
2. 5

XA04N1213

NUCLEAR ELECTRICITY IN THE U.S.A. -- A STATUS REPORT

BY DR. WALTER B. LOEWENSTEIN

PRESIDENT 

AMERICAN NUCLEAR SOCIETY

JUNE 1990

Summary

The status of nuclear electricity programs in the USA is reviewed. About

20% of the electricity in the USA comes from nuclear generating stations.

The potential impact of greenhouse concerns is prominent in plans for

the future. Advanced reactor programs for water, liquid metal and gas

cooled systems is reviewed. Safety and plant economics feature

prominently in future considerations. The increasing average availability

of nuclear stations in the USA provides some insights on lessons to be

learned for the future.



Nuclear Electricity in the U.S.A. -- A Status Report

Greetings from the nuclear professionals in the United States of

America to the nuclear prof essionals here. It. is an honor to

represent the more than 16,000 members of the American Nuclear

Society who are from 40 countries.

The U.S. has taken giant strides toward achieving new high levels

of professionalism during the decade of the 1980s. Part of this

progress, very frankly, can be attributed to the accident at Three

Mile Island, which occurred in March, 1979. At that 4L-ime of

course, it was the most serious accident that had ever occurred in

an operating nuclear power plant, and its affect on the nuclear

community in the United States was tremendous.

ANS responded to the crisis engendered by Three Mile Island with

the development of technical information addressing key issues and

by organizing professional meetings for educational purposes.



page 2

Due to the efforts of ANS and other councils and organizations

formed as a result of the crisis, the nuclear community in the

United States is earning the respect of government agencies charged

with oversight responsibilities and the public. It hasn't een

easy, and there are still some hills to climb before a new nuclear

power plant will be ordered by a U.S. utility. But even some of

nuclear's most ardent critics will grudgingly admit that we've come

a long way since the accidents at Three Mile Island and Chernobyl.

I would like to summarize for you where I think the U.S. nuclear

community is today and why I think that there are better days

ahead.

In doing this, we'll discuss environmental challenges that the

United States -- and the world -- must address, major safety

considerations for today and for the future and new developments

which will help ensure that nuclear operations will be safer. Much

of what we'll discuss has worldwide ramifications, and I ask you

to regard my remarks in the light of the situation in your country.
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One of the organizations that has played a major role in the

worldwide nuclear community is the International Atomic Energy

Agency (IAEA). It is one of many specialized agencies of the United

Nations. IAEA organizes conferences, and training courses, awards

fellowships for advanced study, publishes books, operates

laboratories and establishes safety standards for all types of

nuclear activities.

Following the nuclear accident at Chernobyl, the IAEA asked its

lead safety group, the International Nuclear Safety Advisory Group

(INSAG), to participate in the Post-Accident Review Meeting which

took place in Vienna in August 1986. One of the group's

recommendations that came out of the meeting was the need for

further actions that would better ensure nuclear safety. The

development of a self-supporting document that would apply safety

principles to all types of operating nuclear plants. Special

attention was to be devoted to those principles which emerged from

post-accident analyses. This task has now been completed.
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The result is a concise, integrated, self -standing statement of the

objectives and principles of design and operation of nuclear power

plants worldwide. Its objective is to promote better practices

generally through a better understanding of basic underlying safety

measures and, thus, to stimulate safety excellence at all nuclear

power plants.

There is, of course, a close connection between the saf ety and

reliable operation of a nuclear power plant. Equipment failures or

human errors that could cause accidents and consequent harm to the

public are often shortcomings that can quickly lead to low-

capacity factors or necessitate expensive repairs. Conversely, the

measures that contribute to plant safety will frequently help in

achieving a good record of operation. It is expected that the

principles expounded Will not only help us achieve the necessary

high degree of safety, but will also contribute to the more

efficient and more economic generation of electricity.
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The report emphasizes that the objective of achieving safety must

permeate each activity perf ormed in generating eLectricity at a

nuclear power plant. Such pervasive safety thinking on the part of

those concerned in each phase, from siting and design to

construction, commissioning, operation, maintenance, operator

training, and all related activities. This pervasive safety

thinking is a key element in the 'safety culture' that is

emphasized strongly by the IAEA recommendations.

The major principles, which we'll review now, are stated not as

requirements, but on the assumption that the practices are in

current use. As such, they serve as an excellent reminder and

review.

The report is structured around three overriding safety objectives

and a set of twelve fundamental safety principles (three related

to safety management, three related to defense in depth, and six

technical principles), which provide a general framework for a

number of specific safety principles.
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(Slide )

GENERAL NUCLEAR SAFETY OBJECTIVES

To protect individuals, society and the environment by establishing

and maintaining an effective defense against radiological hazard

in nuclear power plants.

Radiation protection objective

To ensure in normal operation that radiation exposure within the

plant and due to any release of radioactive material from the plant

is kept as low as reasonably achievable and below prescribed

limits, and to ensure mitigation of the extent of radiation

exposure due to accidents.

Technical safety objective

To prevent accidents in nuclear plants and to ensure that should

an accident actually occur the radiological consequences, if any,

would be minor; and to ensure that the likelihood of severe

accidents with serious radiological consequences would be extremely

small.
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FUNDAMENTAL MANAGEMENT PRINCIPLES

Safety culture -- An established safety culture governs the

actions and interactions of all individuals and organizations

engaged in activities related to nuclear power.

Responsibility of the oRerat' Uzation

The ultimate responsibility for the safety of a nuclear power plant

rests with the operating organization. This is in no way diluted

by the separate activities and responsibilities of designers,

suppliers, constructors and regulators.

Regulatory control and independent verification

The government establishes the legal framework for a nuclear

industry and an independent regulatory organization which is

responsible for licensing and regulatory control of nuclear power

plants and for enforcing the relevant regulations. The separation

between the responsibilities of the regulatory organization and

those of other parties is clear, so that the regulators retain

their independence as a safety authority and are protected from

undue pressure.
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DEFENSE IN DEPTH

To compensate for potential human and mechanical failures, a

defense-in-depth concept is implemented, centered on several levels

of protection including successive barriers preventing the release

of radioactive material to the environment. The concept includes

protection of the barriers by averting damage to the plant and to

the barriers themselves. It includes further measures to protect

the public and the environment from harm in case these barriers are

not fully effective.

Accident prevention

Principal emphasis is placed on the primary means of achieving

safety, which is the prevention of accidents, particularly any

which could cause severe core damage.
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Accident mitigatio

In-plant and off-site mitigation measures are prepared for what

would substantially reduce the effects of an accidental release of

radioactive material.

(Slide 4)

TECHNICAL PRINCIPLES

Proven engineering practices

Nuclear power technology is based on engineering practices which

are proven by testing and experience, and which are reflected in

approved codes and standards and other appropriately documented

statements.

Quality assurance

Quality assurance is applied throughout activities at a nuclear

power plant as part of a comprehensive system to ensure with high

confidence that all items delivered and services and tasks

performed meet specified requirements.



Human factors

Personnel engaged in activities bearing on nuclear power plant

safety are trained and qualified to perform their duties. The

possibility of human error in nuclear power plant operation is

taken into account by facilitating correct decisions by operators

and inhibiting wrong decisions, and by providing the means for

detecting and correcting or compensating for error.

(Slide 

TECHNICAL PRINCIPLES (continued)

Safety assessment and verification

Safety assessment is made before construction and operation of a

plant begins. The assessment is well documented and independently

reviewed. It is subsequently updated in the light of significant

new safety information.
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Radiation protection

A system of radiation protection practices, consistent with

recommendations of the International Commission on Radiological

Protection and the IAEA, is followed in the design, commissioning

and operational phases of nuclear power plants.

operating experience and safety research

organizations concerned ensure that operating experience and the

results of research relevant to safety are exchanged, reviewed and

analyzed and that lessons are learned and acted on.

The IAEA safety document concludes by elaborating on the safety

aspects of site selection; the responsibilities from a safety

perspective of designers, manufacturers and constructors;

commissioning; operation; accident management; and emergency

preparedness.
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I recommend your serious review of the study which is entitled

"Basic Saf ety Principles of Nuclear Power Plants". It is available

from IAEA.

safety is all-important. When there is a problem at a nuclear

plant, every one of the nuclear communities' farflung operations

have an impact on every other. At the end of 1989, there were 417

nuclear plants operating worldwide producing 17 percent of the

world's total electricity. Twenty-five countries obtain at least

25 percent of their electricity from nuclear power.

Nuclear power is making an important contribution to the

environment. A recent study by IAEA cites France as having reduced

emissions of SO 2 NO 2 and particulate by 56 percent, 9 percent

and 36 percent, respectively, from 1980 to 1986.
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Yet during that six-year period, French electricity generation rose

40 percent. This reduction was made possible becauss the country's

nuclear generation increased fourfold in that time frame. The IAEA

further states that if coal-fired plants had been used to generate

nuclear energy's 17 percent share of global electricity supply, Co

2 emissions would be two billion tons higher. To put this number

into perspective, they point to the call by the Foronot

international conference in June 1988 for the world to cut annual

CO 2 emissions by four to five billion tons by the year 2005 from

the present level of 20 to 25 billion tons per year.

Unfortunately, at the present time, no U.S. utility has nuclear

power capacity expansion on the planning horizon. But there are

some positive signs. First, the need for energy is increasing.

Second, technical acceptance is reviving. with better plant

performance and promising development potential. Third, political

acceptance and public acceptance of the nuclear option are

improving.

Let's examine each of these three points briefly.
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The United States will need more electric generating capacity in

the 1990s. For the past two years, demand for electricity has been

rising at a faster rate than predicted by both industry and

government. The increase in the nation's peak electricity load in

1988 over 1987 was 67 percent compared with the industry's

forecast of 1.1 percent.

In the 1989 heat wave, many companies in the eastern United States

had to reduce voltage because the supply of electricity was

insufficient. More recently, the New England Power Pool was forced

into a percent voltage reduction and wheeled 1,000 megawatts of

energy power through New York to avoid rolling blackouts in the

week of an early winter storm and equipment failures.

With the need for more electric capacity so apparent, the question

still remains; Is nuclear power expected to contribute to that

need? Although U.S. nuclear utilities have no visible plans in

that regard, they have been explicit in expressing their desire

that the nuclear option be made available to them.
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George Bush, President of the United States, has openly supported

the expanded use of nuclear power for some time. During the second

presidential debate when he was the country's Vice President, he

said, quote, I believe we must use clean, safe nuclear power, end

quote.

And on May 9 1989 as President, he said: quote, our increasing

dependence on unstable supplies of imported oil underscores the

vital role nuclear power must play in the nation's energy future,

unquote.

James J. O'Connor, chairman of the industry's U.S. Nuclear Power

oversight Committee and chairman of Commonwealth Edison Company,

the largest U.S. nuclear utility, recently wrote to Admiral James

D. Watkins, the U.S. Secretary of Energy, expressing agreement with

President Bush. Mr. O'Connor said, quote, I am convinced we are

not going to solve the national energy needs of the country through

hydrocarbons alone, or through thermal or coal alone, but we must

safely use nuclear power, end quote.
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Nuclear power is also attracting new attention because of the fast-

growing alarms over global warming. The worldwide nuclear industry

is responding with advanced reactor designs that feature safety

considerations above all else.

In the time remaining, I'll attempt to summarize the work on

advanced reactor programs. Those involved in this work generally

agree that the most direct and surest path to success is to rely

very heavily on proven technology, building on the extraordinary

base of experience made available through the design and operation

of over 100 light water reactors in the United States and about 400

worldwide.

As indicated by many of the IAEA safety standards described

earlier, the biggest problem we face in operating our nuclear

plants are ones based on human performance. Nany feel that it is

unnecessarily difficult to operate and maintain the complex and

individually designed plants that we have in operation today.

The new light water reactor programs are focusing on advanced

boiling water reactors and advanced pressurized water reactors.



pr 17

In the advanced boiling water reactor, simplification plays a key

role. For example, ABWR makes reactor operation and maintenance

easier by using internal circulation pumps, in place of the

external pumps of most operating plants. This eliminates piping,

decreases construction time and reduces in-service inspections.

Internal circulation pumps also enhance saf ety by eliminating large

reactor vessel nozzles and piping below the top of the core. The

ABWR program reached an important milestone in 1987 when the Tokyo

Electric Power Company selected two ABWR units f or its Kashiwazaki-

Kariwa Nuclear Power Station. Commercial operation of the f irst

plant will take place in 1996 and the second in 1998.

In the advanced pressurized water reactor, cores are longer-lived

and larger in volume than in conventional PWRs This serves to

minimize the lost availability of power during shutdowns for

refueling. The use of improved steam generators also promise long-

life operation. One new PWR design eliminates the need for large

amounts of piping, saf ety-related pumps, and many other complex

components and systems.
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Some of the new designs feature what engineers call "passive"

saf ety f eatures. Rather than depend on operators and complex saf ety

systems to take action within minutes in case of a serious

accident, a malfunctioning reactor would be prevented from

releasing any harmful radiation by natural forces like gravity and

convection or design of the fuel itself.

The most feared accident is overheating the fissioning uranium fuel

in a reactor core so sverely that it melts and releases

radioactive gasses. It was such a meltdown that occurred at Three

Mile Island.

With the new designs, it is possible to design and build a series

of small reactors that could produce the power of a large plant.

These reactors could survive the failure of components without fuel

damage and without releasing radioactivity because their fuels can

withstand the maximum temperatures possible under the worst of

circumstances and because of prompt response by inherent safety

features. Their design limits the power density of the reactor

core as well as the actual size of the core.
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Such passively safe reactors can be designed to suffer the

simultaneous failure of all control and cooling systems without

danger to the public.

A Modular High Temperature Gas-cooled Reactor has completed the

conceptual design stage and is seen by some as a safer alternative

to conventional reactors. It is designed to use less concentrated

fuel which can withstand higher temperatures and consequently, in

small reactors, cannot become hot enough to melt down. It does not

require a containment structure and is passively safe in that no

operator action is required if it is necessary to shut the facility

down. Several small modular high temperature gas-cooled reactor

units can operate together, like stacking conventional batteries,

and can generate the same power as one conventional sized reactor,

hence the use of the term "modular".

Savings could also be realized because the new plants might be made

to a single, prelicense design in central factories.Operating costs

are also reduced because modular plants could offer much more

safety with staffs only half as big as today's standard plants.
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An Integral Fast Reactor concept has been under development since

1984. A key feature of this concept is metallic fuel which can be

designed for higher burnups and superior irradiation performance.

Solid technical accomplishments have been accumulating year after

year in all aspects of the IFR development program. And as

technical progress is made, the ultimate potential offered by the

IFR concept as a next generation advanced reactor becomes clearer

and clearer. The IFR concept can meet all three fundamental

requirements needed in a next-generation reactor. These include

breeding, safety and waste management.

Let's examine each in terms of the IFR.

First, breeding. The next-generation reactor should be capable of

meeting large energy demands, demands that are a substantial

fraction of the total energy needs of the future. Rising concern

about the greenhouse effect reinforces the need to reexamine the

requirements of a next-generation reactor concept so that it can

contribute significantly toward substitution for fossil-based

energy generation.
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Even with the limited nuclear capacity online today, worldwide

reasonably assured uranium resources will last for only about 

years. If nuclear is to make a significant contribution, breeding

is a fundamental requirement. Breeding won't be needed for a decade

or two in all probability. However, it is certain that breeding

will be needed eventually if nuclear power is to contribute

significantly toward future energy demands. The IFR can extend

uranium resources by a hundredfold, making nuclear essentially the

same as a renewable energy source.

The second requirement is safety. The next-generation reactor

should have inherent passive safety characteristics and should also

be simple to operate. The IFR metallic fuel promises a higher

degree of inherent safety than the conventional oxide fuel, and

better or equal safety characteristics across the entire spectrum

from normal behavior to postulated severe accidents.

Although the metallic fuel-melting temperature is much lower than

that of oxide fuel, it is also much more difficult to raise the

fuel temperature because of the high thermal conductivity for

metal. As a result, operating margins in terms of power can, in

fact, be greater for metal than for oxide cores.
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It is in the inherent saf ety characteristics under the' generic

anticipated transient-without-scram, loss-of-heat-sink without

scram and transient overpower without scram, that the metallic fuel

shows its greatest advantages over oxide fuel.

The third requirement is waste management. In the U.S., nuclear

waste is now the factor that probably most influences public

acceptance of nuclear power. Therefore, the next-generation reactor

should have specific technical solutions to deal with high-level

waste disposal.

High-level nuclear waste is composed of two major constituents:

fission products that are produced in the fission process and

transuranic elements, or actinides, that are produced as a result

of neutron capture. From a radiological risk viewpoint, actinides

dominate in the long term.
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In a time span of a few hundred years, the fission products decay

to a suf f iciently low level that their radiological risk f actor

drops below the cancer risk level of the original uranium ore.

Actinides, on the other hand, typically have very long half-lives

and their radiological risk f actor remains orders of magnitude

higher than that due to fission products for tens or hundreds of

thousands of years. Theref ore, there is a strong incentive to

separate actinides and recycle them back into the reactor for in-

situ burning.

By recycling antinides, the effective lifetime of nuclear waste is

reduced from millions of years to a few hundred years. This should

have enormous impact on assuring the integrity of containment of

high-level waste for its lifetime and should also impact ultimately

on the public acceptance of nuclear power.

In summary, we have reviewed the enormous challenges that faced the

nuclear community following the 1979 accident at Three Mile Island

and the 1986 accident at Chernobyl, new safety standards that will

make all nuclear plants safer for the public and operators, the

emerging need for new power and advanced designs that replace

designed safety systems with natural forces.
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The future is looking brighter for nuclear power and that's good.

Increasing the use of the atom in producing badly needed power is

essential, not only for the United States but for the world nuclear

community as well.

Thank you for your attention.



Enclosure

Success Factors

Dr. W. B. Loewenstein

American Nuclear Society, 555 North Kensington Avenue, La Grange

Park, Illnois 60525 USA

At the present time, there are no firm plans for expanding the

contribution of nuclear electricity in the USA. The plants in operation

plus those currently under construction will contribute nominally 20 of

the electricity for the near future. Nuclear electricity is the second largest

contributor to electricity consumption in the USA. There are regions

within the USA where nuclear electricity contributes more than 50 of

the total electricity.

Looking to the future, there are two major pressures that should lead to

expansion of nuclear electricity in the USA.

1) The growing need for electricity and

2) The growing concern about C02 and related emissions.

The obstacles to future expansion are primarily cost and public acceptance.

Legislation in the USA deals with public acceptance by defining

conditions for a safe plant ... nominally safer than the 110 plants in

operation. Intensive studies are under way to enhance the safety of water

reactors through simplifications and use of passive safety systerns.

Similar studies are focussing on more advanced systems including both

sodium and gas-cooled reactors. It is likely that when the need for

nuclear electricity becomes pronounced that several commercial

electricity producing versions will be built.
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The cost obstacle is also being intensively evaluated. Plant simplification,

partial factory assembly, construction management and regulatory

interactions are major considerations. All have effect on construction

time which has been a problem for some U.S. plants. In addition,

operation and maintenance costs in the USA have risen to the level of

comparable fossil units. Thus, in the absence of environmental

considerations (and taxes) nuclear electricity tends to be more expensive

than that from burning coal. Any substantive taxation of fossil fuel

emissions (e.g. C02) could markedly impact the economics of electricity

production favoring the generation of nuclear electricity.

The rapid deployment of nuclear electric stations in the USA has not been

without problems. These provided incentives for collegial resolutions

that are continuing as needed.

Perhaps the most impactive problems involved the deterioration of

steam generators in PWRs and the need for replacement of recirculation

piping in BWRs. Both of these issues led to extensive research and

testing programs that have been successful at identifying the major

sources of deterioration.

Other early problems included fuel performance and the potential for

embrittlement of reactor'vessels and their "beffline" welds. These issues

are reasonably well understood today and improvement measures are

well understood.

The unfortunate accident at Three Mile Island provided opportunity for

many reviews of hardware and procedures. It provided motivation for

major attention to safety and relief valve performance. Enhancement of

operating staff with a "Shift Technical Advisor" was an early procedural

change. The emergence of the IAEA Safety Principles developed by the

International Nuclear Safety Advisory Group (INSAG) provided an

Dr. W.B. Loewenstein
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opportunity for wide dissemination of such "lessons learned." These

were only mildly affected by the severe reactor accident at Chernobyl. The

"lessons learned" from this very serious event were quite similar to those

from Three Mile Island. The INSAG Safety Principles and the underlying

IAEA Safety Standards and Guides are basic descriptions of what is

necessary for a successful program of practical large scale nuclear

technology deployment to make electricity. The visible emergence of the

term "Safety Culture" and what it means is a necessary measure for the

deployment of this technology. In the USA, the industry has self initiated

measures for improvement. The establishment of the Institute of

Nuclear Power Operatives (INPO) has provided self improvement

incentives which are, of course, monitored and regulated through the

Nuclear Regulatory Commission.

It is interesting to note that in recent years 10 to 15 of the 20 to 25 lowest

cost electricity producers in the USA were nuclear generating stations. It

is also instructive to note that the average capacity factor of nuclear

electric stations in the USA rose to - 65%. One of the best performing

stations in the USA is the Oconee station with three reactors of the same

type as the well known Three Mile Island reactor!

It would be comforting to be able to say the successful plants (e.g.

construction or operation, or both) come from one reactor vendor or

either large or small utilities. Counter examples exist for all such

generalizations.

All generalizations are flawed, including this one. Perhaps the only

observation that may indicate opportunity for success is corporate

commitment to the construction and operating efforts. Such

commitment, along with technology insight, seems the major common

denominator of successful operations. Obviously, accompanying quality

engineering programs for assurance are implied in this fragile

generalization.

Dr. W.B. Loewenstein
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An exhaustive analysis of U.S. domestic capacity factors was published in

Nuclear News (May 1990). This analysis, which is indicative operating

success, is a multi-year average. The bottom lines of this evaluation show

that the number of units with capacity factor exceeding 70% ranges from

less than 25%in the early 1980s to more than 40% in the late i980s.

Similarly, the number of units with capacity factors of less than 50% was

well over 20% in the early 1980s and trends to less than 20% in the late

1980s. The median capacity factors of all units in the early 1980s was

under 60% while during the late 1980s an approach to 70% was clearly

evident.

For the years 1987-1989, thirteen stations with capacity factors greater than

80% were all less than 1000 Mwe units. However about half of the units

with capacity factors between 70 and 80% were 1000 Mwe units. Whether

this finding relates to unit size or unit age (the smaller units tend to be

older) is not readily obvious.

It is obvious that capacity factors have increased during the past decade.

The reasons for this are several which are ultimately related to lessons

learned and a maturing of operating practices.

Experience with construction practices in recent years is not a good

indicator for the future. There have been a few good examples of timely

construction schedules. Others might have been as good but for the

stretchout by ancillary factors, including lack of regulatory definition.

Certainly, varying interest rates and cost escalation during high

inflationary periods impacted adversely on construction costs.

Recognition of these factors has led to efforts to reduce construction costs

via plant simplification and more factory assembly of portions of the

plant.

Dr. W.B. Loewenstein
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It is very likely that the experience gained in recent years on both

operations and construction provides valuable insights on the New

Nuclear Age. This will evolve based on the need for growing use of

electricity in environmentally acceptable ways.
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Dr. W.B. Loewenstein


