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I am most pleased to join with you to celebrate the 30th anniversary

of the formation of the Korea Advanced Energy Research Institute. This

distinguished nuclear research and development institution -- your institution

-- has for three decades played an essential role in the highly successful

nuclear energy program of Korea. I have great admiration for your nuclear

energy program, with its nine operating nuclear plants, and for KAERI, which

r-as been, and continues to be, the intellectual heart of this vital national

program. It is, therefore, a special delight for me to join you in this

celebration.

It is my purpose this morning to comment upon nuclear prospects in

the 21st century, from a U.S. perspective. I hope to do so in broad, general

terms, rather than in the technical terms that we nuclear specialists use most

of the time.

But before we look forward, to the 21st century, it is useful to look

back, to see where we started, to see the path we have followed, and to see where

we are today. If we learn nothing from our history we are doomed to repeat it,

the philosophers tell us. Some of this look backward will take us into the

history of the science that is the foundation of our profession. But perhaps

that is not a bad thing to talk about here, because the events of that history

lead in a direct path to this well-known nuclear research institution.
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The year 1989 is not only the 30th anniversary of the founding of

Korea's Office of Atomic Energy, and its nuclear research and development arm,

KAERI's predecessor, the Atomic Energy Research Institute; it is also the 200th

anniversary of the discovery of uranium. In 1789, a German chemist named Martin

Klaproth published a paper announcing the discovery of a new element he had

refined from pitchblende, a mineral obtained from deposits in Saxony and Bohemia

in Germany. Actually, Klaproth had separated out uranium dioxide, rather than

the pure metal, and it was a half-century before uranium metal was produced.

Nevertheless, Klaproth1s discovery was a notable achievement and he gets the

credit for identifying uranium.

For a hundred years or so, uranium and its compounds found minor uses

in photography, pigments, and glass production, but not much else. Then, at the

end of the 19th century, atomic science began to move rapidly forward. Roentgen

and Becquerel found a new type of radiation in the course of experiments with

x-rays directed on uranium glasses and salts. Marie and Pierre Curie discovered

two new elements, polonium and radium, and clarified aspects of this new

phenomenon that Madame Curie called radioactivity. Just after this, in 1905,

Einstein published two seminal papers, first on the photo-electric effect and

the quantization of light and second on the Special Theory of Relativity, which

contained the famous equation on the equivalence of matter and energy.

World War I intervened for a few years, then work on the new radio-

activity resumed. Rutherford produced the first artificial nuclear disintegration

soon after the war. Naturally occuring disintegrations of uranium atoms had

been observed for some years, but this was the first induced disintegration. It

gave rise to speculations that energy from atomic energy might someday be

possible.
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In the depths of the great depression, in 1932, Chadwick announced

from the Cavendish Laboratory at Cambridge that he had found a new particle,

neutral in charge, with great penetrating power. He called it the "neutron".

A year or so later, Frederic Joliot and Irene Joliot-Curie used alpha

particles to induce radioactivity in a number of elements—the first creation of

radioisotopes. In Rome, Fermi read of these results and thought it wouid be

interesting to bombard various elements with Chadwick's new particle, the

neutron. Fermi found that slow neutrons were readily absorbed by other elements,

compared to fast neutrons and charged Darticles such as alpha particles. By

1934, he was up to element 92--uranium--and found that uranium absorbed his

neutrons and produced several beta particles. Fermi was looking for element 93

to result from this bombardment, but could not find it. Later it became clear

that Fermi had produced uranium fission, rather than a transuranic element, but

failed to recognize it.

Elsewhere in Europe, notably in Berlin, others began to repeat

Fermi's experiments. In January of 1939, Hahn and Strassmann in Berlin and

Meitner and F -isch in Stockholm and Copenhagen, published papers reporting the

fission of uranium by absorption of slow neutrons. The experiments and theory

were rapidly confirmed by the Joliot-Curies and Halban and Kowarski in France.

They showed that the uranium fission process produced more neutrons than were

needed to cause it, and the possibility of a chain reaction became clear.

The gathering clouds of World War II slowed efforts to capitalize on

the new discoveries, but in August of 1939, Einstein wrote to President Roosevelt

about the possibilities and the American effort that became the Manhattan Project

was started. Thus, 1939 marks the beginning of fission as a recognizable and

controllable process, and we celebrate the 50th anniversary of fission this

year as we celebrate KAERI's 30th anniversary.
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Although there were atomic research projects in both Germany and

the U.S. during the war, the American effort was more concentrated and successful,

due in good part to the many European scientists who had fled to the U.S. In

December, 1942, Fermi and his group, now at the University of Chicago, brought

the first atomic reactor critical. It was the first man-made chain reaction and

controlled release of nuclear energy and it started the reactor business.

For a while, the years of World War II and a little beyond, the

center of activity, indeed most of the activity whose results come down to us

now, was in the United States. Later, important developments were made elsewhere

in the world, but it is time now for me to narrow my comments to developments in

the United States.

During the war, there was some useful technology development for the

eventual civilian programs in the pioneer engineering work on the production

reactors. But most of the civilian development awaited the end of the war. After

the war, there was much discussion in the U.S. about what we should do with all

these strange, wonderful, and sometimes terrifying developments called atomic

energy and technology. After a bit, we passed a law, the Atomic Energy Act of

1946, that transferred responsibility for atomic development from the military to

a new civilian agency, the Atomic Energy Commission, or AEC.

The AEC controlled information about atomic matters, as well as all

the materials and all the work in atomic energy. Industrial participation was

limited by these restraints on access to information. The AEC also controlled

all of the military applications work in atomic technology, as well as the

civilian development work and safety-oriented regulation of civilian development.

That combination, development and regulation in the same agency, created some

strains and political forces that resulted, some three decades later, in the

breakup of the AEC.
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During the late 40's, the AEC supported reactor development

through basic nuclear physics research, materials testing, and experimental

reactor construction and operation. The most successful effort in the transition

years between 1946 and the beginnings of the commercial nuclear power era in 1963

was the naval reactor program under the far-famed Admiral Rickover. The successful

development of pressurized water reactors—PWR1 s —for naval reactors presaged

the choice of the PWR for the first government-sponsored power reactor demonstration

project—the Shippingport Station. The naval reactor development, and Shippingport,

gave the PWR a head start in commercial reactor development that it has never lost.

Witness your reactor program ht-re in Korea, some forty years later: eight operating

PWR's out of nine power reactors in the country, and two more building.

By 1954, the Eisenhower administration had decided tiiat the peaceful

use of atomic energy was an important national objective. The Atomic Energy Act

of 1954 was passed, and the first Geneva Conference on the Peaceful Uses of

Atomic Energy was proposed. The 1954 Act, which, with subsequent amendments,

is still the main U.S. law governing atomic matters, allowed private ownership of

nuclear facilities, like power plants, and private use of nuclear materials for

fuel. Some of the supporters of the 1954 Atomic Energy Act believed that the

improved access to atomic information would lead to a rush of industrial concerns

to enter the business of nuclear power. It did not, and so the AEC began a

series of Power Reactor Demonstration Programs to lure utilities and manufacturers

into the atomic energy business.

The first round of the Demonstration Programs was started in early

1955. It resulted in four projects: Yankee, a PWR; the Fermi fast breeder near

Detroit; the Hal lam sodium-cooled, graphite-moderated reactor,- and the Dresden
DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United Slates
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
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boiling water reactor, Dresden was financed privately, by Commonwealth Edison

Company, and worked well. The others, government-financed, produced one winner,

Yankee, due mainly to the hard-won PWR experience from the naval reactors program.

The second Demonstration Program round was launched later in 1955,

before the first round projects were haraly under way. This second round

produced two more unsuccessful reactors: Elk River, a BWR, and the Piqua, Ohio

organic-cooled and moderated reactor. The third round, started in early 1957,

generated five more projects, including Peach Bottom, the first, high temperature

gas-cooled reactor and San Onofre 1, a larger PWR. These two were completed

successfully. Of the other three, a BWR at. Big Rock Point was successful and is

still operating. Another BWR, Pathfinder, failed as a project. The last

project of the third round, which became the Carolina-Virginia heavy water reactor,

was not successful and it was left to the Canadians to develop a heavy water

plant. This they have done with notable success and you have, at Wolsung, an

example of the Canadian work.

I should note that in this period of the late 1950's, your own

nuclear program here in Korea began, with the promulgation in early 1958 of your

Atomic Energy Law. Soon after, the next January, your Office of Atomic Energy

was established and this Institute was created for atomic energy research and

development. So you became pioneers in nuclear research at an early time.

In the U.S. a modified third round was launched in 1962, and brought

into being Connecticut Yankee, a PWR still operating very well and the

California Malibu project which foundered on earthquake problems and local

opposition to the site.
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Also, in 1962, here in Korea, your first reactor, a TRIGA research

reactor, went into operation, a notable achievement for so young a research

institution.

In addition to the Power Demonstration reactors, several national

laboratories in the U.S. had reactor concepts under development. Amonq others,

we had a liquid metal-cooled reactor project at Brookhaven and Oak Ridge had the

molten salt reactor. I remember those days of the 50's and the early 60's with

fondness. It was an exciting time and everything seemed possible.

The AEC's Power Reactor Demonstration Program had mixed results.

Some of the projects were successful and some are still operating. The multiple

approaches, all undertaken in the same general time frame, helped to sort out the

best concepts and avoid trying to commercialize the wrong ones. But many of the

projects failed, most of them because the selected technology had not been

adequately developed and the participants found themselves trying to solve basic

technical problems in the midst of design and construction of a demonstration

project. Also, the early development of power reactors for generating plants

was driven as much by national prestige interests as by any need for nuclear

generating capacity. That mixed incentive tended to influence the way in which

the research and development was done, to encourage all sorts of diversions

that were attractive for their technical brilliance but not so well-suited for

the mundane business of power production. Further, there was less-than-adequate

attention to ensuring ordinary reliability of equipment and designs that were

well-integrated and simple to construct, operate and maintain.

The Power Demonstration Program also had mixed results in terms of

its effect on the business side of nuclear energy. The Program had indeed helped

to sort out the promising reactor types, and had provided considerable knowledge
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and experience to the principal manufacturers and constructors. But it did not

reassure the utilities that nuclear power was economically competitive. The

sales efforts of the manufacturers were unsuccessful, except for the Westinghouse

contracts for San Onofre 1 and Connecticut Yankee in 1962 and 1963, and both of

these had subsidies from the government. Until 1963 no power reactor had been

sold in the U.S. under free market conditions.

Then, in 1963, perhaps just to shake up the market and make something

happen, General Electric offered to build a 640 MWe reactor plant at Oyster

Creek for $66 million. The job was to be turnkey, with General Electric responsible

for building the entire plant at fixed price. Westinghouse soon followed with

similar offers to construct and guarantee the operability of a plant for a fixed

amount. Neither General Electric or Westinghouse expected to make any money from

these first turnkey offers, but they hoped not to lose too much, either.

Utilities bought a dozp-n such turnkey units from General Electric and

Westinghouse in the years 1963-'966. In the same period, a couple of dozen units

were ordered on more conventional open market terms. The sizes ranged from

about 450 to 1100 MWe. All these sales reflected a general belief that plant

capital costs could be estimated with reasonable accuracy and that the resulting

power plants would be competitive with coal-fired stations in power cost. By the

late 1960's, it was becoming clear that belief was wrong. Capital cost estimates

had doubled by that time and showed every sign of continuing to increase. In

turn, the higher-than-predicted capital costs made the electricity cost too high.

General Electric and Westinghouse absorbed losses on their turnkey jobs that

probably totaled close to a billion dollars. For the non-turnkey plants the

utility owners had to cover the additional capital costs. A few utilities got

bargains, but overall the economics of the first 2t> or 30 plants built from 1963

onward were not promising.
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The power reactor business in the U.S. might well have stagnated at

that point, but other events intervened. Coal prices began to escalate in the

mid-1960's and by the end of the decade the rising coal price, and utility

extrapolations of that rise into the future, made nuclear power competitive again,

even at the higher capital costs. Also, by the late 1960's, utilities were

beginning to practice fuel diversification, to protect against price increases in

any one fuel, particularly coal transportation costs. The result was a lot of

nuclear plant orders in the late 1960's and early 1970's,.

Those orders became the plants that are now operating in the U.S.,

or at least many of them did. There were well over 200 units ordered by the

mid-1970's, but about half of those orders were eventually cancelled. With the

oil crisis in 1973-74, American utilities entered a period of much reduced

demand growth, sharply rising oil and coal prices, and great uncertainty as to

the future. Utility revenues and earnings fell sharply and many utilities could

not afford to build the units they had on order, either coal or nuclear, or

found that new generating capacity was not needed.

The present array of power reactors in the U.S. includes 110 units in

operation, with a total capacity of about 104 gigawatts electric. There are

perhaps a half-dozen units that are fairly certain to come into commercial

operation in the next few years. All of these units were ordered before the

mid-1970's. They are all light water reactors except for one gas-cooled unit

that is being permanently shut down.

The units that have been completed since 1980 have suffered extreme

capital cost increases as a result of inflation, construction labor and

materials cost escalation, and regulatory delays and new requirements. The

effects of the new regulatory requirements resulting from the Three Mile Island
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accident in 1979 have impacted most severely on these recently-completed units.

By contrast, I should note, Chernobyl has had relatively little impact. These

recent units range in capital cost from $1000 to $5000 per kilowatt, with a

median cost of $2500 per kilowatt in 1987 dollars. That makes them just about

ten times the cost of the first group of units, those ordered in the 1963-66

period.

Our look backward, at where we have been in nuclear energy matters,

is now complete. We can see that our meeting here today celebrates all sorts of

anniversaries and that in addition to the ones already noted, the 30th for

KAERI, the 200th for uranium, the 50th for fission, we can add the anniversary

of about a quarter-century of commercial nuclear power. There must be many

lessons to be learned from all this experience that can be applied to our

future course into the 21st century. I will try a few, the ones that seem most

important to me.

First, get the technology straight and well-understood before

launching any large projects. Second, advance in size and complexity from

project to project in steps that are carefully considered and not too large.

Third, there must be stability and agreement between the parties in both safety

regulation and economic regulation before a commercial project commences

construction. Fourth, extraordinary management effort and perseverance are

required to hold capital costs close to the estimates. Fifth, the original

estimates are bound to be wrong and should be at least doubled. Those are my

lessons; I have no doubt that you will be able to add many more.

Now, let us look at some projections for the future, again, from

the U.S. perspective. The demand for electricity is a good place to start. In

the 16 years since the oil crisis of 1973-74, the'energy-gross national product
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ratio has declined steadily, that is, we are increasing our gross national product

per unit of energy used. Or, if you are a conservationist, you would prefer to

say it now takes less energy to produce each dollar of gross national product.

That trend is expected to continue. But within that steady trend, the use of

electricity has risen and the use of other energy forms has fallen. In fact, in

the U.S., electricity consumption and gross national product rise and fall in

virtual lockstep. And that should continue, also.

The result is that the U.S. will need something like 100 to 200 new

generating units of 1 gigawatt each, or equivalent, early in the 21st century.

The uncertainty in the number reflects the uncertainties in both demand increase

and old unit retirement rate. At present, three-quarters of all electricity

produced comes from coal and nuclear plants; we are 20% nuclear, 55% coal, 10%

gas, 8» hydroelectric, 5% oil, and 2% everything else. There is no agreement as

to what the mix of new generation will be.

One other aspect of the nuclear scene deserves comment. As has

happened frequently before, in response to significant social, religious, or

technological developments, an active and noisy opposition to nuclear technology

has arisen in the United States. In a way, it is a mark of success, since only

major and successful developments are observed to produce a genuinely fanatical

opposition. And we certainly have done that. It is more than slightly ironical

that tht environmental movement, with which all of us must have many sympathies

and agreements, should have turned so completely against the most environmentally

benign of the major electricity sources.

I have no doubt that this opposition to nuclear power will continue

into the 21st century, as noisy and misinformed as it is now. But I suggest we

remember other opposition movements, and take solace in their outcomes. You may
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recall that in Britain, at the beginning of the age of steam, opponents of the

new technology were able to get laws passed requiring that a man with a lantern
i

walk in front of each steam locomotive on the early railroads, to warn the public

to control their horses because a train was coming. Those laws and their

proponents parsed in due time from the scene. I am sure that in due time our

nuclear opponents will also pass from the scene—but not, I'm afraid, in the

near future.

Where will the U.S. go in the future, as regards nuclear power? It

is a matter to which no one has a sure answer and everyone is entitled to an

opinion. I will give you mine.

I think we shall see no orders for new nuclear plants for at least

five and more likely ten years. Or even a few years into the 21st century. Then

there will be a few tentative orders as a few brave souls in the utilities decide

to try nuclear power. And shortly after that there will be more orders than the

venders can handle, as many other utility people, protected and guided by the

decisions on the first nuclear projects feel able to express at last their

preference for nuclear over coal. We will then build and put into operation 50

to 100 gigawatts of new nuclear generating capacity by about 2020. Thereafter,

there will be a more orderly sequence of nuclear replacements for old units, with

some additional units to cover a slowly increasing demand.

In a fully rational world, we would be ordering and building new

nuclear capacity right now in the United States, because we need some new capacity

in various regions and because older units need to be retired. But in the real,

and irrational world, there are various obstacles. We are making progress in

safety regulation, I think, but have yet to achieve some essential agreements

and a necessary stability in requirements. Unfortunately, we are, as yet,
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making no progress at all in rationalizing our economic regulation. The climate

in most U.S. utilities is simply wrong for new plant projects.

I mentioned the extraordinary costs of our recently-completed

nuclear plants. Those costs have caused great social and political difficulties.

The U.S. economic regulation system for electric utilities is a highly

decentralized one, with most of the power vested in a Public Service Commission

in each of the 50 states. Most of these commissions are highly political: when

confronted with a utility request for an increase in electricity ratas to cover

a newly constructed plant, the response is to look for ways to avoid rate

increases. Generally, some sort of intermediate position is reached, in which

the utility gets just enough of a rate increase to keep it from bankruptcy,

although not by much, and a healthy fraction of the new plant cost is subtracted

from the utility's balance sheet, and hence from the pockets of the shareholders.

That process, known in the U.S. as a "prudency proceeding", has left the present

generation of utility senior executives in a sort of shell-shocked condition,.

They are simply unable to confront the possibility that their utilities might need

new generating capacity and that they should be starting new projects.

The utility planning departments, those people who predict load

growth, may not be very good at load prediction but they are very good at

perceiving what the company president and chairman want to see. So the planning

departments are all predicting little or no load growth, hence no need for new

generating capcity. That pleases the company heads and everyone is content and

happy. In the meantime, the load keeps increasing and the old units grow ever

older and more difficult and expensive to maintain.



-14-

It will take about another ten years for the strains of the

accumulating load growth and old unit retirements to become intolerable. It

will also take about ten years for the present generation of U.S. utility senior

executives to retire. Then we can confront the electricity supply situation and

exoect some orders for new nuclear plants. Until then, I expect there will be a

lot of combustion turbine capacity installed in the U.S. That will tide us over

the major power shortages, although at high fuel cost.

Looking forward to that day of new orders, what will be the reactor

types we can expect? In what technologies and in what forms will the second

generation of nuclear plants come? That is a pleasant subject upon which to

speculate, at least for technical people. Clearly, improvements can be made on

the PWR and BWR as we know them now. In terms of safety, reliability, ease of

operation and maintenance, and hopefully in cost, we can do better.

There are an assortment Df efforts now underway in the U.S. to

achieve those general objectives. The Electric Power Research Institute has

carried out a program to define in detail the design and operating requirements

that U.S. nuclear utilities believe necessary in any new plants. Those require-

ments, along with the regulatory requirements of the U.S. Nuclear Regulatory

Commission, form the design envelope for the new design efforts in the U.S.

Those new design efforts group into two general classes, the new

light water reactors and the gas-cooled and liquid metal-cooled reactors.

The new light water designs are of two types. The first, the

"evolutionary" designs, are advanced versions of large light water plants of 900

to 1300 MWe capacity. These designs optimize the light water reactor by

integrating systems and making the design simpler and easier to build, operate,

and maintain. Separate projects are going forward in BWRs and PWRs.
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For the BWR advanced design, called the ABWR, General Electric has

worked with a variety of other companies—Hitachi and Toshiba in Japan, ASEA-

Atam in Sweden, Ansaldo in Italy. The success of this effort is shown by the

order of two units of this design by Tokyo Electric Power Company. These are

1350 MWe units, for the Kashiwazaki station. They have internal recirculation

pumps, electro-hydraulic control rod drives, and a layout of equipment to

enhance maintenance access and reduce radiation exposures.

For the advanced PWR, both Westinghouse and Combustion Engineering

are working on designs. Westinghouse is in a joint venture with Mitsubishi

and Kansai Electric in Japan. Combustion is developing its advanced PWR from

its well-known System 80 design. The advanced PWRs have large primary and

secondary water inventories and notably larger pressurizers. This allows them

to ride out many transients that are difficult for present plants.

The second type of advanced light water reactors is a set of smaller

and simpler reactors, in the 300 to 600 MWe range, that reature passive safety

features. These systems use gravity and natural convection in place of the

pumps in today's reactors. All three of the U.S. vendors have design projects

of this type. The designers of these small advanced plants hope that they will

be much less costly to build than the large plants because the passive safety

features will reduce regulatory requirements for them. That is a reasonable

expectation, but we will have to wait and see what the regulators say.

In the more exotic machines, both the gas-cooled and liquid metal-

cooled reactors are relatively small, 100 to 150 MWe. They are designed to that

small power rating because at those levels, the afterheat can be removed

passively to the atmosphere, without operetor action or any valve or pump action.

That is a marvelous safety feature, but again, until the regulators have had
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their final say, it is not d e a r whether reduced requirements on these designs

will compensate economically for the small size.

It is hard to guess which of these promising new designs will be the

first to be built in the U.S. My own expectation is that one of the advanced

light water reactors will come first, because the utilities are more familiar

with that kind of machine. Whether the large or small advanced light water

reactors will be chosen will depend, I think, on which one is believed at the time

to have the lower power cost. I also expect, that before the 21st century is too

far along, most of these advanced designs will get at least one tryout. For

the longer pull, out into the future, we will need a breeder reactor, and for

this purpose the liquid metal-cooled concept is in a class by itself.

So, it will be interesting to see how this all works out in the

future. I am sure that most of you will be around to see these developments. I

plan to be here too, so we will be able to compare notes at some future meeting.


