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PREFACE

During the past decade, the lead times required to plan, license, and
build a commercial nuclear power plant have increased from 6 or 7 years to
10 or 11. This added lead time creates costs for the consumer, and places
nuclear power at a disadvantage when compared to alternative forms of
electrical generation. To help correct this situation, the Administration
introduced the Nuclear Siting and Licensing Act in March 1978, and will
reintroduce it in the 96th Congress. This report analyzes recent delays in
reactor licensing and construction and examines the potential for legidative
reform of the reactor licensing and construction process.

Delays in Nuclear Reactor Licensing and Construction; The Possibili-
ties of Reform was written by Everett M. Ehrlich of CBO's Natural
Resources and Commerce Division, under the general direction of Richard
D. Morgenstern and Raymond C. Scheppach. Marion F. Houstoun edited the
manuscript, which was typed for publication by Misi Lenci. Sarah Beth
Lambert provided research assistance. The report was prepared at the
request of the Energy and Environment Subcommittee of the House
Committee on Interior and Insular Affairs. In accordance with CBO's
mandate to provide objective and nonpartisan analysis, this paper contains
Nno recommendations.

AliceM. Rivlin
Director

February 1979
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SUMMARY

Nuclear reactors, developed for commercial purposes in the 1950s,
are used by utilities to generate electrical power. A decade ago, the
planning, siting, licensing, and construction of a nuclear reactor took 6 to 7
years,; today, that process takes 10 to 11 years.

Longer lead times for reactors present two problems. Firgt,
increased time leads to higher reactor costs,which result in higher electri-
city rates for consumers. Secondly, high reactor costs subject nuclear
power to a disadvantage when compared with the cost of alternative sources
of energy. CBO estimates that the cost of a month's delay in the licensing
phase of a reactor—which dates from acceptance of a utility's construction
permit application by the Nuclear Regulatory Commission (NRC) to its
issuance of that permit—is $8.9 million. A month's delay in the construction
phase of reactor--which begins after NRC issuance of a construction
permit—is estimated to add $10.6 million to its final cost. An 18-month
delay in total reactor lead time can add about 7 percent to the ultimate cost
of nuclear-generated electricity.

Although expediting the licenang and construction of nuclear
reactors would reduce costs, it might do so a the expense of compromises
regarding the levels of safety and environmental protection. This issue—
determination of the appropriate balance between the economic and socid
costs of nuclear energy—is an egpecidly timely one, snce the NRC
withdrawal of its support of the Reactor Safety Study (Rasmussen Report).
This report, accepted by the NRC in 1974 but then repudiated in January
1979, provided the NRC with estimates of the probability of nuclear
accidents. Now that its conclusions are no longer judged valid, the chances
of apotentially catastophic reactor accident must once more be regarded as
"uncertain." It is therefore unclear if current safety and environmental
standards should be relaxed until this uncertainty is resolved.

In order to assst the Congress in evaluating the series of licensing
reforms proposed by the Nuclear Siting and Licensing Act (NSLA), which
was introduced for the Administration in 1978 and will be reintroduced in
the 96th Congress, CBO conducted an analysis of recent delays in reactor
licensing and construction. This report assesses the degree to which delays
in reactor lead time can be ascribed to actions in the public sector and
hence ameliorated through legidative reform, estimates the impact of the
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NSLA on reactor lead times, and discusses two other approaches to licensing
reform. .

The Source of Recent Delays in Licensing and Construction of Nuclear
Reactors

CBO's andyss suggests that any legidation redirecting the federal
licensing effort will have only a moderate effect in expediting the licensing
and construction of nuclear reactors. About two-thirds of dl delays—
defined for the purposes of the anaysis as the difference between actual
and targeted dates for licensng and construction—in reactor lead time
would be insensitive to reforms of the regulatory process. Delays attribu-
table to changing NRC regulations, redundant reviews, and public partici-
pation in the licenang process could, however, be addressed through
legidation. Thus, although two-thirds of all delay in reactor licensing and
construction would probably not be affected by legidation, the remaining
one-third, which represents a delay in the licensing phase of 12 to 18 months
per reactor, is aredlistic target for regulatory reform.

More specifically, CBO's analysis of recent delays in reactor lead
times found that:

0 There are three magor sources of delay: economic factors,
changing NRC regulations, and public participation in licensing.

0 The longest delays occur because of unanticipated declines in the
demand for electrical power or difficulty in raising financing for
a reactor project. In recent years, both factors have increas
ingly led utilities to reconsider both proposed nuclear reactors
and reactors under construction.  Together, these factors
resulted, on average, in delays of over ayear for the sample used
for this study. Most of these delays occur after licensing and are
largely related to events outside the jurisdiction of the Nuclear
Regulatory Commission. Financial delays appear to be more
related to financial problems of electric utilities in general and
the "capital shortage" of several years ago than to uncertainties
created by the nuclear regulatory process,

0 The second greatest source of delay is resolution of NRC
radiological safety and environmental issues during the licensing
process. The median value of delays caused by these issues is
about sx months, but it can range from zero to two years,



The third greatest source of delay is public participation in
licensing procedures. Although some public participants have
been characterized as "obstructionist,” many interventions have
been instrumental in publicizing important safety and environ-
mental issues A number of public interventions occur and
achieve resolution informally, hence the impact of public parti-
cipation is often understated, both in terms of delay costs and
safety benefits. On average, reactor projects surveyed for this
report experienced delays of about sx months as aresult of both
formal and informal public interventions;

The sources of more minor delays are state/federal redundancy
in license review, management problems in construction, and
labor disputes. Taken together, these factors typically account
for only afew months delay in reactor lead time, but any one has
the potential of causing considerable delay in individual cases.

Analysis of the NSLA Proposals

The Nuclear Siting and Licensing Act proposes the following steps to
expedite the licensing process and reduce reactor lead times:

(0]

Standardization of reactor and plant designs, which would allow
the NRC to issue reactor vendors, such as General Electric or
Westinghouse, a "license to manufacture" pre-approved reactors
or reactor parts for a period of five years,

Early site review, which would allow the NRC to approve, before
issuance of a construction permit, proposed reactor sites for a
period of 10 years,

The use of adversary public hearings in the licensing process
would be limited, but apilot program for intervenor funding and
public participation in the planning stage of reactor projects
would be initiated,;

Mandatory review of individual construction permit applications
by the NRC's Advisory Committee on Reactor Safeguards
(ACRS) would be eliminated;

State and federal reviews would be coordinated under NEPA;
that is the NRC would be allowed to delegate environmental
reviews, as mandated by the National Environmental Policy Act,
to individual states;
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0o The NRC would be allowed to issue operating licenses together
with construction permits, and to issue interim operating
licenses before operating license hearings are compl eted.

The two potentially most effective avenues of reform are standard-
ization of reactor designs and early site review. Both of these reforms
address delays resulting from substantive issues of NRC regulation. CBO's
analysis indicates that standardization could shorten the NRC safety review
by 12 to 18 months, if rigorously implemented and accompanied by equiva-
lent reductions in other concurrent review procedures. If a standardization
program is to be effective in reducing lead times, however, it must be
implemented fully, avoiding any government-mandated changes in reactors
already in place ("backfitting"). Thus, adoption of these legidative reforms
implies the view that reactor technology is now mature and its risks are
acceptable.

Early site review—a procedure that would precede the safety review
of a reactor project and could approve, for a 10-year period, a reactor site
that met certain environmental standards—would not shorten the licensing
period; instead, it would move the site portion of review to atime when the
costs of delay are far lower, thereby allowing the utility and the NRC to
concentrate on the reactor design. If early site review were coupled with
standardization, the licensing procedure would then consist of matching a
preapproved design to the parameters of a preapproved site, which could be
accomplished in 12 to 18 months. Early site review could reduce delays by
up to ayear, but only if accompanied by standardization. The full benefits
of standardization and early site review would not, however, be realized
until the mid- to late 1980s.

Other proposals in the bill would save less time. Elimination of the
now-mandatory review by the ACRS would save two to three months,
without compromising safety standards. The bill's provision alowing the
NRC to approve and utilize the results of state environmental reviews would
somewhat expedite licensing in states with rigorous approval procedures.
Any alternative to such a system would involve federal preemption of states'
rights to review sites for nuclear plants, which is generally regarded as
undesirable.

Two changes are proposed in the granting of an operating license, the
NRC document certifying that areactor has been completed as designed and
is safe to begin operation. First, the bill proposes that operating licenses be
granted when construction permits are issued (a "one-stop" licensing proce-
dure). The bill dso proposes that "interim™ operating licenses be granted.
The reductions in lead times that would result from these two practices
appear to be negligible.
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The final area of regulatory reform concerns changes in the role of
the public in licensing. The bill proposes the following steps with regard to
this controversial matter:

o0 Interventions would be limited to issues on which there had been
"Nno prior opportunity” for resolution;

o Adjudicatory hearings (which include the rights to discovery and
cross examination) could be held only if factual differences
between the parties were discovered. Other disagreements
would be settled in legidative hearings, where the hearing
examiner would allow an adjudicatory format if, in his view, a
difference of fact emerges;

0o The NRC could give priority to construction permit applications
that allowed the public to participate in planning reactor
designs; and

o Limited funding would be granted to intervenors, at the discre-
tion of the hearing officer.

The use of the "no opportunity” rule and the limitation of adjudi-
catory hearings to matters of "factual difference” would expedite hearings
to some extent; however, these savings could fail to materialize if the way
in which these rules are applied were chalenged and overturned in the
courts. Public participation in planning reactor designs could be a useful
innovation, because it could resolve contested issues at an early stage, and
hence eliminate time-consuming interventions at subsequent stages of the
licensng process. Consideration might therefore be given to making that
procedure mandatory, and its results binding. Finaly, athough some
anticipate that the availability of funding for intervenors would open the
door to frivolous challenges of reactor designs and licensing decisions, the
provision for funding would give hearing officersa quid pro quo in return for
the cooperation and improved specificity and competence of intervenors in
the licensing process. Nevertheless, the net effect of these reforms would
be minor, no more than afew months per reactor.

In the last analysis, any reform of the current nuclear reactor siting
and licensing process raises questions involving U.S. policy toward nuclear
power. Proponents of nuclear power clam that many of the delays that
reactors now expcrience are the product of poorly applied or unneccessarily
stringent reactor standards. Although CBO cannot evaluate the technical
merit of eech NRC standard and regulation, in general, current nuclear
reactor regulations conform to a strategy of risk aversion, which reflects
continuing uncertainty about the chances of a catastrophic accident. In
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order to reduce increasing reactor lead times and costs, the Nuclear Siting
and Licensing Act would modify this strategy and move towards a view of
nuclear reactor technology as more stable and acceptable than previously
perceived.

Impact of the NSLA

In sum, the Nuclear Siting and Licensing Act would have only a
limited impact on reactor licensing and constructing times, primarily
because only a third of dl delay in reactor lead times can be ameliorated
through legislation. By the early 1980s, the construction permit review
period could probably be reduced from arecent average of 30 months to 24
months, with the bulk of the reduction stemming from fewer ACRS reviews,
elimination of some state/federal redundancy, and some standardized parts.
By the mid- to late 1980s, however, a reduction of as much as 15 months in
licendng time could be saved, if early site review were coupled with
permanent standardization. Whether or not these reforms will come to pass
depends upon how the outcome of till unresolved safety issues affects the
acceptability of standarized designs, and whether or not early site review
would undermine the integrity of the licensing process by "grandfathering"
reactor projects. It is doubtful that changes in the procedures for public
participation, "one-stop" licensing, or interim operating licenses would
expedite reactor licendng and construction. Full implementation of the
bill's provisions would decrease the cost of a nuclear power plant by about 9
percent and the cost of nuclear-generated electricity would be reduced by 7
percent. Further, should the real price of oil rise by 2 percent a year or
more in the future, delayed reactors would aso mean higher electricity
costs, as the oil- and coal-burning units they were to replace are extended
beyond their normal life.

Alternative Approaches to Licensing Reform

There are two dternatives to the NSLA: in-house reform of the
NRC's licensing procedures and a "full push" policy strategy analogous to
procedures used in Europe.

The NRC has extensively reviewed its licensing procedures, in a 1977
report entitled Nuclear Power Plant Licensing: Opportunities for Improve-
ment, This report, known as the "Denton Report,” urges greater use of
generic rule-making (setting criteria and making judgments applicable to all
reactors, as opposed to resolving issues on a case-by-case basis); more
standardization (which the NRC and the nuclear industry are promoting
now); issuance of more limited work authorizations (which permit utilities to
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begin certain construction activities before the reactor safety review is
completed); and more NRC staff assistance to utilities in order to ensure
more adequate construction permit applications. NRC in-house reform
would accomplish many of the objectives of the NSLA, without new
legislation, and would shorten the licensing period by a year in the late
1980s.

The second alternative to the NSLA is termed a full push approach
because it explicitly views nuclear power as a mature and acceptable
technology; hence it would eliminate many of the licensing procedures that
are now part of the "risk averse" regulatory policy of the NRC. Under the
full push approach, licensing would be conducted by the Department of
Energy and the concerns of the NRC would be limited to radiological issues.
This approach would dso call for one-stop licensing, full use of standard-
ization, and elimination of public participation. It might dso cal for
legislation eliminating the currently mandated National Environmental
Policy Act (NEPA) review, which would make NRC's calculations of the
social costs of the reactor unnecessary. Under a full push approach,
licensng could be cut by 18 months and thus conducted in one year, a
slightly greater reduction than that effected by the NSLA.
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CHAPTERI. INTRODUCTION

Nuclear reactors, first developed for commercial purposes in the
1950s, are used by electrical utilities to generate steam that in turn
produces electric power. A decade ago, the planning, siting, licensing, and
construction of a reactor took 6 to 7 years. Today, the same process takes
10 to 11 years. This increase in "lead time" increases the utility's costs,
which are then passed on to the public in higher electric rates. Higher
reactor costs aso influence a utility's decision to use nuclear power rather
then to depend upon coal to generate electricity.

By proposing a series of licensing reforms, the Nuclear Siting and
Licensing Act (NSLA), which was introduced for the Administration in
March of 1978 and will be reintroduced in the 96th Congress, has become
the focal point of the debate over ways of changing nuclear reactor
licensing procedures and reducing the lead time needed to build them.

Although increasing nuclear reactor costs could be cut by expediting
reactor licensing and construction lead time, that strategy might increase
their social costs, in terms of safety, environmental protection, and the
affected public's right to participate in the licensing process. Each of those
costs must be balanced against the desire to license and build nuclear
reactors as economically as possible.

The Congress' decision as to how to weigh the trade-off between
expediting reactor lead times and minimizing the socia costs of doing so
will be based on an implicit judgment as to whether or not nuclear reactor
technology, and the accompanying technologies for waste disposal or repro-
cessing, are "mature" and "acceptable"--that is, predictable and as safe as
other activities occurring in the course of daily events.

These potential social costs are now the subject of attention because
the Nuclear Regulatory Commission (NRC) has withdrawn its support of the
Rasmussen Report, 1/which it had used to calculate the probabilities of
serious nuclear accidents. In the absence of this report, the probability of a
major accident, a large component of social costs, must now be viewed as
uncertain.

1/ U.S Atomic Energy Commission, Reactor Safety Study, 1975.
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This paper analyzes the reasons for recent delays in reactor lead times
and discusses the advantages (in terms of reduced lead times and hence
lower reactor costs) and the disadvantages (in terms of possible safety
compromises or poor regulatory decisions) of reforms put forward in the
NSLA. Chapter Il first briefly describes the development of the U.S.
nuclear industry and current nuclear policy, and then presents in more detail
current federal licensing procedures regulating the construction of nuclear
reactors. Chapter I presents the methodology, and Chapter 1V, the results,
of an analysis of delays in reactor lead times. The relative importance of
different kinds of delays are dso assessed. Chapter V' analyzes the major
components of the NSLA and assesses the costs and benefits of their
implementation. Chapter VI discusses alternative approaches to the issue of
licensing reform: one approach would require no new statutory authority for
the Nuclear Regulatory Commission the second is a "full push" approach,
reflecting procedures now used in Europe.



CHAPTER 1. CURRENT NUCLEAR POLICY AND REACTOR
LICENSING AND CONSTRUCTION

As of November 30, 1978, 70 nuclear reactors were operating in the
United States, and, 90 were under construction (including 32 undergoing
final regulatory review before commercial operation). In addition, 34
reactors were undergoing construction permit reviews (including 4 with
authorizations to do basic site preparatory work); 9 had been ordered but
had not yet formally applied for a construction permit; and utilities had
announced plans to build 8 more. Despite these developments, the nuclear
industry now finds itself at a critical juncture: reactor orders have been
sdowing and, in the eyes of reactor vendors, the licensing procedures now
regulating the construction of nuclear power plants has been a major
contributor to that decline. This chapter describes both the historical
development and the current regulatory process of the nuclear power
industry.

CHANGES IN THE NUCLEAR INDUSTRY AND IN FEDERAL NUCLEAR
POLICY

During the past 20 years, the nuclear industry has undergone an
expansion and decline aptly described by one observer as from "rags to
riches to rags.” In the 1950s, the Atoms for Peace program and the newly
formed Atomic Energy Commission (AEC) promoted the industry in an
effort to develop nuclear energy as a cheap source of electrical generation.
Thus, during this early period, private utilities received government subs-
dies for nuclear power research and commercial demonstration. In the early
and middle 1960s, private firms (notably General Electric and Westinghouse)
began providing nuclear reactors to utilities on a "turnkey" or fixed-price
basis. In order to promote their product and to learn more efficient
techniques of construction and design, these suppliers (or vendors) incurred
substantial losses, in part because they underestimated the costs of reactor
construction and did not anticipate the entry of competing firms into the
nuclear energy market. By 1967, over 30 reactors a year were being
ordered, and 1,000 megawatts of generating capacity were already in place.
Although orders dipped in the late 1960s and in 1970, probably as a result of
macroeconomic trends, a level of 30 reactor orders a year was reached
again during the 1972-1974 period. In the past severa years, however, the
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nuclear industry has experienced a sudden turnaround, with cancellations of
old reactor orders exceeding new ordersin 1975 and 1976.

Why has the growth of nuclear power slowed so dramatically? First of
al, nuclear power has never fulfilled the initial vison that it would be "too
cheap to meter." The cost of nuclear power has steadily risen, for avariety
of reasons. Capital construction costs have risen, both because the size of
reactors has grown and because the nuclear regulatory process has increased
the complexity of their design. Fuel prices have dso risen, as a result of the
introduction of OPEC pricesinto the energy market, the scarcity of uranium
fuel, and the alleged operations of a uranium fuel cartel. Thus, athough
nuclear power was hailed as a potentially cheap source of energy, in many
parts of the country it is how roughly equivaent in kilowatt cost to codl.

The development of nuclear power has dso been obstructed by the
problems that regulated utilities generally have in raising capital. In the
1960s, when energy prices were stable and the demand for electricity grew
at a predictable and sizable rate, utilities were considered a good invest-
ment. But changing conditions in the early 1970s gave rise to a continual
escalation of utilities' costs, which, when coupled with a lag in the
recalculation of their rates by public utilities commissions, created a profit
squeeze that made utilities a less desirable investment. Although their
financial outlook is more optimistic today than it was several years ago, it is
still clouded by uncertainty in projections of electricity demand, uncertainty
regarding future changes in NRC standards, and continuing questions
concerning the desirability of the commercial use of nuclear power.

In recent years, concern over the safety and environmental effects of
commercial nuclear reactors have led a growing number of community and
environmental groups to chalenge nuclear plant construction and operating
plants in court and in regulatory proceedings. This, in turn, has made the
growth of nuclear power a political issue. Today, few public officials fully
endorse nuclear energy.

Thus, while national policy in the 1950s and 1960s seemed oriented
toward expansion of nuclear power, nuclear policy today has become ad hoc
and amorphous. On the one hand, the government's caution regarding
nuclear power is reflected by the NRC's use of stringent and continually
evolving safety standards for nuclear plants. These standards, which may be
best described as "as safe as practicable,” reflect the NRC's essentially risk-
averse approach to nuclear reactor construction. On the other hand,
however, the use of nuclear energy is viewed by some as inevitable, and the
government continues to assist the development of nuclear energy through
its funding of waste disposal site exploration, waste disposal technology,
safety research, and fuel reprocessing. At present, then, national policy



both endorses nuclear power and uses risk-averse licensing procedures that
inhibit its rapid development. Resolution of these conflicting trends is now
complicated by the NRC's recent withdrawal of support for the "Rasmussen
Report,” upon which it had relied for estimates of the probabilities of
serious nuclear accidents.

THE NRC CRITICAL PATH

The two major phases of reactor lead time are licensing and construc-
tion. Together, they constitute what the NRC has defined as a reactor's
"critical path"--that is, the landmark federal licensng and private-sector
construction activities that lead to its commercial operation (see Figure 1).

Initial Planning

A utility considering building a nuclear reactor to help meet future
demands for electric power usually contracts with an architect/engineering
firm specializing in the area (leading firms include Bechtel, Sargent and
Lundy, and Stone and Webster) for estimates of the cost and potential power
of areactor. (Some utilities have, however, integrated this function into
their operation.) If the utility decides to construct a nuclear reactor, the
actual working reactor--the nuclear steam supply system (NSSS)—will be
supplied by one of severd firms: Babcock and Wilcox, Combustion
Engineering, General Electric, or Westinghouse.  Construction of the
balance of the reactor—the "balance of plant,” which includes containment
and control systems as well as the actual edifice in which the reactor is
housed-~will be supervised by the architect/engineering firm, by the utility,
or sometimes by athird firm. Selection of areactor vendor, and perhaps of
a firm to construct the balance of the plant, as well as selection of a site
for the reactor, are thus key events occurring in the planning stage of a
reactor project. Preparation of the utility's application to the NRC for a
construction permit also takes place during this initial phase.

The Licensing Phase

The mandate of the NRC is to protect the health and welfare of the
public by setting standards for nuclear reactor safety. Once initial plans for
a reactor are completed, the utility applies for a construction permit from
this commission. The application, which must include a preliminary safety
analysis report, an environmental report, and anti-trust information, first
undergoes an NRC acceptance review, to determine whether it contains al
necessary information. Accepted applications are then docketed. The NRC



Figure 1.

Critical Path and Average Lead Time of the Licensing and Construction
of a Nuclear Reactor, 1978.
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staff next reviews the preliminary safety analysis report submitted by the
utility. This review requires two rounds of questions by NRC staff, who
generaly ask several hundred questions. The NRC then issues its own safety
evaluation report, which is forwarded to the Advisory Committee on
Reactor Safeguards, an independent board of 15 nuclear experts, which holds
publlc meetings and reviews the report. 1/ The outcome of these activities
is an official letter to NRC with the committee's view of the potential
safety of the reactor.

A smilar review process simultaneously occurs regarding environ-
mental issues. The utility's environmental report consists of data on the
environmental impact of the proposed reactor. On the basis of that report
and subsequent rounds of questioning, the NRC staff prepares a draft
environmental statement, which is reviewed by the Council on Environ-
mental Quality. A proposed reactor must adso satisfy the Environmental
Protection Agency (EPA) that its discharges will meet water quality
standards set by the 1972 amendments to the Water Pollution Control Act.

- The NRC dso evauates both the utility's "need for power” (by
projecting its future reserve margins if the reactor is not built) and its
financial ability to finish the project (its access to financing). In addition,
the Attorney General must rule as to whether or not the construction of the
reactor would violate anti-trust statutes.

Public hearings concerning a reactor construction permit are held
before the three-member Atomic Safety and Licensing Board (ASLB). The
purpose of these hearings is to bring the community in which the reactor
will be built into the decision-making process, both to protect their interest
and allay their concerns. ASLB hearings are advertised in both the Federal

Register and in local newspapers of the affected community. Members of
the public who wish to testify or present statements may participate in the
hearings as interested parties or "intervenors." These hearings can have one
of several results. The ASLB can decide that the plant may be built and
issue a construction permit; it can decide against the plant and refuse to

1/ NRC staff supplements to the safety evaluation report are also
reviewed by the Advisory Committee. These supplements are not an
uncommon occurence, owing to the practice of expediting NRC
issuance of these reports by allowing items requiring more time-
consuming analysis, such as radiological effects, to follow the balance
of the report and the Advisory Committee on Reactor Safeguards
conclusions. It should dso be noted that only 30 to 35 percent of a
reactor has been designed when it is reviewed for construction permit
issuance; the rest is designed and approved during construction itself.
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grant a construction permit; or, at the request of the utility, it can review
only environmental matters, and issue a limited work authorization, which
permits the utility to begin preparatory work at the construction site, but
not construction of the actual reactor. A utility with limited work
authorization must, however, go back to the NRC to complete its safety
review so that the reactor can be built. Objections to ASLB decisions are
heard by the Atomic Licensng Appea Board. Once the board reaches a
decision, it can only be overturned by the NRC Commissioners, who oversee
the process, or through judicial review.

Satisfying the NRC licensing requirements does not necessarily mean
that a reactor can be constructed. States are empowered to conduct al
aspects of review, except for radiological emissions, an area pre-empted by
the Supreme Court. Therefore, situations can arise in which the NRC has
completed its review, but state approval has not yet been issued.

The Construction Permit

The issuance of a construction permit ends the first, or "licensing,"
phase of a reactor's critical path. The second phase consists of the actual
construction of the reactor. One-third of the way into the construction
period, the reactor pressure vessel--the actual steam vessel in the reactor—-
is set into its mounts. The construction of the basic housing of the reactor
has usually been completed by this point. Once the pressure vessel has been
set,its control system, its plumbing connection, and the reactor containment
(the concrete shield that encloses the entire reactor) can be built around it.
As construction of a nuclear plant nears completion, however, the utility
must apply to the NRC for an operating license, which certifies that the
reactor has been built in accordance to plan and is safe to operate. The
application for an operating license is accompanied by the utility's final
safety analysis report, which covers al safety issues in detail, and an
environmental report. Any safety or design changes in the reactor must also
be discussed by the utility. The ASLB grants operating licenses in the same
manner as it grants construction permits. An operating license hearing may
be held by the licensing board, if requested by an interested party.

Once granted an operating license, the utility loads the first fuel into
the reactor, and the reactor's first "criticality" is experienced. This "fuel
loading date' is the targeted completion of construction. After about dSx
months of initial testing, the reactor is brought into commercial operation.



CHAPTERII. A METHODOLOGY FOR ANALYZING DELAYS IN
REACTOR LEAD TIMES

Congress is now considering legislation aimed at shortening the
increasing lead times of nuclear reactors. In order to reform the reactor
licensing and construction process effectively, however, the reasons for its
elongation must be determined. This chapter develops a methodology for
analyzing increased lead times. Results of the ensuing anaysis are
presented in the following chapter.

GENERAL METHODOLOGY

Although studies have been conducted to document increased reactor
lead times, they have focused solely on determining recent trends in
licensing and construction times. This analysis, however, attempts to
determine the extent to which the increase in lead times—defined here as
the difference between targeted and actual times for licensing and con-
struction—can be ascribed to factors or events that originate in the public
sector, and hence can be affected by legidlative reform.

Like any other product, areactor is the result of a production process
that requires a stream of inputs. When one or more inputs is not available, a
production process becomes bottlenecked. Generally speaking, these inputs
can be categorized as labor, materials, management, and financing. In the
case of reactors, government approva through a licensing process must be
added to the ligt of inputs, for without it, construction cannot proceed. The
unavailability of government approval, like the unavailability of any other
input, can become a constraint on production, resulting in delays. The list
of inputs therefore becomes a list of possible "constraints’ on reactor
production. Thus, one can determine the origin of reactor delays by
observing which input into reactor production is unavailable when it is
needed.

This analysis measures the delays in the licensing and construction of
reactors that have been recently reviewed by the NRC and classifies them
according to a typology of delays based on the list of inputs into reactor
construction. The extent to which reform of the reactor regulatory process
can expedite lead times can then be estimated by determining the extent to
which delays in current reactor lead times originate with public sector
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actions. Similarly, the tyb% of regulatory reform that are most likely to be
effective can be estimated by observing the kinds of public sector actions
involved.

The usual two-part divison of reactor lead time into licensing (the
period of time between a utility's application for and NRC issuance of a
construction permit) and construction (the period between the issuance of a
construction permit and reactor start-up) is helpful because of differences
in the relative importance of the different inputs. During licensing, the
most important input is usually public sector action. Labor and materials
input availability problems, on the other hand, are generally not experienced
until after a construction permit has been issued by the NRC, because
actual construction cannot take place until then.

THE LICENSING AND CONSTRUCTION PHASE SAMPLES

In order to classify recent delays, data that provide case-by-case
histories of reactor licensing and construction must be found. Such records
are maintained by the NRC. A 1977 NRC document entitled Reactor
Licensing Schedule Performance Critique provides the licensing history of
24 reactor projects—some involving 2 or 3 reactors, which were usualy
licensed as a group--that received construction permits between July 1,
1974 and December 31, 1977. Hence, this document allows observation of
reactor licensing times that exceeded their NRC-determined target dates,
and determination of their duration and source.

Construction completion target dates are set by the utilities
themselves. When a utility receives a construction permit, it announces a
fuel loading date, based on its own estimation of how long it will take to
build the reactor in question. For the purposes of this analyss, it is assumed
that the utility's announced fuel loading date represents the minimum
feasible time necessary to complete construction. Any revision of this
target to a later data therefore constitutes an observable delay or slippage
in the construction process. Thus, once construction begins, with either a
construction permit or a limited work authorization, delays can be deter-
mined by announcements of dippages in areactor's fuel loading date, which
is reported in the NRC's monthly Construction Status Report.

As of August 1977, 91 proposed reactors had been issued construction
permits according to that report. Five of those reactors had not yet
scheduled any construction (and hence could not have had any delays), and
two had cancelled their projects and therefore their construction permits.
Hence, the sample used in this report to determine the amount and causes of
delay in the construction phase comprises 84 reactors.



Although the data in both the NRC Critigue and the Construction
Status Report have been the subject of varying interpretations by the NRC
and the nuclear industry, this analysis relies upon neither's interpretation of
any data. Delays reported in the Construction Status Report are only
briefly described, and when the information provided was judged insufficient
to classify a delay, phone calls were made to the utility or to NRC to obtain
additional information. The validity of the classifying judgments made for
this analysis was adso checked through follow-up calls to utility representa-
tives of two subsamples of reactor projects randomly drawn from the
licensing and construction phase samples.

A TYPOLOGY OF DELAYS

This section describes the types of delays that may occur in the
licensing and construction of nuclear reactors.

Types of Public Sector Delays

Constraints on the licensing and construction of nuclear reactors
originating in the public sector can be classified along the following lines

o Delays that occur because of changing regulations, or because the
applicant and the NRC differ over how to bring a proposed
reactor into conformity with regulatory standards;

o Delays occurring because of redundancy or inefficiency in the
government's transaction of its regulatory responsibilities;

o Delays occurring because public participation requires the expen-
diture of additional time on the part of the NRC staff and ASLB
hearing officers, often in hearings.

These three types of public sector delays, described in more detail
below, occur primarily during the licensing phase. They can, however, aso
occur during construction if part of the NRC's review of a reactor
component is designed after construction permit issuance, or if new
information forces areconsideration of apreviously approved design.

Substantive Issues. NRC safety and environmental standards have
evolved internally, as a result of experience, and the reactor licensing
process has dso had to confront new issues. This has created what is
termed "moving standards' for reactor regulations; that is, reactor plans
that were acceptable in the past may not be acceptable now or in the
future.
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NRC design standards have changed as each reactor brings with it
new lessons in desgn. An example of this increasing sophistication is the
new level of detail afforded reactor fire safety standards after afire at the
Browns Ferry nuclear generating plant. Critics of the NRC, however, claim
that increased detail and attention in NRC reviews is more a product of
bureaucratic growth than a response to past lessons in reactor safety. They
argue that the NRC has become too involved in changing reactor design
plans that have aready been approved (a process known as "ratcheting” a
design) or in mandating changes in reactors that have been built or are under
construction ("retrofitting” or "backfitting"). NRC policy approves such
changes as part of its mandate of ensuring that al reactors operate at the
greatest level of safety currently deemed practicable; nevertheless, in order
to prohibit trivial design changes, the NRC employs a standard requiring
that each backfitted design change bring about "substantial additional
protection.” NRC reactor design standards can thus change over time. Fire
safety regulations and the requirement that every reactor have an emer-
gency core cooling system (ECCS) are examples of such changes. In the
mid-1960s, all existing plants were retrofitted with ECCS. The Indian Point
plant, however, opted to close rather than implement the mandated changes.
Implementation of new fire safety rules resulting from the Browns Ferry
incident will cost approximately $1 million per reactor.

The scope of NRC has also broadened in recent years. The foremost
instance of an externally induced expansion of NRC issuesis the inclusion of
cost-benefit calculations in reactor licensing, following the 1971 Calvert
Cliffs Coordinating Committee Inc. v. AEC reactor decison. This court
interpretation of the National Environmental Policy Act (NEPA) mandated
the NRC to weigh, on a cost-benefit basis, every proposed plant against a
group of theoretical alternatives that use different fuels at different sites.
Increasing sensitivity surrounding the issue of nuclear power has similarly
compelled the NRC to broaden its efforts concerning seismic effects,
population proximity, and land use. The growing size of reactors, as well as
their increasing sophistication, have dso generated more complex safety
and related issues. Reactors completed in 1970 had an average rating of 604
megawaits; those of 1976 vintage, a rating of 901 megawatts; and reactors
due to be completed in 1983 will measure 1,105 megawaitts.

Redundancy and Inefficiency. Redundancy in the licensing procedure,
or poor coordination between the different governmental entities with
regulatory respongbilities, can occur. States and muncipalities have the
legal right to examine issues included in the NRC review, particularly in the
areas of environmental impact and the need for a nuclear reactor. Hence,
utilities must sometimes provide—sequentially—the same material to a state




government, the NRC, and the EPA. 1/ Some states, notably New Y ork,
Maryland, and Wisconsin, have more stringent and more time-consuming
environmental and demographic considerations than the NRC or the EPA.
Moreover, based on the same evidence, states may reach a different
judgment than the NRC, as was the case in the Seabrook project.

Redundancy between state and federal reviews is only the most
serious aspect of the general problem posed by having different federal and
state agencies conducting or participating in the licensing process. Licenses
can be held up if any one agency fails to provide data for another's review in
atimely fashion. Reactors at the Palo Verde and Skagit sites, for example,
were delayed during their construction permit review because of NRC
difficultyin obtaining final reports from the U.S. Geologic Survey.

Public Participation. A license can be delayed as a result of
contested hearings or public "interventions'; however, most of these delays
are for short periods of time. Public participation has always been a goal of
NRC, and its predecessor, the Atomic Energy Commission, traditionally
sought to educate the public regarding nuclear power through public
hearings. But nuclear vendors contend that the opportunity to intervene in
licensing procedures is currently being used to force major safety or
environmental changes in proposed reactors. And, in fact, interventions
have grown in subject matter as well as in number. Today, they include
critiqgues of national energy policy or discussion of the economic or
technical problems of nuclear power as well as site- and reactor-specific
issues. Hesitancy on the part of NRC hearings examiners to limit the
subject matter of interventions is often explained by the possibility that the
results of these hearings will be overturned in court.

Types of Private Sector Delays

With the exception of constraints originating in the regulatory role of
the public sector, it is assumed that a reactor can be delayed only if there is
a problem related to some input into the production process: labor,
materials, financing, or management. A description of how such delays,
which typically—but not invariably—occur after construction permit issu-
ance, develop is presented below.

1/ See, for example, "Nuclear Power Plant Delays in New England”
(prepared by New England Federal Regional Council Energy Resource
Development Task Force Bulk Power Committee, Federal Energy
Administration, November 1976).



Labor. Reactor construction requires highly trained and specialized
workers, who may be in scarce supply and whose skill level increases their
bargaining power. Reactor projects have thus been subjected to strikes, as
occurred in the Ano, Diablo Canyon, and North Anna projects. Other
projects have reported poor labor productivity or shortages of skilled
workers.

Materials. Problems sometimes arise because of the poor quality or
the unavailability of materials or components. These problems are not
necessarily generated by the specialized nature of reactor parts and
components; for example, at the Diablo Canyon project, portions of the low-
pressure turbine were delivered in unsatisfactory condition and required
reblading before they were installed. Delays of this type are attributable to
the vendor. Similarly, both the Zimmer and Watts Bar projects were
delayed by the unavailability of parts, such as bolts and rods. Like labor
delays, these typically occur during construction.

Financing. Utilities usualy borrow large portions of their capital
needs in the money markets: asde from the traditional bias toward debt
financing found in the tax laws, regulated utilities theoretically cannot use
pricing techniques to adjust revenues to generate funds internally. Equity
funding is rarely employed. Moreover, borrowing entails a capital cost that
usually may not be incorporated into the rate base, although some states
will allow rate base calculations to include construction work in progress.
Finaly, given the current conventional planning size of reactors (about
1,100 megawaits), the cost of areactor is prohibitive without outside funds—
generally over $1.2 billion. Nor is borrowing easy, especially since investor
confidence in utility nuclear securities was dampened by Consolidated
Edison's failure to pay a quarterly dividend in 1974. Many investors are
wary of such projects. In their report of September 1976, Jesups and
Lamont, a New York brokerage house, urged caution in the purchase of
nuclear securities because of waste storage, reprocessing, and safety
considerations.

This financing problem has expressed itsedlf in a wave of reactor
delays, the great bulk of which occurred in late 1974. In September through
November of that year, a least 19 reactors a 11 different sites were
delayed because of financial consideration. Financial obstacles have also
been linked to slackening demand for electric power, because decreased
electric power demands may make it impossible to justify a reactor's cost,
as in the Limerick and Sumner projects. This differs from the problem of
tight capital markets, as occurred in the cyclical "capital shortage" of 1974-
1975, which delayed the Catawba and McGuire projects. One possible
recourse for a utility in a strapped financial position is an appea to the
relevant state public utility commission; such assistance may, however, not

14



be forthcoming, as was the experience of the River Bend station before the
Louisiana Commission. Delays of this type can occur during licensing or
construction.

Management. Management delays can be classified as project or
demand delays. Project management delays occur within the framework of
a decision to build a nuclear plant, during its construction. These delays are
related to unanticipated problems in the design or performance of reactor
parts, or to incorrect estimates of the construction schedule 2/ Similarly,
some utilities find that they must redesign components during construction.
3/ Delays of this kind must, of course, be distinguished from government-
ordered design changes, as experienced at the Fermi project.

Project management delays dso stem from the "doctor-patient”
relationship between either the architect/engineering firm or the reactor
manufacturers and the utility. Although some utilities are now doing their
own designing and engineering, many depend on a contractor for answers to
technical interrogatories by the NRC staff. This dows down the licensing
process. ERDA's Robert D. Thorne has noted that ". . . the utilities have
to dea with the NRC, not just use the builders as their technical arm.
They've got to show that they know what they're talking about. Until that
happens they will stay in arather laborious regulatory process.” 4/

Demand delays relate to a utility's decision to build the plant itself
and occur during both licensing and construction. A frequent source of
delay is changes in a utility's estimates of its "need for power." On the basis
of historical price and behavior trends, many reactors, either now under
construction or being planned, were thought necessary to meet future
demands for electrical power. These trends have now been altered by the
introduction of OPEC price levels into the energy market, leading to
demand cutbacks. When estimates for power are revised, a utility will
frequently delay its fuel loading date. Thus, reactor delays can occur
because of broad changes in national and international economies, such as

2/ Late delivery of equipment, for example, held up projects at Hatch,
MacGuire, and Sequoyah.

3/ This was the case when the containment ice condensors at the Cook
project had to be redesigned by Westinghouse.

4/ Speaking to the Atomic Industrial Forum's Conference on Nuclear
Power Financial Consideration (July 1977).

R W T



higher energy prices or higher interest rates. Such reestimations of the
demand for electrical power have occurred regularly during the past four
years. 5/

CAVEATS CONCERNING THISAPPROACH

Analyzing reactor delays poses a number of methodological problems.
Assigning an observed delay to a specific cause often requires making
assumptions about the motives of the actors involved—both the NRC and the
applicant utility. For example, a delay of several months may occur during
the NRC staff's preparation of its final safety evaluation report because the
staff and the utility cannot agree on certain safety considerations.
Ascribing such a delay to "prolonged safety evaluation" requires an assump-
tion that the utility sought to minimize this expenditure of time. In fact,
however, the utility could consider such a delay as inconsequential; for
example, it might be aware of a concurrent separate review or an
environmental proceeding conducted by a state government, or a financing
problem, which would hold up issuance of a construction permit even if the
safety concerns were resolved.

Similarly, the NRC could be taken off the "critical path" towards
licensing if the utility is taken to court by a state environmental agency.
The NRC would then find that it had extra time to conduct its review while
litigation was underway, and it would not be responsible for the resulting
delays in licensng. For example, in the licensng of Waterford Unit 3, NRC
has contended that an unresolved anti-trust issue led the utility to extend
the safety review process, in the hope that more favorable terms could be
reached with the NRC while the anti-trust issue was being litigated. In the
case of Catawba Units 1 and 2, the utility was forced to postpone the plant
because of financial difficulties; had it not done so0, the NRC review of its
emergency core cooling system design would have produced delays.

Delays can dso be interrelated. Financia delays, for example, may
be to some extent related to regulatory uncertainty. Similarly, materials
delays could be a product of the instability of design criteria produced by
regulation.

5/ The most notable delay of this type could be those associated with
the Harris project, a group of four reactors delayed an average of 54
months because of revised energy demand projects. Load reconsider-
ations have aso played a role in delaying reactors at Catawba,
Limerick, and Susquehanna.
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Uncertainties regarding ascriptions of delay were resolved to the
maximum extent possible in the analysis, using CBO's judgment. When
necessary, the relevant utility spokesperson and NRC staff member were
contacted to obtain enough detail regarding a particular event to make a
reliable judgment concerning the source of adelay.
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CHAPTER IV. RECENT DELAYS IN NUCLEAR REACTOR LICENSING
AND CONSTRUCTION

The licensing and construction process described in Chapter n now
requires approximately 10 years to complete (see Figure 1). To this must be
added at least one year for initial planning by the utility, devoted to
selecting a site, awarding a contract for the reactor vessel, and preparing
the construction permit application.

More precisely, during this decade, construction permit reviews by the
NRC have generally taken about three years, as compared with the one- to
two-year licensing period common in the last decade (see Table 1). The
NRC target for construction permit issuance is now about 20 months.
Similarly, the average construction lead time for reactors completed in the
early 1970s was approximately five years; reactors slated for completion in
the next several years will take about seven and one-half years to build.

Given the significant economic costs of increasing lead times, this
chapter seeks to analyze the source of recent delays in both the licensing
and construction phases of reactors, and to estimate their cost. Using the
methodology described in Chapter I, the relative importance of different
delay-causing factors are also assessed.

DELAYSIN THE LICENSING PHASE OF REACTORS

The 24 reactor projects in the licensing sample analyzed in this report
experienced an average of 10 months delay beyond the 21-month target
period established by the NRC. Unfortunately, several delay-causing
factors may occur simultaneously, and the available data are not detailed
enough to permit derivation of the distribution of the total amount of delay
among them.

The sources of delay in the licensing of these reactor projects can,
however, be determined (see Table 2). Most delays were the result of
difficulties in the technical resolution of safety and site-specific environ-
mental standards. These delays occur when the NRC staff questions the
claims or conclusions of the utility's preliminary safety report analysis or its
environmental report. More specifically, two issues dominated delays in the
NRC safety review: questions concerning the reactor design regulations
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TABLE 1. AVERAGE REACTOR LICENSING AND TOTAL LEAD TIMES,

1956-1977
Average
Number Construction Average
of Permit Number of Total
Construction Review Reactors Lead
Calendar Permits Average Time a/ Completed Time b/

Year Issued Megawatts (in months)  asof 10/77 (in months)

1956 3 175 12 3 78
1957 1 175 16 1 49
1958 _ _ —
1859 1 22 9 1 44
1960 7 45 12 7 48
1961

1962 1 40 jiS] 1 68
1963 1 50 5 1 57
1964 3 552 10 3 53
1965 1 610 14 1 5%
1966 5 722 7 5 62
1967 14 764 10 14 70
1968 23 814 14 21 82
1969 7 910 18 5 55
1970 14 764 20 14 72
1971 4 963 21 3 93
1972 14 815 35

1973 14 1,076 A = -
1974 9 1,069 31 _
1975 9 1,166 26 — _
1976 9 1,136 25 —

1977 1n 1,120 39 —_ —

SOURCE: Department of Energy, U.S. Central Station Nuclear Electric
Generating Units; Significant Milestones, March 1978.

a/ As measured from date of construction permit application to date of
construction permit issuance, a period which constitutes the licensing
phase of a reactor.

b/ As measured from date of construction permit application to date of
initial fuel loading.
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TABLE 2. SOURCE OF DELAYS IN THE LICENSING PHASE OF
REACTOR PROJECTS ISSUED CONSTRUCTION PERMITS,
JULY 1, 1975 - DECEMBER 31, 1977

Number
of
Source of Delay Cases

Public Sector Delays

Substantive Issues

Safety
Basic reactor design changes a/
Radiological containment
External accidents

Environmental
Geol ogy/seismology
M eteorlogy/hydrology
Site characteristics

Other
Corporate financial/managerial capability
Anti-trust

Rrw MDY poo

Redundancy/Inefficiency
Bureaucratic delay/data transmission
Other government organizations

w o

Public Participation 6
Private Sector Delays
Reconsideration of Need for Power 1

Total Number of Reactor Projects 24

SOURCE: Derived from Nuclear Regulatory Commission, Reactor Licensing
Schedule Performance Critique (1977).

a/ Including ECCS (emergency core cooling system).
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(usualy regarding the reliability of the emergency core cooling system) and
radiological containment (the probability of escaping radiation). Leading
sources of delay in the NRC environmental review were geological and
seismic issues--that is, standards relating to the stability and suitability of
the reactor foundation—and meteorological and hydrological regulations
concerning the possible interaction between the reactor and the weather or
the reactor and ground water. Less frequent substantive sources of delay
were issues arising out of site-specific accident studies, such as the ability
of the reactor to withstand an airplane impact, and the ability of the utility
to finance or manage the reactor project.

Nonsubstantive types of delays in licensing were found to occur less
often than substantive ones. While the bulk of delays in the licensing phase
of reactor lead time stemmed from safety or environmental issues, six
experienced delays because of public hearings or interventions that pro-
longed the NRC staff's safety or environmental reviews. Eight reactor
projects were delayed because of redundant state and federal reviews or
inefficiency on the part of the various federal agencies, outside of NRC,
involved in the licensing process. Nevertheless, resolution of substantive
issues was the most frequent source of delays in the licensing of the 24
reactor projects analyzed for this report, and, as discussed below, accounted
for the bulk of the delay they experienced.

Ascribing precise amounts of time to each of these sources of delay is
difficult because typically several delay-causing events occur simultan-
eoudy. Furthermore, as discussed in the previous chapter, one source of a
licensing delay may mask a second; extended safety reviews, for example,
may delay licensng of a reactor that would have been delayed for reasons
extraneous to the licensing process, such as unanticipated conservation.
Thus, any estimate of the average amount of time caused by a particular
type of delay during licensing depends to a great extent on judgment.

With this caveat in mind, the bulk of the ten months delay in the
average licensing lead time in the sample used for this analysis can be
ascribed to the resolution of substantive regulatory issues. Delays of this
type averaged about sx months, give or take a month, although individual
cases varied from no delays to delays of two years or more. Delays
attributable to public participation also averaged about sx months. There is
some degree of overlap, however, between these two categories, since
public participants can, by virtue of their presence, extend the NRC review
of a reactor's safety or environmental effects. These two categories of
delays, however, are roughly equal in impact on total lead time during the
licensing phase.
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DELAYSIN THE CONSTRUCTION PHASE OF REACTORS

The longest delays in reactor lead time occur, however, after issuance
of a construction permit, when the reactor is under construction. In the
entire sample of 84 reactors under construction (16 of which reported no
delays), there was a total fuel loading date dippage of 2,189 months,
yielding an average delay of 26 months per reactor; that is, on average,
reactors in this sample will take at least two years longer to build than
originally planned (see Table 3). It should be pointed out, however, that, on
the one hand, the average of 26 months applies to reactors at all levels of
completion; thus, because reactors in the sample are on average 27 percent
complete, we can expect the average reactor now under construction, when
completed, to have delays in excess of 26 months. On the other hand, NRC
construction delay data were first collected in their present form in 1974;
thus, some older reactors (10 of the sample of 84) reported earlier delays
without providing an explanation. The aggregate unexplained dippage in the
early phases of these 10 older reactor projects is equal to 196 months of
delay, or about 9 percent of all dippages.

About 80 percent of the total amount of delay reported by reactors
under construction occurred because of events or decisions in the private
sector unrelated to the regulatory decisons of the NRC. More precisdaly,
reconsideration of future demand is the largest single source of construction
delays, which is not surprising, because reactor projects are held back until
there is sufficient demand for electricity to make the reactor economically
worthwhile. These demand reconsiderations, which accounted for more than
a quarter of dl delay in the sample, have occurred frequently because of the
dramatic changes in energy pricing that have taken place in the past five
years.

Financial delays, which accounted for close to 20 percent of al delay,
have occurred because of the lower demand projections, which make
borrowing more difficult to justify, and because of the 1974-1975 capital
shortage, when utilities found themsel ves without prospective purchasers for
their securities. Delays originating in the public sector aso accounted for
nearly 20 percent of all delay in construction, but only 40 percent of that
delay is attributable to NRC changes in designs during construction (so-
caled "backfitting") or other NRC actions. Longer public sector delays
occurred because of court decisions or state referendums. Typical of such a
non-NRC public sector delay isthe case of Callaway Units 1 and 2. In 1976,
Missouri voters opted to forbid the costs of construction work in progress
from being included in the rate base of public utilities. A