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SUMMARY

One of the most severe problems facing
developing countries such as Korea is energy
supply and self sufficiency. As in the case of
Japan, Korea must plan to achieve energy
independence in order to progress economi-
cally, and indeed to survive as a nation.
Currently, the development of nuclear power
appears to be the most viable method for
Korea to meet her ever increasing need for
energy. Problems exist, however. In order to
be free of supply interruptions and depend-
ency on others, major segments of the nuclear
fuel cycle must eventually be developed in
Korea. To achieve nuclear energy indepen-
dence several goals seem mnecessary: (i) Fuel
resources —secure arrangement—secure long-
term UsOs supply, (ii) Fuel elements—develop
indigenous uranium and eventually mixed
oxide fuel fabrication capability, (iii)
Resource conservation—develop indigenous
reprocessing capability, (iv) enrichment—
secure long-term arrangements and eventually
develop enrichment services, (v) Hardware &
spare-parts—develop indigenous industry. for
piping, pumps, etc., (vi) Waste disposal—
secure arrangements or develop waste disposal
capabilities, (vii) Education—plan for needed
engineers, scientists, and reactor operators.
Koreas’ rapid past economic growth indicates
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that such a program should be possible in the
long-term. In the mean time, close coopera-
tion will be required between Korea and the
U.S., Europe and IADA. The recent slow-
down in the U.S. nuclear program should
nake enrichment services available for coun-
tries such as Korea.

As we all know, Korea’s energy resources
are very limited; no oil and little coal. Other
alternative energy sources—solar, wind, tidal,
etc.—may contribute a small part to the
whole energy picture, but are unlikely to play
a major role in Korea. That is, these “soft-
science” energy sources depend upon natural
phenomena whose energy intensities are
rather weak and thus not entirely suitable
for use in mobilizing current energy inten
isive societies.

Thus, the only way for Korea to survive as a
modern nation is to use “hard science energy
sources” such as nuclear energy., As we use
many other hard science products, fiber,
plastics, etc., to support our population, we
can meet our energy demand by using the
science’” energy from fissionable
materials. Uranium and thorium are generally
useless metals by themselves, unless used to

_produce energy. Human technology is creat-

.ing energy from these otherwise non-usable
metals.



Currently, development of nuclear energy
in the United States is slowing down because
of political and social situations. (1) Probably
the United States is the only country in the
world in which the growing trend of nuclear
energy is not taking place. The reason for this
seems to be that the U.S. still has a vast
amount of energy resources, especially coal.
Therefore, the U.S. perception of energy and
its role in national security is somewhat vague.
In the not too distant future, however, the
U.S. will probably face rather severe energy
problems as oil import costs weaken the eco-
momy and the implementation of alternative
sources of energy are delayed due to environ-

mental considerations.
Because of the recent slow-down in nuclear

energy implementation in the U.S., the U.S.
nuclear industry has excessive capacity. Now
is a good time to take advantage of this situa-
tion for bargaining for nuclear equipment
and services. Regardless of this situation,
nuclear systems, or any energy production
facilities, are expensive and the purchaser is
largely dependent on suppliers, although
perhaps to a lesser degre than with oil. There-
fore, in order to be free of supply dependency
and interruptions, major segments of the
nuclear fuel cycle must eventually be developed
in Korea. To achieve such nuclear energy
independence, several goals appear necessary:
1. fuel resources—Us Os thorium

2. fuel element production—uranium and/or
MOX fuel fabrication

3. reprocessing capability — fuel recycle

4. enrichment capability

5. power plant equipment—major and minor
parts

6. nuclear waste disposal

7. personnel requirement —engineers, scientist

and technicans.

Following is an analysis of each objective
including possible approaches in satisfying
these objectives.

‘1. FUEL RESOURCES

Long-term supply of uranium one of the
most important factors for nuclear energy. If
nuclear energy is going to have a problem, it
may be the shortage of the uranium fuel.
Therefore, the recycling of uranium fuel and
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consequent use of MOX fuel, which will be
discussed later, are very important. Like oil,
the uranium resources are limited. In a re-
cently published article?, the world uranium
estimates of reasonably assured resources and
estimated additional resources are about 5
million tonnes, and speculative resources
about 6.6—14.8 million tonnes. A conserva-
tive estimate of the cumulative uranium de-
mand by 2025 is a range from 7.5 to 8 million
tonnes, and possibly twice this amount, de-
pending on nuclear growth rates. This quantity
is far beyond the reasonably assured resources.

Uranium exploration in/or with foreign
countries requires vast amounts of money and
technical know-how. Also, knowledge of the
intricate operational practices of foreign
uranium companies is necessary. At this point
in time Korea has to rely on foreign uranium
suppliers for a while. The approach to handl-
ing this nuclear fuel supply situation is:

a. Secure long-term U;O; supplies at rea-
sonable costs and possibly from more
than one supplier.

Development of other nuclear fuel sources,
e.g., indigenous thorium or uranium
sources.

Throium has been given extensive attention
in earlier stages of nuclear energy develop-
ment. Because of a possible uranium shortage,
renewed interest is currently developing in the
thorium fuel cycle. Thorium is quite similar
to uranium in metallurgical properties and
has some advantages over uranium: it is much
more abundant; some of its nuclear charac-
teristics are somewhat more desirable. How-
ever, it is non-fissile and has to be converted
to uranium in a reactor. Therefore the use of
both the thorium cycle in conjunction with
conventional plutonium recycle and breeder
reactors should be evaluated in determing the
best method of maintaining fuel supplies.

2. Fuel Element Production

This item is probably most feasible objec-
tive for Korea. Fuel fabrication is relatively
simple for uranium fuel. This fuel element
production will include:

a. reconversion—enriched UF; — UO,

b. cladding and supporting material

production
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c. fuel rod fabrication
Of these, reconversion and fuel rod fabrica-
tion can be readily achieved in Korea. Zircaloy

has to be imported from suppliers, but could -

possibly be recycled when spent fuel is re-
processed.

Another aspect of the fuel fabrication is the
eventual use of mixed oxide (MOX) fuel. It is
anticipated that sooner or later MOX fuel will
be utilized in convention reactors or breeder
reactors. Fabrication of MOX fuel is much
more complicated than the uranium fuel
because of the high radioactivity and the
needs of a remote-handling facility. The cost
of MOX fuel fabrication is thought to be at
least twice of that of uranium fuel.

3. Fuel Reprocessing

Reprocessing is perhaps the most controver-
sial subject in nuclear energy at this time,
especially in the U.S. Although reprocessing
could lead to proliferation it is needed by
many countries in order to assure fuel sup-
plies. The result of the recent INFCE study
confirms this and also recommends the use of
breeder reactors for the same reason. Repro-
cessing techniques generally are included into
two categories—wet and dry methods. The
most familiar type of wet methods is the
PUREX process. The PUREX process was
originally developed for military purposes
during the 1940’s and not basically for power
generation. Because of extensive development
and experience in PUREX processing, it re-
mains the most technically advanced process.
There may be a need to modify the PUREX
process to more properly adapt it to the civilian
power reactor program and, at the same time,
to make it more diversion resistant.

Several concepts of modifying the PUREX

process have been shown to be technically
feasible — coprocessing, CIVEX, spiking, etc.
Among these concepts, the coprocessing con-
cepts are generally considered to be reason-
ably practical. Currently countries like Japan,
France and Soviet Union are considering using
various types of coprocessing for their future
reprocessing of spent fuel.® One form of
coprocessing was initially developed at
Battelle Columbus Laboratories. Its basic
concept is that uranium and plutonium need
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not be separated during processing or in the
final product. Therefore, the process contrib-
utes to diversion resistance objectives and, at
the same time, simplifies the PUREX process.
Actually for a country intending to use nuclear
power only for power production, there is no
need to separate plutonium from uranium.

An economic analysis of the various fuel
cycles by Battelle indicates that coprocessing
fuel cycles are certainly competitive with
conventional recycle and definitely less expen-
sive and more resource efficient than the
once-through cycle. In most countries nuclear
energy will utilize some form of reprocessing
and probably breeders. Currently Battelle is
about to begin a fuel cycle study for Korea.

Considering her technological and indus-
trial level small scale reprocessing appears
possible in Korea in the future. In the coming
years, Korea can possibly work with the IAEA
and reprocessing suppliers to gradually de-
velop an indigenous reprocessing capability
while assuring that safeguards are adequately
addressed. Recent information reflects that
the current U.S. administration may be slowly
changing its attitude toward reprocessing and
breeder reactors in accordance with the result
of INFCE.

4. Enrichment

Enrichment is probably the most technically
difficult technology to implement in. Korea.
This is perhaps the last item requiring Korean
development since the U.S. and other coun-
tries appear to have sufficient excess capacity.
Realizing the current international mood, the
U.S. is increasing enrichment service to for-
eign countries. But, like Japan, to be inde-
pendent of other countries in fuel cycle,
enrichment services have to be secured or
developed eventually. A reasonable goal for
Korea might be to develop an enrichment
pilot plant with IAEA cooperation by the year
2,000. A number of enrichment technologics
may be possible for such a facility including
gas centrifuge, aerodynamic and chemical
processes. The actual implementation of
enrichment technology will be closely linked
to the growth of Korea’s nuclear program,
MOX fule recycle, thorium use and
breeder reactor implementation. It is possible
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