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ABSTRACT
A neutronic parametric study is performed for graphite-moderated molten-salt (MS) subcritical
transmuting reactors. The NaF-ZrF4 MS reactor is fueled with transuranium isotopes from LWR spent
fuel and operates in a once-through mode. The average power density is 390 W/cm3 of MS in the core.
The MS with actinides is continuously fed at a rate of 0.8 liters/day with a fixed actinides (Ac)
concentration of 12.87 mol%. All the fission products are removed from the core as soon as formed.
The central question addressed is whether or not it is possible to design such a reactor to have an
acceptable keff when at equilibrium composition, while the Ac concentration is below their solubility
limit. The primary design variables are the MS channel diameter and the graphite-to-MS volume ratio
(C/MS). It was found that when C/MS is close to 1.0, both keff and the fractional transmutation peak
while the equilibrium concentration is at a minimum; it is significantly below the solubility limit. The
peak keff is close to 1.0 and the fractional transmutation exceeds 90% in one pass through the core.
The optimal core has an epithermal spectrum and small channel diameter. The graphite lifetime in that
reactor is on the order of one year. Reduction of the power density to 39 W/cm3 can increase the
graphite lifetime to ~ 10 years. Lowering the power density will somewhat reduce the attainable keff
and increase the equilibrium actinide concentration.

1. INTRODUCTION
The transmutation capability of graphite-moderated molten-salt (MS) reactors is being studied at the
University of California, Berkeley in the framework of the University Program of the US DOE ATW
project[1]. A previous parametric study of MS reactors[2,3] did not account for the solubility limits of
actinides (Ac) and fission products (FP) in the NaF:ZrF4 molten salt. One objective of the present
research is to extend this analysis to take into account the solubility limits of actinides (Ac). Another
objective of the present work is to find the optimal neutron spectrum for a MS transmuting reactor.
The MS transmuter concept being considered is described in Sec. 2. The study variables and
constraints are discussed in Sec. 3. The model used for calculating the MS reactor neutronics is
described in Sec. 4 followed by a summary of the obtained results (Sec. 5) and a discussion (Sec. 6).

2. REFERENCE MOLTEN SALT REACTOR
The reference design for the MS reactor concept considered in this work is the ADNA Tier-I reactor
concept proposed by Bowman[4]. The reactor is an accelerator-driven assembly made up of a 400 cm
tall block of graphite, roughly 400 cm across, penetrated by 7 cm diameter channels at a hexagonal
pitch of approximately 30 cm, through which the molten salt fuel flows. The MS fuel channels are
surrounded by cylindrical graphite sleeves that need to be replaced after reaching their radiation
damage limit. The remainder of the reactor is made of non-replaceable graphite, with two horizontal
layers of boron-loaded graphite on top and bottom of the reactor to decrease neutron losses. The MS
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fuel coming out of the core will be regarded as waste. The molten salt is NaF + ZrF4 + fluorinated
actinides; it operates in the temperature range of 600-700 oC. The fuel is made by chemically
combining light-water reactor spent fuel and its zircaloy cladding with fluorine. UF6 and the volatile
fission products are removed and the remainder is mixed with NaF to form the molten salt fuel (NaF +
ZrF4 with a few per cent TRU). Fresh molten salt fuel is continuously fed and mixed into the reactor’s
salt plenum and an equal volumetric flow rate of the mixed molten salt is continuously removed to
keep the overall salt inventory constant. This transmuter is designed to operate as a “once-through”
system.

3. STUDY VARIABLES AND CONSTRAINTS
The goal of this optimization study is to maximize the fraction of the actinides fed into the MS reactor
that is transmuted in one pass through the reactor while maintaining the design constraints. Four
variables are considered for the optimization study: the pitch of the fuel channels, the diameter of the
fuel channels, the volumetric feed and removal rate of the fuel salt, and the concentration of actinides
in the feed salt. The composition of the actinide feed in all cases is that shown in Table I, taken from
Bowman[4].
Table I. Actinide feed composition reported in
Bowman[4] and used in this study.

Three constraints are imposed on the design:
the power density in the molten salt, the
radiation damage to the graphite, and keff.
Bowman[4] used a power density of 390 watts
per cubic centimeter of molten salt in the core.
The same value is used in this study. While
there is no solid fuel structure to damage in the
MS system, the graphite will swell and may
crack as a result of atomic displacements
caused by high-energy-neutron collisions.
Bowman[4] cites a fast fluence limit of 3x1022
n/cm2 of E>0.01 MeV neutrons. The same
value is used in this study.

Feed
Feed
Isotope composition Isotope composition
(w/o)
(w/o)
237
241
Np
4.5
Am
5.2
238
242
Pu
1.4
Am
0.0
239
243
Pu
51.5
Am
0.9
240
244
Pu
23.8
Cm
0.0
241
245
Pu
7.9
Cm
0.0
242
246
Pu
4.8
Cm
0.0

Another important constraint the design should be subjected to is the maximum solubility of actinides
and fission products in the MS. At the time of the previous study[3] the solubility limit could not have
been found by the authors. As a result, this constraint had not been accounted for. Following is the
solubility limit data collected so far and used to define the constraint in this paper.
The molten salts under study contain fluoride - most commonly trifluoride - compounds of actinides
(Ac) and lanthanides (La). The fission-product (lanthanide) chemistry in fluoride salts is well
understood. Experimental results on the solubility of lanthanide fluorides can be found in ORNL
reports and other chemistry journals[5-8]. However, data on actinide fluoride solubilities are scarcer
[9,10]. Experimental results show that the solubility of AcF3 and LaF3 in molten salt solvents
generally depends on the following factors: (a) ionic radius of Ac3+ or La3+, (b) temperature, (c)
composition of the molten salt, (d) type of molten salt.
Regarding the solubility dependence of AcF3 and LaF3 on the ionic radius of the trivalent cations, it
has been shown[10] that for the lanthanide trifluorides a lower ionic radius of La3+ results in a slightly
higher solubility limit of LaF3; this is illustrated in Fig. 1. For actinides, the solubility of AmF3, CmF3,
BkF 3, CfF3 has been assumed to be the same as that of PuF3[10]. Experimental evidence that PuF3
and AmF3 have the same solubility in 2LiF-BeF2 molten salt can be found in [9].
2
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As temperature increases, the solubility of Ac and La trifluorides changes at a rate of about 0.5%
increase in solubility per one oC increase in temperature[5].
Changing the composition of the molten salt also affects the solubility of the trifluoride salts. For
NaF-ZrF4, a higher proportion of ZrF4 results in significantly increased solubility, as illustrated in
Table II. For example, an increase in ZrF4 from 50 to 58 mol% results in a change in the solubility
limit of CeF3 from 3.0 to 8.2 mol% at 675oC. However, amounts of ZrF4 above 50% should be
avoided because this component tends to sublimate and later condense inside pipes or pumps causing
operational difficulties [5].
Table II. Dependence of the solubility limits of
CeF3 on the temperature and composition of
the NaF-ZrF4 molten salt[7].
Solvent comp.
(mol%)
NaF - ZrF 4
42 – 58
50 – 50
53 – 47
59 – 41
63 – 37

Mol% CeF 3
550 oC
675 oC

800 oC

3.0
2.12
1.64
0.56
0.26

10.3
4.4
3.9
1.61
1.07

8.2
3.0
2.37
0.62
0.44

Fig. 1. Dependence of the solubility limits of lanthanide
and actinide trifluorides on the ionic radius of Ac3+ and
La3+, in NaF-ZrF4 and in 2LiF-BeF2[10].
The following expressions have been suggested[10] to estimate the solubility at 550 oC of different
elements in terms of the cation radius:
In NaF-ZrF4, solubility (mol%) = -57.765x2 + 112.13x – 52.161
In 2LiF-BeF2, solubility (mol%) = 32.894x2 – 70.183x + 37.719
where x is the ionic radius of Ac3+ or La3+ in angstroms.
For this study, the solubility limit of a mixture of only actinides dissolved in NaF-ZrF4 is taken to be
that of the PuF3, that is, 1.56 mol% at 550 oC. The MS operating temperatures considered in the
present work are assumed to be between 600 oC and 700 oC. Using experimental data on temperature
dependence of the solubility of PuF3[9], the solubility of the AcF3 in NaF-ZrF4 at 600 oC is estimated
as 2 mol%. Hence, the constraint of 1.56 mol% actinides adopted for this work is conservative.
4. MODEL FOR ANALYSIS
The thrust of the analysis is to find the equilibrium actinides concentration that will be established in
the MS reactor characterized by a given set of design parameters and then to analyze the equilibrium
reactor characteristics of interest. The equilibrium concentration is found iteratively starting with a
guessed composition. MCNP[11] is run with the composition for a particular geometric configuration
to provide the total average neutron flux and the effective one-group cross sections for all the
reactions of interest. Using these MCNP-generated data, a coupled set of isotope balance equations is
3
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solved to give a new equilibrium composition. If this equilibrium composition is significantly
different from the composition used in the MCNP run, then MCNP is run with the new composition
and the procedure is repeated until the composition stabilizes.
At equilibrium, the actinides concentrations in the MS are to obey the following condition:

0 = ∑ σ j→i φ N j /2 +
j

∑λ
j

j→i

N j - λi N i - σ i φ N i /2 + Fi - R N i

(1)

where Ni is the concentration of the ith actinide out of the 27 considered, in units of mol/cm3, Fi
(mol/cm3-s) is the rate of feed of the ith constituent per unit volume of molten salt, R (s-1) is the
fractional rate of removal of molten salt from the reactor, σi is the effective one-group absorption
cross section of the ith constituent, σj i is the effective one-group cross section for conversion of
actinide j into actinide i, φ is the energy-integrated volume-averaged neutron flux in the MS in the
core and λ’s are decay constants. The factor of 2 dividing the flux terms accounts for the fact that the
MS is exposed to the neutron flux only approximately one half of the time, when the MS is flowing
through the core; in the other half it circulates through heat exchangers. The actinides are assumed to
be mixed uniformly throughout the MS. The 27-by-27 matrix defined by the set of Eqs. (1) is solved
numerically using MATLAB.
The fractional transmutation of a particular radionuclide i is defined as:

Ti = (Ni, feed - Ni, equil )/N i, feed = 1 - (N i, equil / N i, feed )

(2)

where Ni, feed and Ni, equil are the concentrations of the ith actinide in units of mol/cm3 in the feed and at
equilibrium, respectively.
The 27 nuclides in the chain are isotopes of the elements Np through Cf, where the atomic mass
number A is between 237 and 250, with half-lives of days or more. In the case of 242Am, both 242gAm
and 242mAm are included in this model. The branching ratio of the neutron capture reaction of 241Am in
the thermal energy spectrum is taken to be 0.914 for conversion into 242gAm and 0.086 for conversion
into 242mAm [12].
The MCNP calculations are performed for heterogeneous unit cells in an infinite lattice as depicted in
Fig. 2. The unit cell is 400 cm high, heterogeneous and hexagonal. The cell is capped at top and
bottom by a layer of boron-loaded graphite (see Fig. 2). The graphite sleeve is replaceable. This
simple model gives a good representation of the core; it only ignores the radial leakage and, in case of
an accelerator-driven system, also the source effect. The density used for graphite and MS is,
respectively, 2.194 g/cm3 and 3.1855 g/cm3. The values of all the cross sections used by MCNP are
evaluated at 900 K, the closest to the 650oC average operating temperature of the reactor.
The flux amplitude is determined to provide a constant power density of 390 W/cm3 of molten salt in
the core, using the following expression:

 n 
 =
2
 cm - s 

φ

Power density (W/cm 3 of MS in core)
 Energy  J 
 atoms  
∑i  fission  fission  σ f, i (barn) N i  barn - cm  
i



4

(3)
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where

Energy  J 


fission  fission 

i

 J  Energy  MeV 
= 1.60219 x 10 -13 

*

 MeV  fission  fission 

(4)
i

and

Energy  MeV 


fission  fission 

2

0.5

= 1.29927 x 10 -3 (Z i A i ) + 33.12

(5)

i

In Eqs. (3)-(5), σf, i is the effective one-group fission cross section of the ith actinide and Ni the
concentration of this actinide in the appropriate units (atoms/barn-cm). Also, Zi and Ai are the atomic
number and the atomic mass number of the fissioning nuclide i, respectively [13].
In order to achieve convergence in the iterations that led to the equilibrium points, it was necessary to
run at least 1.2 million particle histories in each MCNP run. With fewer particles, the errors in the
cross sections and keff evaluation were larger than the variations of these parameters between
subsequent iterations. Each equilibrium point was the result of around ten iterations on average; the
difference in keff from one iteration to the next was observed to decrease monotonically, and
convergence was assumed to occur when this difference was < ~0.5%.

Graphite sleeve
Boron-loaded graphite
MS fuel channel

Graphite matrix

Boron-loaded graphite
MS plenum

Fig. 2. Configuration of a unit cell used to model the graphite-moderated MS reactor in MCNP. Note
that there is a MS plenum also at the top that was not depicted so as to make the figure clearer.
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5. RESULTS
5.1 OPTIMAL DESIGN
All the results reported below pertain to a MS volumetric feed rate of 0.8 liters/day and to an Ac feed
concentration of 12.87 mol%. Figure 3 shows the evolution of keff with the graphite-to-fuel volume
ratio (C/MS) ranging from zero – the limit of a homogeneous reactor composed only of molten salt
and actinides - up to C/MS ~ 20, for the three different fuel channel diameters considered. The 7 cm
diameter fuel channel provides the maximum keff value of 1.03; it is reached at C/MS ~ 1. The
maximum attainable keff drops slightly and the corresponding C/MS ratio increases as the MS channel
diameter becomes smaller. Radial leakage will reduce keff by a few percent, possibly to the vicinity of
unity.
Figure 4 shows the dependence of the equilibrium actinides concentration on the C/MS ratio and MS
channel diameter. The minimum equilibrium concentration is obtained for C/MS ratio close to 1.0;
that is, corresponding to nearly peak keff. The minimum equilibrium concentration is well below the
solubility limit of 1.56 mol%. The lowest equilibrium concentration of ~ 0.9 mol% is obtained for d =
1 cm. It gets to ~ 1 mol% for d = 3.5 cm and to ~ 1.3 mol% for d = 7 cm. The acceptable C/MS design
range for the d = 1 cm channels is significantly larger than for the d = 3.5 cm and 7 cm channels.
Figure 5 shows the fractional transmutation of actinides at equilibrium. It exceeds 90%, with the
smaller MS channel design offering a higher fractional transmutation. A peak Ac transmutation
efficiency is reached at C/MS = 1.0 for all of the fuel channel diameters, and its maximum value of
93% is achieved for the case of 1 cm diameter fuel channels.
Measured by each one of the three important performance characteristics: keff, equilibrium Ac
concentration and fractional transmutation, the optimal C/MS ratio is in the vicinity of 1.0. What
physical phenomena are responsible for this fortunate situation?
5.2 NEUTRON BALANCE AND SPECTRUM
Figure 6 shows - for the case of 1 cm channel diameter - that the neutron energy spectrum ranges from
well-thermalized for C/MS = 12 to highly epithermal for the optimum C/MS of 1. Half of the fissions
in the C/MS = 12 system occurred by neutrons with energies of less than 0.15 eV, while in the C/MS
= 1 system half of the fissions occurred by neutrons with energies of less than 5 eV. Both neutron
energy spectra – and especially the epithermal case – show minima of neutron flux for particular
values of the neutron energy. The minimum value of the flux that occurs at 3 keV coincides with a
strong resonance in the Na total cross section. Subsequent minimum values of the flux at 30 and 50
keV correspond mainly to resonances in fluorine.
Figure 7 shows the C/MS dependence of the equilibrium composition of different actinides in the 1
cm channel core while Fig. 8 shows the corresponding information for the 7 cm channel core. It is
observed that in a thermal spectrum core (C/MS = 12) the concentrations of 242Pu and 244Cm are
particularly high; they make up approximately 60% of the actinides. As the spectrum hardens their
relative concentration declines down to a minimum of ~ 20% at a C/MS ratio of ~ 1.0. A reverse trend
is observed for the two dominant fissile isotopes: 239Pu and 241Pu. Their concentration increases from
approximately 10% to nearly 35% as C/MS is reduced from 12 to 1.0. The outcome is that the ratio of
fissile to fertile isotopes peaks in the vicinity of C/MS = 1.0.
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C/MS
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1.5
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25

Fig. 3. Dependence of keff on graphite-to-fuel
ratio (C/MS) for different fuel channel
diameters.

Solubility limit

1.0

0

5
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15
C/MS
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25

Fig. 4. Dependence of Ac equilibrium
concentration (mol%) on graphite-to-fuel ratio
(C/MS) for different fuel channel diameters.
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Ac. transmutation efficiency (%)
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0
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C/MS
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1.E-10
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1.E-06

1.E-04

1.E-02

1.E+00 1.E+02

Energy (MeV)

Fig. 5. Actinide transmutation efficiency for
different fuel channel diameters
and graphite-to-fuel ratios (C/MS).

Fig. 6. Normalized total flux in 1 cm diameter
fuel channels for C/MS = 1 (epithermal
spectrum) and C/MS = 12 (thermal spectrum).
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Pu-238
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Fig. 7. C/MS dependence of the equilibrium
composition (atom%) of individual actinides.
in 1 cm channel.

5

10 C/MS 15

20

25

Fig. 8. C/MS dependence of the equilibrium
composition of individual actinides (atom%)
in 7 cm channel.

An indication on the reasons for this trend is provided by the C/MS dependence of the absorption
probability of selected actinides shown in Figs. 9 through 13; the absorption probability (in units of
second-1) is calculated as the product of the effective one-group absorption cross section of the
actinide times the neutron flux. It is observed that the absorption probability peaks in the vicinity of
C/MS = 1.0 for 240Pu, 242Pu and 244Cm. This peak occurs when the neutron spectrum is highly
epithermal (Fig. 6); it is responsible for the minimum in the concentration of these isotopes (Figs. 7
and 8). It is also observed that the absolute value of the peak absorption probability strongly depends
on the channel diameter; the smaller the channel diameter the larger is the absorption probability. This
is due to resonance self-shielding effects.
On the other hand, the absorption probability of the primary fissile isotopes – 239Pu and 241Pu (Figs. 12
and 13) - monotonously increases with C/MS. As a result, the concentrations of 239Pu and 241Pu tend
to increase as C/MS goes down to ~ 1. For C/MS below 1.0 the concentration of 240Pu is increasing so
strongly due to a steep decline in its absorption probability that the relative concentrations of 239Pu
and 241Pu drop.
Figure 14 summarizes the overall neutron balance for the systems with 1 cm channels considered. kinf
peaks in the vicinity of C/MS = 3 due, primarily, to a minimum in the parasitic neutron capture in the
non-fuel constituents of the MS and to a reduction, with decrease in C/MS, in the parasitic neutron
capture in graphite. The relatively low parasitic neutron capture near C/MS = 3 more than
compensates for the relatively low fuel reactivity as measured by the average η of the actinides. As
the leakage probability is at a minimum in the vicinity of C/MS = 3, where kinf peaks, keff peaks also at
C/MS = 3 (Fig. 3).
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Fig. 9. Absorption probability of 240Pu.
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Fig. 10. Absorption probability of 242Pu.
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Fig. 11. Absorption probability of 244Cm.
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Fig. 12. Absorption probability of 239Pu.
10

1.15

η

8

-1

Absorption probability (s )

1.5E-06

% absorbed or leaked

1.0E-06
d = 1 cm
d = 3.5 cm
d = 7 cm

5.0E-07

1.1

% absorbed in
Na, F and Zr
6

1.05

% absorbed in
graphite in core

4

1

% leaked
2

0.0E+00
0

5

10

15

20

0.95

kinf

25

0

C/MS

0.9
0

Fig. 13. Absorption probability of 241Pu.
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5.3 GRAPHITE LIFETIME
Figure 15 shows the graphite sleeve lifetime strongly depends on the C/MS ratio; the smaller this ratio
the shorter is the lifetime. For C/MS = 1 the lifetime is less than one year; too short to be practical.
The reason for the short lifetime of the graphite is the increase in the fast neutron flux amplitude with
spectrum hardening due to a reduction in C/MS ratio, as shown in Fig. 16. This is due to a reduction
in the effective one-group fission cross section. It is possible to increase the graphite lifetime while
retaining the C/MS ratio of 1.0 by lowering the power density of the molten salt in the core. For
example, at 39 W/cm3 of molten salt (one-tenth of the original power density), the lifetime of the
graphite increases from 0.6 to 5.7 years as the total flux in the fuel region decreases by about one
order of magnitude, while keff drops to 0.952 and the equilibrium actinide concentration increases to
1.4 mol% - still within the keff and solubility limit constraints. For C/MS = 3.0, the graphite lifetime
reaches 12 years at 39 W/cm3 power density (Table III).
1.E+16
Neutron flux (n/cm 2-s)

Graphite lifetime (years)

4
3
2
d = 1 cm
d = 3.5 cm
d = 7 cm

1
0
0

5

C/MS

8.E+15

d = 1 cm

6.E+15

d = 7 cm

d = 3.5 cm

4.E+15
2.E+15
0.E+00

10

0

Fig. 15. C/MS dependence of graphite sleeve
lifetime (years).

5

10
15
C/MS

20

25

Fig. 16. C/MS dependence of total flux in the
fuel region.

Table III. Effect of reducing the power density on the transmuter performance.
C/MS = 1.0
Power density
keff
Equilibrium Ac concentration (mol%)
Ac fractional transmutation (%)
Flux in fuel region (n/cm2-s)
Graphite lifetime (yr)

3

390 W/cm
1.007
0.96
93.21
3.87x1015
0.59

C/MS = 3.0
3

39 W/cm
0.952
1.40
90.45
3.82x1014
5.7

390 W/cm3
1.023
1.23
91.22
1.89x1015
1.28

39 W/cm3
0.958
1.60
89.28
1.90x1014
12

5.4 PROLIFERATION RESISTANCE
The proliferation resistance characteristics of the equilibrium molten-salt fuel varies significantly with
the C/MS ratio. Figure 17 (also Figs. 7 and 8) shows the C/MS dependence of the plutonium isotopic
composition. At the high C/MS range the plutonium isotopic composition is unusual among reactor
systems in terms of proliferation resistance; it has a relatively low fissile-fuel content. For example, at
C/MS = 20, fissile plutonium constitutes only ~ 9 w/o of the plutonium inventory (for 3.5 cm channel
diameter). Table IV compares the equilibrium MS reactor Pu composition to that in weapons-grade
10
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Pu; in spent fuel from a lead-cooled reactor with a long-life core (the Encapsulated Nuclear Heat
Source or ENHS)[14]; and to the Pu in light-water reactor spent fuel (LWR SF). The C/MS of 12
given in Table IV is the upper bound dictated by the actinides solubility limit (Fig. 4).

60
Pu composition (w/o)

Table IV. Isotopic composition (w/o) of Pu in
the MS reactor having 1 cm channels compared
to weapons grade Pu, spent fuel
from the ENHS, and spent fuel from a LWR.
Type of Pu
Weapons
Grade
238

Pu
Pu
240
Pu
241
Pu
242
Pu
Total
fissile
239

ENHS
(EOL)

LWR SF

0
94
6
0
0

0.3
70.5
22.3
2.7
4.2

1.6
57.6
26.6
8.8
5.4

94

73.2

66.4

Molten salt reactor
C/MS
C/MS
=1
=12
19
7
31
8
9
18
28
9
13
58
59

50

w/o Pu-238
w/o Pu-239
w/o Pu-240
w/o Pu-241
w/o Pu-242

40
30
20
10
0
0

17

5

C/MS 10

15

Fig. 17. Pu isotopics dependence on C/MS
ratio. 1 cm diameter channel.

6. DISCUSSION
If fission products are not removed from the reactor as assumed in this study, the attainable keff will be
lower than that reported above. Fortunately, xenon and the other volatile fission products will get out
of the MS shortly after its production. This, combined with the use of an epithermal spectrum, will
reduce the reactivity effect of fission products relative to their effect in thermal solid fuel reactors.
The fission products effect will be quantified in a follow-on study. It is expected that it will be
possible to design the equilibrium MS reactor to have high enough keff to be viable as a source-driven
subcritical transmuter.

7. CONCLUSIONS
It is scientifically feasible to design a NaF-ZrF4 MS reactor that is fed by transuranics from LWR
spent fuel and that operates at an average power density of 390 W/cm3 of MS in the core to have an
equilibrium keff that is just about 1.0, provided the fission products are removed shortly after their
production. The fractional transmutation of this reactor can exceed 90%. keff peaks in the C/MS range
between 1 and 5. The fractional transmutation has a peak in the vicinity of C/MS of 1.0. The
equilibrium actinide concentration is at a minimum for this C/MS ratio; it is well below the solubility
limit. The optimal core has an epithermal spectrum that maximizes the absorption cross-section of
242
Pu and 244Cm and thus minimizes their concentration. Due to reduced spatial self-shielding, small
channel diameters offer higher fractional transmutation and lower equilibrium concentration than
large channel diameters; the peak keff is only slightly sensitive to the channel diameter. The maximum
C/MS ratio acceptable for 1 cm diameter channels is above 12; almost double than that for the 3.5 and
7 cm diameter channels. At C/MS = 12, fissile isotopes constitute only 17 w/o of the plutonium. The
graphite lifetime of this reactor is only of the order of one year. It is possible to increase the lifetime
by reducing the power density. Reduction of the power density to 39 W/cm3 can increase the graphite
lifetime to ~ 10 years. Lowering the power density will somewhat reduce the attainable keff and
increase the equilibrium actinide concentration.
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This paper summarizes work in progress. More thorough analyses are required before the feasibility
of the MS transmuting reactor could be reliably assessed. One of the primary issues that need to be
addressed is the effect of non-instantaneous removal of the fission products. Another issue is how to
design the MS reactor to have an acceptable lifetime of its graphite structure; it is desirable to carry
out an optimization study for a power density of 39 W/cm3 or lower.
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