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Chapter 10.
The path to the complete abolition of nuclear weapons

The Thorium Molten-Salt Nuclear Energy Synergetic System will solve the energy
and environmental issues in the 21st century and will lead the way to the complete
abolition of nuclear weapons, promising a peaceful and prosperous future.

Efforts for nuclear non-proliferation
This book has been devoted to the explanation of the principles and technical details of

the Thorium Molten-Salt Nuclear Energy Synergetic System (THORIMS-NES). The
authors want to discuss some related topics. The energy and environmental issues are
not the significant topics. What is in question is human society on globe.

If nuclear technology does not advance society, it is useless. When we present a new
nuclear technology, we must also address the nuclear proliferation problem relating with
the nuclear weapon and terrorism, which is an important political issue nowadays.

Management of nuclear fuel is not easy or simple. Furthermore, in the transition from
uranium use to thorium use, we must dispose of plutonium by all means possible. U-233,
which will be the major startup fuel in the thorium era, is also a fissile material. We
cannot draft a plan for a peaceful nuclear energy industry without investigating the
relationship between fissile materials and nuclear explosions (nuclear weapons). This
investigation embraces counter-measures for nuclear proliferation and terrorism.

Nuclear proliferation can take three directions:
i) increase the number of nuclear armed countries (horizontal proliferation)
ii) increase nuclear warheads quantitatively and qualitatively (vertical proliferation)
iii) increase terrorism.

After the Cold War, the number of warheads decreased; however, countries continue to
acquire nuclear arms. To limit the possession of nuclear weapons to the five nuclear
weapons states G5 (the U.S., Russia, the U.K., France, and China), the Nuclear
Nonproliferation Treaty (NPT) has been effected and the International Atomic Energy
Agency (IAEA) is planning international inspection of nuclear materials. However, as
seen in the nuclear test competition between India and Pakistan in 1998, proliferation
continues. Since the Cold War era, exclusive possession by the G5 has no justification.

The American political critic Jonasan Schell recently argued, in the foreign policy
journal Foreign Affairs (Sept./Oct.2000, p.22-46), that “nuclear nonproliferation and the
deterrent policy by nuclear weapons will never be compatible.”

He says that at present the only effective way to prevent nuclear war is the complete
abolition of nuclear weapons. If we neglect this, he warns, the global consequences will
be greater than the tragedies of the Second World War or Vietnam. Conducting
sub-critical experiments and upgrading the quality and weight of nuclear weapons
continue as well. Thus, things are taking a turn for the worse, in my opinion.

A decisive way to nuclear non-proliferation
We must promote a good understanding of nuclear non-proliferation measures and

mobilize public opinion. Because safeguards against nuclear materials are not sufficient,
preventive measures are necessary. To begin with:
(1) Improvements must be made on the continuous detection and surveillance of nuclear
materials for confirmation of possession, deployment, and position. The emission of
gamma rays with very high penetration power (2.6 Mev) from U-232, which
accompanies U-233, could be effectively utilized.

In the U.S.-Russia nuclear warhead detection experiment, conducted on the Black Sea
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in 1989, gamma rays were detected by helicopters flying over a nuclear-armed warship,
although there was no U-233 in the warhead. Everybody wondered about this at that
time. However, a very small quantity of U-232 always accompanies uranium. Similarly a
very small amount of U-232 is generated also in the spent uranium fuel from general
nuclear power plants. Though the quantity is about one-thousandth of that generated
when thorium is directly burnt, it accumulates as fuel is burned.

The fact that the ultra small quantity of U-232 was detected in the Black Sea
experiment suggests that this is an effective detection measure for nuclear materials.
(2) It would also be effective to make the nuclear-chemical condition of the nuclear
materials difficult to separate (for the manufacture of nuclear warheads). The
“isotope dilution method” (called denaturing), which adds isotopes, is a possible example.
If added U-238 reduces U-233 below 12% (or below 20% in the case of U-235), then the
explosive power of this uranium isotope mixture can be reduced to one-twentieth of the
level needed for warheads.

No good additives exist for plutonium. Pu-240 makes the warhead design difficult
because of its spontaneous fissioning. Pu-238, with its high decay heat, makes handling
difficult. However, even if these isotopes were added, an explosive power of 1000-ton
TNT equivalent would be possible from plutonium.

The explosive power of the plutonium is categorized into the following four grades
according to fissile nuclide content, Pu-239 and Pu-241:
Super Grade (SG)----97 to 98% Pu-240 ~2-3%

Weapons Grade (WG)----at least 93% Pu-240 >7%
Reactor Grade (RG)----at least 70% Pu-240 >30%
Denatured Grade (DG)----at most 20% Pu-240 >80%.
(There is another categorization by the content of Pu-240, but it is not quoted here.)

However, any kind of plutonium obtained from nuclear reactors can be used in
explosives without isotope separation, although not with high explosive power. Pu-241
has a half-life of 14.3 years, converts into Am-241 at the rate of 4% per year, and causes
plutonium degradation. The enormous decay heat emitted from Am-241 creates a
handling problem. Thus, renewal should be done every several years for plutonium
warheads.

An energy specialist of the Lawrence Livermore National Laboratory in Livermore,
California gave the following statement:

“U-235 is most easily made into a weapon, plutonium is next most easily made into a
weapon, U-233 is the hardest and least desirable for a weapon, and no atomic bomb has
been made from U-233.”

This statement can be acknowledged from several physical conjectures, but the
Japanese cannot confirm this because the Japanese do not investigate nuclear
warheads.

Once U-238 is added to uranium for denaturing, restoring its explosive power through
isotope enrichment is not easy. Without enrichment, the total weight of the warhead
becomes very large. Furthermore, if one tries to use U-233 for weapons, the strong
gamma rays accompanying U-232 would not only make manufacturing difficult, it would
also expose the warhead handlers to dangerous levels of radiation. Thus, the utilization
of thorium energy is a non-military technology. Of course, it is also beyond the terrorists’
control.

In any case, unless nuclear weapons are completely abolished, sound and peaceful
utilization of nuclear energy cannot begin.
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Technology that phases out plutonium
Plutonium and other trans-uranium elements (americium and curium) are dangerous

materials. The adoption of the Thorium Molten-Salt Nuclear Fuel-Cycle system could
halt the production of these materials and annihilate them by burning (nuclear
transmutation of fissioning). This would make a good contribution to the nuclear
non-proliferation issue discussed in Chapter 6.

Nevertheless, when a reactor (even a thorium reactor) uses solid fuels, fuel
reprocessing and re-fabrication become necessary because not all plutonium disappears
in one fuel cycle. The remaining plutonium provides a chance for theft by terrorists.
Furthermore, a solid fuel reactor is designed to have excess fuel loading, and solid fuels
are easier to steal than liquids. Thus, the molten-salt reactor is advantageous in aspects
of nuclear materials management.

By IAEA's definition, a significant quantity of nuclear materials mainly U-233
necessary for nuclear weapon production is at least 8 kg. Because approximately one
weight percent of U-233 is contained in the molten-salt fuel, infiltrators would have to
steal about 800-kg (240 liters) of fuel salt. Such a large amount would be immediately
detected because of the strong gamma radiation accompanying the U-233. In addition, if
a theft occurred, the reactor would stop, because no excess nuclear material is loaded in
the molten-salt reactor.

The addition of fissile materials is almost unnecessary in the power reactor FUJI,
because it is a fuel-self-sustaining type. When additional fissile materials are required,
they should be limited to less than 8 kg, thus preventing the theft of a significant
quantity. If necessary, uranium can be de-natured with a ten-fold quantity of U-238 for
the prevention weapons proliferation. The quantity of plutonium produced by
introducing U-238 into the reactor would not become a problem, because the U-238
would be very small compared to thorium (several tens of tons). Further, because no
chemical processing of fuel salt would be performed at the reactor site, the theft of
separated fissile materials would be impossible.

The cost and manpower for the nuclear inspections and the physical protection of
nuclear materials now conducted (mainly by IAEA) are large. Moreover, they cannot be
increased with the concomitant increase of nuclear materials throughout the world.

The complete prevention of nuclear proliferation is impossible with the present
safeguards and physical protection inspection. The expansion of nuclear power will
create an enormous international issue. (At last, the U.S. has begun to express its desire
to build many nuclear reactors in the future. Then, the inequality---that the U.S., as a
nuclear weapons state, need not necessarily be subject to the international inspection---
offers worldwide problem. Similar situations are also occurring in a few states of EU.)

The thorium molten-salt reactor system will use unattended continuous remote
surveillance methods. The strong gamma rays will contribute to the surveillance
solution.

Towards the prohibition of plutonium use
The following concrete procedures could solve the plutonium issue.

(1) Remove and annihilate nuclear materials from nuclear weapons.---This argument
began after the collapse of the Soviet Union. However, many problems have been
encountered. First, no country wants to abolish all of its nuclear warheads. The
incineration method for the nuclear materials is not certain. Some people recommend
incineration by using existing nuclear reactors. However, if uranium-fueled reactors are
used for this purpose, plutonium will never disappear.
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(2) Stop the use of civilian plutonium and annihilate the stored plutonium. ---Although
some countries will make legal determinations along this line, worldwide
implementation is not easy. In Japan, there is strong opposition to terminating the
development of fast breeder reactors and reprocessing. The spent nuclear fuels from
Asian nuclear power plants, which are growing in number, cannot find good storage.
Thus, the stored, unprocessed, spent nuclear fuels could become “plutonium mines”
within 500 years owing to radioactive decay. Terrorists, and others, could extract
plutonium from them relatively easily.

(3) Reprocess spent nuclear fuel and annihilate extracted plutonium with current
technology.---This involves serious contradictions and complicates the nuclear
non-proliferation work. The U.S., Germany, Sweden, and other countries prohibited
reprocessing by law. Moreover, existing reprocessing technology is too expensive.

The contradictions of (2) and (3) are self-evident. The only possibility is chemical
reprocessing followed by disposal, and the problem of disposal is not yet solved. It seems
to everybody that the nuclear energy industry does not solve environmental problems
except by the suppression of carbon dioxide. We think that the present nuclear energy
industry has no future. It is living from hand to mouth. It is powerless before the egoism
of the five nuclear weapons states --- contained in the NPT ---. It postpones everything
without showing the sense of justice to India and Pakistan, for example. Specialists
believe that the present nuclear safeguards and physical protection measures are
coming to an impasse technologically and economically.

Therefore, we would like to present the following concrete measures for solving the
plutonium issue:

(A) Construct the molten-salt reactor FUJI-Pu. This reactor could be used to burn
military and civilian plutonium (also high purity U-235) and convert them to U-233
while generating electricity.

(B) In parallel, prepare FREGATE type processing plants (based on the direct
fluorination process) and perform chemical treatment on all spent solid nuclear fuel from
existing reactors. This will prepare molten-salt nuclear fuel containing plutonium.

(C) Perform complete burning of this molten-salt fuel containing plutonium in
FUJI-Pu or in Accelerator Molten-Salt Breeder (AMSB). This would enable the
accumulation of U-233 and a gradual shift to the Thorium Molten-Salt Nuclear Fuel
Cycle, in which power generation by FUJI-U-233 would be achieved without plutonium.

These three steps would achieve the “phasing out of plutonium use”.

From the Uranium Era to the Thorium Era
These ideas presented above only represent the technical methods presented in

preceding chapters. In effect, the economics of producing better goods at cheaper cost will
solve the problem, we think.

As a concrete investigation for these ideas, the author prepared the following
preliminary scenario.

K. F.: The next part should be rewrited due to the new attitude in the world !!

The OECD appears to have no strong will to increase nuclear power generation.
According to its most bullish prediction made several years ago, the scale of world
nuclear power in 2030 will be three times as much as the present and will gradually die
out owing to the natural retirement of reactors. Several countries in Asia provide an
example for this power increase by their desire to rely upon nuclear power. Further,
there have been signs that the United States will increase nuclear energy utilization.
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If we apply our strategy to this world scenario for the disposal of generated plutonium,
we can make the transition to the Thorium Era (from the Uranium Era) by the
development program indicated in Figure 10.1.

The dotted line in Figure 10.1 indicates the predicted power generation by the
uranium-plutonium cycle worldwide in the 21st century. The maximum appears around
2030, with three times the present value. The corresponding plutonium production is
indicated by Curve (2), where the total accumulated estimated amount is 14,000 tons in
the whole world. Broken line (3) corresponds to the process in which trans-uranium
elements including plutonium are economically separated as fluorides and used as fuel
to drive FUJI-Pu (after 2010) and the Accelerator Molten-Salt Breeders (after 2025).
These elements including plutonium are completely burnt with these processes. U-233 is
obtained as a byproduct.

These programs can deploy the Thorium Molten-Salt Nuclear Energy Synergetic
System throughout the world. The power generation indicated by Curve (4) can be
realized by U-233. Curve (4) is also the realization of the target curve (D) shown in
Figure 1.2.

No one would want natural uranium in this worldwide scenario, much less plutonium.
In my opinion, the desired material is thorium, which is not fissile by itself. Terrorists
are the exceptions. A primitive reactor of natural uranium and heavy water or high
purity graphite can obtain plutonium rather easily. The reader should recall that, in
prehistoric times, a natural nuclear reactor was operating in a uranium deposit in Africa,
as discussed in Chapter 2.

Even in this thorium era, strict international control of natural uranium must be kept.
Because uranium resources are unevenly distributed and well investigated and
managed, international control will be adequate, in my opinion.

We also hope, at an early stage, to realize the era of “complete prohibition of plutonium
and natural uranium. ” If it is socially and economically viable, we can replace uranium
reactors with thorium reactors. It would not be unreasonable to target this transition
around 2040. By that time the spent nuclear fuels and remaining unprocessed
plutonium could be collected and placed under the strict international control at special
regional centers and then be internationally treated with Accelerator Molten-Salt
Breeders, FUJI-Pu.

Author, you need a strong ending. As it stands, your book just stops.

佐藤賞を！旧著で下記の様に書いた。 しかし、 In the spring of 2001, an advisory

committee of the U.S. Department of Defense cautioned the possible attacks by terrorist
groups using nuclear or other mass destruction weapons. Since Alfred B. Nobel raised a
question a century ago, “science and technology seem to have continuously provided only
measures that aggravated war”. Has the Nobel Peace Prize ever been given for
scientific achievement? It is time to consider positive measures for science and
technology to lead the way to the peace.

Afterword.
Current nuclear reactors have not reflected the essential nature of the nuclear fission

energy technology based on the nuclear chemical reactions. They are gradually
declining.

In this philosophy, nuclear reactors can be based on new and different ideas. These
ideas can be realized in this century and solve global problems.

However, a new technical concept does not mature in a few years. It matures under
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historical burdens and complex details. As at the end of Chapter 3, technology is like a
human being, there will be no future if the past and the present (including present
nuclear reactors) are slighted. We have forty years of direct involvement. Many junior
and senior colleagues made enormous efforts to build this history. We regret that we
cannot report the historical details of these efforts here. Please refer to the published
literature for information on this history. It is an engrossing human drama that spans
the U.S., Russia, Canada, France, Belarus, India, Turkey and Japan --- more engrossing
than the ancient Chinese epic “Romance of the Three Kingdoms" talked up the 3rd

century history.

The efforts of hundreds of people both Japanese and non-Japanese who guided,

assisted, and supported us could not be recorded. The authors wait for the next chance to

thank them by name.

In preparing this Japanese edition, the authors also received much valuable advice
from Ritsuo Yoshioka, Teruo Sugi, Seiji Uno, Akira Furuhashi and many others. The
authors are particularly grateful to Hiroaki Shimazu of the editorial department, who
corrected all sentences that were badly constructed or verging on argumentativeness or
sarcasm.

And in preparing the English edition, the authors had gotten a huge cooperation from
Mrs. Maryann and Mr. Ralph Moir to improve not only English language but also
contents. Otherewise we could not furnish this book. We want to express a sincere
thanks.

APPENDIX.
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(2) Furukawa, K., Numata, H., Kato, Y., Mitachi, K., Yoshioka, R., Furuhashi, A., Satoh, Y.,
Arakawa, K., “New Primary Energy Source by Thorium Molten-Salt Reactor Technology”,
Electrochemistry, Vol.73, No.8 (2005) P.552-563.

(3) “Molten Salt Reactor for Sustainable Nuclear Power – MSR FUJI”: (ITHMSI, Japan)
IAEA-TECDOC-1536 Vol.2 “Status of small reactor designs without on-site refueling”
(Jan.2007) ANNEX-XXX , P.821-856(basically written on Sept., 2004)

(4) Kazuo Furukawa, Kazuto Arakawa, L. Berrin Erbay, Yasuhiko Ito, Yoshio Kato, Hanna
Kiyavitskaya, Alfred Lecocq, Koshi Mitachi, Ralph Moir, Hiroo Numata, J. Paul Pleasant,
Yuzuru Sato, Yoichiro Shimazu, Vadim A. Simonenco, Din Dayal Sood, Carlos Urban,
Ritsuo Yoshioka: “A road map for the realization of global-scale thorium breeding fuel
cycle by single molten-fluoride flow”: Energy Conversion and Management, Vol. 49,
1832-1848(2008).
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