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Background

The United States Electricity Supply Industry is currently undergoing a process of
economic deregulation and restructuring as it moves toward a more competitive,
open market. Anticipating the potential for substantial changes to occur within the
nuclear industry, the U.S. Nuclear Regulatory Commission's Office of Research
initiated a study on the potential effects of deregulation on nuclear safety. The study
was conducted by the University of Wisconsin's Center for Human Performance and
Risk Analysis and was assisted by experts from Christensen Associates and
Connect-USA.com. The study was supported by the U.S. Nuclear Regulatory
Commission under Contract Award No. NRC-04-97-064. However, the views
expressed in this paper are those of the authors and do not necessarily reflect those
of the U.S. Nuclear Regulatory Commission.

The prime objective of this study was to provide a comprehensive list of possible
consequences of electricity deregulation that could affect the safety of nuclear power
plants. In particular, the study addressed not only the effects of deregulation on
safety-related equipment failures and human errors, but also the effects on other
variables that are believed to affect safety, such as financial pressures and corporate
culture.

For example, while deregulation can increase a company's motivation to avoid costly
safety problems, it can also result in reduced spending that may increase safety-
related equipment failure and human error. Economic deregulation also reduces the
ability of licensees to automatically pass along costs to ratepayers for NRC-
mandated and other safety-related activities, thereby potentially influencing decisions
on plant upgrades and safety improvements. The impacts of economic deregulation
on the effectiveness of government safety regulation were also an area of
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investigation.

Approach

Because deregulation of the U.S. nuclear power industry has only recently begun, a
historical case study approach was adopted, focusing on the effects of economic
deregulation in other deregulated and/or restructured industries that are
chronologically ahead of the U.S. nuclear power industry with regard to deregulation.
Thus, the project team collected and evaluated evidence regarding the effects of
deregulation in several case study industries, using both literature reviews and
selected interviews with industry representatives.

Choice of Case Study Industries

The primary criteria for selecting case study industries for inclusion in this study were
(1) relevance to the U.S. nuclear power industry, and (2) availability of data
(including access to suitable interview subjects). We wished to include at least one
case study focusing on the electricity industry (especially the nuclear power industry)
outside the U.S.. So, we chose to look at the privatization and restructuring of the
United Kingdom (U.K.) nuclear energy sector as one of the case studies. This is
perhaps one of the most relevant analogues to electricity deregulation in the U.S.
(especially since AmerGen—a joint venture of British Energy and a U.S. electric
utility, PECO—is currently acquiring nuclear power plants in this country), and is
significantly ahead of the deregulation process in the U.S. It should be noted,
however, that the U.K. started its electricity restructuring program from a position of
public ownership, while in the U.S. most nuclear generating companies are already
privately owned.

The other two case studies were drawn from the U.S. transportation industry—in
particular, the rail and aviation industries. These industries have historically been
subject to regulation of both economics and safety, went through economic
deregulation some time ago, and have obvious safety implications. The aviation and
rail industries are also subject to hours-of-service and/or fitness-for-duty regulations.
In particular, there are broad similarities between aviation and nuclear power with
respect to issues such as technological sophistication, operator training and
qualifications, licensing, fitness for duty, overtime, incident reporting, safety reviews,
and maintenance; furthermore, in both the aviation and nuclear power industries,
safety concerns focus on preventing relatively low frequency, high consequence
accidents. Thus, these modes of transport are potentially relevant to nuclear power.

It is also important to note that safety was not deregulated in any of the three case
study industries, nor will the safety of the U.S. nuclear power industry be
deregulated. Rather, in each case, safety regulation remained in place, while
economic regulation was largely replaced by a transition to a competitive market.

The project team collected and evaluated evidence regarding the effects of
deregulation in each of the case study industries, using both literature reviews and
selected interviews with industry representatives. We then assessed the potential
applicability of those effects to the U.S. commercial nuclear power industry. This
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summary briefly recapitulates what we consider to be our most important findings
and conclusions.

Major Findings of the Case Studies

First, it is worth noting that adjusting to deregulation is a lengthy process. In fact, all
three case study industries are still undergoing significant changes in response to
deregulation, even though the U.S. air and rail industries were formally deregulated
more than 20 years ago. Thus, it seems likely that the U.S. electric power industry,
and its nuclear power sector, will also undergo a lengthy period of adaptation. As a
result, the ultimate nature of the industry after deregulation will remain uncertain for
quite some time. Despite these uncertainties, however, some general conclusions
can be drawn from the case studies.

1) Overall safety performance

Both the air and rail industries in the U.S. had generally better safety records after
deregulation than before (continuing these industries' long-term trends of
improvement in safety performance). Similarly, the advent of competition in the U.K.
has prompted nuclear plant managers to focus more intently on regulatory
compliance and hardware reliability issues, to avoid costly shutdowns and reduce
regulatory uncertainty. Thus, if managed appropriately (by both the industry and
safety regulators), deregulation is clearly not incompatible with maintaining or even
improving safety, especially in areas where safety is positively related to revenue
generation.

However, our research revealed that deregulation posed substantial challenges to
the management of safety in each of the industries that we surveyed. Specifically,
the magnitude and speed of the changes associated with deregulation proved
difficult for both companies and safety regulators to manage effectively and safely.
In particular, with major organizational changes, managers are asked to accomplish
more with fewer resources in an uncertain and often confusing work environment,
with changing lines of communication and corporate priorities. The result has
sometimes been a loss of control over safety management. Such problems were
often particularly severe in certain industry sectors, such as companies that
underwent major mergers (especially in the rail industry) and new entrant airlines.

As a result, a number of concerns were identified in the case study industries, as
discussed in detail in the body of this report. The remainder of this section focuses
on those areas that could have significant safety impacts, occurred in more than one
case study industry, and might plausibly occur in the U.S. nuclear power industry as
well.

2) Reprioritization of corporate expenditures

Companies in all three case study industries undertook major reprioritizations of their
corporate investments and expenditures on capital, maintenance, and labor. For
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example, in the aviation industry, one study found that airlines increased the amount
of time between engine overhauls after deregulation for some types of engines, but
did not experience a higher rate of engine failures as a result. This is presumably
because the airlines successfully focused their maintenance efforts on the most
significant problems.

In the rail industry, even more dramatic reprioritization of expenditures took place. In
particular, annual capital expenditures on track maintenance increased by nearly a
factor of five (effectively correcting previous distortions that had been induced by
imperfections of economic regulation). During the same period, employment in the
rail industry was cut by roughly a factor of two. Despite the dramatic labor
downsizing, the period after deregulation was also associated with improvements in
many aspects of rail safety. In particular, consistent with the increased track
maintenance, especially large reductions were noted in those types of accidents
related to track condition, such as derailments and collisions.

The nuclear power sector of the U.K. electricity supply industry also experienced
dramatic reorganization and downsizing after deregulation. This downsizing,
together with the associated increase in the use of contractors, resulted in some
significant concerns being raised by U.K. safety regulators in response to observed
safety problems.

In preparing for deregulation, U.S. nuclear power plant owners are already
undertaking similar reprioritization of their expenditures on capital, maintenance, and
labor. For example, significant downsizing has begun, and similar reprioritization
can be expected to continue. Such changes are not necessarily always adverse to
safety (as demonstrated by the example of engine maintenance in the aviation
industry, for instance). However, reprioritization of expenditures can cause safety
problems if organizations make excessive cuts in safety functions once the costs of
such activities can no longer be passed through to ratepayers. The fact that
feedback about the adverse effects of cutbacks may be ambiguous or delayed
exacerbates this possibility.

3) Influences on corporate safety culture

Another concern is the potential of deregulation to create challenges to the
maintenance of an effective corporate safety culture. In the aviation and rail
industries, corporate culture problems affected safety in the aftermath of mergers
and acquisitions, and also at some of the new entrant airlines established after
deregulation. There were also indications of pressure to under-report some types of
safety problems in the railroad industry after deregulation. In the U.K. nuclear power
industry, corporate culture concerns dealt with the excessive use of contractors and
the loss of corporate expertise and institutional memory.

As a result of such challenges, safety regulators in both the U.S. rail and the U.K.
nuclear power industries have proposed requiring prior review of major
organizational changes that can adversely affect safety. For example, safety
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impacts of significant management changes, downsizing, or staffing changes at U.K.
nuclear licensees must now be analyzed before implementation. Similar efforts in
the rail industry have focused on prior review of major mergers. Such new
regulatory requirements formally place the human and organizational contributions to
safety on a par with the hardware contribution, and thus constitute a significant
change in regulatory philosophy.

At present, the trend toward consolidation of the U.S. nuclear power industry through
mergers and acquisitions seems unequivocal. While not all mergers and
acquisitions in other deregulated industries have resulted in safety problems, such
problems clearly have been documented (most notably after the Union
Pacific/Southern Pacific merger in the rail industry). Safety problems following
mergers and acquisitions seem to be exacerbated by factors such as poor labor
relations, understaffing, and insufficient planning. Ensuring that the potential safety
consequences of major organizational changes receive adequate consideration is
therefore critical for the safety of the nuclear power industry under deregulation.

4) Association between financial pressures and safety problems

Yet another key concern that arose in two of the case study industries is the
apparent association between financial difficulties and safety problems. This
association is also potentially applicable to the U.S. nuclear power industry. The
mechanisms underlying the link between profitability and safety are not yet well
understood. However, empirical studies have indicated that poor profitability was
associated with poor safety records in both the rail and aviation industries. The link
between poor profitability and safety problems appears to be strongest for small
companies and those companies that are actually unprofitable (as opposed to those
that are only marginally profitable).

In the U.K. nuclear power industry, no empirical evidence of a link between poor
profitability and poor safety was observed, since the privatized nuclear plants were
highly profitable following deregulation. A contributing factor to this financial success
was the fact that the structure of the U.K. privatization process provided significant
subsidies for nuclear power. These subsidies helped to ensure the profitability of the
country's privatized nuclear operating company in the years immediately following
privatization, and may have prevented adverse effects due to financial difficulties.

The most competitive U.S. nuclear power plants are expected to be financially
healthy after deregulation. However, some plants (especially those at which
incremental electricity generation costs are at or above wholesale electricity prices)
are expected to experience financial difficulties after deregulation, with possible
adverse safety consequences.1 Companies in financial distress may have reduced
incentives to invest in some types of safety measures, and/or increased incentives to

1 The financial health of nuclear generating companies will also be influenced by the regulatory
treatment of factors such as decommissioning funding assurance, financial qualifications, and stranded
asset recovery. A detailed discussion of these issues and their effects on financial health was
considered outside the scope of this study, but the subject is worthy of further investigation.
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cut corners. Therefore, financial difficulty may be a useful leading indicator of
declining safety margins in the nuclear power industry.

5) Potential safety impacts of downsizing

Significant concerns were raised regarding the safety impacts of downsizing, fatigue,
and increased workloads, especially in the rail and U.K. nuclear power industries. In
particular, federal investigations of major railroad accidents in recent years have
identified inadequate staffing levels and fatigue as contributing factors. In addition,
labor representatives specifically cited reductions in minimum crew sizes on trains as
exacerbating problems of fatigue in the industry. In the United Kingdom, as noted
above, safety regulators have raised concerns that excessive downsizing has led to
loss of institutional memory and excessive reliance on contractors. In addition,
planned layoffs were sometimes implemented even if anticipated workload
reductions had not yet materialized. Safety regulators in both the rail industry and
the U.K. nuclear power industry have also raised concerns about pressures to
increase the use of overtime, and possible under-reporting of overtime. All of these
issues are likely related to the increased cost-cutting pressures associated with
competition in deregulated industries.

6) Experiences of safety regulators

The Federal Aviation Administration experienced staff and budget cuts around the
time of aviation deregulation, and later found that its staffing levels were insufficient
to meet the additional demands that arose from economic deregulation. By contrast,
the U.K. Nuclear Installations Inspectorate anticipated that there would be some
workload increases associated with electricity industry restructuring there, and
staffed up modestly in preparation for the changes. To the extent that deregulation
increases the workload of safety regulators in the U.S. nuclear power industry as
well, this suggests that regulatory staffing levels and other resources could also be
significant to the U.S. Nuclear Regulatory Commission (NRC).

In addition, due to the organizational changes associated with deregulation, safety
regulators in both the rail industry and the U.K. electricity industry found it advisable
to begin requiring prior regulatory approval of significant corporate changes with the
potential to adversely affect safety, such as downsizing or major mergers and
acquisitions. The approach taken has generally not been prescriptive (i.e., requiring
a particular approach to safety management), but rather requiring that regulated
parties demonstrate that they have an adequate plan in place for maintaining safety.

Conditions Favorable to Safety

In all three case study industries, circumstances favorable to safety may have
mitigated or counteracted safety problems due to deregulation and restructuring. It
remains to be seen the extent to which similar conditions favorable to safety will
occur in the U.S. nuclear power industry. Therefore, even though statistics show
that safety improved following deregulation in both the aviation and rail industries, it
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would be a mistake to conclude that similar improvements will necessarily be
observed in the U.S. nuclear industry.

1) Aviation safety

In the aviation industry, the primary condition favorable to safety was the decades-
long trend toward safety and technology improvements leading up to, and continuing
after, deregulation. In particular, numerous beneficial changes were observed in the
aviation industry in the decade or so immediately after deregulation. For example,
the quality of training is generally believed to have improved, due to both high-fidelity
flight simulators and crew resource management techniques. Similarly, equipment
reliability improved, especially for aircraft engines, due to design improvements and
also a better understanding of effective preventive maintenance practices. Finally,
increased automation in the cockpit has reduced the vulnerability to pilot error.

Deregulation may have accelerated the trend towards technology improvement in
the aviation industry, due to increased incentives for airlines to become more
efficient. However, some of the observed changes might have occurred even
without deregulation. In any case, the increased safety due to these technological
improvements may well have masked some adverse safety consequences of
deregulation, such as disruptions due to mergers and acquisitions. The U.S. nuclear
power industry has also undergone significant improvements in many measures of
safety and productivity over the last decade or two. Ongoing developments, such as
the application of risk-informed regulation, could lead to further safety improvements
in the future. However, it remains to be seen whether the U.S. nuclear power
industry will continue to experience technological and safety improvements similar to
those observed in the aviation industry after deregulation.

2) Rail safety

In the rail industry, one of the primary factors conducive to safety was simply the
improved financial performance of the industry after deregulation. This improved
financial condition was clearly the result of deregulation. However, it was largely due
to the distinctive character of the regime by which railroads were regulated prior to
deregulation, especially the imposition of significant restrictions on the ability of the
railroads to abandon unprofitable routes. The most competitive U.S. nuclear power
plants are likely to be financially healthy after deregulation. However, it remains to be
seen how many plants will be able to produce electricity economically enough to be
competitive, and how many will instead find deregulation financially stressful.

Moreover, rail deregulation took place at a time when the Federal Railroad
Administration was becoming more active with regard to safety regulation. The
advent of risk-informed, performance-based regulation, and other changes in the
regulatory process, could improve the effectiveness of safety regulation by the NRC.
However, other developments (e.g., workload increases, staff and budget cuts) may
work in the opposite direction. Therefore, it remains to be seen whether the
effectiveness of safety regulation in the U.S. nuclear power industry will in fact
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increase.

3) Nuclear power safety in the United Kingdom

In the U.K., privatization of nuclear power plants was accompanied by extensive
subsidies in the form of an obligation to purchase nuclear power, as well as a tax on
electricity from fossil fuel sources (the proceeds of which went to the privatized
nuclear operating company). These subsidies provided substantial protection for the
financial health of the nuclear power industry after privatization. Thus, downsizing
and other potential threats to safety could have been substantially more severe in
the absence of these financial protections. The proactive role of the U.K. Nuclear
Installations Inspectorate in planning for and monitoring the safety impacts of
privatization may also have reduced or mitigated some safety problems.

Overall Conclusions

Based on the case studies, this report has identified a number of issues that have
potential safety significance for the U.S. nuclear power industry under deregulation.
The experience of the case study industries indicates that economic deregulation
need not be incompatible with a reasonable safety record, especially in those
aspects of safety that are positively related to productivity. However, safety clearly
cannot be taken for granted after deregulation, since safety problems were observed
in aspects of each of the three case study industries.

The situation can be summarized as follows: Achieving safety under deregulation is
a particularly demanding task that requires intensive management skill and
dedication. Safety can be managed even under deregulation ... but it takes
commitment, know-how, a highly disciplined work force and exemplary skill by
management.

The magnitude and speed of the changes associated with deregulation can be
expected to create major challenges to the management of safety by the U.S.
nuclear power industry and its safety regulators, as in all three case study industries.
Careful review and study of the problems observed in the case studies may make it
possible to identify proactive ways of minimizing similar safety problems in the U.S.
nuclear power industry, where their consequences are potentially severe.
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