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Energy Frontiers International mrumy i P

J. PAUL PLEASANT, President

Dr. Allan Bromley May 17, 1992

Assistant to the President
Science and Technology

The White House
Washington, D.C.

Dear Dr. Bromley:

It has been suggested by W. Henson Moore, Deputy Chief of
Staff to the President that I communicate with your office
directly.

Professor Kazuo Furukawa, Institute of Research and
Development, Tokai University is one of Japan's leading
nuclear physicist. He has taken a public leadership
role advocating that Japan, and the world, avoid the
production of plutonium in the utilization of commercial

nuclear energy.

Professor Furukawa is the leading exponent of THORIMS-NES,
an Accelerator Molten-Salt Reactor concept utilizing
thorium. This concept will require a close cooperative
effort with the Oak Ridge National Laboratory.

11472 EHREN ST., LAKE VIEW TERRACE, CALIFORNIA 91342 818 / 890-4144



Professor Furukawa will visit the United States in June
and has expressed a strong desire to meet with you,

or staff, in Washington, D.C. on June 10 or 11.

Enclosed are copies of recent correspondence. The
correspondence reflects a developing international

interest in this nuclear energy project.

I believe it is most important to the long-term
interests of the United States that Japan avoid

an energy future based upon plutonium dependence. I
strongly urge that Mr. Furukawa be granted a personal

opportunity to discuss his vision of Japan's energy future.
Please advise if this meeting can be scheduled.

Sincerely,

| D
:////a/// _m“__,\ﬁ‘ﬁ\\\\\\\\

7 /)l. Paul Pleasant
President,

ENERGY FRONTIERS INTERNATIONAL
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; International Specialists’ Meeting on Potential of Small Nuclear Reactors
‘ for Future Clean and Safe Energy Sources
October 23-25,1991

Flexible Thorium Molten-Salt Nuclear Energy Synergetics
Kazuo Furukawa?,Kohshi MitachiP, Yoshio Kato® & Alfred Lecocqd,

8Institute of Research & Development, Tokai University, Hira-
tsuka, Kanagawa 259-12, Japan

bDeptartment of Engineering, Toyohashi University of Technolo-
gy, Toyohashi 400, Japan

CFuel Development Division, Japan Atomic Energy Research Insti-
tute, Tokai, Ibaraki 319-11, Japan

dEuropean Working Associ.for Molten-Salt Reactor Development
[EURIWA], 11 Av. Dr.Vaillant, 91940 Gometz le Chatel, France

Abstract

The new global fission industry for the next century should
solve perfectly and simultaneously the following all issues:
(A)resources and environmental problems, (B)safety, (C)nuclear-
proliferation and -terrorism, (D)breeding fuel-cycle, chemical
processing and radio-wastes including their incineration, and
(E)social acceptability and economy, including "North-South”
problems. One of the most promising flexible systems to solve
the above would be the Thorium Molten-Salt Nuclear Energy
Synergetics[THORIMS-NES] depended on the isolation of fissile-
producers and power-stations, allowing the smaller stations

1. INTRODUCTION - GLOBAL ENERGY STRATEGY IN NEXT CENTURY

The next 21st century will be a transient period from fossil
fuel age to ’ " nuclear energy, as the global and
especially local climate could not accommodate the excess heat
emission more than 0.1% of solar input to globe. [The heat-
emission type energy technologies will not be used as major
ones in the 22nd century.]

If it might be accepted that the future global energy trend
would be shown by the rational prediction of Marchetti [1:] +as
shown in Figure 1, the total energy production by. flssion
industry will amount to about 900TWe -year in the period of 200
years between 1965 and 2165, as shown in Figure 2 in absolute
scale assuming the yearly growth rate of 2.3%. 4

This 1s 450 times larger than the past nuclear energy pro-
duction of 2 TWe-year, and could not be replied not only by
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latter reasons are as follows [2,3]:

[I] low breeding power to climb up the steep curve of Figure 2:
the real design requirement on the doubling-time of fissile
breeding should be 5~8 years,

[II] low flexibility in power-size: large sophisticated high-
performance breeders will be refused, and

[III] handling, and transportation of a huge amount of Pu such
as 1~4 x 104 tons in LMFBR.

Now the strategy should be prepared rationally solving the
following issues all: (A)resource and environmental problems,
(B)safety, (C)nuclear-proliferation and -terrorism, (D)breeding
fuel-cycle, chemical processing and radio-wastes, and (E)public
and institutional acceptability and economy, including "North-
South”™ problems. This would require a technological revolution
or a new philosophy.
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Figure 1. Historical trend in energy substitution of the

world. [The amount of primary energy is plotted as fraction "F"
of the total energy market [1]. The dotted curve of
nuclear(fission) energy is added by authors.
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2. NEW NUCLEAR ENERGY STRATEGY -- THORIMS-NES --

Depending on the pioneer work of ORNL on the molten-fluoride
fuel concept [4], a new philosophy:THORIMS-NES[Thorium Molten-
Salt Nuclear Energy Synergetics] has been proposed by our group
in recent [2,3].

2.1. New philosophy

Originally ORNL had aimed to establish the MSBR [Molten-Sslt
Breeder Reactor] in 1947 ~1976. However, MSBR has three diffi-
culties: (i)inherently large power-size, (ii)troublesome corec-
graphite exchange, and (iii)very hard development of continuous
chemical-process facility. These difficulties all could be
overcome by our THORIMS-NES, which depends on the following
three principles:

[I] Thorium utilization: refusing to use U resource and Pu,

[II] Molten-salt fuel concepts: in practice, the "Flibe(LiF-
BeF,) base molten-fluoride" concept should be applied, which
has already established the sound technological basis by the
brilliant long effort of ORNL people, USA, throughout 1947~ 76.
It grounds on the successful operation of MSRE (Molten-Salt
Reactor Experiment) and on their intense R&D works on MSBR
(Molten-Salt Breeder Reactor) [4,5].

[III]Separation of fissile-producing facilities [MSB:Molten-
Salt Breeders] and power stations [MSR:Molten-Salt Reactors]:
now MSR is not a "breeder" such as MSBR.

This will be effective to establish the essential improve-
ments in the above five (A) (E) issues, as explained in below.

2.2. What is the TIIORIMS-NES ?

For example, the Small Molten-Salt Power Station (MSR) of
350 MWth (155 MWe) named FUJI-II [cf.Figure 3 & Table 1] has
the following performance [6,7,8,3]:

(a)fuel self-sustaining characteristics, which means practi-
cally the conversion ratio of 1.0[in situ]. The amount of
initial inventory and additional in transient stage 1is also
excellently small, which means the best partner of MSB. It
results a very few fuel transportation only.

(b)simple structure, easy operation and maintenance works
enhancing its safety and economy, because of (i)no opening of
reactor-vessel, (ii)no fuel assembly fabrication, (iii)no
fuel-processing in full 1life except the removal of Kr, Xe and
T, achieving the burn-up of 500%, (iv)nearly no control-rod due
to the very low excess reactivity, and (v) essentially no
Trans-U elements(TRU). This system is practically effective for
TRU-incineration and anti-terrorism.

Already, the following three types of MSBs were proposed:

(1) Accelerator Molten-Salt Breeder (AMSB): by the neutrons

generated from spallation reaction of Th nuclei in molten-

salt target/blanket with 1GeV protons [9,10],

(2) Impact Fusion Molten-Salt Breeder (IFMSB): applying new

ideas of axially symmetric mass-driver and shaped-projectile

accommodating DT-pellet[11], and




(3)Inertial-confined Fusion Hybrid Molten-Salt Breeder (IIMSB):
adopting the first wall of molten-salt waterfall for the elimi-
nation of radiation damage [10]. Its development is much easier
than the pure fusion plant.
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Figure 3. Vertical cross-sectional view of reactor-vessels
"FUJI-II" and "miniFUJI-II" in same scale-sized models.
(About 90 volume % in reactor vessels is occupied by graphite.)

These systems are designed promising the preparation of the
target salt 1in high . 3UF4 content(0.5~0.7mol%), which can be
supplied directly to the fuel-salt tank of FUJI-series MSR

fueled in low 233UF4 content(0.2~0.3mol%). A schematic flow of

fuel-salt is shown in Figure 4.
They could be developed until 2010 ~ 2030 due to the recent
rapid development of related technologies. AMSB will be the
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Table 1. Main parameters of several small Molten-Salt Reactors

standard power denatured-U pilot-plant experimental
station fueled reactor (ORNL)
(fuel self- (super- (operated
sustalning)  (20%23%U)  compact) in 1965~ 69)
FUJI-II FUJI-V miniFUJI-II MSRE

heat capaclity (MWth) 350. 250. 16.7 7.3
electric power(netMWe) 161. 100. 7. --
thermal efficlency(%) 46. 40. 42. --
reactor size (m)

(diameter x high) 5.5x 4.1 5.0x 3.9 1.8x 2.1 1.45x 2.2
high temp.containment 12. x 8. 1i. x 8. 3.7x 3.2 5.8'% T.2})
fuel: ggnversion ratio 1.002 0.917? 0.58 -——

233y {nventory (kg) 370. 235y=340. 2 27. 32.
2327 (ton) 20.1 16.3 0.65 i
fuel salt: 2%3UF (mo)x) 0.22¢  235UF,=0.257  0.47» 0.14
total volume (m°) 13.7 11.1 0.45 2.1
flow rate (m3/min) 33.2 33.0 1.59 4.5
temperature (C) 585—>725 565—655 560—>700 632—>654
main piping(inn.dia.cm) 25. 25. 8. 15.

(#) TLiF - BeF, - ThF, - 233UF, = (72-x) - 16 - 12 - x [mol%]

23301-‘4 and/or 239PuF4

* [Breeding & Chemical Processing Center]
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most practical and promising concept including the reactor-

chemical behaviors. llowever, IFMSB might become a "dark horse"
in some case(9,3].

3. Significant characteristics of THORIMS-NES

The significant improvements in the above (A) ~ (E) issues
will be briefly explained in belows:

3.1. (A)Resource and environmental problems

At least, the nuclear industry has to contribute to the
triangle-shaped energy share of about 900TWe -year as shown 1n
Figure 1, suppressing the CO,, SO, and NOy emissions.

The Th resource 1s already confirmed more than 4 Mton, and
never be monopolized. However, the full application - of
THORIMS-NES in the world, the total consumption of thorium will
require only about 2~ 3 Mton Th(its about 20% will be fis-
sioned), in contrast with 4~ 5 Mton Th in MSBR or with 140~180
Mton U in LWR system. This might introduce great advantages in
the issues of resource, radiowaste and ecology.

3.2. (B) Safety

In the normal condition, FUJI(MSR) is easy in operation with
the following performances: (i)no need of fissile supply in
life, (11)self-controllable, (1i1)load-followable, and (iv)very
few maintenance work such as fission-gas and tritium removal,
and slight addition of Th in about once per week.

In the accidental cases of FUJI, the supposition of "SEVERE
ACCIDENTS" 1s very difficult. The full stop of fuel-salt flow
means only a graphite temperature increase of about 500" C not
requiring any control-rod function. A large leak of fuel-salt
by the fracture will not result any "core-meltdown" or "re-
criticality"”, by the isolation of fuel and moderator [3].

Radioactivity 1s triple-confined by reactor-vessel, high-
temperature containment, and reactor-containment. Even 1in the
case of reactor destruction by milltary or terrorists' attack,
it will be safer than any other reactor systems depending not
only on the stationary removal of gaseous radio-activities from
fuel, but also an easy suffocation-extinguishment of graphite
fire without disturbance of fuel-salt ({3,123 .41t will not bé
easy in the Modular Gas-cooled Reactors. ]

3.3. (C) Nuclear-proliferation and -terrorism

The social safety and especlally anti-terrorism will become
more Important issue in the next century. If U breeding system
would be deployed in the coupling of LWR & LMFBR following a
conventional policy, the world has to handle the Pu 1in the
amount of 11 and 28 Kton 1in the age of 2036 and 2050, respec-
tively [3], which would be fatal for globe [13,14].

In Th breeding system, essentially no TRU(Pu, Am, Cm) will
be generated, and THORIMS-NES is the most effective and practi-
cal system for their incineration [cf.(D)]. In THORIMS-NES, the




7.

232y concentration in 233y fuel will become more than 500ppm
(2] (30 times richer than that in MSBR), and fatal for t§5§or—
1sts (robbers) due to the strong 2.86MeV gamma-ray from 11,
the daughter of 232y,

In the transient stage before maturing the THORIMS-NES,
FUJI-V fueled by denatured-U would be valuable(cf.sec.5).

3.4.(D)Breeding fuel-cycle, chemical processing and radiowastes

In the present nuclear technology, the once-through handling
of fuel will be most economical. However, in the future, the
complete fuel reprocessing 1s essential not only for establish-
ment of breeding fuel-cycle but also for public acceptance. The
Flibe-based molten fluoride fuel system will be the best system
for the above purposes, and now will be able tc establish the
rational managements of "Radio-waste"™, which depend on the
principles of "minimization of reprocess-steps and mainte-
nance-works" and "full utilization of irradiated fuel materi-
als" [15], as follows:

( ct.see.3.1]:
(ii)high-level waste: TRU will be 3 order of magnitude 1less
than the amounts in U-Pu system, and essentially they are
staying in fuel-salt as a fissile or fertile species.
(iii)low level waste: maintenance and chemical processing works
in proper are very few, resulting a significant minimization of
low-level waste in the order of 1/100 comparing with the case
of present nuclear facilities.
(iv)graphite waste: fairly big amount of core and reflector
graphite waste will be produced. However, the plate-out
radio-activity on graphite will be removed for reuse by peeling
0.5mm in depth, diminishing the radio-waste [4]. The prelimi-
nary estimation on the total amount of final graphite waste is
about 8 10 Mton. [MSBR will produce 30 Mton graphite waste. ]
(v)structural materials [Hastelloy NJ]: induced radioactivity
from the maximum irradiated reactor-vessel alloy will be re-
duced to 0.3 rem/hr/ton in 1 year after reactor shut-down [16].
%E will mostly come from 0.871 & 0.703 MeV gamma of long life
Nb [half-life: 2.03x10% year]. However, it might be reused by
the vacuum-remelting with the low contaminated alloy.
(vi)incineration of long-life Fission-Products: F.P. of half-
lives longer than 30 years coming from own and other reactors
might be easily incinerated in THORIMS—@PS [3.%?]:
(a) in the form of molten fluorides: 1 91, 13 Cs and 1°lgp by

MSR or MSB, and 9OSr, 932r. lZSSn and 137Cs by MSB;
(b)in the metallic form casing in graphite, for example:

59N1, 63N1, 94Nb and 99Tc by MSR or MSB, and 197p4 by MSB.

(vii)incineration of TRU: TRU are valuable fissile or fertile
isotopes, and should be effectively utilized as fissile fuels
but not reproducing TRU. For this purpose MSR will be the best
facility. In practice, a modification of FUJI-II aned FUJI-
IV[12] has been proposed, in which about 1/3 of 2433y is re-
placed by TRU of 100~ 200 Kg, and fertile ThF, is decreased to
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8 mol% from 12 mol% resulting in the fissile shortage, which is
supported by the further addition of TRU in burning rate of
about 50 Kg/year. In this design it seems that any technologi-
cal difficulties do not exist due to the following reasons:
(a)TRU fluorides are stable trivalent and enough soluble in
fuel-salt, not requiring any special pure separations:
(b) Their incineration can continue more than 20 years among
reactor-life, not same as 1~ 2 years in solid-fuel reactors,
not producing any additive(induced) radioactivity, and not
requiring any additive R&D.

3.5.(E)Public and institutional acceptability and economy,
including "North-South" problems [3,12]

Excelient public acceptability will be expected from [a]high
safety, [b]lrational radio-waste management, [clhigh resistance
to nuclear-proliferation and -terrorism, [d]very few load-
transportation of nuclear materials, [e]low thermal pollution,
and [flcharacters in proper suitable for utility facilities.

Institutional acceptability also will be enough due to the
following reasons: [i1]flexible capacity choice including small-
er power stations, [1i]easy siting: accessibility to consumers,
[iii]easy operation and few maintenance work, [iv] possibility
of process-heat and district-heat supply.

These advantages will encourage its distribution to the
developing countries area. This will be enhanced by the excel-
lent economy due to the simple fuel-cycle system. The expected
low cost of R&D 1s also significant as explained in below.

4 .DEVELOPMENTAL PROGRAM

The basic technology of molten fluoride fueled reactors
including material-compatibility problems has been prepared by
the intense R&D study of ORNL in 1947 1976. After confirming
them, the first step might be the development of Small MSR.

In the development of small MSR, the following "simple and
rational nature” of MSR technology should be recognized [3,12]:

[A] no need of fuel irradiation test, due to no radiation-
damage,

[B] simple chemistry ---high theoretical predictability of
physico-chemical behaviors of fuel-salt, including structural-
materials compatibility [5,3],

[C] simplicity in configuration, operation and maintenance:
(i)no core-graphite exchange: no opening of the reactor-vessel:
(11)fuel self-sustalnable, reactor self-controllable and load-
following characters --nearly no control-rod; and (iii)no need
of sophisticated continuous chemical process facility,

[D] commercialization from the small reactors in the first
step for maturing the new MSR technology, which means (i)the
low capital cost in smaller ones, (ii)straight application of
excellent experience of "MSRE", successfully operated through-
out 4 years in ORNL, (iii)few additional R&D items, and (iv)not
competition with the proven large Solid-fueled Power Reactors.
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[E] wide applicability of Liquid-Na Reactor-Components devel -
opment results, with the three advantages of MSR technology on
the chemical inertness, low thermal shock and no oxidized vapor
condensation comparing with Liquid-Na technology.

These MSRs might keep an excellent performance as effective
partners of Fissile-producing MSBs in order to establish the
practical THORIMS-NES all over the world including the develop-
ing countries and isolated areas.

In parallel, MSBs, especially AMSB could be developed by the
rational step-wise increase of the proton-current among 20
years not expecting any big difficulties except a beam injec-
tion-port technology.

As a practical first step, a pilot-plant named miniFUJI-II
(16.7MWth, 7MWe) was proposed [7,3], which would be promising
as a similar-size one as MSRE except electric generation.
However, an alternative simpler 10 years' plan FUJI-V has been
proposed for replacing the 12~ 15 years' plan of miniFUJI-II &
FUJI-II [3].

(14«/ &”/.’""’/‘j“( -
5. FUJI-V PROJECT FUELED BY DENATURED-URANIUM

THORIMS-NES 1is strongly protective for nuclear-proliferat%gn
and -terrorism as explained, and the supply of initial 2 U
fuel will be also feasible [2,3]. However, as an alternative
approach before maturing THORIMS-NES, the denatured-U fueled
MSR might be considered, refusing any weapon materials [13,17].

In FUJI-V (cf.sec.3.3) the initial and additive fissile

supply are 20% enriched-U (=20%235U + 80%238U), and has been
modified to simplified design and lower performance than FUJI-
II as shown in Table 1.

The significant characteristics of FUJI-V are as follows:
(a)much improved resistance for %uclear—proliferation and
-terrorism, (b)still essentially 23 U reactor, because Pu is
only about 10% of fissile in final stage of 1life, (c)easier in
thermal design in reactor-core, and {(d)higher economy in
plant-cost and power-cost.

6 .CONCLUSIONS

In the next century, the further increase of fossil fuel
utilization would not be acceptable, and the new-proposal
THORIMS-NES depending on the "molten fluoride"” technology seems
to be most promising for global application in huge-scale,
considering all technological, social and ecological issues.
The effective investment to this new "Energy Industry" will
contribute to create a cultural healthy society solving
"North-South" problems, because 1in near future the biggest
problem in the world is the shortage of capital.

This would be one of the most practical replies to the
Lilienthal's appeal of "A NEW START" 1in Nuclear Energy by
encouraging "a revival of positive and affirmative fighting
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spirit" of scientists and engineers [18].
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1117-Kitakaname, Hiratsuka, Kanagawa, 259-12 JAPAN
Phone 0463-58-1211 Ext. 22982289 §3¢0C
F[V)C w = 7o 1263

Mr. J.Paul Pleasant
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S.A.

9th March, 1992

Dear Mr. Pleasant,

Thank you very much for your letter of 2nd March, 1992 and
copies of letters indeed.

I am quite waiting the successes of these actions. Please
report me soon by Fax [ 463-58-1203]. I also want to know your Fax
number, please.

Could you imagine now Japanese are also quickly understanding
our opinion (good for all peoples) among top peoples or opinion
leaders.

was o

My next essay wilti—be published todg;¥ew on the leading
NewsPaper: ASAHI (5 M copies ?) much discussing on Pu: "Let extingu-
ish the fire of Pu", they chosen this title. On 1st March, timely,
Mr.Torii, a Editorial Writer of Japan Economy NP[Nihonn KEIZATI]
presented quite clear essay: '"New Nuclear Energy Way", quite follow-
ing our way, he said, and really Ministry Foreign Aff. & Tokyo ELec.
Power Corp. are appreciating these proposal now.

Asahi also wrote a similar editorial on 22th Feb. titled "Re-
examine the Pu policy". Therefore I sent them the above second essay.

Tokyo E.P.Co invited me on the end of this January.

I am meeting with Mr.K.Tanigawa, Minister of Sci.Tech. Agency on
10th March. Socialist Party has invited me for a lecture to rebuild
their energy policy on 18th March.

Looking forward to seeing you near future,

Sincerely yours, — =

/(CJM Pt e 1/‘-""'/\764'

<) Kazuo FURUM
P.S. Please tell me your Fax number and the air-port for seeingvyou.
(How to go there ?)
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gQa TOKAI UNIVERSITY
= INSTITUTE OF RESEARCH & DEVELOPMENT

1117-Kitakaname, Hiratsuka, Kanagawa, 259-12 JAPAN
Phone 0463-58-1211 Ext. 2298;2299 S 300
FM ‘v —rr— (203

Mr. J.Paul Pleasant
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

.Sl

18th February, 1992

Dear Mr. Pleasant,

Thank you very much indeed for your letter[and beautiful
stamps] of 14th January(February ?), 1992.

Your statements all are quite agreeable and encouraging me. I
am sorry for my silence , but I did a lot for Th. Partially I shall
report you, as Th is on time:

0) Please tell me your Fax No.. Mine is 463-58-1203.

1) Th fuel cycle promotion by HTGR is natural for USA. However, the
age is shifting, and really a new era. Your country has the base of
MSR tech.. Comparing them, HTGR is an incomplete set, especially
concerning '"fuel processing", really. I discussed severely on it
with Professor Schulten[Julich] 3 years ago, and off course, with
other severals including EdF chief engineer (cf. II-5 section of our
blue book prepared by the help of EdF.).

2) So long I am hoping for DOE to move on MSR development using
ORNL, with which I have a deep connection as you know. I prepared a
very easy approach than ORNL-MSBR, and can distribute all over the
world. I enclosed our newest report here. ORNL peoples are
supporting me.

I am very happy if you would couple with me . to prepare the
international coopo.system for th-MSR development. Would you please
explain our idea to Mr.Henson Moore[ what is his previous career
?], because the several groups in the world are more and more
supporting our proposal:

3) For example: )

Now Russian Inst.for Theo.& Expmtl Physics, Moscow [2500
persons, responsible for N.Weapon head incineration] is officially
coworking in our direction.

Turkish Atomic E.Authority President presented his hope to
study more on our system cooperatively (already progressing in
partial). Please understand it means that this tech. is very
attractive for developing countries, too. In recent, India,
Indonesia, Czecho., Israel, --- are hoping to know more.

Will you know a week ago Indonesia nearly gave up PWR after




long examination choosing coal.

Japan is now more understanding the difficulty of LWR

siting. Two days later (20th Feb.) the Japanese biggest conservative
Newspaper "YOMIURI" is publishing an invited energy essay of mine in
9 million copies.
4) I have to explain more in detail. Could we meet together near
future ? Where is your town ? Last year I missed to visit USA, but
this year have to go, at least visiting LLNL, EPRI, Los Angeles,
LANL ?, ORNL, Tennessee Univ.. Which period is suitable for meeting
you ?

Would you have a connection with the former President Carter,
who was a reactor fuel engineer and really promoted to use Th than
Pu strongly !( I am also not impossible to find it.) Senate of
Tennessee (who) should move to use ORNL more for not only USA but
also the world, don't you ?

I shall move more now. Please help me.

Looking forward to seeing you near future,
Sincerely yours,

///%i: c ;; F4ﬂ//l(;j;-_
Kazuo FURUKAW.

P.S. I heard that Dr.Clark Gibb, the head of ETEC, Canoga Park, has
an interest on MSR. More than 20 years ago, I had a deep connection
with LMEC and Atomic International. I am writing him, too.



THE WHITE HOUSE /

WASHINGTON / (|

May 11, 1992 V \z e !

Dear Mr. Pleasant: _z‘

I have received your recent letter requesting a meeting with
Professor Kazuo Furukawa of the Institute of Research and
Development at Tokai University in Japan to discuss Japan’s and
the world’s future role in the production of plutonium for the
utilization of commercial energy.

While I continue to be most interested in these matters since I
have come to the White House from the Department of Energy, due
to the different kinds of assignments in which I am now involved,
I would like to suggest Professor Furukawa would be better served
by requesting a meeting with Dr. Allan Bromley. x .
M o
As you are probably aware, Dr. Bromley is the Assistant to the
President for Science and Technology. I have discussed your
request with Dr. Bromley’s office and they would welcome hearing

from you. oA
With kindest personal regards, I remain

Sincerely yours,

sh W. Henson Moore
Deputy Chief of Staff
to the President

.

Mr. J. Paul Pleasant

President

Energy Frontiers International
11472 Ehren Street

Lake View, California 91342



Energy Frontiers International

o f/ J PAUL PLEASANT, President

Henson Moore April 14, 1992
Presidential Advisor

The White House

Washington D.C.

Professor Kazuo Furukawa, Institute of Research and
Development, Tokai University is one of Japan's leading
nuclear physicist. He has taken a public leadership
role advocating that Japan, and the world, avoid the
production of plutonium in the utilization of commercial

nuclear energy.

Professor Furukawa is the leading exponent of THOREM-NES,
a Accelerator Molten-Salt Reactor concept utilizing
thorium. This concept will require a close cooperative

effort with the Oak Ridge National Laboratory.

Professor Furukawa will visit the United States in June
and has expressed a strong desire to meet with you,

or staff, in Washington D.C. on June 10 or 11.
Enclosed are copies of recent correspondence. The

correspondence reflects a developing international

interest in this nuclear energy project.

11472 EHREN ST TAKE VIEW TERRACE ., (CALIFORNIA 91342 « 818 [/ 890-4144



I believe it is most important to the long-term
interests of the United States that Japan avoid

an energy future based upon plutonium. I strongly

urge that Mr. Furukawa be granted a personal opportunity

to discuss his vision of Japan's energy future.
Please advise if this meeting can be scheduled.

Sincerely,

O s —
J< Paul Pleasant

President
ENERGY FRONTIERS INTERNATIONAL



Mr. J.Paul Fleacant FAX : 818 890-4336
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S.A.

17th April, 1992

Dear Mr. Pleasant,

Thank you very ruch for vour letter of 1st April, 1922, by
which I have been encouraged s¢ much.

Qur movement is quite successfully growing. We have prepared
a new Tokvo-office, and everything is progressing everyday. 1 cannot
explain simply. I have to see you as soon as possibple.

Now I have decided to parlicipate in "Citizen Amkassadoer
Program'": Nucl.Fuels Management Delegation to the Commonw. of Indep.
States (Moscow, Chelvabinsk, Kiev, Chernobyl), which will start on
13th June, 1892 irom ilew york.

cfl. : Ms. Kathy White, FAX: 509-534-5245
Project Coordinator TEL: 509-534-0430
People to people Cit.Amb.Program
Dwight D.,Eisenhower Building Honorary Chairman:
Spokane, Washington 99202 President George Bush

[ Half month age, I was timely elected as a Foreign Member of Ukrai-
nian Academy of science.]

Therefore, starting here on 31th May, and touchin
I want tc see you on 3rd June, 1992 at Los Angeles. Is
for you ?

After visiting ORNL [Director, Dr.Trivelpiece! including many
friends (hoping to sce Dr.A.Weinherg, teo), I want to see Mr.Henson
Moore onli1th or 10th June at washington. (If impossible, to his
staffs ) I should be very much obliged if you would kindly help me
on it.

Locking forward to getting your reply and seeing ycu soon,

Sincerely yours, /- ‘ éﬁ
{ﬁéy e/l T R,
\a@ég P

FUKUKAWA |,

g LLNI etc.,
it all right

Prof .Kazuo rURUKAWA
Inst. of Research & Develcpment,
Tokai University, FAX: 463-58-1203
Hiratsuka, Kanagawa 259-12,
JAPAN



TOKAI UNIVERSITY
INSTITUTE OF RESEARCH & DEVELOPMENT

A

1117 Kitakaname, Hiratsuka, Kanagawa, 259-12 JAPAN
Phone 0463-58-1211 Ext. 228872289 53¢
Froox , -+ int3R

Mr. J.Paul Pleasant
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S.A.

9th March, 1992

Dear Mr. Pleasant,

Thank you very much for your letter of 2nd March, 1992 and
copies of letters indeed.

I am quite waiting the successes of these actions. Please
report me soon by Fax [ 463-58-1203]. I also want to know your Fax
number, please.

Could you imagine now Japanese are also quickly understanding
our opinion (good for all peoples) among top peoples or opinion
leaders.

et ‘\/{4.1
My next essay witlt—be published tomOt%ew on the leading
NewsPaper: ASAHI (5 M copies ?) much discussing on Pu: "Let extingu-
ish the fire of Pu", they chosen this title. On 1st March, timely,
Mr.Torii, a Editorial Writer of Japan Economy NP[Nihonn KEIZAT]
presented quite clear essay: '"New Nuclear Energy Way", quite follow-
ing our way, he said, and really Ministry Foreign Aff. & Tokyo ELec.
Power Corp. are appreciating these proposal now.
Asahi also wrote a similar editorial on 22th Feb. titled "Re-
examine the Pu policy". Therefore I sent them the above second essay.
Tokyo E.P.Co invited me on the end of this January.
I am meeting with Mr.K.Tanigawa, Minister of Sci.Tech. Agency on
10th March. Socialist Party has invited me for a lecture to rebuild
their energy policy on 18th March.

Looking forward to seeing you near future,
Sincerely yours, e

/7 ) i
/’((- /" o Lt g widl RPCF oy 7=

/7 Kazuo FURUKAWA

P.S. Please tell me your Fax number and the air-port for seeing you.
(How to go there ?)
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Mr. J.Paul Pleasant
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S5.A.

18th February, 1992

Dear Mr. Pleasant,

Thank you very much indeed for your letter(and beautiful
stamps] of 14th January(February ?), 1992.

Your statements all are guite agreeable and encouraging me. I
am sorry for my silence , but I did a lot for Th. Partially I shall
report you, as Th is on time:

0) Please tell me your Fax No.. Mine is 463-58-1203.

1) Th fuel cycle promotion by HTGR is natural for USA. However, the
age is shifting, and really a new era. Your country has the base of
MSR tech.. Comparing them, HTGR is an incomplete set, especially
concerning "fuel processing'", really. I discussed severely on it
with Professor Schulten([Julich] 3 years ago, and off course, with
other severals including EdF chief engineer (cf. II-5 section of our
blue book prepared by the help of EdF.).

2) So long I am hoping for DOE to move on MSR development using
ORNL, with which I have a deep connection as you know. I prepared a
very easy approach than ORNL-MSBR, and can distribute all over the
world. I enclosed our newest report here. ORNL peoples are
supporting me.

I am very happy if you would couple with me to prepare the
international coopo.system for th-MSR development. Would you please
explain our idea to Mr.Henson Moore[ what is his previous career
?], because the several groups in the world are more and more
supporting our proposal:

3) For example:

Now Russian Inst.for Theo.& Expmtl Physics, Moscow [2500
persons, responsible for N.Weapon head incineration] is officially
coworking in our direction.

Turkish Atomic E.Authority President presented his hope to
study more on our system cooperatively (already progressing in
partial). Please understand it means that this tech. is very
attractive for developing countries, too. In recent, India,
Indonesia, Czecho., Israel, --- are hoping to know more.

Will you know a week ago Indonesia nearly gave up PWR after




long examination choosing coal.

Japan is now more understanding the difficulty of LWR

siting. Two days later (20th Feb.) the Japanese biggest conservative
Newspaper "YOMIURI" is publishing an invited energy essay of mine in
9 million copies.
4) I have to explain more in detail. Could we meet together near
future ? Where is your town ? Last year I missed to visit USA, but
this year have to go, at least visiting LLNL, EPRI, Los Angeles,
LANL ?, ORNL, Tennessee Univ.. Which period is suitable for meeting
you ?

Would you have a connection with the former President Carter,
who was a reactor fuel engineer and really promoted to use Th than
Pu strongly !( I am also not impossible to find it.) Senate of
Tennessee (who) should move to use ORNL more for not only USA but
also the world, don't you ?

I shall move more now. Please help me.

Looking forward to seeing you near future,
Sincerely yours,

] /i»/ - ';;szvtﬁz<Z;;. :
/Z_/(‘/\)//‘-{. ?Q

#Kazuo FURUKAW

P.S. I heard that Dr.Clark Gibb, the head of ETEC, Canoga Park, has
an interest on MSR. More than 20 years ago, I had a deep connection
with LMEC and Atomic International. I am writing him, too.
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SUMMARY REPORT

Thorium Molten-Salt Nuclear Energy Synergetics

Kazuo FURUKAWA*!, Alfred LECOCQ*?, Yoshio KATO*
and Kohshi MITACHI*

*! Institute of Research & Development, Tokai University

** European Working Association for Molten-Salt Reactor
Development [EURIW A]

*3 Fyels & Materials Research Div., Japan Atomic Energy
Research Institute

* Department of Engineering, Toyohashi University of Technology

Received February 26, 1990

In the next century, the “fission breeder” concept will not be practical to solve the global
energy problems, including environmental and North-South problems. As a new measure, a
simple rational Th molten salt breeding fuel cycle system, named “Thorium Molten-Salt Nuclear
Energy Synergetics [THORIMS-NES]”, which composed of simple power stations and fissile
producers, is proposed. This is effective to establish the essential improvement in issues of
resources, safety, power-size flexibility, anti-nuclear proliferation and terrorism, radiowaste,
economy, efc. securing the simple operation, maintenance, chemical processing, and rational
breeding fuel cycle. As examples, 155 MWe fuel self-sustaining power station “FUJI-T”, 7MWe
pilot-plant “miniFUJI-I”, 1 GeV-300 mA proton Accelerator Molten-Salt Breeder “AMSB”, and
their combined fuel cycle system are explained.

1157

KEYWORDS: energy demand, thorium, molten salts, fluorides, fission reactors,
nuclear power plants, fissile producers, accelerator breeder, breeding fuel cycle,

safety, research programs
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I. INTRODUCTION

The next (21st) century will be a tran-
sient period from fossil. fuel era to solar era
through nuclear energy. The present fossil
fuel technologies induce, not only severe
global environmental problems, but also re-
gional difficulties connected with the effective
and economical energy supply, which is
necessary to overcome poverty and desertifi-
cation, 7.e. North-South problem.

However, the future nuclear energy tech-
nology as a measure of global problems in
the medium and long terms such as 2020~
2070 will not be established merely by some
extensions or improvements of present tech-
nologies, due not only to recent several trou-
bles of nuclear facilities, but also to the huge
increase in amount of nuclear energy capacity

such as 100 times more than the present,
which means a need of 100 times safer tech-
nology .

This might require a technological revolu-
tion or a new philosophy on the following
issues keeping deep conrections among each
other: (a) nuclear resources, (b) breeding fuel-
cycle, (c) safety, (d) radio-wastes and their
incineration, (e) nuclear proliferation and ter-
rorism and (f) public and institutional accept-
ances related not only with the aboves, but
also with the technological simplicity, flexi-
bility and economy in the global applications.

A “nuclear energy system” should be a

*t Kitakaname, Hiratsuka-shi 259-12.

*2 11 Av. Dr. Vaillant, 91940 Gometz le Chatel,
FRANCE.

*$ Tokai, Ibaraki-ken 319-11.

*t Tenpakucho, Toyvohashi-shi 440.
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“nuclear chemical engineering facility”, and
essentially a “chemical plant”. Following on
this sense, more rational nuclear energy sys-
tem should be developed for the global energy
measure of the next century, fully re-examin-
ing the scientific and engineering efforts
devoted in this century.

II. ENERGY PROBLEMS
IN NEXT CENTURY

1. Global Energy Demand®

The growth rate cf energy consumption
in the world was about 2.3% per year in the
past one hundred years. It means about 10
times increase after one hundred years. If
this growth rate is also applied in the next
one hundred years, the total energy demand
surrounding the end of the next century will
amount to about 115 TWth (th=thermal), which
is about 9X10-*9% of the total solar energy
input to the globe. The latter value is almost
the limiting value of 0.1%, which is estimated

Thorium Molten-Salt Nuclear Energy Synergetics

J. Nucl. Sci. Technol.,

by some specialists considering the influence
on the world climate. Thinking of the local
abnormal weather, about 100 TWth seems to
be a sound maximum heat emission to the
atmosphere.

At the end of the next century, there is
a consensus that the world population may
be saturated at the value between 10 and 15
billion. This means about 10 kWth or 7 kWth
per capita on an average corresponding to
the 2 times (10 billion) or 3 times (15 billion)
increase in the world population, respectively.
This level is still less than that of the present
USA, which is about 10 kWth per capita.

Therefore, at least, this energy demand
should be satisfied in the next century of the
world. This is the target of this report. An
anticipating global energy demand in the next
century is summarized in connection with the
prediction of the population in Table 1,
which includes an average energy consump-
tion per capita, too.

Table 1 World energy demands in next century

population energy* (nuclear)*] energy per capita
(TWth) (GWe] [KWth/cap]
1988 5.1 B 9. (200) 1.8
2000 6. B 11.8 (300) 2.0
2035 8. B 26. (2,700) 3.3
2050 10. B 37. (6,000) 3.7
- 2065 12. B 2., (13,000) 4.3
[ 2100 10~15 B 115, (30,000) 12~7.6 )

(=0.09% of solar)*

*) assuming the average growth rate of 2.3 % per year.
*2)assuming less than 0.1 % of total solar input energy to earth, which
would be a limit allowable in climate and environmental influence.

*3)assuming from the prediction by Mafchetti et al., IIASA (2].
r .

If a sound industrial trend in energy sup-
ply is held in the next century, it will conform
to the logistic prediction made by Marchetti
et al. as shown in Fig. 1®®, where the amount
of primary energy is plotted as fraction “F”
of the total energy market. The dotted curve
of nuclear (fission) energy is added by the
authors. The total electric capacity of the
nuclear fission energy will become about 300
GWe in 2000, about 2,700 GWe in 2035, and
about 13,000 GWe in 2065 as shown in Table 1.

2. Nuclear Proliferation and Terrorism

For the improvement of this issue the Pu

fuel cycle strategy should be criticized, and
Th cycle would be recommended due to the
high r-activity of polluted fissile ***U, which
is effective for the safeguard and detection¢®.

3. Environmental Problem

This significant nuclear energy growth
rate presented here seems to be necessary not
only for securing the healthy, cultural and
economical life, but also for reserving the
sound environmental conditions in the world
by the diminution of pollution including the
“Greenhouse Effect”®, although the solar
energy utilization could become more impor-

T8 —
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tant toward the end of the next century

because " of the limitation on heat emission

(cf. the item (x2) in Table 1).

4. Radio-waste ‘

In this issue pure fusion technologies will
have some advantages. However, it should
be recognized as a long term program, because
the energy gain even in the DT-fusion reac-
tion is about one tenth of fission reaction
which need not any essential energy input.
In fission energy program, the following points
should be considered for the radio-waste
minimization :

(i) Minimization of nuclear chemical pro-
ductions such as fission and spallation
products, and trans-uranium elements: A
higher thermal efficiency in electric gener-
ation will contribute to minimize F.P.
production. Thorium fuel cycle will have
a big advantage to minimize or eliminate
trans-uranium elements.

(ii) Mimimization of spent fuel materials:
All irradiated fuel material should be fully
used as far as possible and not be easily
sent to graveyards. They should be fully
burned out establishing a complete breed-
ing fuel cycle (¢f. Chaps. I & VI).

(iii) Minimization of fuel reprocessing steps
and of reactor maintenance works. B
5. Doubt on “Fission Breeder’’ Concepts
It seems that the establishment of fission

breeders such as LMFBR is a world’s con-

sensus as one of the better solutions of ener-
gy and environmental problems. However,
this concept might yield not only economical
difficulty but also several practical misfits
related to public requirements®. Numerical
examination is shown in APPENDIX.

(a) The first problem is a doubt whether
the reactor could achieve the necessary
growth rate as shown in Table 1, due to
its low breeding power. This has been
examined applying the following scenario
acceptable as a sound example: all reactors
until the year 2019 are thermal LWR of
1 GWe producing 0.25t/yr of Pu, and all
renewed and added reactors after 2020 are
1GWe LMFBR, which need 5t of Pu
for initial inventory. This concludes the
necessity of a very short doubling time
such as 6~8 years in fissile breeding, and
fully prepared reprccessing plants. These
seem to be impossible.

(b) Power stations should be simple facili-
ties, flexible in power size, responding
the natural demand of world utilities. It
would not be acceptable that all stations
become sophisticated large high-perfor-
mance LMFBR.

(¢) The integrated Pu inventory necessary
for FBR in minimum would be 11,000 and
28,250t at 2036 and 2049, respectively.
Handling and transportation of such a
huge amount Pu would be fatally trouble-

—79 —
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some. (In practice, the shortage of Pu will

appear at 2037 even using FBR of 20 years in

doubling time.)

Molten-Salt Breeder Reactors (MSBR)

-such as designed by Oak Ridge National

Lab. (ORNL), USA® also will not be ac-

ceptable by the items of (a) & (b) due to

the long doubling time of about 20 years.

6. Establishment of More Practical

Breeding Fuel-cycle

The fission energy technology holds an
unique position due to its nature of “energy
rich” arnd “neutron pocr”. The latter- wili
require helps from the other nuclear tech-
nologies such as nuclear spallation, D-T fusion,
etc., to get enough fissile materials to establish
real “breeding fuel cycle” (¢f. Chap. \I).

7. Basic and Engineering Safety

The significant improvement such as 100
times better than the probability of the pre-
sent level of 10-* severe accident per reactor-
year operation will be required to avoid total
refusal by public”>. The following points are

J. Nucl. Sci. Technol.,

essential : simplicity in operation and mainte-
nance, flexibility in power size, approach to
civilian life area, and essential improvement
in economy.

This might be established only by the essen-
tially new safe reactor concept composed of
chemical inert fluid-fuel, which has no radia-
tion-damage, negligible excess nuclear-reactiv-
ity (nearly no control-rods), and low power
density in value without harming its economy.
(High Temperature Gas-cooled Reactor or
Pebble-Bed Reactor which are more acceptable
in safety issue than the other solid fuel
reactors would not be suitable for establishing
a breeding fuel cycle, too.]

II. NEw PHILOSOPHY :
THORIMS-NES

THORIUM MOLTEN-SALT NUCLEAR

ENERGY SYNERGETICS

Now, to solve the several energy problems
shown in Chap. I and Fig. 2, a new philos-
ophy should be proposed to the public. The

TECH. PROBLEM ---===-===-- > ACHIEVABLE SOLUTION
RESOURCE(security)
U : localize, monopolize global,popular [NEWw FIssIiON TECHNOLOGY|

SAFETY
global - environmental
fossil thermal pollution

high therm. efficiency\

acid rain no NO, & SO, (& CO,) (I}
“Greenhouse' effects CH, reform to H, \ Th -433y
nuclear Trans-U (Pu, Am, Cm] no production Y CYCLE
Kr, Xe, T complete trapping AN '
low level waste minimize(few mainte.)\
social - nuclear proliferation AXY
and terrorism ngPu & incineration @Q
Pu (no gamma) U (high gamma] (11]
basic chemical reactive chemical inert —=— = = MOLTEN-FLUORIDE
{ mechanical failure low pressure & flow —7>7% FUEL
nucl.excess reactivity negligible ‘
' (fuel self-sustain.)
engineering configuration
complexity operation simplicity
[solid fuel]|maintenance (fluid fuel)
fuel processing
core melt-down, recriticality no occurrence
[IIX)

BREEDING FUEL-CYCLE
cycle completion-difficult
doubling time - long >10 y
POWER STATION
siting -restricted
power size -large
process-heat supply

simple salt cycle
§5~10 years

small ~ large

near to utility }
indust., district

SEPARATION of
fissile-breeding &
power generation

Fig. 2 Global energy problems and achievable solutions by
New FISSION TECHNOLOGY [THORIMS-NES]
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new proposal depends on the following three
principles :
[I] Thorium utilization

Natural Th has only one isotope: ***Th,
which can be converted to the fissile ***U in
the similar manner as ***Pu converted from
#*J. Thorium is more abundant and non-
localized resource than U.
(O] Application of molten-fluoride

fuel technology

The molten salt 'LiF-BeF, (Flibe—named by
ORNL) is the significantly low thermal-neutron
capture cross section material (¢f. Table 2) and
the best solven. ui fissile and fertile materials.
This functions as one of the best liquids use-
ful for nuclear fuel, blanket or target keeping
coolant function in parallel.

Table 2 Natural elements and practically sep-
arable isotopes having tiny thermal
neutron absorption cross-sections

(natural " coss-section
abundance) @ barm  (natural element)

1.] g0 0.19

2.0 31 (D) (0.0148%) 0.519 (E 332.6)

.| & 3.53 N

.| (80.0%) 5.5 (B 767,€00)

5.| oHe 6.9

6.| ,Be 7.6

.| oF 9.6

8. | g3Bi 33.8

9. [ 1ot 39.

10. | 75 (92.5%) 45.4 (L4 70,500)

15. | 402 es. [, H - 332.6

16. [ 45AL . ler.| @ 33500.

.[(M] Separation of fissile producing
breeders (process plants—MSB)
and power producing reactors
(utility facilities—MSR)

It will be essential for the global establish-
ment of breeding fuel cycle flexibly applicable
in any area.

This philosophy was named as “Thorium
Molten-Salt Nuclear Energy Synergetics”
[THORIMS-NES]®®®  [ts main benefits
will be briefly understood from the summary
in Fig. 2.

Summary REPORT (K. Furukawa et al.) 1161

IV. SIGNIFICANT ASPECTS OF
MOLTEM-SALT REACTOR
TECHNOLOGY

1. Molten Fluoride Fuel Concept!?®

Some brief historical presentation of sig-
nificant studies on MSR concept are given in
Fig. 3. MSR is classified to fast, epithermal
and thermal reactors according to the kinds
of neutron spectrum utilized. Fast or epi-
thermal reactors not having any solid moder-
ators might have more attractive due to the
simple structure and high performance. How-
ever, it seems that no one has succeeded to
present any practical designs yet. Fluoride
salt fueled thermal MSR would be the most
promising reactor concept.

The “Flibe (LiF-BeF,) base molten-salt
fuel” concept has already been established its
sound technological basis by the brilliant long
effort of ORNL, throughout 1947~1976. It
depends on the successful operation of MSRE
(Molten-Salt Reactor Experiment, 7.5 MWth) in
1965~1969, and on their intensive R&D
works on MSBR (1963~1976)¢™. The excellent
final summary on ORNL works could be found
in ORNL/TM-72079%, The short explanation
will be given below.

However, the practical deployment of
MSBR is not easy because of the following
difficulties: (a) necessity of core-graphite ex-
change in every 4 years, (b) development of
continuous chemical process in situ, and (c)
necessity of improving doubling-time from the
present estimation of 20 years, and (d) flexi-
bility in power size (¢f. Sec. I-5).

Now, the principle [II] should be accepted.

2. Flibe-base Molten-Salts

The molten ‘LiF-BeF,-**ThF ,-**UF, sys-
tem will be one of the better and idealistic
nuclear materials as a carrier of Nuclear
Energy Synergism due to the following char-
acteristics :

(1) A triple-functional medium working as
A. nuclear reaction medium—fuel,
blanket and target
B. heat transfer medium—coolant
C. chemical processing medium.
(2) No radiation damage as an idealistic

— 8] —
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THERMAL EPITHERMAL
(fluorides:

graphite—moderator)
Ferguson, 1950
NaOH-UOrsuspension
ORNL 1951 Dayton,Chastain, 1952
NaF-Bef 1-UF 4 (Be0) LiOH(D)-*2*U0,
NaF-ZcF«-UFa( ™)
ARE, 2.54vth,1954 USAEC,1959
ORNL—MS R-Progras Fluid-fuel Reac.Task Force

HacPherson, 1958-60 MSR support
2-fluid MSBR
MS R E-approve Vest Gerzany: 1954
Briggs,1961-67 US A-E C/Euraton,1962 MO SEL Kasten,U.Gat
M S R-Coop.agree. (Holten-Salt-Epithersal)
MS R E,7.54Vth, 1965-69 Geist,Grenon fuel:NaF-BeF,-*33- 234_F,
7.5KVth,1965-69 blanket:NaF-BeFy-ThF

"LiF-BeFy-ZrF(-**2UF.
Rosenthal ,1967-73/6 q
(associ.Kasten,67-70) India :Sood—->0RNL, 1970

FAST
(chlorides:
no graphite)

USA: HMIT, 1852
fuel: PbCl,-NaCl-*>*UCl.
blanket: " =" =**UCl,
ORSORT, Bulmwer et al.,1956
MgCla-NaCl-(Pu,U)Cl4
(blanket:Na-U0g)
Sviss:Taube, 1960---
Na(X)C1-(U,Pu)Cl4
USA: Alexander, 1964

U.K.: Dawvson,Moore, 1966

Sviss:Taube, 1967
internal boiling cool
AICl; or Hg

Single-fluid MSBR,1968  FRANCE:EdF-CEA program, 1970-- FUSION SPALLATION
(US-XS group, 1968—) Bienvenu, Israel,llery [FISSILE BREEDING |
(half year—blank) Lecocq—>0RNL USA: MIT Lidsky, 1969
HcNeese, 1974/ 1- MSBR (Pb internal cooling) Fusion-Fission llybrid
| 1972 USA-USSR: 1974---
terminated,1975/9 Faugeras Fusion-Fission llybrid
i by Breeders' woratorium Lecocq Lav.Liv.N.L.:¥oir,Lee
E ) : 1983 Kurchatov I.:Novikov,
Denatured M S R, 1930 Blinkin
Engel ,Grimes-- IAEA: 1975-78 JAPAN:Furukava et al.,1980--
(Thermal Breeder Consultants Group) ~— Accel .M.S.Breeder
JAPAN: 1974— USSR: 1977--- Furukava,Nakasima, 1983
Furukava et al.,1984— Kurchatov A.E.Inst. ORNL: Uri Gat, 1985 - [nertial-F.Il.N.S.B.
Scall MSCR(161HVe) FUll-series MSR research group 'LiF-BeFs-ThF.=***UF. CRIEPI,Mitsubishi, 1986
TLiF-BeF ;- ThF;=222UF ¢ Novikov,Blinkin no graphite Tokamak H.M.S.Breedsr
no exchange of graphite continu.chen.process
no continuous chem.processing Legasov conversion ratio~1.0

-conversion ratio~1.0
Pilot-Plant (TVe) miniFWI,1987
L T> THORIMS—NES <

Ikuta,Furukava, 1887

—'-'-*-> (Thorium Molten-Salt Nuclear Energy Synergetics) <~

]couphnz of POVER- -STATIONs h FlSSlLE-BRE':DERs]
simple fuel cycle

; Impact-Fusion N.S.B.
i

|
| Fig. 3 Historical presentation of Molten-Salt Reactor concepts
| .

“ionic liquid”.
(3) High safety and economy assurance
promised by chemically inert, low vapor
pressure, moderate viscosity and thermal con-
ductivity, and high heat capacity in fairly
high working temperature (770~1,070 K).

Sodium technology has three severe dis-
advantages such as (i) high chemical reactiv-
ity, (ii) high thermal shock, and (iii) oxidized
vapor condensation in gas spaces, different
from molten salt technology.

Molten-Salt technology is much easier than
water (high pressure, corrosive and raactive with
Zircaloy) and Na technologies.

3. Graphite

Graphite is the best material for neutron
moderator and reflector in MSR (cf. Table 2),

and is really compatible with molten fluorides
in bare state. This is a great benefit in
designing MSR. The satisfactory materials
have been developed by the efforts of USA
and France!".

4. Containment Materials

Fortunately, an easy manufacturable, weld-
able and high temperature resistant (till ca.

1,100 K) alloy compatible with molten fluorides

has been developed basically according on the
proposal of Dr. H. Inouye, ORNL. This alloy,
Hastelloy N (Ni-(15~18)Mo-(6~8)Cr in %), has
been modified by adding about 19, Nb for the
protection of Te attack on surface. This was
experimentally supported by Kurchatov Insti-
tute¢'®,

This allov needs not to be introduced in

=R
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with the advantages of MSR technology
on the chemical inertness, low thermal
shock, and no oxidized vapor condensa-
tion.

The MSRs including above mentioned
small MSR might keep an excellent perfor-
mance as effective partners of Fissile-produc-
ing MSBs in order to establish the practical
THORIMS-NES all over the world including
the developing countries and isolated areas.

4. R&D for AMSB

In parallel, MSBs, especially AMSB will
be developed by the rational procedure in-
creasing the proton current in step-wise during
20 years, aiming the wide application from
about 2020.

The first experimental research works on
the spallation products and heat generation
have to be recommended including the proton
irradiation analysis of solidified salt targets
in big size such as 50~80cm in diameter and
150~250 cm in length. After these examina-
tions our preliminary design features could
be very much improved due to their big
flexibility. As the technological basis of
AMSB is clear except the proton injection-
port, it will be able to develop within 20
years by the stepwise improvement of test
facilities (¢f. Chap. X). The economy of AMSB
depends on the recovery of electricity.

Already 1GeV-1mA cw (continuous wave)
class proton LINAC technology and basic
molten fluoride reactor technology have been
developed. The new items necessary for
engineering developments of a small integral
experimental facility AMSBE (Accelerator
Molten-Salt Breeder Experiment) will be quite
few, because we can start using pure molten
Flibe (LiF-BeF,) of low melting point and low
vapor pressure and using a low intensity
1GeV pulsed proton beam initially. As a
next stage nuclear material contents and beam
intensity can be stepwise increased in the
same facility, in the rational and economical
mood. The general idea of R& D schedule
including MSR is shown in Fig. 8.

The R & D of the spallation breeder AMSB
would be surprisingly low in cost ($4~8 B)
and short in time (15~25 years) in comparison

with the other similar breeding system devel-
opmental projects, promising the wide global
application in 2020~2070¢» @ aH a9,

XI. CONCLUSION

We have tackled one of the most promising
approaches for establishing the simple and
practical Thorium resource utilization pro-
gram, which might be effective to solve
the principal energy problems, concerning
resource, safety, nuclear proliferation and
terrorism, greenhouse effect, power size and
fuel cycle economy, for the next century.

The first step will be the development of
Small Molten-Salt .Reactors (MSR). Its basic
technology has been established by ORNL
already, and, therefore, its R & D cost would
be surprisingly low. The next is the devel-
opment of Molten-Salt Fissile Breeders (MSB).
Our proposed MSR is an effective partner of
MSB for establishing the simplest and eco-
nomical Thorium molten-salt breeding fuel
cycle system named THORIMS-NES all over
the world, including the developing countries
and isolated areas, for solving poverty, i.e.
North-South problem. This would be one of
the most practical replies to the Lilienthal’s
appeal of “A NEW START” in Nuclear En-
ergy. by encouraging “a revival of positive
and affirmative fighting spirit” of scientist
and engineers®?®,
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June 9, 1992

TO: Karl Erb _
FROM: Lee Schroeder /L/ o5
RE: Furukawa visit with DAB (Molten-Salt Reactors)

Attended meeting between DAB and Prof. Furukawa. Furukawa presented his ideas about
the concept (use thorium (molten salt) as U-plutonium fuel cycle replacement), sought U.S.
support for joint Japan/U.S. demonstration project. He has had long term contacts with
ORNL people and hopes to build on their expertise. He doesn’t appear to be requesting
funds at this point, but stresses that he is going around "educating" people (thru-out the
world) on his concept/ideas. Gave seminar last week at ORNL (Weinberg and Trivelpiece
in attendence).

DAB stressed that he should also contact University groups (e.g., MIT) and that DOE was
the lead agency charged with carrying out R&D in the area of nuclear energy. In
particular, DAB indicated that PS&E help Furukawa locate appropriate person at DOE for
him to communicate with (regarding his ideas) and also at MIT (suggested contacting
Michael Golay). I indicated to Furukawa in later private conversation that I would find
appropriate name at DOE (possibly Sol Rosen) and send letter to him in Japan with the
name and address. Do not expect DOE to be very receptive to his concepts. He left several
articles with us outlining his approach.

Conclusion: Do not see this as viable concept (I also indicated to him that he would
eventually have to sell concept to the nuclear power industry as ultimate user of his
product)--but he has devoted over 30 years to this activity. Per DAB’s request will follow
thru on DOE and MIT contacts (he knows both LiﬁSky and Golay). It may be useful for
you to contact A. Weinberg and get his impressions of Furukawa and his ideas (for future
reference).




June 9, 1992

A Message to Dr. Allan Bromley
by Kazuo Furukawa

Energy is the basis for solving the world environmental and economic
problems including the "North-South" - (poverty) issue. Japan is poor in
energy resources; therefore, very keen on Pu-utilization. However, the world
(already) is shifting away from the U-Pu fuel cycle.

It is in everyones interest to achieve public acceptance of Nuclear Energy. A
step in support of acceptance is the elminination of Pu with the associated
Nuclear Terrorism and Safety and Radioactive Waste issues. This will
enhance Japan, USA and the world situations.

For this purpose, we are recommending the development of Th-MSR
(Thorium Molten Salt Reacton, "USA has a key of this Technology"! The
MSR R&D had been done by ORNL (1947-1976-1980). The work was
discontinued not for technological reasons.

32 years ago, I was impressed and convinced that MSRs have significant
advantages so much that I decided to spend my life on it. The last 12 years,
after the MSR work at ORNL was discontinued, but nevertheless with the
assistance of ORNL experts, their original concept (MSBR) was further
improved by simplification and making it flexible in size so that it is useful for
the world-wide application.

However, its fundamental feasibility issues are resolved. Although the detail
technology needs to be developed and demonstrated. And now, at first, we
have to start from "Small-Reactors” development, not uselessly competing
with "Proven Large Reactors" (co-existence) and fully using their technologies
such as "Na reactor technology”(=same molten material reactor technology) in
safer and easier, by no chemical-activity and thermal-shock.

Therefore, we need not so big MONEY and TIME on it.

At first, we should demonstrate the MSR pilot plant. This can be done easily
by $2~300M and 6 years, except licencing, if we can use ORNL site --
reserved fuel salts and their KNOW-HOW.

Please recognize, a few years later, these valuable basis would be disappeared,
as the nearly-last man of MSR Program retired. Please consider the Urgent



Situation. Even could not decide the final decision of Th MSR, we have to
retain this Technology for American, Japan and the World Future.

This is generally appreciated by ORNL related peoples, and several foreign
groups:

France: Elect. de France, R&D direction
CIS: Russian: Kurchatov Inst. (Dr. Velikhov) .
ITEP (Inst. (Theo. Exp. Phys) (Dr. Chuviso)
-leading inst. for N. weapons - heads
incineration

Ukraine: Acad. Science -- Furukawa is a foreign member

Belarus: Inst. Phys Chem. P. (Dr. Chigrinov)
Turkish A.E. Authority, Italian, Indian, Indonesian, etc.

Short term goals: Pu-burner
RW-incinerator
Small Nucl. Power Station

Long term goals: Adequate Energy and conserving the Environment
$1014 industry

Develop: 20 years ($10B)
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DELEGATE'S NAME: Kazuo FURUKAWA APPROXIMATE TIME LENGTH: 5 --- 30 min.
LEADER'S NAME: Anthony P. Toste VISUAL EQUIPMENT REQUIRED: overhead

TITLE OF PRESENTATION:

ABST ° New proposal of Rational Nuclear-Energy System for Next-Century
-- Thorium Molten-Salt Nuclear Energy Synergetics [THORIMS-NES] --

Until the industrialization of Solar-Energy near the end of next century,
the new global fission industry for the next century should be prepared per-
fectly and simultaneously solving the following issues all:

(A) resource and environmental problems, (B) safety, (C) nuclear-proliferation
and -terrorism, (D) breeding fuel-cycle, chemical processing and radio-
wastes, and (E)public and institutional acceptability and economy, including
"North-South” problems. This would require a technological revolution.

One of the most promising flexible systems to solve the above would be the
Thorium Molten-Salt Nuclear Energy Synergetics [THORIMS-NES], which depends
on the following three principles:

[I] Thorium utilization: refusing to use U-resource and Pu,

[II] Molten-salt fuel concepts: "Flibe (LiF—Ber) based fluoride” concept
basically established by the brilliant long effort of ORNL, USA, in 1947~ 76.

[I11] Separation of fissile-breeding and power-generation: Molten-Salt power-
stations are much simpler and size-flexible not similar as MSBR, ORNL.

Already several supports have been given by many foreigners, including
ITEP, Moscow, etc.: and Japanese leaders are also starting to reconsider the
past nuclear energy policy depending U-Pu fuel cycle.

TECHNOLOGICAL PROBLEMS ——> ACHIEVABLE SOLUTION

RESOURCE(security)
U : localize, monopolize global,popular [NEW FISSION TECHNOLOGY]
SAFETY 2821 4+ n -—> 23Yy
rglobal - environmental (fissile)
fossil thermal pollution high therm.efficiency.
A{acid rain no NO, & SOy [& C02]
"Greenhouse' effects %
nuclear Trans-U [Pu, Am, Cm] no production
-{Kr, Xe, T complete trapping
low level waste minimize(few mainte.)
social - nuclear proliferation
and terrorism 88333"& incineration
< Pu [no gamma] U [high gamma] FET}
basic chemical reactive chemical inert = MOLTEN-FLUORIDE
{lnechanical failure low pressure & flow FUEL
nucl.excess reactivity negligible
[fuel self-sustain.] multi-functional
engineering configuration medium
complexity {operation }- simplicity
[solid fuell]|maintenance [fluid fuel]
fuel processing no radi.damage
\. core melt-down, recriticality no occurrence
no "SEVERE ACCIDENTS" [III]

BREEDING FUEL-CYCLE

cycle completion-difficult simple salt cycle fissile-breeding &

doubling time - long >10 y short: 5~10 years power generation
POWER STATION
siting -restricted near to utility
-{power size -large small large }
process-heat supply: indust., district

o SUMMARY REPORT : J.Nuclear Sci.& Tech.,27 1157=1178.. (1890}
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Citizen Ambassador Program President George Bush, Honorary Chairman

A Program of
People to People International

Dwight D. Eisenhower, Founder

NUCLEAR FUELS MANAGEMENT DELEGATION
TO THE COMMONWEALTH OF INDEPENDENT STATES

Dr. Anthony P. Toste, Delegation Leader

Saturday, June 13, 1992
Delegation convenes in NEW YORK
CITY. Welcoming reception and lun-
cheon, followed by program orienta-
tion and cultural briefing with Citizen
Ambassador Program officials and
invited guests. Evening departure
for MOSCOW. Overnight en route.

Sunday, June 14
Arrival in MOSCOW. Remainder of
the day at leisure.

MOSCOW

Moscow is one of the most popu-
lous cities in the world, as well as
Russia’s largest metropolis. Once
the heart of Soviet political power,
Moscow is now the nucleus of the
current economic and political trans-
formations taking place in the former
Soviet Union. The formation of a
new government and the accompa-
nying changes in the distribution of
power are among the fundamental
issues discussed by the state lead-
ers who meet in this center of re-
form. The various states are still en-
twined with Moscow, continuing to
make it an important administrative,
legislative, economic, and cultural

city.

Monday, June 15

Roundtable discussions with repre-
sentatives from the Academy of
Sciences, the Ministry of Atomic
Energy and the Nuclear Industry,
and the Science and Technology
Commission of the Moscow City
Council.

During these sessions, insight
may be gained by all involved
through the discussion of topics
such as the Commonwealth’s ap-
proaches and plans for disposal of
both high- and low-level radioactive

PROPOSED SCHEDULE OF ACTIVITIES

wastes; the potential danger of radio-
active contamination of the environ-
ment through possible accidents;
scientific and technological progress
in the field of nuclear fuels manage-
ment; world energy output based on
nuclear fuel, procedures and prac-
tices currently in place to treat,
transport, dispose of, and manage
nuclear fuels; types and sources of
waste; and nuclear safety, engineer-
ing, and decommissioning.

Tuesday, June 16

Meetings with chemists and chemi-
cal engineers from the LV. Kurcha-
tov Institute of Atomic Energy,
along with site visits to low-level and
municipal waste disposal sites in the
area.

Discussions to focus on the
management of radioactive and
chemically hazardous mixed waste;
the relationship between municipal
and radioactive waste disposal in
Russia, including any safeguards
currently in place to prevent
comingling of these wastes; the
storage of spent nuclear fuels; the
training and certification of personnel
who handle nuclear waste; the status
of nuclear fuels management
activities in Russia; and the current
fuel cycle and waste management
systems.

Wednesday, June 17

Transfer to CHELYABINSK. Re-
mainder of the day free for individual
activities.

CHELYABINSK

Chelyabinsk, the second largest city
in the industrial region of the Urals,
is located on the Miass River, 930
miles from Moscow. The city is on
the Commonwealth’'s major east-

west railroad route, making it an im-
portant transportation center for the
region. The area’s industrial enter-
prises include iron and steel plants,
a steel-pipe mill, a feroalloy plant,
and a zinc refinery. Industrial devel-
opment of the city began in the
1930s and was expanded during
Worid War i, when the area became
an “atomgrad,” a sealed-off society
devoted entirely to the process of
constructing nuclear weapons and
facilities.

Thursday, June 18
Site visits to manufacturing enter-
prises that produce low-level wasté:*"’
along with small-group discussion
sessions with faculty of the chem-
istry and physics departments of
Chelyabinsk State University.
Discussions to focus on the de-
velopment of analytical methods for
characterizing hazardous and radio-
active wastes; technologies available
or being developed for waste stabili-
zation and isolation; programs for the
storage of wastes generated by radi-
ation technology in medicine and
manufacturing; public sentiment re-
garding nuclear power plants; the
construction of new nuclear power
plants in iiie future; he vaiious caie-
gories of nuclear fuels and wastes;
and the current fuel cycle strategy,
including reprocessing with recycled
plutonium.

Friday, June 19

Visit to the site of the 1957 nuclear
waste facility accident near Kyshtym,
along with site visits to the Beloy-
arkiy or Troitsk Nuclear Power
Plant and plutonium factories in the
surrounding area.

Topics for discussion during
these visits include the training of
those who manage nuclear fuels;
procedures used to safeguard facili-
ties against intrusion and terrorism;



decontamination and decommission-
ing procedures for phased-out reac-
tor vessels; the handling, transport,
and storage of nuclear wastes; con-
tingency plans in place for potential
nuclear accidents; technologies de-
veloped after the nuclear accident to
deal with both contamination and nu-
clear fuels; and past and present ra-
diation protection measures.

Saturday, June 20

Cultural activities for the day to in-
clude viewing sites of interest in
Chelyabinsk and the surrounding
area.

Sunday, June 21

Transfer to MOSCOW. Remainder
of the day reserved for cultural and
leisure activities.

Sites of significance in Moscow
include the Kremlin, with its walls
that have encompassed some of the
most important events in the history
of the world’s first socialist country;
Red Square; Izmiliva, a market and
park area outside of Moscow; and
the Exhibition of National Economic
Achievement, where one can gain
insight into virtually all aspects of the
contemporary life and economic and
cultural progress of Moscow.

Monday, June 22
Transfer to KIEV.
day at leisure.

Balance of the

KIEV

Kiev, the capital of Ukraine, is an im-
portant |industrial and cultural city.
As a result of the development of
capitalism in Russia during the mid-
19th century, the number of indus-
trial establishments in Kiev grew tre-
mendously. Ukraine, with its highly
developed and diverse industrial
base, is well-known for its airplanes,
electronic equipment, and various
agricultural commodities. Ukraine
also has extensive trade and eco-
nomic ties with several countries,
which keeps the city of Kiev in the
forefront of financial activity in the
former Soviet Union. Today, the city
of Kiev is the political, administra-
tive, cultural, and scientific heart of
Ukraine.

Tuesday, June 23
Meetings with representatives from
the Ukrainian Academy of Sci-
ences, Department of Chemistry
and Chemical Engineering, and the
Institute of Nuclear Research.
Topics of interest include the con-
tainment structure surrounding the
damaged reactor at the Chernobyl
Nuclear Power Station; the storage
of waste materials; continued safety
and fuel management procedures in
place at the remaining Chernobyl
units; decontamination of the area
surrounding the site of the Chernobyl
accident; rehabilitation efforts; a
comparison of nuclear power plants’
effects on the environment with
those of a more traditional nature,
such as thermal power stations,
chemical enterprises, and metallur-
gical plants; and research and devel-
opment efforts in the management of
spent fuels.

Wednesday, June 24

Delegates to view sites of interest
such as the Pecherskaya Lavra
(Monastery of the Caves), which was
discovered in 1051 by two monks
and has since had several under-
ground churches and monuments
built within it; the Museum of Ukrai-
nian Art, which houses a large col-
lection of paintings, drawings, and
sculptures covering the development
of Ukrainian fine art; St. Vladimir's
Cathedral, built to commemorate the
900th anniversary of Christianity in
Russia; and Babi Yar, the site of
mass murders during the occupation
of Kiev, and now a place to honor
those victims.

Thursday, June 25

Meetings with officials from the
Ukrainian Ministry of Health and
faculty from the Kiev Polytechnic
Institute to discuss the impact of
the Chernobyl accident on residents
in the surrounding communities;
subcritical parameters of the accum-
ulations of nuclear fuels, both pas-
sive and active, after the Chernobyl
accident; levels of radiation exposure
after the nuclear accident; the actual
health impact of the disaster for
people still living in the region
surrounding the Chernobyl AES; the
extent and forms of radiation
migration from Chernobyl fallout; and

methods and standards used to
protect the health and safety of
radiation workers and the public.

Friday, June 26

The day to be spent with representa-
tives of the Pripyat Research and
Industrial Association.

Site visits during the day to
include the Chernobyl Nuclear
Power Station, the evacuated town
of Pripyat, and the more recently
established town of Slavutich,
located approximately 40 miles
northeast of the Chernobyl Nuclear
Power Station, where the plant’'s
workers are now residing.

Discussions to focus on ensuring
the safety of the more than 180 tons
of nuclear fuels left within Unit No. 4
of the Chernobyl AES; assessing the
loss of nuclear fuel after the acci-
dent, including how much and what
type of radioactivity escaped from
the damaged reactor; current risk
factors; the creation of a unified sys-
tem of radio-ecological information
that will provide figures on radiation
levels and the resultant effects on
the general public; a look at the po-
tential phasing out of the plant by
1995; and current monitoring of the
remaining fuel reservoirs. Evening
transfer to MOSCOW.

Saturday, June 27

Departure for NEW YORK CITY, with
arrival in the afternoon of the same
day.

This itinerary represents the types of
meetings and visits that will be ar-
ranged with the foreign hosts. As
the delegation forms and the spe-
cialties of the individual delegates
become more apparent, visits may
be modified to accommodate the
professional objectives of the dele-
gation and arrangements made by
the hosts.

The foreign hosts will arrange a sup-
plementary cultural program that will
be tailored to each region’s unique
cultural attributes. Additional cultur-
al and educational activities will be
provided for the accompanying
guests who prefer not to participate
in the professional program.
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

July 7, 1992

Dear Professor Furukawa:

I am sorry that I have taken so long in getting back to you but I had to return to California
for personal reasons for several weeks and have just recently returned to OSTP.

As you remember from your conversation with Dr. Bromley and myself we indicated that
the appropriate agency to continue your discussions of molten salt reactors would be the
U.S. Department of Energy (DOE). Below is the name and address of the appropriate
person at DOE to whom you should address future inquiries:

Dr. Sol Rosen

Director, International Nuclear Programs Division
U. S. Department of Energy

NE-45/GTN

Washington, D.C., 20585

It was a pleasure meeting you and I wish you the best of luck with your project.

Sincerely yours,

Lee S. Schroeder
Assistant Director

Prof. Kazuo Furukawa

Research Assoc. for Thorium Energy
Business Center

Four Seasons Hotel Chinzan-So, Tokyo
10-8 Sekiguchi 2-Chome, Bunkyo-Ku
Tokyo 112, JAPAN



EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

July 9, 1992

Dear Dr. Rosen:

As I metioned in our telephone conversation of July 8th, Dr. Bromley and I met with
Professor Kazuo Furukawa at the request of Deputy Chief of Staff Henson Moore and
Senator Craig on June 9, 1992. Professor Furukawa was interested in discussing his ideas
concerning the use of thorium (molten salt) as a uranium-plutonium fuel cycle replacement.
During this meeting we indicated that the appropriate U.S. agency for such discussions was
the Department of Energy and stated that we would provide him with a potential DOE
contact. Enclosed is my letter to him indicating your office as an appropriate point of
contact on the subject of molten salt reactors.

Please feel free to get in touch with me if there is any additional information that you might
like to have concerning Professor Furukawa’s visit to OSTP.

Sincerely,

Lee S. Schroeder
Assistant Director

Dr. Sol Rosen

Advanced Reactor Program Office
U.S. Department of Energy
NE-45/GTN

Washington D.C., 20585
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The Honorable Allan D. Bromley
Assistant to the President for
Science and Technology Policy
Old Executive Office Building
17th Street & Penn Avenue, NW
Washington, DC 20500

Dear Assistant Bromley:

The American Nuclear Society (ANS) supports the concept of continued
development of the peaceful applications of nuclear science and technology
throughout the world and assured safety, protection of the environment,
and non-proliferation of nuclear materials. Nuclear professionals involved
in weapons-related activities need to be made aware of and have available
to them training, education and other opportunities which offer experience
and, ultimately, employment in the peaceful uses of nuclear technology.

The Society is offering its services including professional placement
activities to government, industry and academia to assist these
professionals. Additionally, ANS urges its individual and organizational
members to consider opportunities for joint international endeavors with
foreign counterparts. These efforts will strengthen the international
nuclear community and encourage the continued peaceful uses of nuclear
science and technology.

Sincerely Yours,

Robert L. L@
ANS President
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

May 12, 1992

Dear Mr. Long:

I am responding to your letter to Dr. Bromley concerning the expertise of
the American Nuclear Society, and the Society’s activities to strengthen the
international nuclear community and to encourage the continued peaceful
uses of nuclear science and technology. The efforts of the Society are very
much appreciated and will, I believe, help lead to a future in which
nuclear energy plays its logical role in the worldwide energy technology

portfolio.
Sincerely,
ol Loh—
Karl A. Erb
Associate Director--Designate
for Physical Sciences and Engineering
|
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Mr. Robert L. Long 500(’7‘/ r; /W\(f/afrﬂ) Até
President
American Nuclear Society T .
555 North Kensington Ave. 7
La Grange Park, IL 60525
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MRS. DORAS BRIGGS
116 Kenyon Avenue
Kensington, CA 94708-1027
(510) 525-5220

March 18, 1992

Mr. Allan Bromley

White House Science Adviser
The White House

Washington DC 20500

Dear Mr. Bromley:

Last evening, on the MacNeil-Lehrer program, you talked
about what the United States is doing to keep the expertise
of former Soviet nuclear scientists out of unfriendly hands.

But I heard no mention of any thought being given to
one of nuclear’s biggest problems —-- the wastes.

Why not pay these scientists to discover a way to
either reverse the process by which the wastes are created
or at the very least render them benign?

Such a discovery would allay a lot of the health fears
and resulting turmoil in this country over where to put the
waste. And by that so doing, we could stop taking land out
of productive use at a time when the world’s population is
soaring and needs land on which to survive. Work of this
kind might also solve another problem you mentioned -- that
of the difficulty of moving military men into civilian work.
These scientists would simply continue doing what they do
best -- scientific research.

Sincerely,

cc: Senator Alan Cranston :
Senator Paul Sarbanes o e
Senator John Seymour '
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

April 6, 1992

Dear Mrs. Briggs:‘

Thank you for your letter to Dr. Bromley concerning nuclear waste. In my
view, the primary technological issues associated with the safe management
of nuclear waste have now been resolved satisfactorily, and what remains
is to implement these advances to benefit our society. The evidence that
geological repositories can provide safe and permanent storage is
convincing. That, however, does not mean we should abandon R&D on
alternative approaches, and you will be pleased to hear that we are
instituting arrangements that will harness and redirect Russian expertise
to this end.

Sincerely,

Karl A. Erb
Associate Director--Designate
for Physical Sciences and Engineering

Mrs. Doras Briggs
116 Kenyon Ave.
Kensington, CA 94708-1027

cc: D. Allan Bromley




