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ABSTRACT

In the United States, the electric utility industry is undergoing a dramatic shift away
from a tightly regulated monopoly to a free market system. The impact on the
nuclear utility industry of deregulation coupled with recent changes in the nuclear
regulatory environment has had a dramatic impact on the future of nuclear power in
the United States.

Traditionally, the electric utility industry in the United States was territorial in nature
and totally vertically integrated. Utilities from outside a given region could not sell
electricity within that region. The generation, transmission and distribution of
electricity within a given service area was the sole responsibility of the utility
designated to serve that service region. This is no longer the case.

Utilities have now been broken up into separate generation, transmission, and
distribution companies and are now allowed to sell electricity outside of their former
service areas. Twenty-four out of the fifty states in the US and the District of
Columbia have adopted some form of economic deregulation. The degree of
deregulation varies significantly with some states allowing free access to any electric
supplier by all purchasers both large and small. Other states are limiting
deregulation to the wholesale level only.

As economic deregulation has occurred, the U.S. Nuclear Regulatory Commission
has also adopted a new approach to regulation - risk informed regulation. The
implementation of risk-informed regulation has resulted in the adoption of a new
regulatory format that attempts to highlight those areas having greatest risk
significance. The new regulatory framework replaces the old Systematic
Assessment of Licensee Performance (SALP) procedure and attempts to focus the
agencys regulatory response on those plants of greatest concern.

The impact of these and other factors on the US nuclear industry has been dramatic.
Plants that were once thought to be uneconomical and subject to early closure are
now viewed as valuable assets. A significant upsurge in interest in license renewal
has occurred with many owners now aggressively pursuing the additional twenty-
year extension. As a result, many plants slated for early closure or closure at the
end of their current licenses will likely continue to operate for many years beyond
their original license term.



This paper explores these and other changes that have resulted because of the
changing economic and regulatory environment for nuclear energy and examines
their impact on the future of nuclear energy in the United States.

OUTLINE

Today, the US nuclear industry is experiencing a rapidly changing environment in the
regulatory, financial, and environmental arenas. In this paper, each of these
environments is examined, as are current and future trends in the industry.

THE US NUCLEAR POWER INDUSTRY TODAY

The number of operating reactors is:

- 34 Boiling Water Reactors,
- 69 Pressurized Water Reactors
- BWR plants with 1 (14), 2 (10), or 3 (0) reactors
- PWR plants with 1 (15), 2 (24), or 3 (2) reactors

These plants are owned by 41 utilities. However, since the industry is undergoing a
restructuring involving buyouts, mergers and acquisitions, this number is rapidly
changing. As of July 1998, the total number of operating years were 2,208 for US
reactors and 8,576 years worldwide. The total electric generation and capacity
factors in 1998 were:

A. In the US 18.6% electricity generated in the US came from nuclear- power
plants (673.7 billion KWh-total 1998 generation).

B. Worldwide 17% of the electricity generated came from 434 nuclear
reactors.

C. The industry capacity factor was about 80% (79.5% for all 103 plants,
84.3% in 98 for operating units).

D. An upward trend in capacity factor for US commercial nuclear power
plants has occurred since 1980s (increased by 11% from 1990 to 1998).

E. The amount of electricity generated by 1,000 MWe reactor at 80%
capacity factor in one year is 7 billion KWh.

A number of plants have also been shutdown and decommissioned; a partial list of
US plants includes:

* Shippingport 1957-1982 * Yankee Rowe 1961-1989

* Dresden 1 1960 - 1978 * Shoreham 1989 - 1989

* Indian Point 1962-1974 * Fort St. Vrain 1979-1998

*RanchoSeco 1975-1989 * Conn. Yankee 1967-1997
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* San Onofre

* TMI-2

* Trojan

1 1968-

1978-

1976-

1992

1979

1993

* Maine Yankee 1972-1997

* Zioni &2 1973-1998

* Millstone 1 1970-1998

Another indicator of the state of the industry is the length of refueling outages. The
shortest such outage is the South Texas Utility with an average of 17 days, 14 hrs.
In 1997, the industry average was 64.9 days and the median value 50 days. In
1998, the industry average improved to 51.1 days and the median dropped to 42.5
days.

As a result, the industry production costs have also declined. Figure 1 shows the
average production costs and the trends since 1981 until 1998.

Average US Nuclear Industry
Production Costs (1981-99)
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Fig. 1 Average US Nuclear Production Costs per KWh.

THE CHANGING ENVIRONMENT

The environment under which nuclear plants are operated under is rapidly changing.
The changes include new approaches to regulation by the U.S. NRC, financial
deregulation, and an increase in the realization of the role nuclear power can play in
improving the environment.
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Remarkable progress has been made towards regulatory reform. The effort by the
U.S. NRC has been to move away from the old SALP process towards risk-based or
risk-informed regulation. The emphasis of the new process or framework is on
safety and improved effectiveness through targeting of plants that may pose an
increased risk if allowed to continue to operate in the manner that they were being
operated in.

On the financial side, electric generation, once heavily regulated, has now become
largely a deregulated free market. Deregulation has led to industry restructuring and
consolidation. Because of the financial benefits now seen for existing nuclear plants,
many have already undergone license renewal or are in the process.

Increasing concerns over greenhouse gas emissions as well as an increased
realization of the environmental benefits of nuclear power are causing a rethinking of
the role that nuclear power can play in helping to meet the targets agreed to in the
Kyoto Accords.

Each of these environments is examined in more detail.

Regulatory

The U.S. NRC is adopting a risk significant approach to regulation and abandoning
the SALP process. They expect to reduce the size of regulatory force in the process.
Some of these changes are in response to increased political pressure to curtail
unnecessary and arbitrary policies.

A key to the new approach to regulation is the new oversight program instituted
recently by the NRC. The objectives of the new oversight program are as follows:

A. Focus inspections on activities where the potential risks are greater.
B. Apply greater regulatory attention to facilities with performance

problems and reduce regulatory attention on facilities that perform well.
C. Use objective measurements of the performance of nuclear power

plants whenever possible.
D. Give the nuclear industry and the public timely and understandable

assessments of plant performance.
E. Minimize unnecessary regulatory burdens on nuclear facilities.
F. Respond to violations of regulations in a predictable and consistent

manner that reflects the safety impact of the violations.

The program has three cornerstones:

A. Reactor Safety Cornerstones;
B. Radiation Safety Cornerstones; and
C. Security Cornerstones;

These are related to the regulatory framework as shown in Fig. 2.
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REGULATORY FRAMEWORK

NRC's Overall
Safety Mission

PUBLIC HEALTH AND SAFETY
AS A RESULT OF CIVILIAN

NUCLEAR REACTOR
OPERATION

Cornerstones

. — HUMAN
PERFORMANCE

SAFETY CONSCIOUS WORK •
ENVIRONMENT

Cross-Cutting Areas

— PROBLEM
IDENTIFICATION AND

RESOLUTION

Fig. 2 New regulatory framework

The objective of the regulatory framework is to monitor performance in three broad
areas - reactor safety (avoiding accidents and reducing the consequences of
accidents if they occur); radiation safety for both plant workers and the public during
routine operations; and plant safety (protection of the plant against sabotage or other
security threats).

The three cornerstones are in turn supported by seven others that support them.
The seven are:

- Initiating Events - minimizing events that could lead to an accident.
- Mitigation Systems - assure the ability of safety systems to respond to

and lessen the severity of an accident.
- Barrier Integrity - maintain barriers to the release of radioactivity in an

accident.
- Emergency Preparedness - plans by the utility and governmental

agencies to shelter or evacuate people in the community in the event of
a severe accident.

- Plant worker - minimize exposure during routine operations.
- General public - provide adequate protection during routine operations.
- Physical protection of plant and nuclear fuel.

Plant performance is measured by a combination of objective performance indicators
and NRC inspections. Those indicators supporting the three cornerstones are:
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• Initiating events unplanned reactor shutdowns (automatic and

manual).
• Loss of normal reactor cooling system following unplanned

shutdown.
• Transients" - unplanned events that result in changes in

reactor power.
• Mitigating Systems Safety System not available;

* Specific Emergency Core Cooling;
* Emergency electric Power Systems.

• Safety System Failures.
• Integrity of barriers to release of radioactivity Fuel Cladding

(measured by radioactivity in reactor cooling system).
• Reactor cooling system leak rate.
• Reactor containment lead rate (when tested).
• Emergency Preparedness Emergency response organization

drill performance.
• Readiness of emergency response organization.
• Availability of notification system for area residents.
• Occupational Radiation Safety Compliance with regulations for

controlling access to radiation areas in plant.
• Uncontrolled radiation exposures to workers greater than 10

percent of regulation limit.
• Public Radiation Safety Effluent releases requiring reporting

under NRC regulations and license conditions.
• Physical Protection Security system equipment availability.
• Personnel screening program performance.
• Employee fitness-for-duty program effectiveness.

Based on the assessment of the plant against these indicators, a plant is then
assigned to one of four categories: green, white, yellow, or red.

Category 'Green"indicates that the plant performance calls for only NRC baseline"
oversight. Plants assigned to this classification meet the cornerstone objectives fully
and there are no significant deviations from expected performance.

For category White,"the plant performance calls for increased regulatory response.
Those plants in this category meet the cornerstone objectives with minimal reduction
in safety margin but are outside the bounds of expected performance.

Category Yellow" ranked plants have performance calling for regulatory response.
In these cases, the cornerstone objectives are met but with a reduction in safety
margin.

Plants with unacceptable performance are assigned to category Red." In this case,
the plant performance is significantly outside the design basis. There is a loss of
confidence in the ability of the plant to assure the public health and safety with
continued operation as well as a significant reduction in margins of safety.
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Financial

Historically, the US utility industry was highly regulated, territorial, and vertically
integrated. In 1996, the industry began a process of deregulation. Initially, the
industry was required to open wholesale marketing and transmission operations.
The states adopted laws that allow some or all customers to have access to
suppliers other than the local utility. The Open Access Same-Time Information
System rule requires sharing of transmission prices and access data to all potential
users via an electronic bulletin board system. The result is that low cost generators
are able to sell electricity to electric utility distribution companies and ultimately to
consumers in high cost areas. The industry is in transition to a more competitive,
market-based system of electricity pricing.

Increased competition has led to industry restructuring with many mergers and
acquisitions. The recently completed merger of PECO and Unicom to form Excelon
is such an example. In September of 1999, UNICOM and PECO ENERGY agreed
to merge. The resulting company, Excelon has a total value of approximately $31.8
billion and is the nations largest electric utility based on its approximately 5 million
customers, with total revenues of $12.4 billion. The combined company is the
nations fourth largest power generator, with a generation portfolio of more than
22,500 megawatts and 17 nuclear units.

In other changes, there are a number of nuclear plants that have been sold or in the
process of sale, a partial listing includes:

• Clinton (Illinois Power to AmerGen)
• Pilgrim (Boston Edison to Entergy)
• TMI 1 (GPU to AmerGen)
• Nine Mile (Niagara Mohawk and NYSEG to Constellation

Energy Group)
• Oyster Creek (GPU to AmerGen)

Some utilities are completely exiting generation, e.g. GPU, to become transmission
and distribution only companies.

As a result of the changing financial picture, there has been a significant increase on
the part of utilities in license renewal. In the US, commercial nuclear power plants
operated under licenses issued by the NRC that have a term of 40 years. The U.S.
NRC may issue a renewed license for up to an additional 20 years. Currently, 10
nuclear power plant licenses expire between 2006 and 2010. Figure 3 shows the
number of plants that would be shutdown each year without license renewal.
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Number of Nuclear Power Plants for
which Operating Licenses Expire

During Each Year Range
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Figure 3. Number of Nuclear Plants for which Operating Licenses Expire
During Each Year Range

Two plants have filed for license renewal and received approval: Calvert Cliffs - 2
units and Oconee - 3 units. In addition, Arkansas Nuclear One Unit 1, Hatch Units
1 & 2 , and Turkey Point Units 1 & 2 have applied for license renewal. Other plants
that have indicated intent to apply include the following:

Catawba, Units 1 and 2 - June 2001 (earliest submittal date based on granted
exemptions)
McGuire Units, 1 and 2 - June 2001 (earliest submittal date based on granted
exemptions)
Peach Bottom, Units 2 and 3 - July 2001
North Anna, Units 1 and 2 - August 2001
Surry, Units 1 and 2 - August 2001
Fort Calhoun 1 - March 2002
St. Lucie, Units 1 and 2 - June 2002 (Unit 2 requires exemption)
Point Beach, Units 1 and 2 - July 2002
V.C. Summer - August 2002
B. Robinson, Unit 2 - October 2002
Farley, Units 1 and 2 - June 2003
Arkansas Nuclear One, Unit 2 - September 2003
Browns Ferry, Units 2 and 3 - December 2003
Cooper - 2003
Brunswick, Units 1 and 2 - December 2004
Beaver Valley, Units 1 and 2 - 2004 (Unit 2 requires exemption)
Pilgrim, Unit 1-2004



The rationale for license renewal is simply economics. With the large capital costs
amortized over the initial 40-year period, the total cost of production becomes the
fuel plus operation and maintenance costs. These costs for a nuclear power plant
have been well below those of gas fired plants and are comparable to existing coal
generating stations.

Environmental

The Clean Air Act and amendments mandated deep cuts in emissions of SO 2 and
NOx. Phase I placed limitations on 110 mostly coal-fired power plants. The
limitations were implemented using a cap-and-trade program. Phase II of the
program will require even further reductions.

Nuclear-generated electricity contributes significantly to meeting current
requirements. A 16% increase in the amount of electricity generated from nuclear
power between 1990 and 1995 offset production and associated emissions from
fossil plants. The result - avoided emission of 480,000 tons of SO 2 - 37% of the
required emissions reductions.

The United Nations Framework Convention on Climate Change sets goals for
limiting and reducing greenhouse gas emissions. To meet original goals today, US
must reduce greenhouse gas emissions by 158 million tons. Without nuclear, that
amount would double.

The Kyoto Accords require that the targets be met. The US agreed to a 7%
reduction below 1990 levels by the years 2008-2012. To meet the Kyoto Accords
requires the reduction of emissions by 272 million tons. Many now concede that to
meet these goals will mean continued use of nuclear power and some even suggest
that the only way the goals can be met is by the expanded use of nuclear through
construction of new nuclear power plants.

Status of Deregulation

Twenty-four states and the District of Columbia are now deregulated to some
degree. Most of these are at wholesale level with some at retail and wholesale level.
Some truly free market based whereas others have limited deregulation. The
process is not without ife problems however.

Problems of Deregulation

For example, California has experienced major problems with electricity supply. This
summer, California has seen both electricity price volatility - involving huge
increases in wholesale electric prices and increases in retail prices in San Diego -
and supply and delivery system instability - culminating in unprecedented black-outs
in the San Francisco Bay area.

The causes of these problems in California are thought to stem from policies and
procedures adopted over the past ten years. Environmental controls and regulations
adopted discouraged new power plant construction. Under the California plan, there
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was little or no regulation of transmission companies. These problems were further
aggravated by a lack of adequate interconnects that could allow the importation of
additional power from outside the area.

Current and Future Trends

For the foreseeable future, there will be continued pressure to reduce costs. Some
plants, both coal and nuclear, that do not meet goals will be retired. There will be an
increasing likelihood of license renewal and plant life extension. Some have
estimated that as many as 85% of the currently operating nuclear plants will have
their licenses renewed.

US capacity reserves will decline from the 15-20% range to 10% over the next ten
years. Generation from under-utilized coal-fired capacity expected to meet base
load demand and gas-fired capacity will be installed to meet peak-load. Between
2005 and 2010, new base-load capacity will need to be installed. This capacity is
expected to be gas-fired combined cycle units. As excess capacity declines, the
cost of electricity will rise and the number of nuclear units facing premature shut
down will decline, e.g. Oyster Creek. The number of units undergoing license
renewal will increase. Finally, will there be a new plant —?


