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Abstract In this study, the improvement of neutronic
performance of a dual purpose modified PACER concept
has been investigated. Flibe as the main constituent are
fixed as 92% coolant. ThF, is mixed with increased mole-
fractions of RG-PuF, starting by 0 mol % up to 1 mol %.
TBR variations for all the investigated salts with respect to
the RG-PuF, contents are computed. Tritium self-suffi-
ciency is provided with the ThF, when the adding RG-PuF,
content is higher than 0.75%. The energy multiplication of
the blanket is increased as 70% with adding RG-PuF,
contents to ThF,. High quality fissile isotope *>*U are
produced with increasing RG-PuF,. DPA and helium pro-
duction increases with increased RG-PuF, content in
molten salt. Radiation damage with dpa <I1.7 and He

<3.3 ppm after a plant operation period of 30 years will be
well below the damage limit values.

Keywords Molten salt - Tritium breeding - PACER -
Plutonium molten salt - Thorium

Introduction

Nuclear fusion is an alternative energy source. Nuclear
fusion could provide a cheap, environmentally benign, and
inexhaustible energy. Nowadays, magnetic confinement
fusion (MCF), inertial confinement fusion (ICF) technolo-
gies are studied. However, MCF and ICF fusion reactors
have some problems such as plasma physics and materials
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technology. On the other hand, the use of nuclear explosives
can produce a significant amount of energy. The obtained
energy can be converted into electricity via a nuclear fusion
power plant. The idea of producing electricity through
peaceful nuclear explosive (PNE) was proposed by some
researchers in 1960’s [1-10]. This idea is called as PACER
fusion concept [1-3]. PACER fusion concept has an
underground containment vessel to handle the nuclear
explosives safely. The detail information about the PACER
concept can be found in [1-3]. The working fluid is Li,BeF,
(Flibe). In molten salt zone, Flibe is a liquid volume fraction
of 25% and void volume fraction of 75%. In previous study,
the modified PACER concept was used for the production of
valuable fissile isotopes via reactions of fertile isotopes. In
PACER fusion concept with Flibe coolant, Flibe + ThF, or
UF, and various ThF,/***UF, molten salts were performed
for energy multiplication and fissile fuel breeding by some
researchers [11-16].

In this study, the improvement of the neutronic perfor-
mance of the PACER fusion concept are investigated. The
effect of the adding reactor grade (RG)-PuF, content in
ThF,4 + Flibe molten salt are investigated and compared as
regards tritium breeding ratio (TBR), energy multiplication
(M) and fissile fuel breeding. In addition, displacement per
atom (DPA) and helium gas production are computed.

Blanket Structure

A one-dimensional model of the blanket for the neutronic
calculations is shown in Fig. 1 [1-3, 13, 14]. The peaceful
nuclear explosive (PNE) device is located in a spherical
cavity with a radius of R = 5 m. The explosion yield is 2 kt
(8.36 TJ) every 40 min which produces a fusion power of
3,780 MWth [1-3, 11-13] in a 20 m radius cylindrical
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Fig. 1 Calculation model of the reactor cavity (dimension are given
in cm) [1-3, 13, 14]

cavity. However, I have assumed the fusion neutron source
to be entirely 14.1 MeV. The molten salt zone consisting of
liquid jets has a radial thickness of DR = 2 m. The basic
constituent of molten salt is Flibe. In the present study,
molten salts form of mixed ThF,/RG-PuF, has been added
to Flibe for the purpose of improvement neutronic perfor-
mance. The molecular fraction are taken 8% (Th/RG-Pu)F,
and 92% Flibe coolant. The molecular fraction of the flibe is
fixed. However, RG-PuF, is gradually increased from O up
to 1% in the coolant whereas; ThF, is gradually decreased in
the coolant. The cavity is lined with 1 cm-thick stainless
steel of type SS-304. SS-304 steel structures have been
selected. After the liner, a 50 cm rock zone is used to con-
sider the neutron reflection back into the cavity [11-16].

Calculation Methods

Neutron transport calculations are performed in spherical
geometry with the help of SCALE 5 SYSTEM [17] in
Sg-P3 approximation using the code XSDRNPM [18] and
the 238 groups library [19], derived from ENDF/B-V. The
resonance self-shielding weighted cross sections are pro-
cessed with the help of the CSAS control module [20]
using BONAMI [21] for the unresolved resonances and
NITAWL-II [22] for the resolved resonances. Integration
of the angular neutron flux is made in the Sg—P; approxi-
mation by using Gaussian quadratures.

Numerical Results

Neutronic calculations have been performed for the fol-
lowing five cases: 8% ThF,, 7.75%ThF4 + 0.25% RG-PuF,,
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Fig. 2 TBR variation with respect to 92% Flibe + 8% (Th/RG-Pu)F,
molten salt

7.5%ThF4 + 0.5% RG-PuF,, 7.25%ThF, + 0.75% RG-
PuF,, 7%ThF, + 1% RG-PuF, in molten salt zone. Flibe in
molten salt zone are taken as 92%. Tritium breeding ratio
(TBR) to maintain tritium self-sufficiency of the (D-T)
fusion reactor is must be more than 1.05. TBR variations
have been performed for five cases. Figure 2 shows the
TBR variations for all the investigated salts with respect to
their RG-PuF, contents of the salts at start-up of the reactor.
It can be seen that TBR increases with an increase in the
plutonium content. If the TBR limit is taken as 1.05, the
RG-PuF, contents in the salt should be greater than 0.75%
for tritium self-sufficiency. Total fission rate (X) increases
with increasing RG-PuF4 contents in the salt in the blanket
as shown in Fig. 3. The increased fission reactions affect
TBR values in molten salt zone.

The energy multiplication factor is defined as the energy
generation deposited in the molten salt zone the incident
neutron energy. It can be calculated as below:

M total energy release (MeV)

1
14.1 +

The fission reaction of plutonium in molten salt zone
leads to a significant increase in the energy multiplication
(M) of the blanket. The M values are 1.305 for molten salt
zone using 8% ThF, whereas; the values are 2.033 for
7.25% ThE, 4 0.75% RG-PuF, molten salt at start-up of the
reactor. The main contributions to energy multiplication are
maintained from the fission of plutonium isotopes and the
exothermic 6Li(n,y)T reaction. Increasing X; affects the
(M) in the blanket. As a result, the M values with Flibe +
(Th/RG-Pu)F, is higher than that Flibe + ThF,. The M is
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Fig. 3 Total fission rate in the blanket with the 92% Flibe 4+ 8% (Th/
RG-Pu)F,; molten salt

increased as 70% with addition of 0.75% RG-PuF, nuclear
fuel in the molten salt. It can be seen that M increases with
increased RG-PuF,content as illustrated in Fig. 4.

In the molten salt region, the fertile isotope **Th con-
verts to a high quality fissile isotope >*U by capturing a
neutron. The increasing RG-PuF, contents in the salt leads
to a significant increase the fissile fuel breeding in the
blanket. Fissile isotopes of >**U can be generated by the
(n,y) reaction of the fertile isotopes. The net B3y
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Fig. 4 Energy multiplication factor with respect to 92% Flibe + 8%
(Th/RG-Pu)F,; molten salt

production with the 8% ThF, + 92% Flibe in the salt is
2,860 kg/year. However, the U production with the
7.25% ThF, + 0.75% RG-PuF, + 92% Flibe in the salt
becomes 2,870 kg/year for a full power year.

In the power plant, the only steel liner at the periphery of
the cavity is exposed by nuclear radiation as shown in
Fig. 1. The DPA and helium gas generation are investi-
gated for the steel exposed to nuclear radiation. Ref. [23]
suggests a DPA value of 165 for SS-316. However, in this
work, the limit DPA value of 100 is assumed. I have cal-
culated DPA values between 1.343 and 1.623 at the steel
liner for the investigated (Th/RG-Pu)F, and flibe coolant
mixture range. Refs. [23, 24] suggest a helium production
limit of 500 appm in steel. I have calculated helium pro-
duction values below 3.257 and 3.283 ppm at the liner. It
can be seen that DPA and helium production increases
when RG-PuF, content is increased. However, displace-
ment per atom (DPA) and helium gas production after a
plant operation period of 30 years will not cause a material
damage at the SS-304 steel.

Conclusions

The main conclusions for this study can be given as below:

Tritium self-sufficiency is provided with the ThF, and
Flibe coolants when the adding RG-PuF, content is
higher than 0.75%.

The energy multiplication of the reactor is increased
with adding RG-PuF4 contents to ThF, and Flibe.
Among investigated molten salts, the suitable ratio is
92% Flibe + 7.25% ThF, + 0.75% RG-PuF, as regards
the tritium self-sufficiency.

DPA and helium production increases with increased
RG-PuF, content in molten salt. DPA and helium gas
production will not cause a material damage in this
study.

The adding RG-PuF, in molten salt could be increased
the neutronic performance compared to the coolants
Flibe [13], Flibe 4+ UF, or ThF, [14].
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