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The Molten Salt Epithermal (MOSEL) reactor
concept concerns a two-fluid, two-region reactor
utilising thorium and uranium dissolved in molten
fluorides. It is based on the principles that (a) power
reactors require low costs for fuel processing, fabrication, and transport in order to economically utilise
recycle fuel, and (b) fuel recycle and breeder reactors
are required to conserve low cost fuel resources.
It is evident from estimates of uranium and thorium
reserves, and from estimated nuclear power growth
rates, that recycle of bred fuel is a necessity in order
to conserve low cost fuel resources.** It is also clear
that breeder reactors will be required eventually in
order to conserve fissile fuel supplies. However, even
breeder reactors will not conserve low cost fuels if it
is more expensive to recycle bred fuels than it is to
operate with 235Ufuelling. Thus, a major problem for
all reactors is the economic recycle of bred fuel, which
implies low costs for fuel processing, fabrication, and
transport.
At the present time, nuclear power capacity is not
great enough to support large-scale, central station
processing and fabrication plants, and the unit costs
in low-capacity plants are normally too high to permit
bred fuel to be recycled economically. The MOSEL
reactor concept tackles this problem by considering a
fuel cycle with such an extremely simple processing
and fabrication scheme, that on-site fuel recycle in
relatively small power plants (about 500 MW(e)) appears economically feasible. In addition, use of the
proposed fuel cycle should result in breeding ratios
greater than unity.

change in physical property which takes place upon
fluorinating UF 4 forms the basis of the fluoride volatility process, and is applied to the present concept. ***
Figure 1 illustrates the basic flow diagram of the
MOSEL reactor. As shown, the power plant includes
the reactor, turbine-generator, and fuel processing
facilities. Reactor operation is at low pressure and
high temperature. The core fluid consists of UF 4 dissolved in NaF+BeF2 (or a similar salt mixture) and
is contained in tubes or plates of a high nickel-containing alloy. The basic fissile fuel is 233U, with 238U
added to increase the fast fission factor. Fuel fluid is
circulated primarily for purposes of fuel mixing, addition, and removal. The core is internally cooled, with
blanket fluid used as the core coolant. The blanket
salt contains ThF 4 dissolved in NaF + BeF2 (or a
similar salt mixture). The core coolant transfers
energy to the steam generator through an intermediate
heat-transfer fluid. The steam generator portion of the
plant utilises boilers, superheaters, and reheaters to
produce high-temperature, high-pressure steam for use
in the steam turbines, as indicated schematically in
Fig. 1.
Fuel processing consists of uranium recovery by
fuel fluorination, and is applied to both the blanket
and the core fluids. In the blanket cycle, uranium is
recovered by fluorination, and salt with very low
uranium content is returned to the blanket region.
The recovered UFs is reduced to UF4 and fed to the
core region (HF and/or H2 is used to purify salts prior
to their return to the reactor regions). Core processing
consists essentially of uranium recovery and discard
of the fission-product-containing salt. Product 233U
can be recovered either as UFs or as UF4• The combination of blanket salt recycle, low core fuel volume,
and processing limited to uranium recovery by
fluorination, permits economic integration of the processing**** and reactor facilities, leading to very low
unit processing costs.
The fluid nature of the fuel, the simple processing
scheme, the construction of the core without the

GENERAL FEATURES OF THE MOSEL REACTOR

Molten fluoride salts are promising reactor fuels
due to their ability to dissolve thorium and uranium
fluorides, their fluid nature, their low vapour pressures
at high temperatures, and the ease with which uranium
can be recovered from the salt. The latter feature
stems from the high volatility ofUFs (boiling temperature less than 100 0e), and the low volatility of UF4
(boiling temperature over 1 400 0e). This remarkable

... Although originally developed for use in processing
heterogeneous fuel elements, in which the fuel is first dissolved
in molten salt, the fluoride volatility process [1, 2] is uniquely
suited to molten-salt fuelled reactors.
.... As used here, the processing facilities essentially provide for fuel fabrication also.

• Institute for Reactor Development, Kernforschungsanlage
Julich des Landes Nordrhein-Westfalen
e.V. (On assignment
from Oak Ridge National Laboratory, USA.)
.. Economic fuel recycle will greatly extend nuclear fuel
utilisation in non-breeders as well as in breeder reactors .

363

SESSION 1.5

364

P/538

P. R. KASTEN

Figure 1. Schematic flow diagram of MOSEL reactor concept

presenCe of radioactive fuel, and the use of blanket
fluid as the coolant, permit reactor power to be increased without significant change in nuclear performance. This is done by extending the core in a
direction perpendicular
to coolant flow, which also
permits modular-type construction.

SPECIAL AREAS OF INTEREST
Physical properties

of molten salts

Extensive experimental
data concerning
molten
fluoride salts have been reported [3-6]. While much
information is available, there is particular need for
the effective thermal conductivities of various melts.
Generally, molten fluoride salts have exceptional resistance to radiation damage, and excellent chemical

stability. They form fluid fuels containing UF 4 and
ThF4 at temperatures of reactor operation, and have
vapour pressures less than 0.1 atm at temperatures in
excess of 1 000 0c.
In the MOSEL reactor, the solubilities of uranium
or thorium should be in the range of 5-30 mol%
under reactor operating conditions. Of the systems
studied, those involving LiF, BeF2, NaF, KF, ZrF4,
UF 4, or ThF 4 appear of interest. Salts with sufficient
U and Th solubility have melting temperatures greater
than 450-500 °C, and in general those with melting
points below 500 °C contain BeF2, LiF, and/or NaF.
It also appears that the addition of LiF to melts tends
to increase the thermal conductivity of the mixture. Increasing the thorium and uranium concentration
tends to decrease the thermal conductivity, and to increase the melting temperature.
Also, uranium is
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generally more soluble than thorium at a given temperature. The product of heat capacity times fluid
density is generally near 1 caIfcm3 °C, and the viscosities of many salts of interest are less than 10 cP at
600 °C, and decrease with increasing temperature.
The MOSEL core fuel salt contains uranium,
operates at temperatures above 650°C, and requires
only a very low flow rate. These features permit several
salts to be of interest. In particular, melts containing
NaF-BeF2-UF4, NaF~KF-UF4' and NaF-LiF-UF4
appear practicable. It also appears that effective thermal conductivity values in the range of 1-2 kcalfm
h °C are applicable to fuel salts.
The blanket salt contains thorium fluoride, and
operates at temperatures lower than that of the fuel
salt but greater than 550°C. Also, since it is the core
coolant, the blanket salt is pumped through the external heat removal system. The most promising mixtures appear to be those involving NaF-BeF2-ThF4
and/or LiF-BeF2-ThF4• The thermal conductivities of
compositions of interest appear to be in the range of
3-5 kcal/m hOC.
Since some 238Uis contained in the fuel salt, a small
amount of PuF 3 would be formed. The solubility of
PUF3 in fluoride melts is generally much lower than
that of uranium and thorium; however, its solubility
above 600 °C would be gi"eaterthan I mol%, which is
more than adequate for the MOSEL reactor.
Corrosion behaviour of molten fluorides

Extensive experience has been reported concerning
the corrosion and mass transfer behaviour of various
molten fluoride salts as a function of container
material, maximum wall temperature, temperature
distribution, and flow conditions [3-5, 7-9]. As additional information has been obtained, the corrosion
problems in molten salt systems appear to have diminished in magnitude. In general, it has been found that
if oxide contamination of test loops is kept at low
levels, corrosion rates are very low. Thus, there may
be a much wider lattitude with regard to permissible
materials of core construction than was thought previously, so long as the fluoride melts are kept free of
oxidising contaminants.
Most experimental studies concerning metallic
materials have been made with high nickel-containing
alloys such as Inconel (whose nominal composition
contains 16% chromium and 5% iron alloyed with
nickel) and INOR-8 (nominal composition contains
7% chromium, 16% molybdenum, and 5% iron
alloyed with nickel). In general, corrosion rates obtained during exposure of these materials to fluoride
melts have decreased with increasing operating time,
increased with increasing temperature, and increased
with increasing uranium concentration. The corrosion
attack is primarily a mass transfer phenomena, with
attack selective toward Cr removal. The over-all rate
of attack appears to be controlled by the diffusion rate
of chromium within the alloy, with the oxidation of
chromium occurring through chemical oxidation-
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reduction reactions. As the metallic surface is depleted
in chromium, chromium from the metal interior
diffuses toward the surface. Under such circumstances,
sub~surface voids may be formed; however, these
voids are not interconnected with each other or with
the surface, and their presence does 'not seriously
weaken the alloy. Sub-surface void formation does not
appear to be a problem in INOR-8 systems operating
at temperatures under 800 °C. In InconeI systems, subsurface void formation has occurred at 700 °e. Under
650°C, the corrosion attack rate is very low for either
alloy.
The corrosion products of metal systems are
soluble in fluoride salts, and corrosion resistance
depends primarily on the inertness of the base metal.
In uranium-containing salts, the mass transfer
phenomenon between hot and cold portions of test
loops appears controlled by the reversible reaction

Thus, increasing the uranium concentration tends to
increase the corrosion rate. Thorium fluoride, however, does not undergo a similar oxidation-reduction
reaction, and does not"appear to influence corrosion
rates appreciably.
Molten salt loops constructed of INOR-8 and containing LiF-BeF2 or NaF-BeF2 have been operated for
up to three years at wall temperatures of 700 °C with
essentially no attack (maximum depth of attack was
less than 0.0025 cm). Increasing the uranium concentration increased corrosion, but even with 20 mol%
uranium in a LiF-BeF2-UF4 mixture, the maximum
depth of attack was less than 0.004 cm after one year's
operation at 700 °C wall temperature.
Under similar operating conditions, Inconel loops
have been attacked more severely than INOR-810ops,
with attack generally leading to the formation of intergranular voids. Operation of Inconel loops for one
year at 700 °C with NaF-BeF2 melts has resulted in
intergranular attack to a depth of 10 mils. However,
under equilibrium conditions in pure melts, it is predicted [8] that the over-all rate of mass transfer is controlled by the diffusion rate of chromium in the container material. Since the Cr diffusion coefficients in
INOR-8 and Inconel are about the same, the estimated equilibrium corrosion rate in Inconel systems
should be only about twice that in INOR-8 systems,
if the fluoride melt is kept free of oxidising contaminants.
Both Inconel and INOR-8 have satisfactory
mechanical properties, with INOR-8 being superior
for molten salt service. The mechanical properties of
either material do not appear to be significantly
deteriorated by use in fused fluorides. For both alloys,
brazing materials have been developed which are
corrosion resistant to molten salts.
While most molten~fluoride corrosion experience
has been obtained relative to INOR-8 and Incone1,
other materials also show excellent corrosion resistance and might be used in the MOSEL reactor.
Specifically, Hy-Mu 80, an alloy containing about
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79% Ni,4% Mo, and 17% Fe, has been as resistant to
fluorides as INOR-8 in a number of tests. Use of this
alloy or Inconel would significantly improve nuclear
performance over that associated with use of INOR-8.
Core heat transfer design

The thermal design of the MOSEL core requires investigation of a large number of interrelated parameters. Involved are the volume fractions of fuel,
structure, and coolant; the heat transfer geometry; the
average power density in the fuel; the associated heat
flux; the temperature drop across the structural
material; the thermal stress in the structure; the
velocity of the coolant; the heat-transfer coefficient of
the coolant; and the pressure drop across the core. In
order to illustrate possible operating conditions, a
specific case will be discussed. The parameter values
chosen are believed to be reasonably conservative, and
the performance of the core could be significantly
higher than that calculated. Either tube or plate type
geometry is applicable, but in the following discussion
plate geometry will be assumed (fuel-flow control can
be maintained by flow channels in a given fuel plate).
The average power density of the core volume is
limited by the volume-fraction fuel salt in the core and
the power density in the fuel salt. Assuming 700 °C for
the temperature of the structure in contact with fuel,
1 000 °C for the maximum fuel temperature, 3 mm for
the fuel channel width, and 1.5 kcalJmh °C for the
thermal conductivity of the fuel salt, gives a fuel
power density of about 470 kWjI. This energy has to be
transferred to the coolant salt through the structural
material wall. For the case here, INOR-8 was chosen
as the fuel container material, and the wall thickness
taken as 0.6 mm. The resulting temperature drop
across the wall was 20 °C. The associated thermal
stress in the plate was 4 300 psi, which is not excessive
for the operating periods considered for the core
structure (3-5 years).
In determining the temperatures in the coolant salt,
the physical properties were based on those of a melt
containing 71 mol% LiF, 16% BeF2, and 13% ThF4,
except that the thermal conductivity was taken as
3 kcaljm h °C (instead of 4). Assuming a coolant channel width of 3 mm and a coolant velocity of 2 mis,
the associated heat-transfer coefficient would be about
14 000 kcalfm2 h dc. For a core 1.5 m in length, the
pressure drop across the core would be about 1 atm;
the coolant salt would leave the reactor vessel at 645
°C; the difference between coolant outlet and inlet
temperatures would be 75 °C based on a constant
spatial power distribution, and could be over 125 °C
with shaped-power distribution. The temperature rise
of the coolant salt in passing through the core also
could be increased either by increasing the maximum
fuel temperature, increasing the thermal conductivity
of the fuel salt, or decreasing the fuel channel thickness. The temperature of the coolant leaving the reactor can be increased primarily by increasing the temperature of the fuel salt in contact with structural
material.
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Reactor physics features

Although the MOSEL reactor is unmoderated in the
sense that no moderator is introduced into the core for
moderation purposes, the fluoride salts of interest tend
to produce a reactor with a relatively soft neutron
spectrum. Thus, the thoriumJ233U cycle is favoured
from the nuclear as well as the processing viewpoint.
In particular, the 7] values in the intermediate energy
range are higher for 233U than for 239pU; also, the
fission cross sections at energies less' than about 1
MeV are higher for 233Uthan for 239PU.At the same
time, the fluid nature of the core and blanket salts and
the use of the blanket as the coolant gives the MOSEL
reactor much flexibility with regard to nuclear design.
Thus, the core composition, effective fuel enrichment,
and core geometry can be utilised in improving the
nuclear performance.
The use of a fluid fuel and the Thj233U cycle also
leads to desirable safety features. The fluid expansion
of the fuel associated with temperature rise would
normally lead to a negative temperature coefficient of
reactivity and inherent power-demand control. Also,
the fuel could be drained from the core. In addition, a
hot spot in the core would lead to fuel expulsion prior
to coolant expulsion.
A prime nuclear advantage of Puj238U systems is
associated with the fast effect in 238U.This feature can
be incorporated in the MOSEL reactor, since 238U
and 233Uhave the same chemical behaviour. Not only
does the addition of 238U increase the fast fission
factor, but it effectively aids reactor control by increasing slightly the fraction of fission neutrons which
are delayed. Other fast fission factors are associated
with the use of Th and Be, but these are relatively
small.
In order to evaluate the nuclear potential of the
MOSEL reactor concept, a large number of spectrum
calculations were performed for a clean core using the
GAM-1 programme [10]. Nuclear data which are particularly important are the values for the 7] of 233U,
and for the capture cross sections of molybdenum and
nickel. The values used for these quantities took into
consideration recent measurements and estimates
[11-16]. The core region was assumed to contain
various concentrations of ZrF4, NaF, BeF2, UF4,
ThF4, and structural material. The structural material
was considered to be INOR-8, Inconel, or Hy-Mu 80.
In general, the most significant parameter values
with regard to core mean fission energy were the
carrier salt composition, the 233Uconcentration, and
the effective neutron leakage from the reactor core.
The use of ZrF 4 as the carrier salt led to mean fission
energies intermediate to those obtained using NaF
or BeF2. In order to produce potential breeding ratios·
greater than 1.1, the mean fission energy was generally
in the range of 6-15 keY. The associated core 233U
• The potential breeding ratio was calculated on the basis
that thorium captured all core-leakage neutrons, and that
there were no higher isotopes and fission product poisons in
the core region.
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concentrations varied between 200 and 400 gfl. The
fast fission factor for 238U,with a 238U/233U ratio of
two, was between 1.02 and 1.05. For the cases of interest, the fast fission factor for Th varied between
1.004 and 1.01, while that for Be varied between 1.003
and 1.006.
A reasonable lower limit (consistent with the nuclear
data employed) of the MOSEL breeding potential
was obtained by considering NaF·BeF2 as the carrier
salt for both fuel and coolant. With the volume offuelj
structure/coolant in the ratios 41.7/16.6/41.7, the use
of INOR-8 as the structural material gave potential
breeding ratios of 1.08-1.11 at an average core 233U
concentration of about 370 gjl. When the volume
ratios were changed to the values 44j12j44, the potential breeding ratios were 1.09-1.12 at a 233Ucore concentration of about 300 gil.
A reasonable upper limit of the potential breeding
ratio can be obtained by considering NaF as the carrier salt. Under this condition, use of Hy-Mu 80 as the
structural material with a volume ratio of 44/12j44
gave a potential breeding ratio of 1.20 at a uranium
concentration of about 300 g 233Ujl. Replacing the
above structural material with INOR-8 would reduce
the potential breeding ratio to about 1.17. Use of
Inconel would give a value of about 1.22.
Fuel recycle

As indicated in Fig. 1, fuel processing and refabrication is given essentially by the chemical reactions

The associated processing steps appear well suited for
continuous-type operations [17].Also, the over-all process is compact, uses materials highly resistant to
radiation damage, and leads to dry, concentrated
wastes. In the MOSEL reactor nearly all of the processing volume is associated with the blanket salt.
The object of high blanket processing rates is to keep
nearly all the fissile fuel within the core region. At the
same time, the low uranium concentration in the
blanket salt simplifies the processing cycle, since the
associated fission-product concentrations would be
very low. Thus, the blanket salt could be fluorinated
without prior hold-up in the processing cell and
the resulting UF 6 could be condensed directly in cold
traps without further purification. The recovered UFa
would then be reduced in an H2-F2 flame containing
ex.cess H2, with the product UF 4 dropping directly
into fuel-carrier salt.
The processed blanket salt would next pass through
a purifying step and be returned directly to the reactor.
(Th and Pa are not volatilised during fluorination).
Thus, the reactor serves as the storage vessel. As a
result, 233U removal from the blanket by processing
need not be complete, since fluorination efficiency
and 233U losses would not be related. This gives
flexibility in fluorination conditions.
The fuel salt would be Drocessed somewhat dif-
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ferently. The high activity of the fuel salt would require a cooling period prior to processing, in order to
decrease heat-transfer problems during fluorination.
Also, since the fission products and carrier salt would
be discarded, the uranium recovery should be high
(greater than 99.9%; recovery is readily attainable).
Thus, the fuel salt requires a more severe and longer
fluorination than the blanket salt; however, this permits the small amounts of Pu present in the fuel to be
recovered efficiently [I8]. The recovered fissile fuel
would then be condensed in cold traps, and subsequently reduced in an H2-F2 flame. No further purification would be necessary since the fuel would be
recycled, and contain relatively small amounts of
fission products. Alternatively, the fissile material
could be purified by use of NaF absorption beds, with
Pu separation if desirable [1,18].
Product 233U from the reactor plant would most
conveniently be taken from the blanket region.
Purification of product material (with decontamination factors of 108-1010)could readily be performed
with NaF absorption beds [I].
In order to remove oxide contaminants from the
carrier salts, a purification step would be performed.
This consists of bubbling'HF and H2 through the melt.
The H2 would also effectively remove the corrosion
products (resulting from the fluorination step) by
reducing them to metal solids.
ECONOMIC FACTORS
Fuel cycle cost

The largest single fuel-cost item in the MOSEL.
reactor will be the fuel inventory charge. Thus, it is
important that fuel generated in the blanket be returned to the core quickly. However, the most economic blanket processing rate will be determined by
balancing the blanket processing cost against the
fissile inventory savings.
The cost of processing is very dependent upon the
required building space, building auxiliaries, remote
maintenance equipment, laboratory facilities, shielding, and personnel needs [19J.Relative to these factors,
large savings are anticipated if the processing scheme
can be incorporated within the reactor plant. Since
the fuel processing scheme under consideration is
particularly well suited to reactor plant integration,
an order-of-magnitude cost reduction is foreseen
relative to a separate facility. Taking into consideration the sharing of facilities and services by the reactor
and processing groups, the sharing of personnel, and
the placing of the processing cell adjacent to the reactor cell, processing costs were estimated for the
MOSEL reactor. For a 1000 MW(e) station, the
capital costs associated with fuel processing and
fabrication appear to be less than $10 x 106; for a
500 MW(e) station, they appear to be about $7 x 106•
For either plant, operating costs would correspond to
a unit variable blanket processing cost between 1 and
2 dollars per kg Th. The corresponding cost for fissile
fuel recovery would be less than $l/g fissile. With such
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low unit costs, the MOSEL reactor could economically retain about 85% of its fissile inventory within
the core region.
Using the above figures, the MOSEL fuel cycle cost
for a 500 MW(e) plant was estimated. The core design
was the same as that discussed previously; the core
critical concentration was about 300 g fissilejl core.
Under these conditions, results from equilibrium isotope equations and one-dimensional, multi-group
diffusion-theory calculations indicated a net breeding
ratio of about 1.05utilising carrier salt containing NaF
and BeF2, and coolant salt containing 10 mol%
ThF 4' The resultant net fuel cycle cost was 1.4
mills/kWh(e), and the fuel doubling time about 60
years. This result was based on inventory charges of
10 %jyear for fissile fuel and Pa, and 15 %jyear for
other materials. The fissile fuel and Pa was valued at
$ 12/g. Also included was the cost of replacing the core
structure on a three year basis (the material cost was
taken as $ 1 OOOjm2 surface, which corresponded to a
replacement cost of 0.20 mills/kWh(e)).
The fissile fuel inventory was the major cost, and
corresponded to 0.8 millsjkWh(e). By reducing the
fuel channel width from 3 mm to 2 mm, the specific
power could be doubled, leading to a fuel cost of 1.0
milljkWh(e) and a doubling time of about 30 years.
Utilising structural material with only a few % Mo
would give a net breeding ratio of about 1.10, a fuel
doubling time of 15 years, and fuel costs under 1
milljkWh(e).
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systems, it appears that unit capital costs vary approximately as P-0.4, where P is the reactor power. Based
on this approximation, a 500 MW(e) MOSEL reactor would have capital costs of about $ 210/kW(e).
Thus, with capital charges of about 15%/year, 80%
load factor, and operating and maintenance costs of
0.5 mill/kWh(e), a conservatively-designed 500 MW(e)
MOSEL reactor would have power costs of about 6.5
millsjkWh(e), while operating as a breeder with onsite fuel recycle. Based on a relatively optimistic design, corresponding power costs would be between
5 and 6 millsjkWh(e).
EVALUATION
The MOSEL reactor concept involves a flexible
nuclear system with a 'unique fuel cycle. A broad
spectrum of associated technology has already been
accumulated. The outstanding characteristic of the
concept is its ability to recycle fuel economically in
relatively-small power plants by means of an on-site
processing plant, and at the same time operate as a
breeder.
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Power costs

The power costs of the MOSEL reactor are very
dependent upon the plant capital costs. No detailed
cost estimates have been made here; however, it
is possible to apply results for a thermal Molten Salt
Converter Reactor (MSCR) obtained by Oak Ridge
National Laboratory with the assistance of Sargent
and Lundy, [20-22]. The MOSEL power plant would
be very similar to the MSCR except for the fuel cycle;
the energy-conversion flow diagram for both plants
was assumed to be similar.
The MSCR considered a conservative power conversion system; energy was transferred to a buffersalt heat-transfer loop, and the buffer salt transferred
energy to the steam cycle. In the steam cycle, saturated
steam was generated in Loeffler boilers by use of superheated steam. The saturated steam was superheated by
the buffer salt, with part of the resulting superheated
steam passing to the turbine, and the remainder to the
Loeffler boilers. The same systems were considered for
the MOSEL reactor, as indicated in Fig. 1. By modifying the MSCR cost information to conform with
MOSEL reactor conditions, a cost estimate of $ 160j
kW(e) for a 1 000 MW(e) plant was obtained, including the cost of the on-site processing plant. The
net thermal efficiency of the plant was about 38%,
with steam conditions of 160 atmj520 °C.
The unit costs for a 500 MW(e) plant would be
higher. Based on studies [23] of a number of reactor

REFERENCES
1. Cathers, G. 1., Nucl. Sci. Eng., 2, 768 (1957).
2. Lawroski, S., and Rodger, W. A., Chem. Engng. Progr.,
53, (2), 70 (1957).
3. Molten Salt Reactor Program Progress Reports,
Report ORNL 2474 (31 January 1958);
2626 (31 October 1958);
2684 (31 January 1959);
2723 (30 April 1959);
2799 (31 July 1959);
2890 (31 October 1959);
2973 (30 April 1960);
3014 (31 July 1960);
3122 (28 February 1961);
3215 (31 August 1961);
3282 (28 February 1962);
"
..
3419 (31 January 1963).
4. Macpherson, H. G., (ed.), Fluid Fuel Reactors (Lane, J. A.,
Macpherson, H. G., and Maslan, F., eds.), AddisonWesley Publishing Co., Reading, Mass., 567 (1958).
5. Grimes, W. R., and Cuneo, D. R., Reactor Handbook2nd Edition, Vol. I-Materials
(Tipton, C. R., Jr., ed.),
Interscience Publishers Inc., New York, 425 (1960).
6. Powers, W. D., Cohen, S. 1., and Greene, N. D., Nucl.
Sci. Eng., 71, 200 (1963).
7. Adamson, G. M., Crouse, R. S., and Manly, W. D., Interim Report on Corrosion by Zirconium-Base Fluorides,
ORNL report 2338 (3 January 1961).
8. Devan, J. H., and Evans, R. B., Corrosion Behavior of Reactor Materials in Fluoride Salt Mixtures, report ORNLTM-328 (19 September 1962).
9. Manly, W. D., et al., in Prog. Nucl. Energy, Series IV, 2Technology, Engineering and Safety, Pergamon Press,
London, 164 (1960).

SESSION 1.5

P. R. KASTEN

P/538

10. Joanou, G. D., and Dudek, J. S., GAM-1: A Consistent
Pi Multigroup Code for the Calculation of Fast Neutron
Spectra and Multigrouo Constants, report GA-1850 (28
June 1961).
11. Schmidt, J. J., Neutron Cross Sections for Fast Reactor
Materials, Part Ill: Graphs, report KFK 120 (EANDC-E35 U) (December 1962).
12. Macklin, R. L., Gibbons, J. H., and lnada, T., Nucl.
Phys. 43, 353 (1963).
13. Kapcigasev, S. P., and Popov, IN.P., Atomnaya Energiya
8,120 (1963).
14. Macklin, R. L., Gibbons, J. H., and Inada, T., Phys. Rev.
129, 2695 (1963).
15. Hopkins, J. c., and Diven, B. c., Nucl. Sci. Eng. 12, 169
(1962).
16. Staff Report. Physics Data-Advanced
Epithermal Thorium
Reactor, Vol. II, Report AI 7614 (15 September 1962).
17. Campbell, D.O.,
and Cathers, G. 1., lndustr. Engng.
Chem. 52 (I), 41 (1960).
18. Cathers, G. 1., and Jolley, R. L., Recovery of PuFa by

19.

20.
21.
22.
23.

369

Fluorination of Fused Fluoride Salts, report ORNL 3298
(24 September 1962).
Carter, W. L., Milford, R. P., and Stockdale, W. G.,
Design Studies and Cost Estimates of Two Fluoride
Volatility Plants, report ORNL-TN-522
(10 October
1962).
Alexander, L. G., in Proc. of the Thorium Fuel Cycle
Symposium, Gatlinburg, Tenn., December 5-7, 1962.
Report TID 7650, 1,194 (1963).
Sargent and Lundy, Capital Cost Evaluation-]
000
MW(e) Molten Salt Converter Reactor Power Plants, report
SL 1954 (29 June, 1962).
Sargent and Lundy, Capital Investment for 1000 MW(e)
Molten Salt Converter Reference Design Power Reactor,
report SL 1994 (27 December 1962).
Young, G., Hammond, R. P., and Spiewak, 1., Prospects
for Sea- Water Desalination with Nuclear Energy-An
Evaluation Program, report ORNL-TM-465
(January
1963). Also, Weinberg, A. M., and Young, G., Nuc1.
News, Amer. Nucl. Soc., 3 (May 1963).

ABSTRACT-RESUME-AHHOTAI4V1)l-RESUMEN
AJ538

La conception

Republique

du reacteur

federale

d'Allemagne

MOSEL

par P. R. Kasten
Le type de reacteur MOSEL (MOlten Salt EpithermaL reactor - Reacteur epithermal a sels fond us)
com porte l'utilisation de fluofures de thorium et
d'uranium dissous dans des fluorures fond us. C'est
un reacteur a deux fluides et a deux regions fonctionnant avec des energies de neutrons comprises dans Ie
domaine intermediaire et Ie domaine rapide. La conception constitue une application exceptionnelle de
la technologie des sels fondus developpee aux EtatsUnis pendant la derniere decennie. Le reacteur travaille
a basse pression (10 a 15 atm) et a haute temperature
(650 °C a la sortie du fluide caloporteur). L'etat fluide
des sels du cceur et de la couche fertile facilite Ie
deplacement et Ie traitement du combustible. Le fIuide
du cceur est forme d'une solution d'UF 4 dans NaF et
BeF2 (ou une solution semblable) contenue dans des
tubes ou des plaques en alliage a haute teneur en
nickel. On fait circuler Ie fluide combustible pour
assurer l'homogeneisation, l'addition ou Ie retrait du
combustible, et pour en ameliorer la conductivite
thermique effective. Le Cceuf est refroidi i1'lterieurement avec Ie fluide de la couche fertile comme caloporteur. Le fluide de la couche fertile est une solution
de ThF4 dans NaF et BeF2 (ou une solution semblable).
Le fluide caloporteur du cceur transmet l'energie au
generateur de vapeur, au moyen d'un circuit de sels
fondus intermediaire. Le traitement du combustible
consiste en une recuperation de I'uranium par fluoruration du combustible; on l'applique a la fois au fluide
du cceur et a celui de la couche fertile. Dans Ie cycle de
la couche fertile, Ie sel non uranie est renvoye a la
couche fertile tandis que l'UF6 recupere est reduit en
,UF4 et renvoye au cceur. Le traitement du fIuide du
cceur consiste en une recuperation de l'uranium et en
une elimination du sel contenant les produits de fission.
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Par suite du recyclage du fluide de la couche fertile, du
faible volume du cceur et de la limitation du traitement
it la recuperation de l'uranium, Ie procede de volatilisation simple du fluorure est applicable et les installations de traitement peuvent etre integrees economiquement aux installations du n:acteur, ce qui conduit a
des traitements a bas prix de revient unitaire.
L'etat fluide du combustible, la simplicite de la
methode de traitement, la construction du cceur sans
combustible radioactif, et l'utilisation du fluide de la
couche fertile comme caloporteur permettent d'elever
la puissance du reacteur sans changement significatif
du rendement nucleaire. On Ie fait en etendant Ie
cceur dans une direction perpendiculaire au courant du
caloporteur, ce qui permet, de plus, une construction
modulaire. Les domaines primaires OU une information supplementaire est necessaire concernent la
variation de T} avec l'energie pour l'uranium 233, les
sections efficaces de diffusion et d'absorption des
composants salins et des materiaux de structure, Ie
comportement corrosif des fluorures en fonction de la
temperature, de la composition du sel et des materiaux
de structure, la conductivite thermique effective des
differents sels selon les conditions de travail et la
realisation de generateurs de vapeur utilisant des sels
en fusion (temperature de fusion des sels environ
500°e). Neanmoins, en se fondant sur les renseignements actuels, on estime que Ie reacteur du type
MOSEL peut avoir des taux de surregeneration economiques pans Ie domaine 1,0 - 1,1, un prix de revient
du traitement du combustible irradie inferieur a 1,5
milljkWh(e), un prix de revient de l'energie de 6 millf
kWh(e) dans des centrales de l'ordre de 500 MW(e)
avec traitement et recyclage du combustible sur place,
et des charges annuelles de 15% pour les articles
soumis a depreciation et 10% pour les articles non
soumis a depreciation.
Le type de reacteur MOSEL apparait competitif en
comparaison des autres types de reacteurs pour lesquels le prix de revient de l'energie est faible dans Ie

