper and
lower bounds for nuclear generating capacity over the next decade were devel-
oped. More detailed estimates were made for the effects of each of the three
projections on anticipated business volume and long term economic viability for
each of the major segments of the U.S. nuclear industry (utilities, NSSS ven-
dors, architect engineers / constructors, component suppliers, and service ven-
dors). These estimates were made for two, five, and ten year intervals (1987,
1990, and 1995).

Other factors that are not specific to any one industry segment but which
will significantly affect overall industry and regulatory futures were also
reviewed. These included: 1) the expanding foreign presence in U.S. markets;
2) pending legislation; 3) trends in qualified personnel availability; 4) pos-
sible new institutional arrangements for nuclear power generation; 5) nuclear
plant aging, life extension, and decommissioning; 6) reactivation of mothballed
construction projects; 7) advanced and standardized plant designs; and
8) likely technological developments in computer applications and inspection
methods.

The trends revealed by analyzing the above factors imply a number of sig-
nificant, new and emerging challenges to nuclear power regulation in the U.S.
Many of these projected problems have implications for NRC OA policies and
practices. These issues were broken into tractable, functional elements each
of which was analyzed in terms of its significance and kinetics of emergence
for each of the overall industry projections. Finally, an assessment of NRC
options for dealing with each QA-related issue was performed. Chapter 4,
(particularly Tables 10,11, and 12) forms a possible planning basis for NRC QA
activities for the next ten years.

xi
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Limited resources did not permit original research to establish industry
trends. This was not a handicap since several, well founded, detailed studies
of nuclear industry future prospects have been performed by others. The
approach taken was to review and integrate results of other studies and to
extrapolate these to the capacity and time bounds selected for this study. The
resulting, composite perspective of the nuclear industry, while not detailed,
was adequate for displaying the likely new quality-related regulatory issues to
be confronted over the next ten years.
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CONCLUSIONS AND RECOMMENDATIONS

Over the next decade all new construction of nuclear power plants cur-
rently in progress in the U.S. should be completed. By the mid-1990s nominally
120 plants will be operational, except for a few possibly restarted projects
none are expected to be under construction, and it is reasonably likely that no
new orders will have been placed and none foreseen.. These trends will have
major effects upon what has been the traditional nuclear industry and the regu-
latory climate in which it exists.

INDUSTRY TRENDS

The nuclear industry, although a somewhat diffuse collection of many com-
panies and company divisions of all sizes, can be characterized as consisting
of five major segments. These are 1) the utilities; 2) steam supply system
vendors; 3) architects-engineers and constructors; 4) component suppliers; and
5) service vendors. Each of these segments will respond differently to antici-
pated trends in nuclear generating capacity and future demand over the next ten
years.

The Utilities

The situation for most utilities should not change markedly over the next
two years. Pressures from state regulatory bodies for higher capacity factors
and less latitude in recovery of construction costs are likely to increase.
Any serious, off-normal incidents, the cause of which can be associated with
utility staff inadequacies, would pose potentially major economic threats.
Some of the more exposed utilities may need to consider default and/or bank-
ruptcy proceedings. Generating and distributing facilities will continue to
function in one form or another, however, and the economic prognosis for the
utility industry is generally favorable in the near term. By mid 1987, approx-
imately ten plants will remain under construction, and several utilities will
be involved in operating license hearings. Serious interest in forming new
licensee arrangements for future nuclear construction seems likely. The pres-
ence of nuclear utilities in the nuclear serviccs business is expected to
increase. Transmission systems will be expanding to accommodate larger inter-
regional and international power transfer, which can compensate regional capa-
city shortages. By 1990, essentially all plant construction will be complete
and most of the long, costly procedures associated with obtaining operating
licenses should be over. The frequency of allegations should have diminished
sharply; but intervenor activities, rather than declining, will likely be
refocused on operating plants, radioactive materials transport, and wsste iso-
lation. Pressures by state regulators for disallowance of some construction
costs will continue and may have intensified; however, there should be no
remaining nuclear-construction-related questions concerning the solvency of
individual utilities. Utility involvement in the services segmens should have
grown and probably stabilized. Some parts of the country may be experiencing
power shortages (the south, middle south, far west and northeast). To some
extent, these will be accommodated by expanded transmission systems, but a

xiii
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clear need will exist to construct new generating facilities. The most wide-
spread current belief is that these will probably use fossil fuels; however,
under some circumstances, nuclear plants could be an option. These may be of a
standardized, advanced design that provides even greater safety assurance than
do contemporary plants or may be custom designs in an advanced stage of design
completion. By 1995, rate base and licensing hearings will be concluded and
the nuclear generating industry should have achieved a stable, relatively low
profile condition. The physical and financial debacles of the 1970s and 1980s
should be over. Utilities should, in general, have resumed their traditional,
fiscally conservative role with a stable presence in the nuclear services busi-
ness. Transmission systems should be optimized as should operations and main-
tenance practices at operating nuclear plants. Substantial new generating
capacity, some of which may be nuclear plant restarts or, less likely, new
starts, will be under construction.

Nuclear Steam Supply System Venders (NSSS)

Within two years, steam supply system fabrication for all domestic plants
should be complete and the associated personnel and facilities either shifted
to other activities or terminated. Many key personnel will likely gravitate to
service organizations or to the utilities. Sone manufacturing and engineering
capabilities will be retained to serve a limited foreign trade and to build
replacement fuel for existing reactors. The NSSS manufacturers are expected to
continue forging partnerships with overseas concerns in efforts to further pen-
etrate the foreign market and with AEs and other domestic firms to establish
stronger positions in the services business. Reactor vendors will continue to
promote advanced concepts, including standard designs and turnkey projects, and
will be involved in the planning and promotion for new institutional configur-
ations and regulatory reform. By 1990 or earlier, manufacturing and engineer-
ing will probably be reduced to the minimun needed to support fuel reload
requirements and foreion commitments. Reactor vendors will be party to more
alliances with both foreign and domestic firms and may be experiencing some
expansion in service-related business and in foreigr orders. A shortage of
parts and component suppliers may force the NSSS vendors to do more specialized
manufacturing in-house or to order from abroad. Either eventuality would pose
new problems in terms of supplier qualification and inspection.- Standard and
advanced plants will be actively promoted and marketed, and the NSSS vendors
are likely to be key participants in emerging new institutional configura-
tions. Possibly one or two of the four major vendors will have abandoned the
NSSS business. Through 1995, the reload business will continue at a stable,
profitable level and ser.i e and foreign business should grow moderately. An
advanced plant demonstration or commercial unit may be under construction. The
NSSS vendnrs will be increasingly involved with decommissioning, waste storage,
and life eatension. They are also likely to be lead actors in new institu-
tional arri igements. Increased in house fabrication and/or foreign procurement
of componer:s and equipment will continue.

xiv
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Architect-Engineers and Constructors (AE/Cs)

A continuing general decline in AE and construction business is expected.
The growth in other projects will fail to compensate the larger massive person-
nel needs characteristic of nuclear construction, and general force reductions
will occur. Fluctuations of this sort are common in the construction business
and are thus likely to be relatively easy for the AE/C firms to accommodate.
Many key personnel will join the ranks of the utilities or service organiza-
tions. Over the next two years, most of' the basic construction of plants in
progress will be completed. Backfit-related work and plant modifications will
continue but at a combined, reduced level. The AE/Cs will be participating
with the NSSS vendors and others in exploring new institutional configurations
in which they are likely to be major participants. Major involvement in the
services business and foreign nuclear projects should continue for the AE/Cs.
By 1990, AE/C nuclear staffs should be stabilized at minimun levels. Plant
construction and most backfitting will be complete. Continued, stable business
in the services sector and in plant modification is expected. Planning for new
projects involving new institutional configurations should be well along.
These are likely to include partnerships with NSSS vendors in advanced, stan-
dard, or turnkey plant proposals. In ten years, new capacity needs, fossil,
nuclear, or other, will have created new business for the AE/C firms with a
resulting growth in staff and capabilities. There will be a growing involve-
ment in decommissioning, life extension, and waste isolation. By 1995, the
AE/Cs are likely to have a major role in new institutional arrangements
involved in advanced, standard, and/or turnkey projects.

Component Suppliers

Business for the component suppliers will continue its rapid decline.
Over the next two years, as many as 50% of the firms currently listed as quali-
fied suppliers may have left the business. Some suppliers may attempt to pene-
trate foreign markets but it is likely that the reverse process--foreign entry
into the domestic market--will predominate. By 1990, the nuclear grade compo-
nent and equipment supply sector, as traditionally constituted, will be greatly
reduced. Surviving firms will provide replacement parts and equipment. Compo-
nents which must be replaced periodically to maintain their environmentally
qualified status will constitute a major portion of the market. Prices and
delivery lead times will have increased appreciably. Utilities will be
required to " engineer around" parts and components or to buy from foreign
fi rms. This may create new problems in evaluating design changes and foreign
qualifications. The market in ten years will continue to be minimal. Many new
and replacement parts may be purchased from abroad. Sone new business poten-
tial may develop in connection with life extension and waste isolation pro-
grams, but foreign suppliers may have the advantage here also.

Service. Vendors

The well being of the service industry in some respects is inversely
related to that of the nuclear industry as a whole. This reflects the fact
that regulatory, financial, and technical factors that created burdens for the
utilities also established the need for many of the services which they now
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procu re. Over the next two years, the service industry in general will expand
significantly as more plants come on line. The balance of service needs will
change but the net business volume will increase. Because services represent
the only expansive industry segment, competition from all segments with rele-
vant capabilities will become more intense. The NSSS suppliers, AEs, and some
utilities will seek to enlarge their market share, often as composite entities.
In self defense, some of the smaller, traditional service firms can be expected
to consolidate to offer broader capabilities. This trend should be balanced
somewhat by the competitive advantage inherent in the higher efficiency charac-
teristic of small firms. Continuing, successful efforts by foreign firms to
acquire a share in the U.S. services market are expected. These will be partly
through acquisitions of and agreements with domestic firms but will also
involve direct marketing by foreign companies. By 1990, the services market
should have stabilized. Much of the business will have been acquired by NSSS
suppliers, AEs, utilities and combinations thereof. The successful traditional
services firns will, in many cases, have found it necessary to align themselves
with former competitors to meet the challenge of larger newcomers. There is
likely to be a sizeable, minority foreign presence in the business that will
inhibit new domestic startups, and the work force and business base should be
stable in a highly competitive environment. Business should continue strong
and fairly stable through 1995 with approximately the same mix of participants
as in 1990. Some decline in business volume could result as reactor operations
become more routine and non-continuous activities associated with construction
and startup are completed. This should be compensated by new work in life
extension, deconmissioning, waste isolation, and advanced plant planning and
design.

CHALLENGES FOR THE NRC

As the character of the nuclear industry changes, the nature of and poten-
tial for regulatory problems in general and for quality assurance problems
specifically will change as well. Anticipated trends for individual industry
segments project quite different futures for the five major components of the
current nuclear industry. Most are expected to contract--some severely; but
for others, e.g., the services business, considerable expansion is in store.
Some activities that currently require NRC concern over QA will decline or
cease, e.g., basic plant design and construction, while other areas such as
foreign imports, life extension, computerization, plant maintenance, and waste
handling and storage will gain more prominence. A number of issues that are
expected to require future attention from the NRC were surfaced by this study.

Of primary interest are quality concerns which are expected to arise as a
natural and predictable consequence of the decline and termination of plant
construction and the accompanying increase in the number of operating plants.
Findings that relate to this trend represent the basic results of this study.
There are also general trends not directly associated with the transition to an

xvi
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all operating plant environnent which have significant future quality implica-
tions for the NRC. These include technological developments, possible changes
in overall regulatory policies, and the expanding presence of foreign suppliers
in the domestic market.

Issues Arising from the Transition to an All-Operating Reactor Environnent

The general effects of the industry transition on NRC quality assurance
responsibilities will be to shift technical emphasis to plant operations and to
develop new regulatory bases to deal with changes in a timely way. Barring
some dramatic and inherently unpredictable event (such as TMI-2), the need for
revisions in NRC QA policies and practices should evolve in an orderly way.
Over the next 10 years, the nature of NRC regulation can be expected to change
gradually in a manner consistent with industry trends. The net effect of these
changes will probably be substantial. A proactive posture on the part of NRC
to anticipate these changes will lend to the effectiveness of the Agency in
fulfilling its mission.

Needs for qualified NRC inspectors, including 0A inspectors, will
increase. Operating plants now require a greater inspection presence than the
NRC has provided for at plants under construction. There is also likely to be
more competition from industry for capable personnel and fewer new graduates in
nuclear-related disciplines are expected over the next few years. Transfer of
inspectors from completed construction projects to operating plants will ease
the shortage, but not all construction inspectors will have the skills or the
inclination to make the transition. The NRC may need to hire more inspectors
and provide more incentives to attract and retain staff. More emphasis on
training programs and more selective, prioritized, coordinated inspection pro-
cedures may allow the job to be done with fewer personnel. The use of licensee
staff or contractors to supplement the inspection corps is another option.

If new plant starts are deferred much beyond 1990, there is a risk of los-
ing the knowledge and experience base which would be needed when construction
does resume. Deliberate efforts to preserve the " lessons learned" should be
implemented. In addition to conventional archiving, possible approaches might
include imaginative, user friendly video tapes which capture the perspectives
of seasoned inspectors and other staff and, perhaps, development of a simple
expert system.

Inspection personnel qualifications will require upgrading because of
staff turnover and the introduction of new inspection technology. The NRC
training programs can be supplemented to meet these needs. A training team
consisting of individuals with expertise in inspection techniques, NDE in par-
ticular, may be useful in providing timely, consistent guidance to field
personnel.

Plant aging and life extension issues may create needs for more and dif-
ferent types of inspections. Continued aging studies and timely communication
of results and information on associated changes in inspection requirements to
appropriate inspection staff are important. Guidance on requirements for plant
license extension will be needed in the near term.

xvii
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Further evaluation of maintenance program effectiveness and the adequacy
of QA as applied to outage management and activities is needed. NRC programs
addressing these needs are in progress or planned.

Shortages of original parts and certified parts in general and the poten-
tial for violating plant design bases, which could occur if unavailability of
parts requires re-engineering, will need to be addressed. Possibly certifica-
tion requirements can be relaxed or equivalencies established between nuclear
and certain non-nuclear certification standards. More QA oversight may be
necessary if shortages become more general.

Restart of mothballed plants would raise questions concerning adequacy of
documentation and earlier regulatory requirements and possible in-storage dete-
rioration. A study of deterioration mechanisms, including review of experi-
ences with long term storage at TMI-1 and Diablo Canyon, would be useful.
Guidance on plant preservation and regulatory standards to which restarted
plants will be held may be needed. Serious proposals for new institutional
arrangements or for construction of new generation plants (standardized designs
or advanced reactors) will require review by NRC 0A staff and may lead to time-
consuming recasting of regulations. Resources required for this and the timing
of their conmission nay require NRC resolution.

Proliferation of computer usage in reactor operations will require near
term response by NRC, There are growing interests in employing computers in
reactor control and in developing expert systems to guide maintenance, inspec-
tion, trouble shooting, and other activities. Needed regulatory guidance on
software QA is being developed. The NRC may have to strengthen its staff in
computer awareness through training, recruitment of personnel with strong com-
puter backgrounds, or both. Required training could itself be facilitated
through the use of expert systems and other modern computerized methods.

The economic difficulties which several utilities are and will continue to
be experiencing pose special problems for the NRC. Whether, in the interest of
cost savings, pressures on licensees might lead to the reality or the percep-
tion of possible safety or quality compromise, the NRC will have to exercise
heightened concern. This may take the form of more intense scrutiny during
plant operation and maintenance.

The growing involvement of foreign firms in all segments of the U.S.
nuclear supply market creates new problems of legitimate concern to the NRC.
Products from abroad are produced to standards which may deviate from NRC
requirements. Whether or not these meet the intent of U.S. standard practices
for nuclear grade products needs to be determined. The extent to which U.S.
and foreign QA programs and practices are equivalent or interchangeable will
have to be established. It may also be necessary to provide for NRC inspection
in foreign plants. Foreign firns often enter the U.S. market through acquisi-
tion of or cooperative agreements with domestic firms. Possible effects of
these developments on the quality practices of traditional, U.S. suppliers may
require study.
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The general implication of the alternative projections developed in Chap-
ters 2.0 and 3.0 and the resultant policy issues and options discussed in Chap-
ter 4.0 is that the nature of NRC quality-related responsibilities and work
load will change substantially over the next ten years. Neither significant,
sudden increases nor declines in overall personnel or other resource require-
ments can be foreseen. Anticipated changes should be evolutionary in nature
and can be effected in an orderly way without serious disruption in staff or
resource allocation if the agency recognizes and prepares for change in a
timely, efficient manner. Training and staff development are important ele-
ments in dealing with many of the expected trends. These activities are under
the direct control of the NRC and can be quickly and economically supplemented
to meet new needs. Some near term needs for new regulatory guidance exist,*

e.g., in the areas of nuclear waste isolation, plant life extension, computer
software, maintenance, mothballing of partially complete plants, and determi-
nation of equivalencies between NRC and foreign and non-nuclear quality
programs.,

The question of issue prioritization has been avoided in this study for;

two reasons:

1. The trends from which issues derive are predictions which include
significant uncertainty. Tangible indications that a trend is mate-
rializing are required to justify substantive action by the NRC.

2. The NRC nust contend with organizational and political exigencies
which must be considered in conjunction with technical issues in
determinirg priorities. Resolution of these composite factors can be
accomplished only internally, i.e., within the Agency by NRC staff.

Finally, the fact that an issue is cited in the foregoing should not be
construed to suggest that the NRC has not been aware of or has been unrespon-
sive to that particular problen. Many of the issues noted are of current (and
some of long term) concern to the NRC, and in a number of cases, initiatives to
resolve cited issues are in progress,

s ,
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NUCLEAR INDUSTRY PROJECTIONS - 1985 TO 1995

1.0 NEW CAPACITY NEEDS

Between 1945 and 1972, electricity use in the U.S. grew at an annual aver-
age rate of 8.1% and the share of total energy supplies represented by electri-
city more than doubled to 26% in 1972. With this rapid growth in demand, util-
ities were forced to expand their construction activities increasing generating
capacity from 50,000 MW in 1945 to 400,000 MW in 1972. In the late 1970s,
inflation and interest rates iricreased and moves towards environmental protec-
tion eroded cost advantages of larger generating units. These factors, which
increased utility costs and rates, were intensified by the oil embargo in 1973
which, together with the oil price shock following the Iranian Revolution in
1978, forced substantial rate increases. The need to increase rates began to
meet with resistance in state regulatory proceedings. Between 1973 and 1981,
electricity ra increased by 179% Tn current dollars and 37% after adjustment
for inflation. During this same per'od, construction costs increased to the
point where the addition of new capacity increased rather than decreased elec-
tric rates. As a result, since 1974, although 220,000 W of new capacity have
been completed, 148,000 MW of capacity on order have been cancelled. Since
1979, the pace of u:ncellations has accelerated and new capacity under develop-
ment nas been reduced by 72,000 MW. Since 1973,109 nuclear projects with a
total generating capacity of 9,000 MW have been cancelled, and since 1978 no
new orders have been placed.

The present electric generating capacity of U.S. utilities is approxi-
mately 600,000 MWe. This includes an average capacity margin of 25% which is
adequate to compensate routine maintenance, breakdowns, and other problems that
limit generating units to less than their maximum capacities. With the present
rate of plant construction, capacity margins will increase slightly until 1986
after which it will decline. Annual additions in new generating capacity will
drop from approximately 20,000 MW a ygar presently to less than 6,000 MW in1988 and to virtually zero by 1991.I

Current circunstances in the U.S. provide ditincentives for utilities to
invest in new capacity. Some regions have substantial excess capacity, and it
is common for utilities to earn less on new investment than the cost of the
capital that is financing it. As a consequence, to finance large construction
projects, most utilities would currently be required, for example, to sell
stock at less than book value thereby diluting the investment of existing
stockholders. As demonstrated by several recent projects, eff s to finance
nuclear construction can severely stress a utility's finances.

In the 1960s nuclear units were constructed for from $100 to $300 per kW
of generating capacity. By the late 1970s, instailed capital cests of nuclear
units had risen by nearly a factor of 10 to about $1,300 per kW. Even at this
figure, nuclear power, in most instances, represented an attractive means of
generating additional electricity. For nuclear plants being built in the
1980s, capital costs are highly variable ranging from as little as $900 per kW
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to more than $5,000 per kW. Over its brief history, nuclear power thus has
increased in capital cost by as much as 1,500%. Only one-tenth of this
increase is attributable to inflation and the increase in cost of plant con-
struction and components. The principal part of the increase is attributed to
increased financing costs, constructio
and increased regulatory requirements.gelays, quality assurance deficiencies,

Nuclear regulatory requirements began to expand significantly in the
early-to-mid 1970s following the Calvert Cliffs decision and increasei rapidly
in reaction to the Three Mile Island (TMI) incident in 1979. By the early
1980s, the Nuclear Regulatory Conmission (NRC) had issued approximately 2,000
regulatory guides, le
the nuclear industry.grs, bulletins, orders, notices, and standards governingRoughly 80% of these were generated following the
creation of the NRC as an independent agency in 1974. Since 1983, relatively
few regulatory changes have been forthcoming-due largely to the implementation
by the NRC of mechanisms for checking regulatory growth, e.g., creation of the
Committee to Review Generic Requirements (CRGR).

Regulatory changes, especially when they required backfitting and rework-
ing of existing construction, resulted in major construction cost increases and
were mainly responsible for the sizeable increases in quantities of materials
and manpower required for nuclear units. (As an exanple, craft labor require-
ments increased from 3.5 work hours per kW in early plants to more than 21 work
hours per kW for units currently under construction.) Potential construction
delays represent one of the most formidable impediments to new nuclear con-
struction. The uncertainty in power demand projections plus concerns over
delays introduced by financial limitations, new regulations, and the activities
of antinuclear activists are of particular concern to a utility. Delay, from
whatever source, can increase costs for a nuclear construction project by hun-
dreds of thousands of dollars per day. The practice of acconmodating cumula-
tive interest costs in the capitalized value of the plant leads to extremely
expensive projects that produce substantial rate shock when and if state regu-
lating agencies allow the costs to be entered into the rate base. Given a
13 year lead-time for construction, which is currently not uncommon, carrying
costs on the necessary capital for a nuclear project can represent 60% of the
cost of the plant. In comparison, for a constru n time of 5 years, carrying
costs represent only about 30% of the plant cost

These factors plus concern over the regulatory climate (the consequences
of serious non-compliance can extend to not being allowed to earn a return on
the entire construction investment) have resulted in a situation in which no
nuclear construction starts can be foreseen.

Eventually, new generating capacity will be required in all parts of the
count ry. The magnitude and tining of this requirement depends upon a) the rate
of demand growth, b) the rate of retirement of existing capacity, c) the util-
ities' aMlity to increase capacity factors, and d) the effectiveness of con-
servation and load management. The combinations of these trends defy accurate
prediction; however, assuming completion of current construction projects and
considering retirement of obsolete plants, the total U.S. utility generating
capacity by 1995 shou'Id be approximately 640,000 MW--equivalent to an average
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annual growth rate of 2.5%.(a) This is a nominal growth rate which presumes no
'

substantial change in unit generating costs. Demand for electricity is quite
flexible depending upon unit costs thus developments that yield significant '

cost reductions .would result in increased rate of growth in generating capa-
city. To achieve a 2.5% annual growth rate while retaining a capacity margin
of 20%, additional capacity will be needed by {}j2 and a total of approximately40,000 MW additional will be required by 1995.

.

:

4

.

.

.

E

of 2.49% over the balance of the century.gg) increase ir. electricity demand(a) The Department of Energy predicts an annu
The Office of Technoloc!

Assessment made a similar prediction as did gg assessment by the Libraryof Congress Congressional Research Service.I i The DOE Energy Administra-

tion projects a growth {g0) *Both lower and higher estimates have been
" "" #9' '

2.8% from 1990 to 1995.
made. The Committee on Nuclear and Alternative Energy Systems predicts a
demand growth rate generally less than 2% and the Audubon Society a rega-

'tive growth rate of -0.8%. The differences between these and other higher
predictions lie in the assumptions made concerning growth in GNP, conser-
vation, and customer response to the increasing price of electricity. On ,

the other end of the spectrum, an analysis by Siegel and Sillin({gjecastannual growth rates in electricity demand of 4.5% through 1990. These
projections are based on the assumption of a relatively high increase in
GNP of 3.5% and relatively low increases in the price of electrf city.

1.3
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2.0 N'JCLEAR GENERATION PROJECTI0ft

2.1 CURRENTLY OPERABLE PLANTS

As of mid-1985, 93 commercial reactors with a cunulative maximum power \
producing capacity of 84 GWe were operable in the United States. These provice !

approximately 14% of the total U.Se electric generating capability on the aver-
;age and more than 50% in parts of the Northeast. With the exception of one, :

small HTGR. these are all LWRs of which most have net design generating capac-
ities in the vicinity of 1000 MWe. Table 1 lists operable plants and cites |plant type, supplier, and capacity; the
which the operating license was issued.(gsggsible utility; and the date on* I Some perspective on the devel-
opment of the current industry is provided by Figure 1. Most of the contempo-
rary plants came on-line in the 1970s and early 1980s, with the greatest rate '

'
of increase in nuclear generating capacity occurring in the early-to-mf d 1970s.
Toward the end of the 1970s, increasing interest rates and decreasing demand

.
'

'

projections resulted in curtailment of new plant orders and delays in construc- ;

tion projects which were in progress. As a result of the special and more
}

i

stringent licensing requirements that were imposed by the hRC following the :
1979 ml accident, a further slow-down in introdu;ing new nuclear capacity !
occurred in the late 1970s and early 1980s. Plants that were in the construc- ;

tion pipeline in that time frame have more recently been coming on-line at an
increased rate which is expected to persist into the late 1980s. Plant corrnit-
uents as reflecteo by new crders (Curve II, Figure 1) peaked in the mid 1970s
dnd then declined rapidly in response to reduced demand forecasts and increased
financing costs. Cancellations were further stinulated by the af termath of
TM.I. Since 1978. no new plant orders have been placed and over sixty orders
h6ve been cancelled. The last plant on which construction actually began was
i4rble Hill which was ordered in 1974 and cancelled ir.1984 after construction
we', approximately 50% coinplete.

,

E.2 JLANTS UNDER CONSTRUCTION (13,15,16,17,18)
4

'Fr6sently, 25 plants are under active construction. Of these, it seems
likely that from two to four projects will be cancelled--primarily because of
licensee financial problems. Details on plants under construction are provided -

by Tcble 2 which lists plant type, supplier and capacity; responsible utility;-

expected operation date as projected by tne utility; and percent completion as i

of mid-1985. Table 2 also cites estimat.=d total costs and completion costs for :
ea.:h reactor,

t

The rate at which the backlog of plants unde ****#*enter concercial operations is shown in Ff gure 2.(6f wo"proje"ctions areT ?

given: or.e which reflects the industry position and is probably somewhat opti-
nittic and a second, more conservative projection generated by the investment
communi ty. 80th curves show that by 1988, the bulk of construction will be#

'

comD1ett with only "nop-up" and testing to be accomplished before the final

2.1
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TABLE 1. Operable Nuclear Power Plants - July 1985(7,12,13)

Operating License Issuances

1985

March Fermi 2 1130 MWe BWR/GE Detroit Edison (MI)
April Diablo Canyon 2 1106 MWe PWR/W Pacific Gas and Electric (CA)
June Wolf Creek 1150 MWe PWR/W Kansas Gas and Electric
Total (7/16/85): 3 reactors = 3356 MWe

1984

Mar Susquehanna 2 1050 MWe SWR /GE Pennsylvania ?&L (PA)
June Callaway 1 1150 MWe PWR/W Union Electric (MO)
Oct. Limerick 1 1055 MWe BWR/GE Philadelphia Electric (PA)
Oct. Byron 1 1120 MWe PWR/W Comonwealth Edison Co. (IL)
Dec Catawba 1 1145 MWe PWR/W Duke Power (SC)
Dec. Pa?o Verde 1 1270 MWe PWR/CE Arizona Public Service
Dec. Shorehan 809 MWe BWR/GE Long Island i.ighting (NY)
Dec. Waterford 3 1104 MWe PWR/CE Louisiana P&L (LA)
Total: 6 reactors = 8703 MWe

1983

Dec. LaSalle 2 1078 MWe BWR/CE Commawealth Edison Co. (IL)
Merch William McGuire 2 1180 MWe PWR/W Dake Power Co. (NC)
April St. Lucie 2 786 MWe PWR/CE Florida Power and Light Co.
Dec. WPPSS 2 1100 MWe BWR/GE Washington Public Power Supply

System
Total: 4 reactors = 4144 MWe

1987

June Grand Gulf 1 1250 MWe BWR/GE Mississippi Power and Light Co.
April LaSalle 1 1078 MWe BWR/GE Commonwealth Edison Co. (IL)
Feb. San Onofre 2 1100 MWe PWR/CE Southern California Edison Co.
Nov. San Onofre 3 1100 MWe PWR/CE Southern California Edison Co.
Aug. Summer 1 900 MWe PWR/W South Carolina Electric and Gas Co.
July Susquehanna 1 1050 MWe BWR/GE Pennsylvania Power and Light Co.
Total: 6 reactors = 6478 MWe

1981

Sept, Diablo Canyon 1(a) 1084 MWe PWR/W Pacific Gas and Electric Co. (CA)
Jan. William McGuire 1 1180 MWe PWR/W Duke Power Co. (NC)
June Sequoyah 2 1148 MWe PWR/W Tennessee Valley Authority
Total: 3 reactors 3412 MWe

2.2
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TABLE 1. (contd)

1980

Oct. Joseph M. Farley 2 860 MWe PWR/W Alabama Power Co,
April North AnnL 2 850 MWe PWR/W Virginia Electric and Power Co- .

April Salem 2 1115 MWe PWR/W Public Service Electric and Gas
Co. (NJ)

Feb. Sequoyah 1 1148 MWe PWR/W Tennessee Valley Authority
Tctal: 4 reactors - 4013 HWe

1979,

None.

1978

Sept. Arkansas Nuclear 912 HWe PWR/CE Arkansas Power and Light Co.
One-2

June Edwin I. Hatch 2 790 MWe BWR/GE Georgia Power Co.
Feb.

Three Mile (D)
906 MWe PWR/B&W Metropolitan Edison Co. (PA)

Island 2 '

Total: 3 reactors = 2608 MWe

1977

Dec. Donald C. Cook 2 1100 MWe PWR/W Indiana and Michigan Electric
Co. (MI)

April Davis-Besse 1 890 MWe PWR/B&W Toledo Edison Co. (OH)
June Joseph M. Farley 1 860 MWe PWR/W Alabama Power Co.
Nov. North Anna 1 877 INe PWR/W Virginia Electric and Power Co.
Total: 4 reactors = 3927 MWe

1976

Jan. Beaver Valley 1 833 MWe PWR/W Duquesne Light Co. (PA)
July Browns Ferry 3 1067 MWe BWR/GE Tennessee Valley Authority (AL)
Sept. Brunswick 1 790 MWe BWR/GE Carolina Power and Light Co. (NC)
Aug. Calvert Cliffs 2 845 MWe PWR/CE Baltimore Gas and Electric Co. (MD)
Dec. Crystal River S 880 MWe PWR/B&W Florida Power Corp.
Ma rch St. Lucie 1 S22 MWe PWR/CE Florida Power and Light Co.
Aug. Salen 1 1093 MWe PWR/W Public Service Electric and Gas

Co. (NJ)
Total: 7 reactors = 6327 MWe

1975

Dec. Indian Poir.t 3 955 MWe PWR/W Power Authority of the State of
New York

Sept. Millstone 2 869 MWe PWR/CE Northeast Utilities (CT)
Nov. Trojan 1130 MWe PWR/W Portland General Electric Co. (OR)
Total: 3 reactors = 2964 MWe

2,3
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TABLE 1. (contd)

1974

May Arkansas Nuclear 850 MWe PWR/BTW Arkansas Power and Light Co.
One-1

Juna Browns Ferry 2 1057 MWe BWR/GE Tennessee Valley Authority (AL)
Dec. Brunswick 2 790 MWe BWR/GE Caroline Powe'r and_ Light Co. (NC)
July Calvert Cliffs 1 845 MWe PWR/CE Baltimore Gas snd Electric Co.
(MD)

.

Oct. Donald C. Cook 1 1030 MWe PWR/W Indiana and Michigan Electric
Co. (MI)

Jan. Cooper 778 MWe BWR/GE Nebraska Public Power District
Feb. Duane Arnold 538 MWe BWR/GE Iowa Electric Light and Power Co.
Oct. James A. 821 MWe BWR/GE Power Authority of the State of

Fitzpatrick New York
Aug. Edwin I. Hatch 1 786 MWe BWR/GE Georgia Power Co. :July Oconee 3 860 MWe PWR/B&W Duke Power Co. (SC) '

Oct. Prairie Island 2 530 We PWR/W Northern States Power Co. (MN)
July . Peach Bottom 3 1055 MWe BWR/GE Philadelphia Electric Co. (PA)
Aug. Rancho Seco 1 918 MWe NR/B&W Sacramento Municipal Utility

District (CA) ,

April Three Mi1e 810 MWe PWR/BAW Metropolitan Edison Co. (PA)
Island IIC)

Total " 14 reactors = 11,697 MWe

1973

June Browns Ferry 1 1067 MWe PWR/GE Tennessee Valley Authority (AL)
May Fort Calhoun 1 486 MWe PWR/CE Omaha Public Dower District (NR)
Dec. Fort St. Vrain 339 MWe HTGR/GA Public Service Co. of Colorado
Dec. Kewaunee 535 MWe PWR/W Wisconsin Public Service Corp.
Feb. Oconee 1 860 MWe PWR/BAW Duke Power Co. (SC)
Oct. Oconee 2 860 MWe PWR/84W Ouke Power Co. (SC)
Aug. Peach Botton 2 1065 MWe BWR/GE Philadelphia Electric Co. (PA)
Aug. Prairie Island 1 530 MWe PWR/W Northern States Power Co. (MN)
Jan. Surry 2 775 MWe PWR/W Virginia Electric and Powee Co.
April Turkey Point 4 666 MWe PWR/W Florida Power and Light Co.
April Zion 1 1040 MWe PWR/W Commonwealth Edison Co. (IL)
Nov. Zion 2 1040 MWe PWR/W Commonwealth Edison Co. (IL)
Total: 12 reactors 9254 MWe

1972

Sept. Maine Yankee 825 MWe PWR/CE Maine Yankee Atomic Power Co.
June Pilgrim 1 670 MWe BWR/GE Boston Edison Co. (MA).

March Quad Cities 2 789 MWe BWR/GE Commonwealth Edison Co. (IL)
May Surry 1 775 MWe PWR/W Virginia Electric and Power Co.
July Turkey Point 3 666 MWe PWR/W Florida Power and Light Co.
March Vermont Yankee 514 MWe BWR/GE Vermont Yankee Nuclear Power

Corp.
Total: 6 reactors = 4239 MWe

2.4
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TABLE 1. {contd)

1971

Jan. Dresden 3 794 MWe BWR/GE Commonwealth Edison Co. (IL)
Oct. Indian Point 2 873 HWe PWR/W Consolidated Edison Co. of New

York, Inc.
March Palisades 757 MWe PWR/CE Consumers Pcwer Co. (MI)
Nov. Pofnt Beach 2 497 MWe PWR/W Wisconsin Electric Power Co. (WI) ,

Sept. Quad Cities 1 665 MWe BWR/GE Commonwealth Edison Co. (IL)
Total: 5 reactors = 3710 MWe

1970

Oct. Millstone 1 660 MWe BWR/GE Northeast Utilities (CT)
Sept. Monticello 545 MWe BWR/GE Northern States Power Co. (MN)
Oct. Point Beach 1 497 MWe PWR/W Wisconsin Electric Power Co. (WI)
Aug. H. B. Robinson 2 665 MWe PWR/W Carolina Power and Light Co. (SC)
Total: 4 reactors = 2367 MWe

1969

Dec. Dresden 2 794 MWe BWR/GE Commonwealth Edison Co. (IL)
Sept. Robert E. Ginna 470 MWe PWR/W Rochester Gas and Electric

Corp. (NY) '

Aug. Nine Mile Point 1 620 MWe BWR/GE Niagara Mohawk Power Corp. (NY)
April Oyster Creek 650 MWe BWR/GE Jersey Central Power and

Light Co. (NJ)
Total: 4 reactors = 2534 MWe

1968

None.

1967

June Haddam Neck 582 MWe PWR/W Connecticut Yankee Atomic
Power Co.

July Lacrosse 50 MWe BWR/AC Dairyland Power Corp. (WI)
March San Onofre 1 436 MWe PWR/W Southern California Edison Co.
Total: 3 reactors = 1068 MWe '

1966

Hanford-N 860 MWe LGR/GE DOE and Washington Public Power
Supply System

Total: 1 reactor = 860 MWe
,

1962

Aug. Big Rock Point 63 MWe BWR/GE Consumers Power Co. (MI)
Total: 1 reactor = 63 MWe *

,

t
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J. t. _ TABLE 1. (contd):
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.

1960.

July _ Yankee Rowe 175 MWe PWR/W Yankee Atomic Electric Co. (MA)" Total: 1' reactor = 1'75 MWe

(a) Suspended until 1984.
(b) Shut down since 3/28/79 accident.c s

(c) Shut'down.3/28/79 by NRC order pending completion of re-start proceedings.2
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FIGURE _1_. Nuclear Power In t Historic Trends in Generating Capacity
and Plant Orders '

plants go on-line. Except for plant modifications, by the end of 1991 all con-
struction-related activities at commercial nuclear power plants should be com-
pleted. Assuming no new orders over the next 10 years, this situation is
expected to persist until at least the mid-1990s.

2.2.1 Economic Implications of Current Construction Activities (18)

Even though all of the 39 plants ordered since 1973 have been cancelled,
the residual projected construction activity represents a very substantial
capital investment over the next few years. Figure 3 plots cumulative esti-
mated completion costs for plants under construction versus time (these data
are listed in the final column of Table 2). Assuming that all plants listed in
Table 2 will be completed, Figure 3 shows that approximately $14 billion in new
capital investment would be required between 1985 and 1991. Discounting these
projections for some plant cancellations leads to an estimate of approximately
$10 billion over the same time span (Curve II, Figure 3). Costs of these mag-
nitudes represent massive investments for the utilities involved. This is

2.7
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TABLE 2. Commercial Nuclear Power Plants Under Active Construction - July, 1985(14,15,16,17,18)
.

Expected Est. Cost Cost Per In- Cost to
Type / Commercial % of Reactor stalled kW Complete

Operation (a) Complete ($ x 10-9) ($ x 10-31 ($ x 10-6)Facility Utility MWe NSSS

Comanche Peak 1 Tex. Ut 1150 PWR/W 1/86 99 2.8 2.4 28

Palo Verde 2 APS 1270 PWR/CE 7/86 99 2.3 1.8 23

Watts Bar 1 TVA 1177 PWR/W 10/85 99 1.7 1.5 17

Perry 1 Clev. Elec. 1205 BWR/GE 12/85 99 3.9 3.2 117
River Bend Gulf St. 940 BWR/GE 12/85 98 4.0 4.3 280
Harris 1 Car. P&L 900 PWR/W 9/86 91 3.1 3.4 310
Millstone 3 NE Ut. 1150 PWR/W 5/86 96 3.9 3.4 312
Seabrook 1 PS of NH 1150 PWR/W 8/86 85 4.5 3.8 900
Braidwood 1 Com. Ed 1120 PWR/W 10/86 R4 2.5 2.2 500
Bryon 2 Com. Ed 1120 PWR/W 10/86 72 1.7 1.5 561
Nine Mile Point 2 Niag. Mo. 1085 BWR/GE 10/86 92 5.4 5.0 810
Watts Bar 2 TVA 1177 PWR/W 4/88 68 1.8 1.6 580
Clinton 1 111. P 933 BWR/GE 11/86 94 3.1 3.3 279
Hope Creek 1 PSEAG 1070 BWR/GE 12/86 99 3.8 3.6 228

P3 Beaver Valley 2 Duq L 833 PWR/W 10/87 87 3.9 4.6 663
Comanche Peak 2 Tex. Ut 1150 PWR/W 6/87 74 1.8 1.6 630
Palo Verde 3 APS 1270 PWR/CE 6/87 96 3.2 2.6 128
Vogtle 1 Ga. P 1100 PWR/W 3/87 79 4.3 3.6 1075
Braidwood 2 Com. Ed 1120 PWR/W 12/87 56 1.6 1.5 736
Catawba 2 Duke 1145 PWR/W 6/87 96 2.0 1.8 320
South Texas 1 HLAP 1250 PWR/W 6/87 80 4.5 3.6 1080
Vogtle 2 Ga. P 1100 PWR/W 9/88 50 2.9 2.4 1450
Bellefonte 1 TVA 1213 PWR/BW 4/89 81 2.8 2.3 530
South Texas 2 HLAP 1250 PWR/W 6/89 54 3.0 2.4 - 1410
Bellefonte 2 TVA 1213 PWR/BW 4/91 54 2.8 2.3 1290

(a) Utility Projections.
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FIGURE 2. Anticipated Increase in Nuclear Generating Capacity as
Plant Construction Phases Out

illustrated by Table 3 which gives nuclear construction investments as a per-
centage of common equity for utilities with current construction projects. For
more than half of these utilities, nuclear construction investment exceeds

common equity, and in the most extreme case, is three times the common equity.

2.3 NOMINAL CAPACITY PROJECTIONS THROUGH 1995

Combining current operating plant expectations (Section 2.1) with con-
struction projections (Section 2.2) leads to the overall projection for
domestic nuclear power capacity shown in Figure 4 This is a best-estimate
prediction in that it discounts likely plant cancellations. The rate of change
in capacity between 1985 and 1991 may be somewhat over stated in that utility
estimated completion schedules, which may be optimistic, were used. Beyond
1991, total U.S. nuclear generating capacity is shown constant at approximately
120 GWe through 1995. In actuality, some increase in capacity during this per-
'od is anticipated because of expected increases in capacity factors. This is
a second order effect, however, expected to contribute less than 7% to total
generating capacity over the next 10 years. To soma extent, these increases in
capacity factor may be countered by a deterioration in on-line efficiency as
plants age.
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Current Investment in Nucle { onstruction as a
TABLE 3.

Percentage of Common Equity

9/30/84 12/21/83

Louisiana Power and Light Co. 288% 282%
Middle South Energy Inc. 250 267
El Paso Electric Co. 199 209
Public Service Co., New Hampshire 187 188
United Illuminating Co. 173 159
Union Electric- Co. 168 150
Consumers Power Co. 168 152
Illinois Power Co. 167 158
Kansas City Power and Light Co. 164 233
Toledo Edison Co. 161 146
Kansas Gas and Electric Co. 160 144
Long Island Lighting Co. 157 159
Philadelphia Electric Co. 140 128
Gulf States Utilities Co. 133 127
Cleveland Electric Illuminating Co. 123 109
Connecticut Light and Power Co. 122 104
New England Power Co. 120 114
Central Power and Light Co. 118 113
Arizona Public Service Co. 117 108
Ohio Edison Co. 115 117
Detroit Edison Co. 112 99
Commonwealth Edison Co. 108 98
Carolina Power and Light Co. 100 91
Central Hudson Gas and Electric Corp. 100 92
Pennsylvania Power and Light Co. 96 95
Central Maine Power Co. 93 92
Public Service Electric and Gas Co. 90 85
Georgia Power Co. 90 73
Texas Utilities 88 85
Duquesne Light Co. 88 79
Pacific Gas and Electric Co. 85 77
Rochester Gas and Electric Corp. 82 69
Public Service Co. New Mexico 73 77
Niagara Mohawk Power Co. 65 57
New York State Electric and Gas Corp. 51 43
Houston Lighting snd Power Co. 47 42
Atlantic City Electric Co. 35 30
Portland General Electric Co. 32 34
Washington Water Power Co. 32 29
Southern California Edison Co. 24 25
Puget Sound Power and Light Co. 17 16
Duke Power Co. 16 25
Pacific Power and Light Co. 3 25
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Nominal estimates for nuclear generating capacity over the next 10 years
are broken down by NRC region in Figure 5 to provide an indication of where
changes in the need for NRC inspection resources might be anticipated.

2.4 CAPACITY PROJECTION LIMITS

A variety of plausible but non-foreseeable events could arise to invali-
date the nominal projections, made on the basis of current information in
Section 1.0.

Postulated catastrophic events are beyond the scope of this consideration;
however less severe upper and lower bounds can be posed. These could be
selected arbitrarily; however it seems more meaningful to define boundaries in
the context of potential real response to postulated, generic events that can
be related either to historic precedent or to realistic, defensible
predictions.

2.4.1 Low Projections

Barring major international events and severe domestic economic decline,
the most likely non-catastrophic type of event that would negatively impact the
nuclear power industry would seem to be an accident of severe economic propor-
tions but not one in which public casualties occur, e.g., equivalent to the
1979 TMI-2 accident. A severe accident resulting, for example, in gross con-
tamination and/or extensive loss of life was viewed as falling into the cata-
strophic category with the potential for impacting the industry in a manner
beyond the useful scope of this study.

Using TMI-2 as a guide, the effect of another accident of similar conse-
quences should be felt mainly in the licensing area. Other credible conse-
quences could include more drastic effects such as state action to shut down
operating plants or federal efforts to nationalize nuclear generation. If such
an accident occurred and could be attributed to a major, previously unrecog-
nized safety issue or to some fundamental deficiency in the licensing process,
the consequence is estimated to be analogous to that which resulted from the
TMI 2 accident. The net effects probably would be to delay the operational
licensing process for approximately 2 years, to impose retrofitting require-
ments on some or all operating plants, and to introduce additional regulations
for plants under construction. It is presumed that these added requirements
would be manifest as increased costs and construction delays that would force
cancellation of some projects. Since two-thirds of the plants under construc-
tion are more than 80% complete, it was presumed that most current projects
would survive. The low estimate projection shown in Figure 6 - Curve A pre-
sumes the occurance of an accident that would delay issuance of operating
licenses by two years and that would indirectly force cancellation of all plant
construction projects that are not now greater than 80% complete. This repre-
sents a 10% decrease in long-term steady-state capacity as compared with the
nominal projection (Curve B, Figure 6).

2.13

-
_



. .

Anticipated Generating Capacity * in NRC Region

i 11 111 IV V Total

12/31/84 76,000

12/31/85 20,330 27.870 18,250 6510 11,700 84,700
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13/31/95 27,800 40,600 26,500 11.100 15,500 121,500

*MWe
130 -

~

Total

110 -

100 -

90 -

80 -

70 -

e
3
o

60 -

50 - Region

40 -
Il

30 - |

| 20 -

! v

10 -
- IV

_

' ' ' ' ' ' ' ' ' ' '0
85 86 87 88 89 90 91 92 93 a4 95

Year

FIGURE 5. Ten Year Trend in Nominal Anticipated Nuclear
Generating Capacity by NRC Region

| 2.14

,

_ _ _ - __



. .

140

C. High Case - 14 Restarts

130 -

120 -

B. Nominal - Utility Projections

110 -

c
3a

100 -

e

90 -

A. Low Case - Two Year Delay, Plants < 80% Complete Cancelled

80 -

|

' ' ' ' ' ' ' ' ' '
70

85 86 87 88 89 90 91 92 93 94 95

Year

FIGURE 6. Postulated High and Low Extremes in
Nuclear Generating Capacity - 1985-1995

2.15

__



. .

2.4.2 High Projections

A resurgence of interest in nuclear power, from whatever source, could be
accommodated by new plant orders, by reviving cancelled or faltering constrJC-
tion projects, or by a combination of the two.

Because of the long lead time for and lack of current interest in con-
struction, new orders would not come on line in the 1985 through 1995 time
frame. There exists, however, a substantial pool of terminated or insecure
projects for which construction is well advanced. In principle, these projects
(or some of them) could be revived and, given priority status, could yield
usable power in a more timely and cost effective way than could new consgpuc-tion. Table 4 lists plants which might be considered in this context.11 i The
thirteen plants listed represent 17.8 GWe which is a 15% increase in generating
capacity over the nominal projections (Curve C, Figure 6). This seems an ample
margin to accommodate any reasonable, arbitrary projection of a renewed need
for nuclear power over the next 10 years. New construction need not be postu-
lated as part of the high case projection; however, if it were, OA problems
should not be more severe than those that would derive from restarting can-
celled projects.

TABLE 4 Plants Recently Cancelled or Candidates for Cancellation (18)

Cost to
Type / Date 5 Complete

Plant Utility MWe Nsss ordered Cancel led Complete ($ w 10-6)

Grand Gulf 2 Miss. P&L 1250 BWR/GE 72 (a) 33 2550

Limerick 2 Phil. Elec. 1055 BWR/GE 67 (a) 31 2620

Midland I & 2 Con. Pow. 1233 PWR/B&W 68 85 85

Perry 2 Cl e v. Elec. 1205 BWR/GE 72 (a) 57 1460

seabrook 2 Ps of tvH 1150 PWR/W 72 (a) 23 2160

sTP 2 HL+P 1250 PWR/W 73 (a) 54 1410

W'P 3 WPPsS 1240 PWR/CE 73 (a) 75 1500

WNP 1 WPPss 1250 PWR/B&W 72 (a) 63 1500

Zimmer clnn G4E 810 BWR/GE 69 84 97 1500

Marble Hill 1&2 Ps of ind. 2260 PWR/W 74 84 56/34 630

Yellow Cr. 1 & 2 TVA 2570 PWR/CE 74 84 35/3
Hartsville A1 TVA 12S7 BWR/GE 72 84 44

Hartsvill3 A2 TVA 1287 BWR/GE 72 84 34

(a) Not yet.
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3.0 PROJECTED CHANGES WITHIN THE NUCLEAR INDUSTRY - 1985 TO 1995

The domestic nuclear power community, although generally portrayed as a
unified industry is, in fact, a diffuse collection of hundreds of large and
small businesses. Activities in which these engage include: 1) power produc-
tion and distribution (the utilities); 2) reactor vendors (the nuclear steam
supply system manufacturers); 3) plant design and construction (the large
architect-engineering-construction companies and some utilities and smaller
firms);- 4) component and equipment suppliers (many firms of all sizes--some
specializing in nuclear components but most with significant markets else-
where); and 5) nuclear services (virtually all industry segments plus many
specialized firms). The nuclear power business has been characterized by
change--expansion from its origins in the early 1960s to the mid 1970s followed
by contraction from the mid 1970s onward. There has been no extended period of
market stability. As a consequence, the individual industry segments have led
a highly varied existence also. A further influence responsible for market
variability has been the changing regulatory scene.

In some aspects, today's contracting market, relative stability of the
regulatory base, and lack of prospects for new nuclear construction in the
foreseeable future probably allow more reliable prediction for industry seg-
ments than have been possible in the past. Each segment has substantial capi-
tal- and personnel-related investments in nuclear power. It is only the
smaller, more specialized firms, however, whose basic future is tied to nuclear
power. Larger, more diversified companies, e.g., Westinghouse, General Elec-
tric, the major AEs, have only minority interests in nuclear power and will
survive with or without further nuclear development. In this respect, the U.S.
nuclear industry differs markedly from that in other countries in which large
industry segments have majority commitments to development of nuclear power.

In the interest of protecting their investments, all industry segments
have become increasingly competitive for a share of the declining market. In a
general sense, this conpetition may have beneficial effects through a " survival
of the fittest" process or may lead to a decline in vital capabilities. The
balance will depend on a variety of complex and interrelated factors includinq

,

the length of the nuclear construction hiatus; the availability and growth of
similar business areas, c.g., defense-related work; foreign entry into the
domestic market; the ability of U.S. firms to develcp foreign markets; the per-
ception of prospects for nuclear power; and changes in regulatory approaches.

The following discusses each of the five major industry segments listed
above with emphasis on the makeup and business base of each segment. Likely
responses of business activities and revenues to the projections developed in
Section 1.2 are also developed. The purpose in this is to provide as realistic
a base as possible for NRC 04 policy and planning guidance. Large uncer-
tainties are associated with conclusions drawn from this exercise. Each
industry segment and each individual firm within each segment face somewhat
different sets of problems. Iq mtion, each segment interacts with every
other segment in both contributory and competitive modes in a rapidly changing
business climate. These complications are likely to lead to realities that
vary significantly from today's projections; however, the following outlines a
reasonable " snapshot" of industry segment prospects from a current perspective.
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This section also analyzes several aspects of the " nuclear power future"
that are not specific to any one segment of the industry. These include
1) foreign influence on the U.S. markets; 2) pertinent, pending federal legis-
lation; 3) projected personnel needs; 4) power plant life extension and decom-
missioning; and 5) advanced technological concepts. These issues are included
in this study because the nature of their resolution will influence the U.S.
nuclear power industry as a whole and every segment that comprises it.

3.1 THE UTILITIES

There are presently fifty-nine private and public utilities in the U.S.
which are principal owners of 120 nuclear power plants in operation or under
construction. Among these, commitments to nuclear generation range from a
single plant, e.g. Portland Gas and Electric, Nebraska Public Power District,
to Commonwealth Edison's fifteen plants. While no U.S. utility would likely
consider a new nuclear project construction start in the foreseeable future,
the 93 plants currently operable and 27 units under construction will consti-
tute a substantial part of the domestic generating capacity until well into the
next century. Nearly h of the 90,000 people in the nuclear industry are
employedbyutilities.\g(/ No appreciable decrease in this number will
accompany the wind-down of construction activities. In fact, the trend among
utilities to increase the use of their staff for in-house work, e.g., plant,

modifications, outages, etc., may lead to further staffing. Some of the larger
utilities are pursuing contract nuclear service work for their peers in direct
competition with architecggineer and service firms who, until recently, had
the market to themselves.

There exists a growing tendency among state regulating bodies to resist ;

the rate increases necessary to pay for nuclear construction currently coming '

on line. A common ground cited for such action involves allegations of "impru-
dency" on the part of the utility in committing or allocating construction
funds. Several such cases are in progress or pending, d the potential loss

to utility shareholders is in the billions of dollars. Such cost penalties

(a) As examples: The staff of the Kansas Corporation Committee has recom-
mended that the two principal utilities responsible for the Wolf Creek
Nuclear Plant be disallowed more than half of their investment in the
$1.r billion.\g)to the utilities of this action, if it prevails, will beplant. The c9

In a June,1985 decision, the New York Public Services Commission
disallowed Long Island Lighting Co. from including in the rate base
$1.35 billion which was spent in constructing the Shoreham plant. The
ruling, based on allegations of management is the largest of its kind
ever imposed on a U.S. utility.(p'

In another June 1985 action, consultants hired by the Mississippi Pub-
lic Service Commission to investigate allegatiW of imprudency at Grand

cluded that the NRC was responsible for 15% of these cost increases. g -
Gulf found the utility blameless for a 300%, $2.5 billion overrun an
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plus the unprecedented increase in plant construction costs since 1980 have
severely impaired the economic well being of several major utilities. It

remains possible that some of these will be forced to seek protection under the
bankruptcy laws. The power needs of their customers will assure survival of
these utilities as generating and distributing entities in one form or another,
however. In spite of the economic setbacks of the recent past, most of the
large, mature utilities remain economically viable, and some are enjoying
unprecedented prosperity, e.g., Pacific Gas and Electric, the Diablo Canyon
project notwithstanding, has had record earnings in the recent past.

Several basic changes in'the financial climate are frequently cited by the
utilities as prerequisite to new nuclear construction. These include a stable,
predictable regulatory process; provisions for including construction-work-in-
progress in the ratebase; provisions for guaranteed, adequate financing at rea-
sonable interest rates; multipignership of plants; and a reduction incapital and construction costs. A mechanism by which the latter might be
achieved involves plant standardization and licensing reform to provide for
more stability and predictability in regulatory requirements. Joint ventures
are receiving increased attention as a means of spreading the risk of nuclear
projects. In addiWn to reducing the risk to individual members, multiple
ownership has the further postulated advantages of providing the ability to
match the capacity to which a utility commits to its projected needs, concen-
trating the participants' best construction and operations managers on the
project, and an increased influence of a group of owners acting together to
overcome problems. Disadvantages include a loss of individual independence,
the need to compromise on design and other plant characteristics, initial dif-
ficulties in integrating a project team drawn from multiple sources, and the
possible involvement of more than one state regulatory body. Difficulties in
obtaining financing are likely to pese major barriers to joint ventures which
are perceived as high risk ventures because of recent events at WPPSS,
Seabrook, and elsewhere. If joint venture financing is available at all, it
may be at prohibitively high interest rates. An alternative consolidation
schene might involve formation of an independent corporation to license,
finance, construct, and operate new plants. Principal shareholders are envi-
sioned to be equipment suppliers, architect-engineers, constructors, utilities,

to utilities under contracts that would serve as security for the project.g)and/cr other investors. Power produced from such a venture could be pre-s

with certain design characteristics.gicy of support for advanced reactors
The NRC has recently endorsed a

Early licensing or standardized
design approval with minimal regulatory burden may be extended to plants that:
1) require fewer supplemental safety features; 2) provide more time from the
onset of an emergency to critical consequences; 3) have safety systems that
require fewer operator actions and less equipment; 4) feature components
designed for easy maintainability; 5) increase standardization in shop fabrica-
tion to minimize potential for field construction error; and 6) require fewer
components to maintain safe shutdown conditions. Designs with these charac-
teristics should reduce the potential for severe accidents and their conse-
quences by providing inherent safety, reliability, redundancy, and independence
in the safety systems.
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3.1.1 Utility Future Prospects

3.1.1.1 Nominal Projection

Assuming the nominal projection discussed in section 2.3, the situation
for most utilities should not change markedly over the next two years. Pres-
sures from state regulatory bodies for higher capacity factors and less lati-
tude in recovery of construction costs are likely to increase. This may create
some concern that financially strapped licensees might compromise quality in
maintenance and operations. Some of the more exposed utilities may need to
consider default and/or bankruptcy proceedings. Generating and distributing
facilities will continue to function in one form or ancther, however, and the
economic prognosis for the utility industry is generally favorable in the near
term. By mid 1987, approximately ten plants will remain under construction
requiring a continuing high level of NRC oversight. Several utilities will be
involved in lengthy operating license hearings that will command significant
NRC resources as well. Serious interest including, perhaps, concrete proposals
in forming new licensee arrangements for future nuclear construction seems
likely. These new arrangements (discussed in Section 3.1) in principle should
not create qualitatively new problems from a regulatory perspective.

It seems likely that the presence of nuclear utilities in the nuclear
services business will continue to increase. In some instances, this may lead
to situations in which the same utility component is performing a function
under the purview of more than one NRC group. This situation should be
examined for any inconsistencies in regulatory practices. Transmission systems
will be expanding to accommodate larger inter-regional and international power
transfer, improvement in the grid system can compensate regional capacity

~

shortages. There has been a trend, which is likely to continue, for utilities
to diversify into non-power related businesses.

By 1990, essentially all plant construction will be complete and most of
the long, costly procedures associated with obtaining operating licenses should
be over for both the licensees and the NRC. The frequency of construction-
related allegations should have diminished sharply; but intervenor activities,
rather than declining, will likely be refocused on operating plants, radioac-
tive materials transport, and waste isolation. Pressures by state regulators
for disallowance of some construction costs will continue and may have intensi-
fied; however, there should be no remaining questions concerning the solvency
of individual utilities. Licensee involvement in the services segment should
have grown some and probably stabilized. Some parts of the country may be
experiencing power shortages (the south, middle south, far west and north-
east). To some extent, these will be accommodated by expanded transmission
systems, but a clear need will exist to construct new generating facilities.
The most widespread current belief is that these will probably use fossil
fuels; however, under some circumstances, nuclear plants may be an option.
These may be of a standardized, advanced design that provides greater safety
assurance than do contemporary plants or may be custom designs in an advanced
stage of design completion. The NRC presence in design and construction of
these plants is likely to be more intense in the early stages because of qual-
ity problems which arose, in part, because of too little NRC oversight. It
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will be important that a cadre of personnel, inspectors and others with design
and construction experience be retained and that the lessons learned from the
QA problem plants of the 1970s not be lost.

A growing problem for plant operations is lack of availability of replace-
ment parts and components that are identical to the originals. In some cases,
the original supplier is out of business or no longer produces the part in
question. Frequently, the original component has become obsolete because of
advances in the state-of-the-art. A licensee may find it desirable or neces-
sary to replace with items the use of which requires redesign and modification
of plant systems. This re-engineering should be of concern to the NRC to the
extent that it may impact safety systems or original plant design bases or may
introduce heretofore unanalyzed safety questions.

By 1995, rate base and licensing hearings will be concluded and the nuc-
lear generating industry should have achieved a stable, relatively low profile
condition. The physical and financial debacles of the 1970s and 1980s will be
over. Utilities should, in general, have resumed their traditional, financi-
ally stable role with a stable presence in the nuclear services business and
more diversified business bases. Transmission systems should be optimized as
should operations and maintenance practices at operating nuclear plants. Sub-
stantial new generating capacity, some of which may be nuclear, will be under
construction. It seems likely that, over the next ten years, public attitudes
toward nuclear power will become more positive. Historically, resistance to
new technology has been the norm, e.g., electricity, automobiles, air travel,
and steam boilers. A similarly evolving perception of nuclear power may lead
to a more favorable climate for new nuclear construction by 1999 provided a
safe, economical operating record is compiled in the interim.

3.1.1.2 High Projection

A resurgence in demand for nuclear power resulting in reactivating moth-
balled plants and/or new construction starts should, in general, have positive
consequences for the utilities. Sunk costs in presently stalled projects would
be recovered, all or in part, and the economic picture for licensees with
investments in these plants should brighten considerably. Improved economic
prospects for the utilities may afforo then greater latitude in refinancing
bonded indebtedness at lower interest rates. An unknown, but potentially sig-
nificant, dampening factor will be the extent to which state regulators resist
inclusion of construction costs in the rate base.

A scenario that includes construction restarts presents the greatest near-

term challenges to the NRC. The incentives for restart as opposed to new con-
struction are: 1) to obtain new capacity more quickly and 2) to obtain new
capacity more economically by using the structures, comoonents, and systems
that have already been purchased and assembled. In many cases, existing con-
struction and components may not conform to contemporary regulatory require-
ments or documentation confirming that they do may either not exist or be very
difficult to reconstruct. In addition; effects of long term deactivation and
storage will have to be assessed. As an example of deterioration in storage,
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during the recent (August 1985) startup of Diablo Canyon 2, source range equip-
ment failed repeatedly from inexplicable causes (dust accumulation was one sus-
pected culprit). Although this equipment is "new" in the sense of never having
been used, it has been in storage for eleven years. It will be particularly
beneficial in structuring quality programs for standby projects to have current
guidance on storage, records, and requalification requirements. NRC policy
definition, quality requirements and perhaps some continuing inspection pres-
ence at mothballed plants will be necessary to achieve the level of quality
assurance required to permit their reactivation.

With a near-term revitalization of the nuclear industry, the financial
status of affected utilities would improve over the next twu years. In fact,

any expansion beyond the nominal projection presumes more favorable treatment
from the money markets and state regulators. A more active interest in new
types of licensees or institutional configurations would likely develop as
would greater interest in standardized and advanced plant design. Small
plants, both nuclear and fossil, which perturb the rate base relatively little
would receive more attention.

Within five years, construction on restarted plants would be in full swing
with utility and NRC inspection staffs at full complement. New institutional
configurations may be realities, and planning and possibly orders for standard
and advanced nuclear plants would be in progress. Utility involvement in the
service business would probably expand.

By 1995, all restarted plants would be in operation and construction of a
new generation of advanced and/or standard plants should be underway.

3.1.1.3 Low Projection

Another TMI 2-equivalent incident would severely impact the utilities.
Such an event would be expected to precipitate a new round of hearings, rule
making, and anti-nuclear reaction. These would probably result in costly
delays, backfits, construction project terminations, and possibly some plant
closures. Some of the more vulnerable utilities would probably not survive in
their present form. Conversely, if TMI 2 is representative, a second, similar
incident could create a need for increased NRC resources. Over the time period
immediately preceding and following the TMI 2 incident, the NRC budget grew
from $281 M (1978) to $448 M (1981) and the staff increased from 2960 to
3350. Increased regulatory activity would, of course, be necessitated by and
focused upon whatever new generic safety issues were revealed by the incident.
While these cannot be specifically anticipated, quality concerns would likely
be involved.

Over the next two years, assuming a new incident, the licensing process
would probabiy be effectively suspended as new regulations aimed at preventing
recurrences are developed and implemented. The costs associated with this
delay and likely resulting backfitting requirements may devastate some licen-
sees. Possible mandated closure of selected plants (most likely older units
where upgrading has been resisted) could be similarly damaging to others.
Resulting cost increases would set the stage for increased resistance from

3.6



. .

State Utility Regulating Agencies (SURAs) to rate increases. It is likely that

any hope or plans for future new nuclear construction would be abandoned.

By 1990, construction on surviving projects should be nearing comple-
tion. Unit costs of these plants would be higher than ever before placing
pressure on SURAs to disallow many of them from inclusion in the rate base.
This would further economically damage the utilities involved encouraging them
to save money wherever possible. Should this happen, quality, and perhaps
safety, could be compromised--especially in the balance of plant. The NRC
should remain alert to these possibilities.

By 1990, the industry would have stabilized with approximately 110 oper-
ating plants. These would continue to operate for the duration of their useful
lives including, perhaps, some life extension after which they would be
replaced by non-nuclear generating facilities.

3.2 NUCLEAR STEAM SUPPLY SYSTEM VENDORS

The Westinghouse Electric Corporation and the General Electric Corporation
share most of the credit for the development and growth of commercial nuclear
power in the U.S. and throughout the world. These companies perceived the
economic promise of nuclear power and, through their involvement in early
nuclear defense efforts, infusion of government funding, and aggressive mar-
keting to utilities during the 1950s and 1960s, provided the main thrust for
comiercial nuclear power development. Through agreements with foreign licen-
sees, Westinghouse and General Electric technology formed the basis for most
nuclear power programs in the world. Several other firms launched early NSSS
ventures. Two of these, Combustion Engineering and Rabcock and Wilcox, estab-
lished and maintain viable presences in the market place. They, together with
GE and Westinghouse comprise the group of four NSSS manufacturers that has
supplied virtually all of the comiercial reactors sold in the U.S. and many of
those built abroad.

As previously noted, all new plant construction is expected to be complete
by 1991. The stean supply systems for remaining plants under construction have
been completed, and all that remains to be done is some onsite assembly work.
Table 5 lists the number of plants under construction grouped according to NSSS

construction.gl$3'lgows all plants-both complete and under
supplier and 6

'

Westinghouse has now and has had the major share of the market with
General Electric in a strong second place. Construction-related activities for
the NSSS vendor peak early in a project and begin to decline markedly when the
plant is about 507. complete. Business volume for all four vendors is, thus,
already much reduced from what it was a few years ago and is rapidly converging
to zero around the end of the decade.

The high projection discussed earlier postulates restart of construction
on fif teen plants that have been or may be terminated before completion. If

,
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TABLE 5. NSSS -Vendors and Anticipated Completion Dates for Plants
Under Construction Which are Expected to be Completed

1. Westinghouse

Tv6a1 under construction: 15-

Expected completion 1986: 6-

Expected completion 1987: 6-

Expected completion 1988: 2-

Expected _ completion 1989: 1-

2. General Electric
Total under construction: 5-

- - Expected completion 1986: 3

- Expected = completion 1988: 1

Expected completion 1991: 1-

3. Combustion Engineering

Total under construction: 2-

Expected completion 1986: 1-

Expected completion 1987: 1-

4. Babcock and Wilcox

Total under construction: 2-

Expected completion 1989: 1-

Expected completion 1991: 1-

TABLE 6. NSSS Vendors Plants in Operation and Under Construction
in the United States (greater than 100 MWe)

In Operation Under Construction

i Westinghouse 42 15

General Electric 33 5'

Babcock and Wilcox 9 2<

Combustion Engineering 12 2,.
96 24

i
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this were to occur, the reactor vendor's business may be revitalized to some
extent (see Section 3.2.1). The terminated plants include four Westinghouse
units, six General Electric units, two Combustion Engineering units, and three
Babcock and Wilcox units ranging in degree of completion from 31% to 97%.

The low projection involves only a delay in current construction projects
and would not have a direct, negative impact upon NSSS vendors. If the assumed
accident that triggered the delay resulted in a flurry of backfit and.other
plant modifications similar to those precipitated by the TMI-2 accident, sub-
stantial new business might accrue to the reactor vr.ndors (see Section 3.2.1).

The need for engineering talent in reactor design and manufacturing is
dropping sharply and is expected to continue to fall at the rate of approxi-
mately 10% per year over the next several years. This decline is somewhat off-
set (but not reversed) by personnel neg
providing service to operating plants.tg)in fuel design and production and inThe latter two business areas
represent the main hope for NSSS vendors to maintain a cadre of skilled tech-
nical people for the foreseeable future. The need for reactor fuel reloads
will increase as more plants come on line here and abroad thus providing an
expanded market for former reactor vendors. NSSS suppliers are also competing
more actively for a shah 0f m*a""ing and anticipated plant backfits and

*# * " "" "" ** *'
more specialized firns. Re in
rework will also provide markets for the reactor vendors--perhan
services of 3000 to 6000 technical personnel for several years.tgh(equiring the

'

A significant casualty of the decline in NSSS business volume has been
their R&D efforts. Technology development is needed for both product improve-
ment and for status in the market place. The loss in technical reputation suf-
fered by the U.S. vendors because of their reduced R&D programs has damaged
some of their sales prospects--particularly overseas. This trend has been
countered to s
DOE, and EPRI.g) extent by nuclear development work and research for the Navy,

Westinghouse and General Electric have entered into joint ventures with
the Japanese for design of new plants. The Westinghouse project, which is
being developed in consultation with the NRC, anticipates both foreign and
domestic demand while the General Electric concept is intended for the Japanese
market only. Both companies have foreign narketing plans, but U.S. nonpro-
liferation policies and favorable, state-subsidized financing available to the
foreign competition represent major impediments to overseas sales. Most coun-
tries have policies that discourage nuclear imports and competition from other
international vendors, especially the Japanese, Germans, and French, has become
intense. The recent agreement by the U.S. to make nuclear technology and prod-
ucts available to China may presage substantial business for the NSSS vendors.

The reactor vendors are being further burdened by the decline in qualified
nuclear component suppliers (see Section 3.4). Of the approximately 200 qual-
ified suppliers from whom each reactor vendor has traditionally procured compo-
nents, fewer than 100 are expected to remain in the business by 1990. This
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decline will result in higher costs and possible unavailability of certain
components and may rege reactor manufacturers to expand their internal pro-
duction capabilities.

To date, facility cancellations may have already reduced the U.S. capacity
to supply nuclear power plants by as much as two-thirds. The common specula-
tion is that, at a minimun, two of the four major vendors will not long survive
(the projected casualties most often cited are Combustion Engineering and
Babcock and Wilcox). Similar predictions have come and gone for years, how- 1

ever, without materializing.

3.2.1 NSSS Future Prospects

3.2.1.1 Nominal Projection

In the most likely scenario, within two years, NSSS fabrication for all
domestic plants will be complete and the associated personnel.and facilities
either shifted to other activities or terminated. Many key personnel will
likely gravitate to service organizations or to the utilities. Sone manufac-
turing and engineering capabilities will be retained to serve a limited foreign
trade and to build replacement fuel for existing reactors. The NSSS manufac-
turers are expected to continue forging partnerships with overseas concerns in
efforts to further penetrate the foreign market and with AEs and other domestic
firms to establish stronger positions in the services business. Reactor
vendors will continue to promote advanced concepts, including standard designs
and turnkey projects, and will be involved in the planning and promotion for
new institutional configurations and regulatory reform.

By 1990 or earlier, manufacturing and engineering will have been reduced
to the minimum needed to support fuel reload requirements and foreign commit-
ments. Reactor vendors will be party to more connections with both foreign and
domestic firms and may be experiencing some expansion in service-related busi-
ness and in foreign orders. A shortage of parts and component suppliers may
force the NSSS vendors to do more specialized manufacturing in-house or to
order from abroad. Either eventuality would pose new problems for the NRC in
terms of supplier qualification and inspection. Standard and advanced plants
will be actively promoted and marketed, and the NSSS vendors are likely to be
key participants in emerging new institutional configurations. Possibly one or
two of the four major vendors will have abandoned the NSSS business.

level and service and foreign, business will continue at a stable, profitable
Through 1995, the reload

business should grow moderately. An advanced
plant demonstration or commercial unit may be under construction. The NSSS
vendors will be increasingly involved with decommissioning, waste storage, and
life extension. They are also likely to be lead actors in new institutional
arrangements. Increased internal fabrication and/or foreign procurement of
components and equipment will continue.
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3.2.1.2 High Projection
,

A revival in nuclear construction would have general, very positive ,

effects for the NSSS vendors. Over the next two years, less or pe-haps no
decline in engineering and nenufacturing capability would occur as NSSS work in<

support of restarted projects begins. Promotion and development of standard
and advanced design would intensify as would efforts to form new institutiona!
arrangements and to capture more of the service business. ,

,

By 1990, the reactor vendors should be active in developing and marketing
"

standard and/or advanced plants--either as independent suppliers or as key
'

figures in new institutional configurations. Basic engineering and manufac-
turing capabilities would be intact. Reduced decline in component suppliers,

would require less in the way of foreign procurement or internal manufacture of
conponents and equipment. .

By 1995, NSSS business should be in a growth mode--perhaps for all four
current major vendors. New sales of standard, advanced, and/or turnkey pro-
jects should have been made and manuf acture of these is likely to be in
progress.

3.2.1.3 Low Projection,

The low projection scenario would provide some short term business stimu-
lus In the form of desigo modifications and backfit-related work; however opti-
mism for future NSSS business would disappear and the departure of personnel
and some of the current vendors from the field would probably be accelerated. -

The only long term sustaining activities would be the reload business, a
reduced service business, and some foreign involvement. Within two years,
manufacturing and engineering capabilities would be reduced to the minimun com-
mensurate with existing business. Plans for advanced designs and new institu- '

tional arrangements will have been abandoned. t

:

By 1990 the traditional, domestic NSSS businass will have ceased to
exist. The reload business and some overseas inysivament with foreign firms ;

will continue as will NSSS vendnr participation in the service business. The
latter area nay have been stimulated by the accident assumed in the low
projection.

The situation in 1995 should be similar to that ir. '990 with some addi- i

tional general decline in all markets.
!

3.3 ARCHITECT ENGINEERING AND CONSTRUCTION FIRMS

Architect Engineering and Construction Companies (AE/Cs) have a broader .

market base than do other segments of the nuclear industry infrastructure. !

Consequently they have been and will be less severely affected by the decline
in nuclear construction. (These firms have suffered setbacks but these are
mainly attributable to the slowdown in total heavy construction in the U.S.
during the past few years of high interest rates and general recession.) The

i
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AE/Cs hav9 major business volumes in many non-nuclear areas including petro-
chemical plants, industrial process beat applications, cogeneration, coal
technology, fossil-fueled power plants, and a wide variety of other large con-
struction projects. Given anticipated increased electricity c.apacity needs,

generating facility uses coal, uranium, or other energy sources.gn whether a
the AE/Cs will reap the benefits of new plant design and constru

As with the NSS$ suppliers, the AE/Cs have a sizeable backlog of nuclear
work related to completing plants under construction, backfits, and plant
upgrading and modification. If a significant nunber of cance'lled projects were
revived, most of the associated costs would take the form of increased business
volur,e for the AE/Cs. The pessimistic scenario posed earlier wuld hot dimin-
ish the cumulative AE/C basiness but would stretch current projects over a few
more yerirs. In the process, regulatory reaction to the pcstulated accident and
normal escalation would probably increase AE/C workload and revenues.

Plant decommissioning will ,orovide major business opportunities for the
AE/Cs as nay plant life extension depending upon technical and regulatory
req:lirement s . These activities will not generate cajor basiness volume until
near the end of tite century; however cone decommissioning work will begin
sooner, e.g., at Shiopingpert, West Valley, Humboldt Bay, and Hanford.

The AE/Cs have component supply problems qualitatively similar to those of
the NSSS vendors; but because nuch of what they prodJce is of a More generic
nature (corcrete and steel structures, for example) tnese problems are lest,
pe vasive and severe.

Nuclear projects are relatively la5cr intensive; however, for the mst
part, the project management and construction skills required are common to
other large projects. AE/C staffs are thus more easily diverted, assuning
other reeds exist, than are the staffs of other industry segments. Probably
because of a general business decline, the AE/Cs, like other industry segments,
are extendinq their marketing horizon furthe- into the nuclear services area
and perhaps into overall project and plant mnagenent.

3.3.1 Architect Engineer Future Prospects

3.3.1.1 Hominal Projection

A continuing general decline in AE and construction business is expected.
The growth in other projects will fail to coopensate the massive personnel
needs characteristic of nuclear construction, and general force reductions will
occur. Fluctuations of this sort i3re connon in the construction business and
ars thus likely to be relatively easy for the AE/C firms to accorrnodate. Many
key personnel will join the ranks of the utilities or service organizations.

Over the next two years, mst of toe basic construction of plants in pro-
gress will be completed. Backfit-related work and plant modifications will
cnntinJe but it a conbined, reduced leVal . The AE/CS will be participating
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win tte NSSS vendors ami Others ir exploring new institutional configurations
in whicF. they are likely to be major participants. Major involvement in the
~5ervices business and foreign nuclear projects should continue for the AE/Cs.

By 1996, AE/C nuclear staffs should be stabilized at mininun levels.
Plant r.ont',ruction and mst backfitting will be complete. Continued, stable
business il the services sector and in plant nodification is expected. Plan-
ning for new proJacts involving new institutional confi5urations should be well

These are likely to incl 9 e partnerships with NSSS vendors in advanced,dalong.
standard, nr turnkey plant proposals.

In te1 years, new capacity needs, fossil, nuclear, or of.her, will have
created new Wsiness for the AE/C firms with a resulting growth in staff and
capabilities. There wil' be a growing involverrent in decocynissioning, lite
extension, and waste icolhtion. By 1995, the AC/Cs are likely to have a major
role in new instituttonal arranger:ents involved in advanced, standard, and/or
turnkey projects.

3.3.1.2 liighPrcJecgon_

A resurgence in nuclear construction would have a ctrong positive impact
on business for tne AE/Cs, Over the next two years, lay-offs now in progress
should cease and perhaps t;e reversed at planning for prpjsct restarts gets
underway. The increased long-term potentf al lo the service business would
probably encourage AE/Cs to expand their 'already substantial presence in that
sector.

By 1990, najor constructio9 at restarted projects would ne in ptogress but
beginning to wind down. Compensating thic so w hat should be substantial
involvement of the AE/Cs in advanced, stancard, and/or turnkey projects, which
should be in design stages. The AE/Cs may have an owner as well as a prime
contractor interest in these plants. The service business will continae to be
strong.

Business in the mid 1990s should be strono and growing for the AE/Cs as
commitments for new capacity of all types are implemented. Design and con-
struction of new nuclear plants should be a major and growing business area.
The service business, decommissioning, life extensic,n, and waste isolation will
continue to be important business areas.

3.3.1.3 Low Projection

The assumed low projection could result in a near term boost in AE/C busi-
ness because of backfit and design change requirements precipitated by the
hypothetical accident. This would be balanced by possible project' terminations
or slow downs. Over the next two years, some new backfitting work may develop
and construction on current projects is likely to continue. Ternination of
projects would have an immediate, adverse effect on AE/C business; however
delays may ultimately result in more revenue. New nuclear construction will
cease to be a factor in long range business planning.

3.13
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By 1990, nearly all construction will be complete as will most staff 4

|
reductions. A moderate level of service, backfitting, and plant modification
work will cortinue.

|

By the mid 1990s work will continue on an as-needed basis on plant nodifi- i

cations, decommissioning, and waste-related activities. The traditional
,

nuclear design and construction experience base of the AE/Cs effectively will !

have ceased to exist except for isolated, knowledgeable individuals who have I

moved into non-nuclear business areas.

'

3.4 NUCLEAR COMPONENT AND EQUIPMENT SUPPLIERS

Nuclear component vendors have been more severely affected by the hiatus <

,

| in nuclear-construction than any other segment of the industry. Companies tha+ '

| serve the backfit and plant modification market and/or have non-nuclear markets ,

are in comparatively good condition, and most of these that are otherwise *

| basically sound should survive the loss of the nuclear market. Many component
| suppliers, however, have focused on specialized nuclear items used primarily in

new plant construcggn'b)These have been and will continue to be the most .

likely casualties.

The decision to resume construction on a number of cancelled plants would
i be directly reflected in increased business for component suppliers. This may
| not represent a major boost in business becadse mst cancelled projects had ,

already acquired much of the component and equipmant inwentory needed to com- +

plete construction. For similar reasons, the low case scenario, in which a
*

postulated, non-specific accident introduces delay into current construction
'

schedules, should have little impact on the demand for components and equip-
iment. Regulatory-decreed backfits, which might be precipitated by such an

accident, would create some new opportuni*,ies for component suppliers (see
Section 3.4.1).

!

| One indication of the decline in the population of component suppliers is ;

| the proportion of sole source orders placed by utilities. This proportion has
approximately doubled over the past 10 years fr:>:n 15-20% to 30-50%. This trend

,

has been accompanied by a general increase in prices--both because of less com-'

| petition and because, with declining sales, the cost of nuclear quality assur- .

; ance must be allocated to fewer units. Delivery lead times have also increased !

pliestoberesponsive.ggjpingordersandthereducedincentivesforsup-
because of the' practicej

[|

A second indicator of the goneral well-being of the component su? ply
industry is the number of firns applying for or rer.ewir19 "N-stamp" certifi- 1

cates. The N-stamp certificate is issued by the An,erican Society of Mechanical
Engineers (ASME) to manufacturers who meet the requiremnts for Class I com-

.

ponents as defined in Section III of the ASME Boiler and Pressure Vessel
Code. The N-stamp is accepted by NRC as qualification for components which

gg pressure boundary in a naclear plant (see 10 CFR 50.55a and 50.2o

.
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Initial certification and mandatory triennial renewals of N-stamp holders
is done by the ASME, which charges a nominal fee ($5,000 to $15,000). The pro-
cess may extend over 6 to 12 months, and the costs to the supplier for main-
taining a dedicated portion of his plant and additional employees to execute
required paperwork ranges from $25,000 to $150,000 per year, For small firms,
this represents a significant investmen+.. A major fraction of the costs and of
the typically 2 to 3 times higher cost of certified versus non-certified,
identical components derives from analytical and QA requirements. No other
manufacturing operation, including work for NASA, D00, and the Nuclear Navy
Program, requiresgegtalled paper trail specified for commercial nuclearplant components,

Several categories of N-stamp certifications are issued including N (nuc-
lear components); NA (nuclear assembly); NV (nuclear safety and relief valves);
MM (material manufacturer); MS (material supplier); OWN (owner); and INL
(internal authorization). Trends in the issuance of the first of these
(N-nuclear components) are most indicative of the economic state of component
manufacturers. Since the TMI-2 accident in 1979, the number of o
holding N-stamps has declined from over 300 to approximately 100.gizationsAbout
one-third of the latter number are foreign concerns, which seek certification

essentially constant since 1979,g of foreign N stamp holders has remained
for their export market, lhe nu

By any standards, the factor of three
decline in certified manufacturers is a precipitous drop. There are mitigating
circumstances that temper the significance of the trend to some extent, how-
ever, e.g., the fact that most companies that have opted to allow their certi-
fication to lapse had not been successful in their bid for nuclear contracts.
Presumably, when these companies observed the end of the expanding market and
the beginning of decline, they recognized the futility of their position and
elected to invest no further in N-stamp certification. In addition, some of
the declir.e in N< stamp holders is attributable to expiration of site-specific
certificates that were not renewed after project completion.

The decline in business for component suppliers has been further leveraged
by i;b,e availability of surplus ccmponents from cancelled plants. Optimun use
of these would portend no market, except for replacement needs, for additional
components frnm the preEnt into the foreseeable future. In practice, the
utility of parts and components from cancelled plants is limited because of
lacking QA documentation, warranties, and accessories.

Changes in the component supply sector have created problems for the util-
ities in obtaining replacement parts. As plants grow older, parts and compo-
nents, identical to the originals, in some cases becowf difficult or impossible
to obtain. This seem to be a particular problem with instrumentation and
control systems. This happens for various reasons: companies go out of busi-
ness or discontinue .nyclear lines, designs change with advances in the state-
of-the-art, manufacturing pror. asses or tooling are changed, etc. In the
absence of identical replacement parts, design and nudification of plant sys-
tems may be necessary, This is a costly process for the utility that may also
introduce changes that require NRC review pnd approval and that may serve as a
basis for requiring more general plant upgrading.
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In general, the outlook for domestic nuclear component suppliers is dis-
couraging. Companies most heavily involved in the business have seen their -

revenues decline most and soonest. The attitude of component suppliers is one
of skepticism about re-entering the nuclear business even if new plant orders
are placed. Expectations are that other business areas will offer better
opportunities than will the nuclear industry. _

; In the event of a resurgence in nuclear power, the relatively short time
required for obtaining N-stamp certification (less than 1 year) should allow =

needed.{g9)oflostcapabilityintimetoprovidequalifiedpartsastheyarerecreat

~

3.4.1 Component Supplier Future

3.4.1.1 Nominal Projection

Business for the component suppliers will continue its rapid decline. ~

Over the next two years, as many as 50% of the firms currently listed as quali-
fied suppliers may have lef t the business. Some suppliers may attempt to pene-
trate foreign markets but it is likely that the reverse process--foreigr, entry
into the domestic market--will predominate.

By 1990, the nuclear grade component and equipment supply sector, as tra-
ditionally constituted, will be greatly reduced. Surviving firms will provide c
replacement parts and equipment. Components which must be replaced periodic-
ally to maintain their environmentally qualified status will constitute a major
portion of the market. Prices and delivery lead times will have increased AL

app reci ably. Utility requirements to " engineer around" parts and components or
to buy from foreign firms will provide new challenges to the NRC in evaluating

_

design changes and foreign qualifications. =

The market in ten years will continue to be minimal. Many new and
replacement parts may be purchased from abroad. Some new business potential
may develop in connection with life extension and waste isolation programs, but

-

foreign suppliers rey have the advantage here also.

3.4.1.2 High Projection

Restart of a number of projects would increase business to some extent for
-

- component suppliers. Since most equipment and components for these plants have-

- already been purchased, the effect is likely to be small. (Some electrical
equipment and instrumentation which is installed in late phases of plant con-
struction may be an exception to this.) New construction starts would have a
much larger impact and would probably lead to issuance of new N stamps. Over a

the next two years, business decline should be less; however, the more attrac-
_

tive U.S. market may result in keener foreign competition.

By 1990, a basic industry core serving a reduced but viable market should
have been achieved. The foreign presence in the U.S. market, either directly

- or through acquisitions, will be a major one.
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By 1995, the component supply business should be healthy and growing
assuming that a new generation of nuclear plants has been started. There will
continue to be strong competition from foreign firms and, perhaps, from
in-house efforts by the NSSS vendors.

3.4.1.3 Low Projection

The low case projection could yield increased business for component sup-
pliers because of new backfitting requirements and a possible extension in the
regulatory envelope. Some of these effects would occur over the next two
years. A major accident in the U.S. would probably have adverse impacts on
foreign as well as domestic nuclear programs. This may dampen foreign inter-
ests in the American market because of overall discouraging long term business
prospects or could intensify foreign competition because of a contraction in
the domestic markets in other countries.

By 1990, stimulus to the business that resulted as a by-product of the
hypothetical accident would continue to have a positive but declining effect.

By 1995, the component supply segment will probably be significantly
reduced and concentrated. Replacements will be more difficult to get and more
expensive. The contraction in the market may result in quality problems if the
net effect is to relegate nuclear components to a much reduced status in the
business plans of suppliers. Conversely, concentration of the supply segment
within a few companies will simplify quality assurance monitoring and nay have
the further beneficial effect of eliminating narginal firns which pose the
greatest quality concerns.

.

3.5 NUCLEAR SERVICES

The nuclear service segment is a relative newcomer to the industry. It is

also, currently, the only expansive segment. Over the past 20 years, as plants
have become much more complex, the spectrum of special maintenance, operation-
related, and technical support activities have expanded greatly. Rapidly
increasing plant costs in this same time frame have provided major incentives
to the utilities to minimize down time and maximize capacity factors. Few, if
any, utilities permanently retain sufficient staff to efficiently cope with
outages, backfits, plant nodifications, and other major, intermittent activ-
ities that require specialized personnel and equipment and large amounts of
readily available manpower. The nuclear service business has evolved to pro-
vide support to the utilities in these activities; and the utilities have
become accustomed to calling upon specialized, outside firms for assistance.

Another factor which has stimulated the growth of service firms is the
relatively low salary structure characteristic of at least some utilities. The
most capable people can earn nore working under contract to a utility. This
leads the best talent to migrate to service firms which in turn renders their
services more in demand by the utilities.
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The range of services to which utilities subs--ibe is very broad. Service
firms provide support in fuel management, training, security, environmental
services, licensing, personnel administration, engineering analysis, records

- management, OA, quality control (0C), radiation protection, startup service
_

testing, inspection, operations, maintenance, backfit engineering, waste man-
agement, laboratory services, management audits, system cleaning and decon-
tamination, specialty tools and equipment, equipment repair and replacement.

| emergency preparedness, and procedure preparation to name a few. Approximately
1,000 firms are involved. These tend to be small, specialized concerns, often
employing twenty or fewer people, which serve a limited market segment-both
geographically and in terms of specialty. The major firms in the services
business employ as many as 1,500 to 2,000, offer broad ranges of services both

-

domestically and internationg, and maintain full-scale operations extending
- to research and development. The largest of the nuclear service firms and

their approximate annual business volume are NUS Corporation ($80-90 million);
IMPEL ($80 million); QUADREX ($50 million); NUTECH ($30-40 million); Nuclear
Engineering Services ($30 million); Management Analysis Corporation ($27 mil-
lion); TERA ($25 million); TEgNE ($15 million); and Engineering, Planning,

($10 million).and Management

present extent of the nuclear services business.gdes an indication of the
The American Nuclear Society Buyers Guide p

The current guide con-
tains over forty categories of services listing the names of nearly

a 700 firms. These include NSSS vendors, engineering firms, engineering con-.

structors, laboratories, academic institutionc, fabricators, component manuf ac-
turers, divisions of industrial conglomerates, nonprofit research institutions,

..
many foreign firms, individuals, partnerships, small firms, small to nedium
size firms, single discipline or multiple discipline engineering or scientific
companies, labor brokers, personnel agencies, single discipline contractors,
etc. Although the legal connunity is not included in these listings, they
represent a very large part of the system.

Annual revenues for the service business are estimated at $2 to $2.5 bil-r
lion distributed as follows: specialized service firms--25%; NSSS suppliers--
30%; architect-engineers--45%. Business volume is expected to increase as more

_

plants cone on line making this the only expanding market on the nuclear power
hori zon . This, coupled with the decline in markets in other industry segments,

has led to moregetition for service work from reactor vendor and architectengineer firms.-

- The NSSS suppliers, with skills that address all facets of the service
business, have experienced major declines in their traditional markets, in an
effort to offset these reverses and preserve their basic technical capabili-
ties, the reactor vendors have begun to aggressively pursue service-related
business. In so doing, they have certain intrinsic advantages, e.g., exten-
sive, first-hand knowledge of specific plants and equipment; established,
recognized presence in the nuclear business; and an interest on the part of the
utilities in the long term survival of the NSSS vendors. Both of the major
NSSS vendors have recently made strong noves into the services market. General
Electric has announced plans to capture the high technology portion of the
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$2.5 billion international BWR services market including low level waste dis-
posal, remote control pipe inspection, naintenance and traing plant-life-
extension-related work, decommissioning, and waste disposal. General
Electric has also entered into a joint venture with Stone and Webster to manage
Gulf States Utilities $30 million parts inventory for the River Bend reactor.
The combine, named Nuclear Parts Associate xpects to negotiate similar
arrangements with several other utilities. Westinghouse is investing
$7 million over the next 5 years in developing facilities, hardware, and sof t-
ware for implementing computer-based expert systems. The intent is to provide
utilities with fast turnaround expert guidance in whatever technical or opera-
tional NSSS problems arise. Westinghouse has also contracted with Virginia
Power Company (VPCO) to prog services required to maximize operating ef fi-
other utilities including Tennessee Valley Authority (TVA).9g nts with six
ciency of the Surry reactor and is pursuing similar agr

\ Many addi-
tional, short references to NSSS supplier inroads into the services business
can be found in trade publications.

Some of the major utilities have also entered the services market place as
vendors. These companies have developed large, capable staffs to build and
service their own plants. As these units are completed, delayed, or cancelled,
some utilities are left with a surplus of talent that they can retain for their
future needs through providing services to other utilities. It is not uncommon
for a utility to spend in the vicinity of 30% of its operating and mainte
budget on outside work--an economic base for supporting a sizeable staff.ge
Utilities also consider in-house work to be more economical, easier to control,
and likely to reflect a higher level of staff connitment, in spite of these

positive aspects of doing the work in-house, for most utilities, maintaining
the varied, large staff and specialized (g'ipment required to meet all or most
of their service needs is not feasible.

The architect-engineer firms perform the largest dollar volume of service
work because of their involvement with expensive projects such as major plant
modifications and backfits. Work of this nature will continue into the fore-
seeable future and may eventually be augmented by decommissioning and plant
life extension. Compared with NSSS vendors, however, the AEs are under less
pressure to diversify since their staffs can be diverted to construction of
fossil fuel plants and other large construction projects. Some of the AEs have
movedintothepartsandegmentwarehousingbusinessinpartnershipwith
which they are actively promoting.ge have established service divisions
utilities or NSSS vendors, and

In general, however, engineering and

ness than have the other segments of the nuclear industry.gr service busi-
construction firms have been less aggressive in expanding

The future of the nuclear services industry is clouded by the influence of
regulation in determining what services will be needed. New regulations
imposed following the TMI-2 accident were responsible for the creation of much
of the service business as we know it today. New work of a "one-time-fix"
nature, e.g. backfits, is winding down while work of a continuing nature, e.g.
training, QA, security, will provide a market for service vendors into the
foreseeable future. As new plants come online, the need for services will
increase in direct proportion to the number of operating units.
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With the transition from a composite industry, with plants both under con-
struction and in operation, to an all-operating-plant environment, some ele-
ments of the services business will orosper and some will not. Demand for
waste management and outside security services will increase over the next
decade--the latcer by a projected $70 million per year to $170 million by
1995. Training service costs, currently $100 million per year, are expected to
increase also. Engineering analysis, QA, and QC services costs are expected to
remain stable while the need for such services as fuel management, environmen-
tal services, and start-up services will decli
annually to approximately $50 million by 1990.gthe later from $200 million

Assuming no reduction in demands imposed by NRC, INP0, NUMARC Insurance
Companies, SURAs, and other agencies, firms that specialize in assisting utili-
ties in meeting regulatory requirements and achieving good performance in plant
operations are likely to prosper. Fuel supply and spent fuel management activ-
ities should also continue at a high level whether new plants are built or
not. This portion of the fuel cycle remains a lucrative sector of the nuclear
industry for a number of suppliers and contractors, most particularly the NSSS
vendors. Because of market constrictions in other areas, however, the fuel
supply segment is becoming increasingly competitive. Recruiting and training
of personnel will continue to be needed because of regulatory requirements that
lead the industry to become increasingly more labor intensive. (One-third to
one-half as many more employees are required to operate a plant recently
licensed as one that began operations in the mid-1970s.) Use of temporary
workers for work in radiation areas will probably require more sophisticated
recruiting and monitoring services as the industry matures. A continued need
for health physicists and specialists in employee health benefits and claims is
anticipated. The need for legal services, which is already a major part of
nuclear plant operating services, will probably expand to accommodate changes
in the law that deal with health effects for workers. Public relations and
political activities are likely to increase. Environmental specialists will no
longer be necessary if no new plant sites are needed. However, their skills
may be useful in making decisions concerning plant decommissioning and coping
with any future operating accidents. Firms that were formed to meet speci-
alized needs, e.g., licensing hearings, financing aggements, and exportprocedures, will decline and perhaps cease to exist. A resurgence in
nuclear construction, as represented by restart of cancelled plants or new
starts would portend a further boost in nuclear services business volune.
Curiously, the pessimistic projection, which presumes a delay in current con-
struction because of a presumed accident, may also be a boon to the services
business. If the presumed accident stimulated the generation of regulations,
as did TMI-2, the utilities may be forced into new activities that would
require external support. These and other projections are discussed in more
detail in Section 3.5.1. In general, the nuclear services business appears to
have the brightest future of any of the main segments of the nuclear industry.

.
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3.5.1 Service Industry Future Prospects

3.5.1.1 Nominal Projection

The well being of the service industry in some respects is inversely
-related to that of the nuclear industry as a whole. This reflects the fact
that regulatory, financial, and technical factors that created burdens for the
utilities also established the need for many of the services which they now
procure.

-0ver the next two years, the service industry in general will expand sig-
nificantly as more plants come on line. The balance of service needs will
change but the net business volume will increase. Because services represent
the only expansive industry segment, competition from all segments with rele-
vant capabilities will become more intense. The NSSS suppliers, AEs, and some
utilities will seek to enlarge their market share, often as cogosite enti-
ties. In self defense, some of the smaller, traditional service firms can be
expected to consolidate to offer broader capabilities. This trend should be
balanced somewhat by the competitive advantage inherent in the higher effi-
ciency characteristic of small firms. The sale of services by one utility to
another creates a situation of concern to the NRC in that the same organization
within the utility may be servicing both its plants and those of other licen-
sees. In the former capacity, these activities come under the purview of the
NRC region while in the later, oversight is provided by NRC HQ. Care is in
order to assure consistency between these two monitoring functions. Continu-
ing, successful efforts by foreign firms to acquire a share in the U.S. serv-
ices market are expected. These will be partly through acquisitions of and
agreements with domestic firms but will also involve direct marketing by for-
eign companies.

By 1990, the services market should have peaked and stabilized. Much of
the business will have been acquired by NSSS suppliers, AEs, utilities and con-
binations thereof. The successful traditional services firms will, in nany
cases, have found it necessary to align themselves with former competitors to
meet the challenge of larger newcomers. There is likely to be a sizeable,
minority foreign presence in the business that will inhibit new domestic start-
ups, and the work force and business base should be stable in a highly competi-
tive environment.

Business should continue strong and fairly stable through 1995 with
approximately the same mix of participants as in 1990. Some decline in busi-
ness volume could result as reactor operations become more routine and non-
continuous activities associated with construction and startup are completed.
This should be compensated by new work in life extension, decommissioning,
waste isolation, and advanced plant planning and design.

3.5.1.2 High Projection

A revival in nuclear power presumes an easing in the financial constraints
and perhaps the regulatory requirements that gave rise to much of the services
ma rk et . Overall improvement in industry prospects might thus be accompanied by
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a reduction in service needs or could result in increased demand for services -

because of the overall increase in business activity. Over the next two years,
growth in the services sector would still occur--perhaps as rapidly or more so
than in the nominal case since more plants will be under construction. Tradi-
tional service firms will confront growing competition from NSSS suppliers,
AEs, utilities, and foreign vendors and in some cases will join forces to com-
pete more effectively. The trend to agglomerate is likely to be stimulated by
a growing tendency on the part of utilities to reduce the number of service

'

2

firms under contract and to require competitive bidding.

By 1990, a larger, growing business base would exist and strong competi-
tion will continue. Planning and possible orders for advanced plants may ope.
new service markets. New businesses formed to tap these may require increasea
NRC resources to ensure that adequate 0A programs are being followed.

In 1995, the service business should remain strong and would have devel-
oped to serve new plant construction, decommissioning, life extension, and
waste isolation needs.

3.5.1.3 Low Projection

Just as a general improvement in the nuclear industry could reduce the
level of service business. The hypothesized accident of the low case projec-
tions may spark a new surge in service needs. This would occur in response to
new regulatory requirements and possible extensions of the regulatory bound-
ary. Over the next two years, new business derived from the hypothesized acci-
dent together with on-going services as forecast for the nominal case may make
for increased service business in the short term. Because of reduced long term
prospects, NSSS vendors and AEs, may be less inclined to enter the market.
There are likely to be few, if any, new firms started and more consolidation of
existing companies.

By 1990, the business base should have stabilized with a somewhat reduced
number of firms involved.

The servi:e business should remain fairly stable through the mid 1990s
with decreases in conventional services associated with plant startup and oper-
ations complemented by some increases from decommissioning, life extension, and
waste isolation. The business base would be mature and viewed as declining in
the future.

3.6 OTHER FACTORS

3.6.1 Foreign Entry into U.S. Markets

Although the U.S. continues to have substantially greater nuclear generat-
ing capacity than any other nation, other countries are continuing their con-
struction of nuclear plants and are gaining rapidly. Since 1978, although no
new orders for nuclear plants have been placed in the U.S., twenty-six new
orders have been placed in France, West Germany, Great Britain, and Japan and
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fif teen in the rest of the world. In France alone,15 new reactors were
ordered between 1979 and 1983; and nuclear power, which presently provides more
than half of France's electricity, is expected to provide 83% by the year
2000. In Japan, eleven nuclear units have been ordered since 1978 and pre-
sently approximately 20% of the electricity generated in Japan. is provided by
nuclear. As is the case in France, construction periods in Japan are short
relative to those in the U.S., i.e., 4-1/2 to 6 years versus-6~ to 15 years.
Construction costs abroad are substantially below those in the U.S. The West '

German experience has been less encouraging but nuclear power is still con
sidered substantially cheaper in Germany than power generated by coal. With
the exception of Great Britain, virtually all nuclear plants built or being
built in the western world use variations of light water technology originally
developed in the U.S.
Almost without exception, the number of engineering and construction man hours
utilized per kW *gpacity built in foreign countries is substantially lessthan in the U.S.

Foreign firms have clearly indicated their willingness to compete for U.S.
component and services orders. In so doing, they emphasize " proof" of good
products, as evidenced in the superior performance and lower costs of foreign6

nuclear plants, and highly competitive prices--largely because of the inflated
value of the U.S. dollar. Foreign interest in U.S. business is prompted not
only by the fact that a sizeable market exists here. Demand for nuclear power
overseas has declined for the same reasons responsible for the reduction in
domestic demand. The principal foreign competitors for U.S. business, i.e.,

Germany, France, and Japan, are also experiencing a maturation in their inter-
nal nuclear power programs. As the nuclear capacity fraction has increased
(with comensurate decreases in consumption of imported oil) demand for new
construction has expanded less rapidly with the result that NSSS, AE, and com-
ponent supply capabilities are underutilized and must seek new rarkets.

Ready availability s apparent kom reference
totheANSBuyersGuide.Tb0fegnmaecmpnenA high and non-declining proportion of the firms
listed are foreign. Trends in N-stamp holders also attest to the foreign
market presence. While the number of domestic N-stamps has decreased by a
factor of three over the past 6 years, the number of foreign firms holding
N-stamps (approximately one-third of the total) have remained essentially
constant.

Foreign firms have the donestic market base, which U.S. firms now lack,
needed to underwrite costs of developing export markets. American firms have
not capitulated, however, and combined efforts to develop foreign markets are
continuing. As an example of the latter, an interagency task force consisting
of representatives of the Department of Commerce, D0E, State Department, and
U.S. Export-Importgk was recently formed to promote overseas sales by U.S.nuclear suppliers. Prospects for the success of these and similar efforts
are uncertain at best and, realistically, probably not very encouraging. Not
only do the European and Japanese competition have stronger economic bases--
countries that have traditionally been importers of nuclear components, e.g.
Argentina, Taiwan, Spain, are increasingly developing their own internal
sources thereby further shrinking the potential export market.
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American nuclear services business is being actively pursued by most of
the major foreign vendors. This is being done directly, by acquisition of
smaller U.S. firms, and through joint ventures with domestic nuclear suppliers.

Kraftwerk Union (KWU) has agreements and partnerships with several domes-4

tic firms through which they have done considerable service work in the U.S.
e.g., ultrasonic inspection of recirculation piping in the Dresden. Quad
Cities, Fitzpatock, and Hatch Plants. KWU is a 93% owner in the U.S. Firm
Utility Power Corporation through which they recently acquired 100% control of
Universal Testing Laboratories with whom KWU has had a long-term, cooperative
agraement on testing, QA functions, and non-destructive examinations. This new
consortium intends to expand UTL's activities "to encompass all kinds of auto-
mated inspections on piping, reactor pressure vessels, and steam generators"t

and gbgfor "all types of repair services for steam generator tubes" in theVirginia Power Company (VPCO) has contracted with a German firm,U.S. '

Gesellschaft fuer Nuklear-Service mbH (GNS), for casks made in the Federal
Republic of Germany (FRG) to be used at an independent spent fuel storage
installation (ISFSI) for which VPC0 is seeking license. As part of the license
approved process for the VPC0 ISFSI, the NRC staff evaluated GNA QA and compli-
ance assurance practices in the context of QA requirements posed in 10 CFR 50
pt. 71.72. The intent of the evaluation was to establish equivalencies between
U.S. and FRG practices leading to an NRC policy on acceptance of FRG Q nd QC

a

procedurgin this case, primarily those implemented th ough the TUVs in
the FRG.

The French have not been as successful in the U.S. market, or elsewhere,1

as have the Germans. Framatome's stated position is that heretofore they have .

'been appraising the American market and have only recently made the decision to'

mount an aggressive sales campaign based upon their highly successful domestic
nuclear program. Among the services being offered by Framatome are replacement
parts, maintenancy39egig, and specialized equipment and expertise for steamFrench marketing activities in the U.S. will begenerator repair. * *

simplified by NRC blanket approval of Franatome's OA program which is being;

.' program in detail.ga topical report, addressed to the NRC, describing the
solicited by means

As discussed previously, the Japanese are the principal partners with the
major U.S. vendors (General Electric and Westinghouse) in developing new plant
designsforbothU.S.andforeignmarkttsandhaveindicatedageneral,gdgIcreet, interest in selling services and equipment to American utilities. *

The Japanese are also collaborating with U.S. utilities. One agreement, under
INP0 auspices, involves Commonwealth Edison and Tokyo Electric Power and is

mizing outage lengths.gge in the areas of preventive maintenance and mini-generalexchangeofinformationwithJapanAtomicPowerCompany.gementfor
aimed at technology ex

Virginia Power Company has a formal

I (a) TUV: Technische Uberwachungs-Vereine; independent, non-profit organi-
zation of technical experts which provide verification of 0A, QC, and
technical adequacy for German industry and government agencies. Seven of
the 11 TUVs have some involvement with nuclear power.
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Brown-Boveri, a U.S. subsidiary of the Swiss turbine-generator manufac-
turer, has had a U.S. market presence for years through their nuclear customer
service program and is attempting to expand this base with programs to improve
capacity factors, reduce gigon exposures, extend steam generator life, anddetect fuel rod failures. '

A Swedish-U.S. conbine (ASEA-ATOM / Westinghouse) has been successful in
marketing reload fuel in America and is presently marketing services in the
areas of radiation exposure reduction, shortening of
uprating, and water chemistry to domestic utilities.gfging outages, power*

With the expansive nature of the nuclear services business, the worldwide
decline of other market sectors, the strong technical and economic' base of the
foreign nuclear industry relative to its U.S. counterpart, and present currency
ratios, it is reasonable to expect substantial foreign entry into the U.S.
ntarket for services and components over the next 10 years and beyond.

3.6.2 Pending Legislation

As of mid-1985, there are six pieces of pending or foreseeable legislation
that would have significant impact upon the regulation of nuclear power in the
U.S. Four of these bills mandate changes in the way in which the NRC regulates
the industry and one would change the management and organization of the NRC by
transforming it to an agency headed by a single administrator. All five of
these bills are currently before committees of the House or Senate and none
have been subjected to hearings. A sixth, near term legislative action of con-
cern will be whether or not to extend the Price-Anderson act which expires in
1987.

4 A synopsis of the major points included in each pending bill is sumarized
as follows:

1. Bill to Reorganize the Functions of the NRC, by establishing the
Nuclear Regulatory Agency Senate Bill 1235-June 4,1985--Introduced
by Senator Alan Simpson.

; This bill would reorganize nuclear industry regulation under an
agency headed by a single administrator. The Nuclear Regulatory
Agency (NRA) would supersede NRC. The Director, Deputy Directors and
four Assistant Directors would be appointed by the President and con-
firmed by the senate. The four Assistant Directors would be assigned
to nuclear reactor regulation, inspe: tion and enforcement, nuclear<

material safety, and research.

2. Nuclear Powerplant Licensing and Standardization Act--House Res.
1447--Introduced March 6, 1985--Representative M. Udall. Also intro-
duced as Senate 836 by Senator A. Simpson--April 2, 1985.

This bill would anend the Atomic Energy Act of 1954 to require the
NRC to issue combined construction permits and operating license for
a thermal neutron power plant after public hearings and finding that

'
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the facility will operate according to the application and NRC regu-
lations. The NRC is expressly prohibited from modifying final deter-
minations-on an issue made in a permit or license proceeding unless
significant new information concerning public safety is brought to
light.

The NRC is authorized to issue 10-year (renewable) site permits for
power plants before the utility has filed application for either a
construction permit or a combined construction permit--operating
license.,

The NRC is directed to establish procedures permitting the approval
of standardized thermal neutron power plants. These procedures
should be in place before an application for either a CP or CP&OL for
a standardized plant is considered by the Agency.'

3. Nuclear Power Plant Standardization Act of 1985--House Resolution
1029 introduced Feb. 4,1985 by Representative J. Broyhill and
37 Co-Sponsors.

This act would require the NRC to " establish procedures, standards,
and criteria permitting the approval of standardized 10-year facility
designs. Declares that a design approval shall be considered to be a
license for the purpose of such act ..."

Like H. R.1447, this act calls for 10-year site approvals with rene-
wals on request. Public hearings are also mandated. The NRC must
also find the utility competent to construct and operate a nuclear
power plant in conformity with the application.

4 Nuclear Facility Standardization Act of 1985--House Resolution 2488
Introduced May 14, 1985 by Representative J. Broyhill.

This act seeks to encourage standardized designs by authorizing the
NRC to standardize designs for plant subsystems. As such the bill is

,

complementary to HR 1029 introduced in February. Other parts of the'

bill are refinements to the HR 1029.

5. National Nuclear Powerplant Personnel Training Act of 1985 introduced
January 3,1985 by Senator Moynihan, ,

The purpose of tnis dct in to cn*,u-* t M Od:,;c'.c adu!Iiw|Ilis of '
,

trained power / plant personnel by establishing the National Academy
for Nuclear Power Plant Safety. The NRC would establish this academy
and establish training programs for all staff positions in power
plants requiring a license.

|
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The Price-Anderson provisions of the Atomic Energy Act of 1954 as amended
have the objectives of:

1. Removing the deterrent to private sector investment in nuclear power
by the threat of potentially large liabilities in the event of a
severe accident.

2. Streamlining procedures for the public to receive compensation and
assure that adequate funds are available to satisfy liability claims.

The Act, as originally constituted, limited liability for a nuclear acci-
dent to $60 million in private insurance required to be carried by each plant
owner, plus $500 million in federal funds. Under current law, plants must
carry $160 million in private insurance, and each licensed plant would have to
contribute up to $5 million P.o an insurance pool if claims associated with an
accident exceeded the $160 tillion. The Act has been extended for two 10 year
periods. If Congress takes no action, current provisions would expire on
August 1,1987, after which the current situation would continue for plants
already licensed but new plants would not be covered. The NRC recomended in
1983 that Congress extend the Price-Anderson Act but that an annual limitation
on liability be substituted for the present absolute limitation. NRC also
recommended that Congress change the premiums (.harged each reactor in the event
of a catastrophic nuclear occurrence and that tgtatute of Limitations for
filing of claims be extended to 20 or 30 years. In a more recent decision,

the Comission reversed their position on liability limits and indicated sup-
port for a continuation of tgresent approach which limits liability to a setamount per nuclear accident.

3.6.3 personnel

the subject of recent, exhaustive studies.gthe nuclear industry have been
Projections of critical skills needs

Only a brief summary of conclu-
sions is presented here.

Barring an unexpected resurgence of interest in nuclear power, the supply
of engineers, scientists, and technicians is expected to be adequate at least
through the turn of the century. A few categories, e.g., health physicists,
electronic technicians, and reactor operators are and will continue to be in
short supply.

Total employment in tha .tvilian nuclear industry is expected to remain
icirlj stable at approximately 220,000 through the 1980s. During the 1990s,
personnel numbers should remain stable or increase slightly. Between 1990 and
2000, attrition is likely to lead to about 10,000 job openings for electrical
engineers, electronic engineers, mechanical engineers, nuclear engineers, elec-
tronic technicians, health physics technicians, and reactor operators. Projec-
tions for new graduates in this tirio frame indicate that these positions will
be fillable. Some concern has been expressed in the decrease in enrollment of
nuclear engineers and health physicists, and DOE is gidering providing noresupport for students seeking careers in these areas.
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3.6.4 Nuclear Power Plant Life Extension

Nuclear power plants in the U.S. have been licensed for terms of either
30 or 40 years. In some cases, this commenced with the issuance of the con-

| struction permit and, in others, when the plant began comercial operation.
! The stipulated operating life of 40 years is based upon accounting considera-

tions, i.e., plants were expected to be fully depreciated over 40 years. No
technical basis for this limitation has been demonstrated. Many similar facil-
ities, e.g., coal-fired plants have operated for periods much greater than

,

| 40 years. Because of the huge investment represented by a nuclear plant and
| the inexpensive power that it will produce following amortization of capital
' costs, there will be great interest on the part of the utilities to continue

plant operation beyond the 40 years specified in licenses. Federal regulations
anticipate this by providing that nuclear plants approaching the end of
licensed life may apply for an operating license renewal (10 CFR 50.51). Tech-
nical implications and licensing process modifications associated with life
extension are largely unexplored areas. It is expected that considerable
research and development, both physical and regulatory, will be required before
applications for life extensions can be made and approved.

On first consideration, it would appear that life extension should not
.become a matter of concern until near the end of the century. Table 7a lists
the license expiration dates and generating capacities for plants currently in
operation, and Table 7b shows similar data that presumes an adjus qt of

3 Theselicense term to begin with the issuance of the operating license.
data are plotted in Figure 7 which shows the availability of nuclear generating
capacity through the end of the current license term for all plants in opera-
tion in 1985. Clearly, no significant capacity decrease because of license
expiration will occur until after the turn of the century. First generation,
large plants (San Onofre, 436 MW; Haddam Neck, 575 MW; and Oyster Creek,
620 MW) all received construction permits in 1964 and operating licensees in
1968-69 and can thus operate until 2004 with no license modification or until
2008 if the licensee effective date were changed to coincide with the operating
license. While this seems well in the future, a simple breakdown of time
requirements for activities that must transpire during this period shows that
near-tern consideration of life extension is in order.

Assuming a 10-year lead time for new nuclear plant co1struction, the
license extension decision for the above three plaqts must be made by 1994.(a)

| This leaves 9 years, 1985 through 1994, during which life extension programs
| and confirmatory research and development must be initiated and perf ormed.
| During this same period, the NRC will have to develop and codify the regulatory
|

base for evaluating and approving license extension applications. The situa-
tion becomes more demanding if the oldest plants now on line, e.g., Yankee
Rowe, CP: 1957, seek license extensions as they are likely to do. In the most-
pressing-case scenario, there would be a need for reliable regulatory guidance

(a) Assuming cual to be an option to nuclear, this date can be extended
approximately i'lve years.
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. TABLE 7. License Expiration Timetable for Current Operating Plants

A. License Expiration for Current (a) Operating LWRs-

Year Units MW

1997 1 165
2000 1 71
2004 3 1,632
2005 1 610
2006 5 3,591
2007 14 10,754
2008 22 18,330
2009 6 5,571
2010 9 7,732
2011 4 3,803
2012 4 3,311
2013 6 6,688
2014 1 1,250
2017 _ 1, 810

TOTAL 78 64,328

(a) As of December 31, 1983.

B. License Expiration for Current (a) Operable LWRs Assuming
License Term Commencement with Operating Permit

Year Units MW

2000 1 175
2002 1 71
2007 2 1,012
2009 4 2,494
2010 4 2,358
2011 2 1,583
2012 6 4,257
2013 14 11,190
2014 14 11,649
2015 3 2,965
2016 6 5,157
2017 5 4,802 -

2018 2 1,653
2020 3 2,b67
2021 4 4,527
2022 4 4,478
2023 _jl 3,090

,

TOTAL 78 64,328

..
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as early as 1986. Orderly development of such guidance will probably require a
structured, time consuming process. Considerations might include:

;

1. Identification of safety, environmental, socioeconomic, and legal
issues.

2. Review of life extension experiences and requirements in other indus-
tries, e.g., commercial aviation, the chemical industry, fossil-fired
power plants, hydroelectric plants, and military and production
reactors.

3. Examination of federal regulations, legislative and other require-
ments to determine which may effect nuclear plant life extensions.
This might include NRC generic issues, unresolved safety issues FEMA
requirements, EPA requirements, OSHA requirements, and other federal
requirements and orders that may be pertinent.

,

4 Analysis of policy issues that may be involved, e.g., backfit rules,
siting policy, decomissioning, operation and management require-
ments, maintenance issues, etc.

|

5. ' Definition of information requirements for a license extension
application.

6 .' Preparation of a regulatory plan and schedule for submitting a
license extension application.

To accomplish these, including necessary review and approval cycles, will

next few years.glg*gh-priority attention in the part of the NRC over the
require conside

*

3.6.5 Decommissioning

When a plant reaches the end of its useful life, as defined by the
license, economics, or other considerations, it becomes the owner's responsi-i

bility to deal with the site in such a way as to assure public health and'

safety and protect the environment. This has been a recognized requirement
from the beginning of nuclear power development. Over the past 25 years, six
licensed power reactors, four demonstration reactors, six licensed test reac-
tors, and about fif ty research reactors have been decomissioned,;

l As part of the plant licensing process, the owner commits to financial
responsibility for eventual decomissioning, which may be done by one of a
variety of methods. These are defined in Regulatory Guide 1.86, which is the
most long-standing reference on decomissioning alternatives as:

| 1. Mothballing: putting the facility in a state of protective stor-
age. In general, the facility may be left intact except that all

| fuel assemblies and the radioactive fluids and waste should be
i removed from the site. Adequate radiation monitoring, environmental

! 3.31
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surveillance, and-appropriate security procedures should be estab-
lished under a possession-only license to ensure that the health and
safety of the public is not endangered.

2. In-Place Entombment: sealing all the remaining highly radioactive or
contaminated components (e.g., the pressure vessel and re' ctor inter-a

nals) within a structure integral with the biological shield after
having all fuel assemblies, radioactive fluids and wastes, and
certain selected components shipped offsite. The structure should
provide integrity over the period of time in which significant quan-
tities of radioactivity remain with the material in the entombment.
An appropriate and continuing surveillance program should be estab-
lished under a possession-only license.

3. Removal of Radioactive Components and Dismantling: All fuel assem-
blies, radioactive fluids and waste, and other materials having acti-
vities above accepted unrestricted activity levels should be removed
from the site. The facility owner may then have unrestricted use of
the site (.th no requirements for a license. If the facility owner
so desires, the remainder of the reactor facility may be dismantled
and all vestiges renoved and disposed of.

4. Conversion to a New Nuclear System or a Fossil Fuel System: This
alternative utilizes the existing turbine system with a new stean
supply system. The original nuclear steam supply system should be
separated from the electric generating system and disposed of in
accordance with one of the previous three retirement alternatives.

A great deal of analysis, both regulatory and technical, has been expended
on decommissioning. Table 8 lists some of the authoritative refer
correlates much of the varied terminology that has been generated.gs and

Much nore consideration has been given to decommissioning than to life
extension. Consequently, the regulatory alternatives associated with decomis-
sioning are relatively well defined and documented. If plant life extension

becomes a widespread option, emphasis on decomissioning will diminish or, con-
versely, will intensify if life extension is not allowed.

A major decomissioning project is in progress at the Shippingport reac-
tor. Under the supervision of the Richland Operations Office of the Department
of Energy, the General Electric Company, with Burns'and Roe as AE, is in the ,

process of dismantling the plant and restoring the site to its original status.
The project is expected to be completed over the next few years. The Hunboldt
Bay Reactor is also in the decommissioning process.

The first of the currently operable commercial plants to face deconmis-
sioning will be Yankee Rowe in 1997 and 1998. Other plants will follow with a

t;,
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TABLE 8. Comparison of Decomissioning Approaches

COMPARABLE TITLE REFERENCE DOCUMENT
.

Regulatory Guide 1.86 Title:
Mothballing

2AIF/NESP 009Mothballing -

3Stage 1 IAEA-179
4

Option 1 IAEADraftRegort 6
Safe Storage, Passive NUREG/CR-0129,NgREG/CR-0130,

and NUREG/CR-0672
8

SAFETY OR NRC Program Status Paper, May 1980

Regulatory Guide 1.86 Title:
Entombnent'

9
Entombment NUREG/CR-0129 and NUREG/CR-0278
Stage 2 IAEA-179
Option 2 IAEA Draft Report
ENTOMB NRC Program Status Paper, May 1980

Regulatory Guide 1.86 Title:
Removal of Radioactive Components and Dismantling

Prompt Removal / Dismantling AIF/NESP-009
Dismantlement NUREG/CR-0130, NUREG/CR-0278, aqd

NUREG/CR-0672
Immediate Dismantlement NUREG/CR-0219'

Stage 3 IAEA-179
Option 3 IAEA Draft Report
DECON NRC Program Status Paper, May 1980

Regulatory Guide 1.86 Title:
No Equivalent Title

Safe Storage, Custodial NUREG/CR-0129, NUREG/CR-0130, and
NUREG/CR-0672

Safe Storage, layaway NUREG/CR-0278
Safe Storage, Hardened (temporary) NUREG/CR-0129, NUREG/CR-0130, and

NUREG/CR-0672
Entonbment (temporary) AIF/NESP-009
Mothballing - Delayed Removal /

Dismantling Combination AIF/NESP-009
Entombing - Delayed Removal

Dismantling Combination AIF/NESP-009
Safe Storage with Deferred

Dismantlement NUREG/CR-0129
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pattern that is a mirror image of that shown in Figure 7 which plots plant
license expiration dates. Operating licenses for the 82 presently operable
commercial plants will all expire between 1997 and 2025. Current utility plans
call for 61 of these to be immediately dismantled, seven to be mothballed, and
five to be entombed with delayed dismantlement (three with a delay of 30 years,
one with a delay of 100 years, and one with an unspecified delay). The d
missioning rode for seven of the current plants has yet to be determined.g-

Plant decomissioning may eventually generate considerable business for
service firms, AEs, and the NSSS vendors who have intimate familiarity with
specific plants. These business activities will not commence in earnest until

after the turn of the century and thus will not have an effect on the industry
in the 1985 through 1995 time frame.

3.6.6 Advanced Concepts

Several new concepts which may, in time, stimulate and/or significantly
change the nuclear power industry are under development or have been pro-
posed. These may be categorized as relating to 1) institutional relationships,
2) regulatory reform, 3) advanced plant design, and 4) technological innova-
tion. Concepts for departures from traditional institutional arrangements,
which involve individual utilities or conglomerates of utilities as licensee /
owners contracting with vendors, designers, and constructors, have potential
for fundamentally changing nuclear power. Analysis of this complex issue,
which was briefly discussed earlier, is beyond the scope of this study. Simi-
larly, regulatory reform, except for the options for change posed in later
sections of this report, cannot adequately be dealt with here. Physical inno-
vations, as represented by advanced design and technological improvements to
existing systens have more tractable potential for influencing the nuclear
industry infrastructure in the near term.

3.6.7 Advanced plant Design--Subsequently Safe Configurations

A number of plant design innovations intended to ease plant licensing
through increased use of safety features have been proposed. In general, these
have been structured to be nore integrated and to avoid remaining concerns over
LWR safety, i.e., those expressed in unresolved g ity issues. " Inherently
safe" reactor concepts being considered include:

1. High-Temperature Gas Cooled Reactors (HTGR). The HTGR is inherently
less subject to catastrophic failure than are LWRs for several
reasons:

a. The helium coolant is non-corrosive and is not activated by neu-
tron irradiation.

b. The high heat capacity of the graphite moderator reduces tem-
perature rise following a loss of coolant thereby avoiding the
need for a containment heat removal systen.
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c. Core power density is only one-tenth that of a LWR thus reducing
tenperature rise following a loss of coolant. This provides
operators more time to diagnose and correct an off-normal situa-
tion. (Ft. St. Vrain has experienced seventeen loss-of-:oolant
accidents with no damage to any components.)

d. The HTGR uses a prestressed concrete reactor vessel (PCRV),
which is stronger than the steel vessels used in LWRs. The PCRV
encloses the entire primary coolant loop thus preventing rapid
loss of coolant in the event of a pipe break.

e. The " modular" HTGR is a small version of full-scale, traditional

plants. It is sized to allow dissipation of decay heat by radi-
ative and convective transfer thereby avoiding the need for an
active decay heat removal system.

2. Process Inherent Ultimately Safe Reactors (PIUS). This design is
basically a LWR with two important safety-relatEd features:

a. The core is situated at the bottom of a very large, water
filled, concrete pressure vessel. This provides passive as$u-
rance of adequate emergency core cooling water.

b. Emergency cooling water, which is heavily borated, is prevented
from entering the core only by balanced hydraulic forces. An
upset in the presence-temperature-volume relationship in the
normal cooling water causes spontaneous flooding of the core by
bornated water with no need for electrical, mechanical, or human
intervention.

3. Small LWRs. A variety of economically-based arguments have been
advanced for returning to smaller reactors, i.e., perhaps 300 MWe
versus 1000 to 1200 MWe for contemporary LWRs. Smaller plants may be
inherently safer as well in terms of ease of management of off-normal
events and the amount of radioactive material that would be dispersed
in a worst-case accident.

The inherently safe concepts discussed above may have long term potential,
but given probable requirements for research, development, and demonstration
plants (perhaps 20 years in total) they hold little promise for impacting the
industry significantly in the next decade. A minor exception would be R&D sup-
port received by NSSS vendors in connection with concept development and
testing.

3.7 A_DVANCED LWRs(54,55)

There exist strong sentiments within the industry (in particular among the .

NSSS vendors) to the effect that radical departures from present LWR designs
would be a mistake. This position rests on the main argument that, because of
the long lead time needed to bring a new concept to commercial practicality.
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the only hope for the nuclear industry to compete for new generating capacity
to be added this century is with evolutionary development of current technology
that is sound and proven. Resulting plants would be optimi:ed versions of pre-
sent plants with fewer unnecessary complexities, reduced design margins and
conservatisms, and improved constructibility, maintainability, and operabil-
ity. Guidance in plant design would be sought froe. utilities and regulatory
bodies.

Examples of possible areas of simplification include reducing the number
of and standardizing valves, eliminating pipe whip restraints, simplifying
feedwater and condensate systems, eliminating containment spray, simplifying
waste systems, reducing the number of technical specifications and associated
tests and operating condition limitations, and designing for steam generator
and other component installation and removal.

Overall design conservatism should be evaluated with special attention to
high pressure residual heat renoval systems, core power density, natural circu-
lation contributions, small coolant leak margins, large pressurization, operat-
ing limitations based on nil-ductili*y assuretions, and the presently
stipulated plant life of 40 years. Constructibility might be improved through
increased factory assembly, shipyard-type assembly of nuclear islands, modJla-
rization, improved transportability, and development of innovative construction
practices. An aggressive optimization effort should lead to simplified plant
designs based on proven technology that minimize problems that occur in current
plants, reduce construction times and cost, and improve availability, opera-
bility, and maintainability.

Basic to the concept of advanced LWRs is plant standardization. In prin.

ciple, only two standard plant designs exist--the BWR and the PWR, which has
become the standard for the world. In practice, in the U.S. the wide variety
of design feature variations that have resulted from the many combinations of
licensees, vendors and AEs all overlain by a rapidly changing regulatory cli-
nate resulted in no two plants being alike. Each new construction project has
been, in some important respects, a new experience. These seem to be an indus-
try concensus that standardization of plant design must occur if construction
costs and lead times are to become competitive. Standardization is also viewed
as tied to one-step licensing and other, more permissive regulatory changes. A
standard design could have the further offect of reducing the man hours
expended in plant design and limiting the number of NSSS vendors and AEs who
participate in future ordars. This may not be in the financial interest of
some large companies.

The hope on the part of the industry is that design improvements and stan-
dardization will be recognized by the NRC as irmortant contributions to plant
safety and that the Agency will respond with simplified licensing and stabili-
zation or perhaps reduction in regulation. If this comes to pass and improved,
more economical LWRs evolve in the near term along with regulatory reform,
nuclear power should be a serious contender for new capacity additions in the
1990s.
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3.8 TECHNOLOGICAL INNOVATION

A great variety of technical improvenents to current practices can be
envisioned. One application area, expert systems and artificial intelligence
(AI) in particular should be noted.

Over the next decade a variety of computer based decision aids and con-
trols will be coming into use at U.S. nuclear power plants. The implementation
of these devices will be gradual rather than sudden, but the net impact on the
industry and the NRC will be profound.

Many areas in which artificial intelligence and expert systems applica-
tions may be developed exist, and the potential inpacts on the overall manage-
ment and regulation of the industry are substantial. The potential of both AI
and expert systems has thus far greatly exceeded their practical application,
and the introduction of these technologies into the nuclear business will not
be accomplished without corsiderable difficulty. Establishing operational sys-
tems will probably be as t. oublesome as it has been in other industries.

The two areas where A! and expert systems have the most obvious impact on
operational reactors are as control room decision aids and in some applications
where controls on equipment are automated. Currently, many utilities are
installing Safety Parameter Display Systems (SPDS) to provide operators with an
integrated display of key plant functions. Other support areas where these
systems are likely to be used include maintenance, scheduling, management, and
planning.

In 1985 there are no functional expert systems in place on the nuclear
side of a power plant. Applications of computer based systens that provide
guidance to plant operating personnel are evolving very rapidly, however. Tne
trend of the evolution is toward " smarter" computerized analytic devices. At
the present time, all of the NSSS vendors in the U.S. and abroad have research,
development and test demonstration programs underway. The speed with which
these applications spread will depend on how successful they are in meeting the
needs and gaining the confidence of plant operators. The current applications
and results of test projects suggest a promising future.

3.8.1 Near Term Developments

3.8.1.1 Operations Applications. Conputerized operator support systems
are being developed very rapidly in a variety of appl! cations. Some represen-
tative systems under development include Safety Parameter Display Systems
(SPDS), reactor vessel integrity analyzer, on-line auxiliary feedwater system
monitoring, and (X1PP) an Expert System for Control of axial xenon cscilla-
tions. These support systems are being developed in operational power plants.
Many are being tested and nodified in actual working situations. At this time,
they are used only as decision aids to an operator and have no automatic con.
trol functions.

The future development of intelligent diagnostic and control technology
appears promising. Extending the technologies of artificial intelligence and
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advanced computing to nuclear power plants may enhance future operations con-
siderably. In the ten year time frame, it seems likely that most advanced com-
puter applications will not be widely employed for nuclear plant control.
However, major advances can be anticipated in operator decision aids, system
monitors, and devices for training operators.

3.8.1.2 Support Operations. Advanced computing and robotic developments
will likely impact many critical plant support functions. Maintenance, sche-
duling, and planning are areas where advanced computing will be widely intro-
duced over the next five years.

Several service companies are marketing computer systems that perform such
functions as monitoring plant compliance with technical specifications, main-
tenance of engineering drawings in a current status, integrated systems to pro-
vide a complete engineering data base and equipment history of the plant, and
maintenance scheduling and management systems.

Expert systems also have the potential to aid NRC inspectors in various
ways, e.g., as specific inspection aids covering any or all inspection
modules. Finally, it may be possible to develop knowledge banks using input
from experienced inspectors that could be utilized by any member of the inspec-
tion staff on a regular basis. Licensees will be able to maintain better data
on critical aspects of their operation by employing expert systems which use
key information for on-line diagnostics.

In sunrary, the prospects presented by the introduction of expert systems
into the operation, maintenance, and inspection of nuclear power plants are
promising. The NRC should anticipate that expert systems and other forms of
automated controls, robotics, and decision aids will gradually be introduced
into nuclear plants over the coming decade. The prospect also exists that NRC
may make use of expert systems and other diagnostic aids in power plant
regulation.

3.8.2 Inspection Technology

Significant advances in non-destructive testing will occur over the coming
decade. This has implications for NRC in that some of the new NDE capabilities
will be able to provide better information on equipment wear, piping and vessel
condition, and expected service life of components. Introduction of new tech-
niques will create new training needs for NRC inspectors and will require
licensed 0A/0C personnel to be properly qualified in their use.

3.9 SUHARY OF INDUSTRY PROJECTIONS

Over the next five years, new construction activities at nuclear power
plants in the U.S. will be completed, and the nuclear industry will enter an
era of all operating plants. It is likely that this status will persist until

3.38



.__ _ __._ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ .

-. .-,

,

!

!
| at least 1995 and perhaps well beyond. This transition is expected to funda- !

mentally affect the American nuclear industry of the future. A delay in ini-
tiation of new pla g*gstgction much beyond 1990 is projected to have thec
following effects: *

e The design teams (vendors, AEs, and suppliers) will be considerably
diminished if they exist at all.

Field construction teams would lack first hand experience in thee
specialized processes and project management required by nuclear
plant construction. '

l- e Technical specifications may be obsolete for some components or in
need of extensive revision.

| e Component supply firms would have to spend approximately 1 year qual-
ifying for N-Stamp certification.

.

Inspection as well as construction teams may have to be assembled and*

trained prior to new plant starts.

Contractors would have lost their nuclear-specific competence ande
,

| would require on-the-job training.

In general, the industry would face many, if not most, of the problams
that the new industry had to contend with in the 1950s and 1960s. The only

| apparent exception would be the fuel services business, which would have sur-
| vived and prospered based upon long-term fuel supply contracts.
!
|' Given a sufficient hiatus in new construction in the U.S., domestic capa-
| bilities for designing and manufacturing competitive reactors may atrophy to

the extent that, given a renewed demand for nuclear power, our utilities will
have to consider purchasing foreign-made plants. Although this may not occur s

| within the next decade, if it should, new problems in connection with licensing ,

' of designs and components and administrative and regulatory confusion associ-
ated with blending foreign and domestic technology would surely arise.

| A more likely near-term effect is an increase in the presence of foreign
firms in the U.S. components and services market. Manufacture of major com-
ponents for plants under construction in the U.S. is complete. With the dis-

| appearance of the domestic market and the softness and clusiveness of the
foreign market, U.S. suppliers are in difficult straits. This is demonstrated

| by their declire in numbers and business volume. Unless new domestic orders
: begin to materialize in the next 5 to 10 years, U.S. firms, if they survive at
'

all, may be forced to align themselves with Japanese, German, or French firms--
in some cases as minority partners. If this occurs, American utilities that
elect to build plants beyond the 1990-1995 time frame and U.S. regulatory

I bodies will have to deal with foreign technology and quality practices. In :

i addition, " buy American" pressures would limit the flexibility of the utilities
| in selecting suppliers.

>
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: Specific projections for each of the five major nuclear industry segments
were developed in Sections 3.1 through 3.5. These are stamarized in Table 9,
which follows.

,
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4.0 CHALLENGES FOR THE NRC--1985 TO 1995

As the character of the nuclear industry changes, the nature of and poten-
tial for quality assurance problems will change as well. The preceding discus-
sion of anticipated trends for individual industry segments (Section 3.0)
projects quite different futures for the five major components of the current
nuclear industry. Most are expected to contract--some severely; but for
others, e.g., the services business, considerable expansion is in store. Some
activities that currently require NRC concern over 0A will decline or cease,
e.g., basic plant design and construction, while other areas such as foreign
imports, life extension, computerization, handling, and waste isolation will
gain more prominence. A nunber of issues that are expected to require future
attention from the NRC were surfaced in Section 3.0. These are aggregated and
further analyzed in the following.

4.1 OVERALL CHALLENGES FOR NUCLEAR REGULATION

If and when projected trends in the nuclear industry materialize, new
developments will require adjustments in regulatory practices. These can he
facilitated by anticipating changes and devising, a priori, modifications to
the regulatory framework which will mesh with the evolving industry milieu in
timely and efficient ways. Dossible future problems revealed by the analyses
in Section 3.0 relate to the totality of nuclear regulation. Although the
basic concern of this study is quality-assurance-related trends and future
problems, it is useful to first collect and classify the broader challenges of
which 0A problems will be subsets.

Impending challenges to the NRC generally fall into three categories:

1. Internal NRC Issues. Concerns that can be resolved within the Agency
without significant recourse to or interaction with other organiza-
tions.

2. Industry Issues with Safety /0A Implications. Problems or develop-
ments within the nuclear industry that will require regulatory over-
sight.

3. External Influences with Safety /0A Implications. Anticipated or
possible developments in areas external to NRC or the traditional
industry infrastructure that may become of legitimate regalatory con-
Cern.

Some of the emerging issues relate to more than one of the above cate-
gories; but for the nost part, they can be grouped as indicated (Table 10).

4.1
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4.2 OUALITY-RELATED ISSUES

The challenges for NRC listed in Table 10 will accrue naturally from the
overall industry trends forecast in Section 3.0. These are broad issues which
have implications for most elements of the U.S. nuclear regulatory progran.
Some aspects of many of these issues also relate specifically to NRC quality
assurance policies and prograns. These 0A issues are of primary concern in
this analysis, and it is on these that the balance of this report will focus.

Of primary interest are quality concerns which are expected to arise as a
natural and predictable consequence of the decline and termination of plant
construction and the accompanying increase in the number of operating plants.
Findings that relate to this trend and its upper and lower bounds represent the
basic results of this study. There are also general trends not directly asso-
ciated with the transition to an all operating plant environment which have
significant future quality implications for the NRC. These include technolog-
ical developments; possible changes in overall regulatory policies; and seve-
ral, unclassified, extraneous trends the most important of which is the
increasing presence of foreign suppliers in the domestic market. Sorting pros-
pective, quality-related challenges to NRC to conform to these four types of
issues leads to the following functional classifications of issues:

1. Issues arising from the routine transition from a nixed construc-
tion / operations environnent to one in which all plants are opera-
tional.

2. Issues stenning from the introduction of new technology into oper-
ating LWR plants.

3. Issues which may develop because of regulatory policy changes.

4 External issues, e.g., those beyond the influence of the NRC or other
bodies which impact the NRC.

Of these four categories, the first, which was the principal subject of
this study, is the most extensive and relates nost specifically to identifiable
elements of the 0A program. Categories 2 through 4 are included because of
their important, if somewhat less direct, potential inpact on NRC quality
policies.

The general effects of the industry transition on NRC quality assurance
responsibilities will be to shift technical emphasis to plant operations and to
develop new regulatory bases to deal with changes in a timely way. Barring
some dramatic and inherently unpredictable event (such as TMI-2), the need for
revisions in NRC QA policies and practices should evolve in an orderly way.
Over the next 10 years, the nature of NRC regulation can be expected to change
gradually in a manner consistent with industry trends. The net effect of these
changes will probably be substantial. A proactive posture on the part of NRC
to anticipate these changes will lend to the effectiveness of the Agency in
fulfilling its mission.

4.2
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TABLE 10. New Safety /QA Challenges for the FRC--1985 to 1995

A. Internal NRC Issues

There will be.less need for ccnstruction-oriented inspectors within the NRC and ae

greater need for inspection S*.aff in operating plants. This will impact both
training and hiring practices,

There will be a continuing, if declining, major NRC resource comitment toe

resolving allegations and hearings. Intervenor emphasis will shift towards
transportation problems, operations and maintenance concerns, and waste manage-
ment issues,

It will be necessary for NRC to retain a core of competence in the areas of plante

design and construction to deal with plant modifications, life extension, new
design problems, and in anticipatton of a revival of design and construction
activities in the future,

A possible decline in number and competence of available NRC QA/QC and othere

-inspectors and changes in inspection scope and emphasis may require changes in
training and inspection procedures.-

1-

In an all-operating reactor environment, maintenance and plant modificationo

become more important considerations. Additional requirements governing examina-
tion and certification of key' licensee staff in these areas may require
consideration.

Refilatory ~ requirements for nuclear power plant life extension should be devel--e

oped as soon as possible.

Regulatory implications of construction project restarts, standardized plants,e

and advanced designs mast be anticipated. The extent to which resources should

be expended in preparing a regulatory framework for possible future generation
plants is a high-priority, near-term issue.

Unresolved safety issues will require resolution to facilitate standard plante

licensing,

The NRC should make a deliberate effort to retain functional awareness of thee

historic quality problems in design and construction.

NRC OA policies and practices should be regularly assesse:1 and revised, perhapse

on a scheduled basis, to maintain currency with industry conditions.

Ouality assurance guidance for participants in waste management programs is ae

high priority need.

4.3
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TABLE 10. (contd)

R. Industry Concerns with Safety /0A implications for NRC

e Utilities under pressure to achieve high capacity factors or to compensate for-
'

construction disallowances by SURAs may be inclined to economize in maintenance
and other quality-related areas.

e Utilities with severe financial problems may be tempted towards similar economies
that could result in quality lapses. Economic pressures may lead some utilities
to do their own outage design work without relating 1* to the original detailed
AE design which may only be available from the AE at substantial cost.

e Quality requirements must be adequately connunicated to and followed by service
vendors,

e New institutional arrangements, i.e., new types of licensees, may have implica-
tions for safety and quality assurance,

e - Problems with replacement of components, materials, or subsystems, because of
lack of availability of identical parts or advances in the state-of-the-art, will

have to be considered in terms of overall impact on plant design and reliability
and whether or not the original plant design bases are being compromised.

e The increasing use of computer technology (software in particular) in plant oper-
ations, especially in direct operation control modes, will require more concern
on the part of NRC for 0A in both hardware and sof tware development.

Technical and regulatory guidance needs for plant life extension should bee

defined and addressed.

e If mothballed projects are restarted, there may be special quality concerns over
deterioration of materials and components, records, and conformance to current

regulations.

Utilities should consider a framework for assuring appropriate, timely NRCe
,

i . involvement with restarts and new generation plants, e.g., one-step licensing and
readiness reviews.

e Introduction of advanced equipment and measuring techniques may increase the
technical complexity of inspections (or could simplify procedures) requiring
upgraded training for inspectors,

The increasing need for qualified operators may create more concern over trainingo

! and certification.
.
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TABLE 10. (contd)

C. External Influences with Safety /0A Implications for NRC

There will be shifting public, political, and intervenor emphases*

from design and construction to plant operations, transportation, and
waste-related problems. The level of allegations will depend upon
the effectiveness of utility management attention to employee

Concerns.

Foreign participation in the domestic market, either directly or*

through acquisition of U.S. firms, may lead to changes in quality
practices.

The extent to which foreign or other agency or industry quality prac-e

tices can be accepted in lieu of current NRC practices should be
evaluated; perhaps international working agreements on standards,
practices, and reciprocity require development.

Special arrangements may be necessary for inspection and monitoringe

of foreign suppliers.

Quality requirements must be adequately communicated to and followede

by foreign vendors.

Heightened concern over terrorist activities, primarily abroad but*

perhaps in the U.S. as well, may require more concern for quality
assurance for protective systems.

Overall trends in the economy and the cost of financing will directlye

influence power demand and probably prospects for growth in nuclear

generating capacity.

Changes in cost or availability of alternate fuels (coal, natural*

gas, and oil) will be directly reflected in changes in demand for
nuclear power.

Potential impacts of pending legislation on NRC OA policies should bee

evaluated and anticipated.

4.5
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The likely impacts of projected industry trends on the NRC QA program are
summarized in Table 11. Each potential issue may affect the QA program differ-
ently under each of the alternative industry scenarios discussed in Sec-
tion 2.0. The columns at the right of the table show a rough estimate of the
impact which each problem will likely have given the high, nominal and low pro-
jections developed in Section 2.0.

Sections 4.2.1 through 4.2.4 expand upon each of the issues listed in
Table 11. The discussion of each issue covers: 1) a brief summary of the
source and significance of the issue for nominal, high, and low industry proj-
ection, and 2) suggestions for changes in or additions to the current NRC 0A
program which should effectively deal with the issue.

4.2.1 Issues Arising from a Transition to an All-Operating Nuclear
Plant Environnent

In all three nuclear power development scenarios examined in this report,
the overall trend in the coming decade is to a situation where roughly 120 + 15
nuclear plants are operational, and few, if any, are under active construc--
tion. The QA challenges for NRC over the coming decade will be primarily
determined by problems arising from this transition that relate to the issues
listed in Table 11. These issues and related 0A implications are discussed in
the following.

4.2.1.1 Expanded Inspection feeds

Operating plants characteristically require more surveillance by resident
inspectors than has been provided in the past for plants under construction.
Thus, as more plants come on line, there will be increasing demands on the
regional NRC offices for more inspection personnel. Displaced construction
inspectors may not substitute on a one-for-one basis because inspections at
operating facilities require somewhat different qualifications and training.
As a consequence, replacement as well as addition of personnel may be required.

Any of the three industry projections imply needs for more qualified
inspectors with the aominal scenario probably requiring the fewest additional
people. The high projection would clearly require a larger inspection staff
because more plants would be both under construction and in operation. Under
the low projection, fewer plants would require inspection coverage but the
hypothetical accident would probably identify more inspection needs in both
construction and operation.

The market for qualified inspectors is and should continue to be strong--a
factor which may place the NRC at a disadvantage in hiring and retaining
inspection personnel with the desired qualifications. New incentives, monetary
or positional, may be required to maintain a high caliber inspection corps.

t
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TABLE 11. Issues Which May Influence Development of NRC Quality
Assurance Policy and Practices Between 1985 and 1995

In.iustry Projection (Section 2.0)(a)
1) Transition to all operating

reactor environment
Issues Hi M to
e Expanded Inspection Needs + + -+

e Knowledge Base Retention 0 + +

e Personnel Qualifications + + =+

Plant Aging / Life Extension- + + +e

e Maintenance / Outage Management & + 0

e Conponent Replacement / Plant + + +

Alterations
e Restart of Mothballed Plants + 0 NA

e Severe Accident Response NA NA +

OA in Nuclear Waste Programs + + +e

2) Introduction of New Technology
Issues Hi M Lo

e Advanced LWR Concepts + 4 0

e Computer Systems + + +

e Etsipielt '4aterials and + + +

Measurement Techniques

3) Regulatory Policy Issues
Issues Hi M Lo

e Shifts in Intervenor Emphasis 0 ' +-

j e SURA Pressures for Cost Savings + +-

e Legislative Actions + 0 +

New Institutional Arrangements + 0 +e

e Deregulation of the Utility Industry + + +

4) External Influences
issues Hi M Lo

e Foreign Entry into US Markets + + 0

e Impacts from Other Fuel Systems 0 0 0

e Economic Cycles + + +

e Terrorist Threats + + +

(a) Key
Increased need for NRC concern and resources+ =

Neutral (same as now)0 =

Decreased nedd for NRC concern and resources- =
,

NA = Not applicable

4.7
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Efforts to increase inspection productivity by prioritizing procedures and
developing more effective inspection approaches would also be helpful. An
alternative approach might be to utilize non-Agency personnel, e.g., contractor
or licensee emoloyees, to supplement the efforts of NRC inspectors. Examples
of the latter are the Engineering Assurance and Readiness Review programs now
used in the plant construction phase. Similar initiatives could provide
leverage for NRC resources in the operations phase.

Staffing in general may pose problems in the future. With fewer new grad-
uates in nuclear specialties, and the migration of technical personnel to other
industries, the pool of potential new enployees will decline. The NRC may need
to place greater emphasis on training and retention of present staff.

4.2.1.2 Knowledge Base Retention

If plant construction declines to zero and does not revive for several

years, there is a risk of losing nuch of the construction-related experience
base and knowledge accunulated over the past twenty years. This will be
offset, at least partially, by needs for similar skills in nonitoring plant
modifications, retrofits, and other construction activities which will be
ongoing at operating plants.

The rate of knowledge atrophication is likely to be lower for the high
projection than for the nominal and low projections. In the high case, con-
struction would continue to a later date. In the low case, although additional
backfits probably would be required, these are nuch smaller in scale than new
construction projects. In any of the these cases, however, failure to begin
new plant construction to 2000 or beyond will result in the loss of availabil-
ity of NRC staff with critical insights should new plant orders ever be placed.

Retention of construction lessons learned can be facilitated by the crea-
tion of a records system which documents these lessons in retrievable and
usable forms. To accomplish this may require some innovative approaches--it
seems doubtful that a file cabinet filled with NUREGs and inspection reports
will suffice to properly orient an inexperienced inspection staff. A more
" user friendly" approach which might employ video programs featuring experi-
enced, key individuals who have been instrumental in achieving the present
level of agency sophistication should be considered. These may be useful
training aids as well as filling the function of archiving important and irre-
placeable knowledge. This approach could be integrated into a simplified
expert system to nost efficiently and effectively train new inspectors.

4.2.1.3 Inspection Personnel Oualifications

Availability of inspection staff with requisite qualifications will rsse
an increasing problem over the next ten years independent of industry
projection. Three factors will contribute to this: the need for more

4.8
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inspectors, more competition for capable personnel (both previously noted in
Section 4.1.1) and the growing complexity of inspection techniques.

It will be necessary for inspection training programs to remain abreast of
contemporary technology and for inspectors' training to be upgraded in regular
and timely fashion. Conceivably, technological upgrading of the inspection
staff could produce more effective inspectors, a desirable esprit de corps, and
conspicuously more impressive qualifications which might justify the increase
in recompense which may be necessary to keep turnover rates to a manageable
level.

The potential of advanced computerized techniques, e.g., expert systems,
in developing more effective training methods should be kept in mind. These
methods coupled with nodern video and data communications might lead to more
effective, decentralized training which may accomplish desired results faster
and at lower ultimate cost than do present approaches.

An additional possibility for maintaining inspection qualifications is to
create an elite team with the mission of regularly visiting region inspection
staffs to train and indoctrinate them in new as well as traditional techni-
ques. This approach may be effective in both assuring the proper qualification
of regional personnel and in introducing greater inter-regional consistency in
inspection practices.

4.2.1.4 Plant Aging and Life Extension

As plants grow older, the related issues of aging and life extension will
gain prominence. Aging should be of little concern for environmentally quali-
fied components, certain electrical parts, and disposable components, such as
filters and seals, that are replaced on a regular basis. Other plant compo-
cents and systems are subject to regular inspection and maintenance; however
there are few, if any, validated theories for predicting design life of such
basic components as pipes and valves. These items are renufactured to appli-
cable standtrds and inspected in-service at regular intervals. This approach,
modified by experience, has been successful and is likely to continue to be the
principal procedure for scrifying the safety of such components in aging
plants. The common wisdom holds that system redundancies provide adequate
insurance against the consequence of age-related failures. Further study of
aging seems justified and is, in fact, in progress. Independent of future
developments in the industry, NRC irspectors should maintain an awareness of
the state-of-understanding of aging processes and the methods used to monitor
and document these in each plant. Possible needs for more intensive inspection
using advanced techniques and a commensurate increase in 0A coverage should
also be anticipated. To make effective use of NRC resources, a system for
ccmmunicating experience gained at older plants to the inspection staff at
large should be developed.

Plant life extension was discussed at length in Section 3.6.4 The low
industry projection presumes little or no interest in life extension; however,
for the nominal and high projections, near-term pressure for NRC action seems

4.9
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inevitable. A list of the activities envisioned as necessary before license
terms can be extended is given in Section 3.6.4 In summary, these involve
identification of the issues involved, review of similar experience in other
industries, evaluation of pertinent regulation and policies, determination of
information requirements, and preparation of regulatory guidance for life
extension applications. The latter activity should include development of
specifications for licensee quality assurance programs. Presumably these would
be based upon 10CFR50 Appendix B; however, detailed programs will differ in
significant ways from those which have been applied to plant construction and *

operation, e.g., in requirements for data qualification. If these differences
are not currently being examined, a study to do so should begin as soon as
possible.

4.2.1.5 Maintenance and Outage Management

Routine maintenance and the similar activities which occur during outages
will be subjects of increasing concern to the NRC over the next few years both
because more plants will be operational and because of perceived, possible
inadequacies in present. practices. Qualitatively, the problems posed will be
independent of industry projection but will be of greater magnitude for more
optimistic scenarios.

Maintenance of mechanical components within the pressure boundary must
conform to the requirements of Section XI of the ASME Boiler and Pressure
Vessel Code. A sizeable NRC program directed toward developing indicators of
maintenance adequacy at operating plants was recently launched. While projec-
tions of likely modifications in maintenance programs which will derive from
this and related efforts is premature, possible new insights might lead to
additional procedural standards; specific procedures for specific components;
additional personnel qualifications, training, and licensing; and specific
requirements for organization of maintenance departments. An additional proce-
dural change which might be considered is NRC review and signoff on major main-
tenance projects. Generic changes in maintenance program requirements will
require commensurate changes in quality assurance thus the Quality Assurance
Branch should remain abreast of new developments and their QA implications.

Outages are periods of very intense activity involving changes in core
configuration and maintenance, replacement, and repair which cannot be per-
formed when the plant is at power. Prior to each planned shutdown, a utility
prepares a detailed outage plan the intent of which is to assure that all
necessary work is completed in mininum time. Contingency plans are also pre-
pared in advance to take advantage of unscheduled outages.

As incentives increase for higher net capacity factors, pressures to
reduce outage duration will intensify. More activities with safety implica-

,

'

tions will be done in parallel using concentrated staff with the result that
the already very demanding NRC inspection burden during outages will become
even more tacing. An increase in the NRC inspection staff may be needed to
meet these demands. Alternatively, it may be possible to ease this burden and
better assure that all requisite inspections are performed by developing
standardized inspection procedures to be followed during outages. These

4.10
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together with indepth pre-outage planning and review of the licensee outage
. management plan should contribute to the efficiency of the NRC inspection
effort.. Post-outage review of the maintenance, repales, and modifications
performed including review of failures which stemmed from work done during the
outage, evaluation of documentation of outage activities and inspections, and
assessment of any degradation in plant safety which may have occurred during
the outage would provide better assurance that proper inspections were
performed.

4.2.1.6 Plant Alterations and Component Replacement

Rcplacement parts and components identical to the originals can become
difficult to obtain as plants grow older. This happens for a number of rea-
sons, e.g., suppliers go out of business or discontinue providing nuclear qual-
ified items, the designs of components change with advances in the state-of-
the-art, or manufacturing processes and tooling are changed. Replacement part
availability problems will probably become more severe independent of industry
trend. Unavailability of identical replacements creates requirements for re-
engineering and re-design of affected plant systems. NRC inspection efforts
should recognize this and provide oversight for the QA programs applied to
engineering design work to assure that original plant design bases and other
licensing conditions are not compromised. On-going attention will also nead to
be applied to assure that different parts and/or components are properly certi-*

fied under required 0A programs.

An alternative approach to easing the growing shortage of nuclear qual-
ified replacement or original parts is to establish equivalency and acceptabil-
ity of qualification practices in other industries. For example, the military
procures equipment, components, and materials which are similar or identical to
those used in nuclear power plants. These are not now acceptable for nuclear
applications because they do not bear ASME N stamp certification. They are
subject, however, to rigorous qualifying standards, e.g., MIL-Q standards,
which may fulfill tne intent of nuclear qualification. The NRC may find it
useful to evaluate the quality programs and their implementation required under
other-than-nuclear certification standards and, where possible, establish
equivalencies which would allow use of non-nuclear grade items in nuclear
plants.

A third option is to review certification requirements and their bases
with an eye to relaxing them where appropriate.

4.2.1.7 Restarting Mothballed Plants

The restart of significant numbers of mothballed plants and/or construc-
tion projects that may be cancelled in the future is considered viable only
under the optimistic industry projection. Some licensees are maintaining noth-
balled units in a fashion which would facilitate their restart. The Washington
Public Power Supply System, for example, has developed a comprehensive preser-
vation plan covering mechanical and electrical equipaent and structures. The
program derives from standards developed by ANSI, ASME, IEEE, and the American
huclear Insurers.

4.11
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It seems desirable for the NRC to establish guidelines for conformance of
construction and components to updated regulatory requirements and for demon-
strating that no significant deterioration his occurred while the project was
inactive. Quality assurance requirements will be a major portion of whatever
guidance is forthcoming and will require considerable thought and develop-
ment. Relevant experience is available from plants which have been delayed for
lengthy periods before becoming operational, e.g., Diablo Canyon and THI-1. A
task force and/or workshop to evaluate these experiences as sources of generic
guidance could be useful.

4.2.1.8 Severe Accident Response

A severe accident analogous to TMI-2 would almost certainly pose new qual-
ity assurance problems for the NRC. The specifics of these cannot he antici-
pated; however some general characteristics of the optimun regulatory response
may be worth considering. With THI-2 as a nodel, it nay be pos W e to specu-
late on how changes in quality policy might be made wa ef' active and timely
in terms of general dichotomies. For example, would quality program changes in
response to the TMI-2 accident have been nore effective or less effective had
they been 1) more generic versus more prescriptive; nore performance criented
versus more compliance oriented; more persuasive versus rule making (carrot
versus stick); nore cooperative and supportive versus more adversarial; etc?
These general considerations deliberately posed against the real example of
regulations in practice afforded by the aftermath of TMI-2 could provide useful
policy guidelines for responding to any future accident. To be realistic, such
speculations would have to be modulated by parameterized estimates of the
political and economic implications of and responses to a hypothetical severe
accident. This process would entail large uncertainties and nay not be capable
of generating sufficiently precise insight to be of value.

4.2.1.9 Ouality Assurance in Nuclear Waste Isolation

Nuclear waste isolation, although somewhat peripheral to the future pros-
pects for nuclear power, entails quality assurance issues which will be of
continuing concern to the NRC. Long tern. waste disposal will be required
regardless of future developments in nucler power generation. The schedule
for the deep repository calls for final site selection in nid-1991 and an oper-
ational facility by 1998. Current DOE-sponsored prograns are aimed at charac-
terizing candidate sites in terms of their utility for long term retention of
high level radioactive wastes.

The repository is subject to NRC license and site selection will be a
licensing issue, thus the bases for site characterization will have had to be
generated under programs subject to acceptable quality assurance. The basic
elements of waste-related 0A programs will derive from 10CFR50 Appendix B as
modified by 10CFR60 Subpart G. In the past, this had been applied to power
reactors which pose significantly different technical and safety problems than
will waste isolation facilities. The specific requirements for 0A prograns and
their implementation in selecting, designing, building, and operating waste
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repositories must be developed by NRC over the next few years. The most imme-
diate needs concern research and development, currently in progress, which will
provide the rationale for site selection in 1991. NRC OA guidance for these
activities should be articulated in the near future.

4.2.2 Introduction of New Technology

The principal anticipated technological innovations which will impact NRC
OA policies were discussed in Section 3.6. These relate generally to advances
in reactor design, increased use of computers in plant operations, and new
developments in inspection technology,

4.2.2.1 Advanced Reactor Design

For the best estimate and particularly for the optimistic industry proj-
ection, serious proposals for construction of new plants employing advanced
NSSS designs will probably have to be dealt with. Advanced in this case is
construed to mean nodifications of present LWR technology to yield simpler,
safer, and/or standard designs that are easier to license or can be granted
generic licenses. Quality assurance requirements in building and operating
such plants should be similar to those currently applied.

If, as envisioned, the new plants are simpler to construct, maintain, and
operate, implementation and verification of acceptable OA practices should be
easier than it is now. ftre attention to 0A in the design phase may be
required-both because design receives comparatively less OA scrutiny now than
do construction and operations and because of the intent to reduce design con-
servatism in advanced reactors.

A najor question which NRC must resolve is the extent to which resources
should be invested in developing a regulatory framework for advanced plants. A

substantial portion of this framework will deal with OA issues.

4.2.2.2 Advanced Computer Applications

Independent of industry projection, new computing and analysis technology
will be coming into wider use in nuclear plants over the next ten years. Com-
puterized reactor control, robotics, and expert system application are likely
growth areas.

The major challenges posed to NRC will fall in two categories. 1) estab-
lishing surety programs for computer software used for safety-related applica-
tions and 2) training 0A and inspection staff in the new technology.

Quality assurance in the design, development, documentation, inplementa-
tion, and maintenance of software substantially lags that in other technical
disciplines. This problem is exacerbated by the lack of NRC guidance or
endorsed standards for software OA. This is a recognized deficiency, and the
NRC has ongoing programs to assess the magnitude of the problem and develop
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appropriate guidance. Given the rapid growth in computerization and the
dynamic nature of the software business it seems desirable that these prograns
come to fruition in the near future.

There exists a widespread tendency to computerize for computerization's
sake. For some tasks, the use of computers may not be beneficial and, in fact,
may be counterproductive in terms of not simplifying or expediting the work and
possibly increasing risks. NRC staff should be competent to independently
judge when computerization is advantageous and when it is not.

The introduction and use of advanced computing technology in nuclear plant
operations will require different types of inspection than do mechanical .sys-
tems. Resident inspectors will have to become sufficiently conversant with
plant computer hardware and software systens to evaluate the effects of con-
puter systen problems on plant safety. NRC will need to devote significant
resources to training both resident and regional inspectors in carrying out
their monitoring functions.

There are opportunities as well as challenges for NRC implicit in the
computer revolution. Greater use by the staff of personal computers and
advanced technology such as expert systems for training and data storage and
analysis should result in better qualified, more efficient inspectors.

4.2.2.3 New Inspection Technology

New inspection nethods, primarily for non-destructive examinations will
continue to be introduced and should provide inspectors with better data on
which to base their judgments. Conconmitant with these advantages will be the
requirement that both licensee and NRC inspectors be adequately trained in the
use of new techniques.

4.2.3 Regulatory Policy Issues

There are several areas in which the changing industry infrastrudore will
lead to needs to assess and probably modify in a broad sense NRC policies and
practices. The issues involved are generally beyond the control of the Agency,
and their quality assurance implications for the most part are not immediately
apparent. As some of these issues develop, however, it seems likely that they
will require changes in the basic fabric of nuclear regulation including, prob-
ably, some reassessment of the NRC posture towards quality. Little can be said
concerning specific impacts on the 0A program, but the potential significance
of these issues warrants including them in the context of this study.

4.2.3.1 Shifting Intervention Emphasis

As construction winds down, intervention aimed at preventing plants from
becoming operational will decline--at least for the best-estimate projection.
If a severe accident should occur (low projection), efforts to stop projects
and close operating plants would probably intensify appreciably. The high pro-
jection presumes some generally increased acceptance of nuclear power thus, for

4.14



.

. .

this scenario, intervenor pressures should abate. It is likely, though, that

conmitted groups would continue their efforts on a local basis.

The fact that intervention aimed at frustrating the granting of operating
licenses will diminish should not be construed to mean, however, that the over-
all level of intervention will diminish. Sentiments for foreclosing the

nuclear option may increase as plants become operational and construction costs
translate into increased power costs. Antinuclear activists and other con-
cerned groups will probably refocus their efforts on plant operations, trans-
portation of radioactive wastes and fissile materials, and long term nuclear
waste storage. The latter area, waste storage, is under increasing attack in
connection with repository siting. Almost certainly, the NRC role in licensing
waste repositories will be carefully scrutinized and any aspect of the 0A pro-
gram or its implementation which can be construed as lacking in assurance of
quality or safety will be so portrayed. The NRC should, from a safety stand-
point alone, attempt to anticipate and neutralize, by effective regulations,
the OA-based objections which will arise to waste storage, transportation, and
power plant operations. In some cases, this will require regulation which
assures technically sound 0A programs implemented in a correct, defensible way-
-in others oversight capability which allows for anticipating and correcting
lax managenent practices on the part of licensees, contractors, and suppliers
may be needed.

~

4.2.3.2 Pressure on Licensees for Cost Savings

The growing trend for State Utility Regulatory Agencies (SURAs) to pres-
sure utilities to greater economies is discussed in Section 3.1. Penalties for
low capacity factors and refusal to allow certain construction costs to be
included in the rate base are approaches currently being used by SURAs to,

reduce " rate shock" to consumers.

These pressures will persist independent of industry projection. They are
likely to be more intense for the low projection because the hypothesized acci-
dent would probably increase costs associated with construction delays and new
backfit requirements. The high projection implies less financial pressure from
SURAs in order for utilities to favor nuclear power to neet new capacity needs.

Capacity factor thresholds may be beneficial in enccuraging a licensee to
improve his maintenance progran thus resulting in a safer plant. The regula-
tory concern is that, rather than improving maintenance and outage management,
a utility may seek to reduce outage time in the short term by not doing all
desirable maintenance, testing, and inspections. New NRC programs (Sec-
tion 4.1.5) to develop nethodology for assessing maintenance program effective-
ness will, if successful, yield the oversight necessary to assure proper plant
maintenance. Optimized inspection coverage of outage activities would further
reduce the risk of licensee neglect of important tasks.

SURA disallowance of significant construction costs in the rate base can
pose a threat to the very existence of a utility (Section 3.1). A licensee
with serious financial problems has a heightened incentive to save money in any
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way possible. The potential that this poses for neglect of expensive mainten-
ance, work which nay be best performed by service firms, and other costly tasks
with safety significance raises the same regulatory concerns as do pressures _

for high capacity factors.

4.2.3.3 Legislative Action

Pending legislation which would directly affect the NRC is sumarized in
Secti on 3.6.2. Current bills deal mainly with streamlining the licensing pro-
cess. A bill to reorganize the NRC and one to establish a national training
academy for reactor operators are also under consideration. The intent of all *

of these is to allow for more effective regulation while easing the regulatory
burden on licensees. The principal QA concerns for NRC derive from proposals
for one step licensing and licensing of standard plant designs. The extent to
which resources should be committed to evaluating the implications of these
proposals for the QA program and for restructuring the regulatory framework to
accommodate proposed new approaches should be addressed in the near future.
Future legislative trends are difficult to project with the possible exception
that, if another serious accident were to occur, significant new legislation
with implications for the NRC would probably be enacted.

4.2.3.4 New Institutional Arrangements

Various alternatives to the traditioral plant owner / licensee role of the
utilities have been suggested. Possibly, in the future, NSSS vendors, AE/Cs,
or some combination thereof may play a larger part in the ownership and/or
operation of plants. Joint ventures and private or government-owned regional
nuclear power consortia could also supplant individual utilities as generating
entities. In several of the possible new arrangements, the utility would
retain responsibility only for distribution and sales of power purchased from a
second organization which would have responsibility for building and operating
plants.

The concept of new licensee arrangements is relevant mainly to the high
industry projection, for which new arrangements may be a driving force, and, to
a lesser extent, to the nominal projection. The low projection anticipates no
new plant construction in the future, thus, no need for institutional revisions
except as possible reactions to the postulated accident.

The basic requirements for safety and assurance of quality are the same
under any institutional arrangement. The main incentives for new arrangements
are to increase the financial and technical strengths of licenses--both trends
which should lend to quality. Alternative institutional arrangedents are thus
seen as likely to reduce the QA problems with which the NRC must contend.
Serious, specific proposals for new licensee arrangements would require indi-
vidual analysis to verify that they represent no compromise of NRC quality
requirements.
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4.2.3.5 Deregulation of the Utility Industry

The possibility of rescinding federal regulations which define and control
marketing and distribution areas for all United States utilities is under
consideration by the Federal Energy Regulatory Commission (FERC). If this
should happen, the power generation and sales business would enter a free
market economy in which competition may supplant the cooperation which now
characterizes the utility industry. In the process, organizations jointly
maintained by member utilities for their ~ mutual benefit, e.g., EPRI, INPO,
NUMARK, EEI, may be weakened or destroyed. Some of the functions of these
organizations are supportive of NRC goals and some directly supplement NRC
functions, e.g., the accreditation and training programs conducted by INP0. If

this support is diminished or lost, the NRC may find it necessary to commit
resources, some of them quality-assurance-related, to fill the void.

'

4.2.4 External Influences

Some of the new challenges which will confront the NRC over the next ten
years will derive from developments external to the Agency or the traditional
nuclear industry infrastructure. Sources of these developments may include the
growing presence of foreign firms in the U.S. nuclear market, factors that may
encourage or discourage the use of fossil fuels or other non-nuclear energy
sources, national and international economic cycles, and expanding terrorist
activities. Neither the NRC, its constituent bodies, nor the domestic nuclear
industry will exercise great control over most of these factors. They are,
nevertheless, potential sources of important change which will create require-
ments for alterations in NRC QA policies and programs.

4.2.4.1 Entry of Foreign Suppliers Into the U.S. Market

Despite the general downturn in the U.S. nuclear business,. foreign firms
regard the U.S. market as worth pursuing. Section 3.6.1 discusses the status
of and prognosis for foreign involvement in the U.S. market. In surinary, sales
by foreign firms of components, nuclear services, and technical support to U.S.
plants are currently significant and are given high priority by French,
Japanese, Swedish, German, and Swiss companies. This situation presents the
NRC with four quality-related concerns: 1) evaluation of foreign QA programs;,

*

2) determination of their QA equivalencies; 3) special inspection requirements;
and 4) routine communication of new QA requirements to foreign vendors. The
NRC is aware of the need to resolve these concerns and is actively involved
with at least two overseas procurement situations which require decisions on
the acceptability of foreign nuclear QA programs (see Section 3.6.1). Addi-
tional evaluation of 0A program and practice equivalencies will have to be dnne
in the near future as will some resolution of whether or not new procedures for
overseas inspection and control of subtier vendors are needed. Possibly, the
NRC will find it necessary to establish a physical presence in foreign plants
for certain types of procurements. If so, resources will need to be identified
and appropriate QA and inspection organizations may have to be formed.

4.17



. ,

4.2.4.2 Impacts from Other Fuel Systems

Capacity needs will grow largely independent of energy source; and eco-
nomic, environmental, and political factors will combine to dictate the pre-
ferential source. Developments which discourage the use of fossil fuels
(pollution, cost, world political developments) may encoJrage greater reliance

,
on nuclear power. Emerging trends should be periodically reviewed in advance
planning for NRC resource needs.

4.2.4.3 Economic Cycles

The character of the national economy, as reflected in capacity need proj-
ections, should also be viewed as a bellwether of changing situations which may
evoke more or less concern over nuclear QA. As an example, the proliferation
of nuclear plant orders in the early 1970s over taxed the design and construc-
tion capabilities of U.S. AEs forcing some utilities to engage firms and/or
project teams with limited experience in construction of nuclear plants. This
situation was partially responsible for sone of the quality breakdowns in plant
design and construction which occurred in the late 1970s and early 1980s. In
retrospect, it should have been possible for the utilities and the NRC to
recognize the situation as a possible source of problens and to have imple-
mented preventative measures. The NRC needs to remain alert to the development
of similar, growth-cycle-related situations.

4.2.4.4 Terrorist Activities

The continental U.S. has been fortunate in experiencing relatively little
of the indiscriminate terrorism plaguing much of the world. If the situation

changes, nuclear plants could be prime targets. The NRC should consider whe-
ther more rigorous quality assurance should be applied to plant protective
systems.

4.3 SUMMARY AND CONCLUSIONS--FUTURE NRC OA CHALLENGES AND OPTIONS

Sections 4.1 and 4.2 discuss quality-related problems likely to confront
the NRC as consequences of anticipated trends in the nuclear industry between
1985 and 1995. Options available to the NRC for anticipating and responding to
these developments were also identified. The majority of the alternatives that
might be exercised by the NRC take the form of modifications to the Agency's
structure or practices. In responding to certain challenges, new regulatory
guidance may be the best approach, and some formal revisions in, or additions
to the regulatory base may be required to affect certain of the suggested
internal changes.

An overview of predicted impending issues with QA implications and a list
of corresponding possible options for dealing with them is presented in
Table 12. This sumarizes in a more accessible way the findings developed in
the preceding parts of Chapter 4.0.
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TABLE 12. Sumary of Projected Quality Issues and Resolutions

M HE12UTICM CPiffk3

1. Transition to All Omaratt na Reactor Env t rnmmmet

A. Expanded Inspectton heeds
o Expand inspection staff.

o Greater inspection presence reqstred at operating plants. o Better training f or inspectors and
o Dif ferent qualtf tcations f or operations vs construction. Other QA staff.
o More campetttion for quell'ted personnel. o Monetary or other incentives.
o Feuer neu graduates. o Use of Itcensee or contractor staf f

to supplement inspection staf f.
B. Kncanledae Rata Rateatten

o Disintshed need for constuction-related inspections thus o User-friendly archtwing of present
loss of expertise. emportise for f uture use.

o Possible future need for lessons learned in construction. o Empert system to aid future use of
lessons learned.

C. Insmartica Persennel Qualificattens

o Increases in techatcal complentttes of plants and o Advanced training; use of computertration
inspecttan techniques. and video training aids and communications.

o Espert training team serving all
regions.

D. Plant Aetne and t ife Estaasten

o Need for more and/or dif ferent inspections at older plants, o Continued aging stuctos.
o Uncertainty regarding prospects for Itcense extensf oa. o Staf f training on aging phenomena.

o Staf f training in new inspection
methods.

o Develop criteria and guidance for
Itcense extenston application.

E. Matetanmara and Outa w Wa a w aat

o Watetenance program effectiveness. o More prescriptive guidance on
o Ef fective QA during outages. maintenance.

o CA Program structured to accomodate
new maintenance requirements,

o Standartred outage inspection
procedures.

F. Pl ant Alteratica and Pa=annsat Raml ar==m at

o Lack of original parts. o Evaluate equivalencies of non-nuclear
o Shortage of certified parts. certif i ca tion,

o Alteration ef fects on oesign bases. o Revleu/ relax certification requirements.
o More CA overstght for alterations.

G. Rastartine Met %hallee Plaats

o Conformance to current regulatory requirements. o Guidance on application of
o In-storage deterioration. regulatory requirements.
o Documentation adequacy, o Evaluation of detertoration

mechant ers and ef fects.
o Survey deterioratton expertence.
o Guidance on preservattoa and

doceentation requirements.
H. Sev e re ace t em at Pesecase

o Effectiveness of general, short response changes o Evaluation of THI-2 emperiences in
i n CA. terms of ef fectiveness of type of

approach.
I. QA in maste Iselatten

o Site selection / licensing of repository. o Develop guidance for CA on site
charactertration R&D.
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TABLE 12. (contd)

II. Intrefactten ef Nam Techneloev

A. Advanced Rametets

o Market uncertatnty. o Define QA program and resource needs
o ifablitty of concepts. for regulatory revistons.
o Dif ferences from present LeR's in QA needs. o Scope new regulatory f ree=orks.

Advanced 'Wanuter Anahcatic9s- B.

.o Ceputer use in reacter control. o Develop regulatory guidance for sof t-
o Development end toplamentation of expert systems were QA.

and other artif tetal intelligence to supplement o Tratatag of staf f (H3 and taspectors)
maintenance. inspections. and trouble shooting. In QA for sof tware and coputertaed

o Rapid growth in use of computerization generally, systems.
o More use of ceputeritetton by HQ and

regions - training. d4ta handling,
empert systems.

o Hire staf f with computer backgrounds.

o Develop criteria for appropriateness
of computerizations.

C. Nam f etnectf en Technclow

o Adequacy of Itcense qualifications. o Inspector tratalog in new methods.
o Regular rewtow of Itcense

qual t f f ca tions.
III. Kaaulaterv Peltev fesuas

A. shif ttne f atervener Famsts

o Fever allegations of constructtri QA probleas. o Shtft resources as appropriate,

o Refocus on operattorse transportation and o Evaluate new staff capability needs.

waste storage. o Verify ef fectiveness of QA guidance
for operettons, transportation. andi

waste storage and upgrade as'

appropriate.
B. Eceaaete Pressures en t_tcenseeg

Develop m'ethods for assesstng matn-$tnA pressures for increased capacity factors and oo
for disallowing costs in rate base encourage tenance and inspection ef fectiveness.

utilities to save where possible. -o Develop more ef ficient. pricrittred
* inspection procedures.

o increase inspection staff at affected
sites.

o More prescriptive guidance on main-
C. Peadt re i set sl attve Act* en tenance,

o Issues as identified in current btils. o Maintain awareness and identify
response options.

D. how Institutteami Ar ra-meer t s

o Of f ferent licensee arrangements for future plants. o Analyze serious proposals f or QA
imp)Icat1ons.

E. Decem1ation of the utility Industry

o loss of support for key industry groups. o Maintain an awareness and identify
response options.

IV. Futernal Influences

A. Feratan tunn1 tars in tL L Markats

o Safety related items qualtited to other than N-stamp o Evaluation of forefgn QA programs for
requi rement s. Conf ormance to NRC requirements,

o Manuf acture of safety related itens abroad, o Determination of equivalence between

o Modifications to U.S. manuf actueers' practices because foreign QA practices and NRC
of their alliances utth foreign firms, requframents.

4.20



y4 :

.: ..

TABLE 12. (contd)
,

o Econetc pressures on tredttional U.S. supplies. O Determine need for NRC inspection
abroad and implement.

o Regularly mont tor U.S. suppliers for
degradation in QA practices.

B. ' - += Fem ot u r M 1 t w a'-*

o Econmic, enviroweetal one moittical tafluences e%1ch o Deatn esare of trends and plan for
encourage ce discourage non-nuclear f uel use. cepensating nuclear trends-tnerease

or decrease CA/ inspection staff to
anticipate trends.

C. f ennair helas

o .Seere11 trents in the national and world econantes o Itatatata awareness of trends and their
cadstng changes te capacity needs. expected ef fect on Itceasees and NRO

resource needs.

D. Terrortam

o Pcssible increased threats to U.S. plants. o Verify that adequate CA is applied to
protective systems.
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The general implication of the alternative projections developed in Chap-
ters 2.0 and 3.0 and the resultant policy issues and options discussed in Chap-
ter 4.0 is that the nature of NRC quality-related responsibilities and work
load will change substantially over the next ten years. Neither significant,
sudden increases nor declines in overall personnel or other resource require-
ments can be foreseen. Anticipated changes should be evolutionary in nature
and can be effected in an orderly way without serious disruption in staff or
resource allocation if the agency recognizes and prepares for change in a
timely, efficient manner. Training and staff development are important ele-
ments in dealing with many of the expected trends. These activities are under
the direct control of the NRC and can be quickly and economically supplemented
to meet new needs. Some near tern needs for new regulatory guidance exist,
e.g., in the areas of nuclear waste isolation, plant life extension, computer
software, maintenance, mothballing of partially complete plants, and determi-
nation of equivalencies between NRC and foreign and non-nuclear quality
programs.

The question of issue prioritization has been avoided in this study for
two reasons:

1. The trends from which issues derive are predictions which include
significant uncertainty. Tangible indications that a trend is mate-
rializing are required to justify substantive action by the NRC.

2. The NRC must contend with organizational and political exigencies
which must be considered in conjunction with technical issues in
determining priorities. Resolution of these composite factors can be
accomplished only internally, i.e., within the Agency by NRC staff.

Finally, the fact that an issue is cited in the foregoing should not be
construed to suggest that the NRC has not been awne of or has been unrespon-
sive to that particular problem. Many of the issues noted are of current (and
some of long term) concern to the NRC, and in a number of cases, initiatives to
resolve cited issues are in progress.
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