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Introduction: Heat pipe cooled traveling wave reactor (HPTWR) is a newly
proposed heat pipe reactor. The HPTWR can achieve the low enrichment of
loaded fuel, small reactivity swing, and long-term continuous operation for the
power supply of decentralized electricity markets. Due to the excellent breeding
capability of the HPTWR, the Th fuel is also added into the breeding fuel region of
the reactor to achieve the Th-U fuel cycle in this work.

Methods: The Monte Carlo code RMC is used to obtain the reactivity swing,
propagation of axial power peak, burnup, and productions of bred fissile nuclides
for the HPTWR with Th and U fuels.

Results and Discussion: The results indicate that the HPTWR with 13.6% 235U
enrichment of ignition fuel and 20% 235U enrichment of breeding fuel can
continuously operate for 18.1 years without refueling when the mass fraction
of 232Th in heavymetals of breeding fuel region is 33%. The propagation velocity of
axial power peak and total burnup for the HPTWR with Th and U fuels is about
0.5525 cm/years and 24.72 GWd/THM during the 18.1 years operation
respectively. The corresponding productions of bred 239Pu, 241Pu and 233U are
about 212.99 kg of 239Pu, 0.19 kg of 241Pu and 81.58 kg of 233U at the end of cycle
(EOC) respectively. The obtained results in this study demonstrate that the HPTWR
can achieve the Th fuel breeding in the case of the low 235U enrichment loading
(≤ 20%).
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1 Introduction

To achieve the sustainable development of nuclear energy, it is necessary to solve the
problem of nuclear fuel shortage. As an alternative nuclear fuel resource, thorium is
estimated to be 3 to 4 times as abundant in Earth’s crust as uranium, with a lower
mining cost (Wickleder, 2006). Sustainable supply of nuclear fuel can be achieved by the
Th–U fuel cycle, which attracts more and more attention to ensure sustainable energy
generation (IAEA-TECDOC-1319, 2002; IAEA-TECDOC-1450, 2005). So, up to now, the
Th fuel cycle has been applied to many breeding reactors (Fomin et al., 2011; Zhang et al.,
2011; Liem et al., 2016), which show great potential and advantages in realizing efficient
utilization of thorium resources.

The micro heat pipe cooled reactor can be applied to the energy systems of decentralized
electric markets (such as remote regions, island communities, andmilitary bases) because it has a
more compact structure, simple design, safety features, longer lifetime, and higher power output
(Yan et al., 2020; Zohuri, 2020). The mass and volume of the designed heat pipe cooled reactor
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usually are lighter and smaller, respectively, for better mobility (Wang
et al., 2020). Thus, fuel enrichment of the heat pipe cooled reactor is
usually much higher than that of the large PWR. The original concepts
of heat pipe cooled reactors were pioneered at Los Alamos National
Laboratory (LANL) for space applications during the 1960s (Niederauer
and Lantz, 1970). In the 21st century, many space heat pipe cooled
reactors have been proposed (Sun et al., 2018; Liu et al., 2020; McClure
et al., 2020; Zhang et al., 2020; Ma et al., 2021a; Cui et al., 2021; Xiao
et al., 2022). In addition, the continual development of heat pipes has led
to many research institutes developing high-power heat pipe cooled
reactors in decentralized electric markets. Recently, Alawneh et al.
(2022) proposed a 3MW yttrium hydride moderated heat pipe
cooled microreactor with UO2 fuel, which can be operated safely for
more than 11 years. LANL (McClure et al., 2015) proposed a 5 MWth

heat pipe cooled mobile nuclear reactor (Megapower), which can
continuously operate for more than 12 years in the case of 19.75%
enriched UO2 fuel. Guo et al. (2021) analyzed the neutronic
characteristics of the Megapower. The results show that the
influence of the cross-section library can be >750 pcm and the
addition of the axial structure zone can lead to a >300 pcm
reactivity increase. Zirconium hydride is introduced in the
Meagpower to design a moderated megawatt-class HPR core (Feng
et al., 2022). The results show that the moderation of the core can
decrease the maximum neutron flux and is beneficial to reducing the
thickness and weight of the shield. In addition, many studies (Ma et al.,
2020a; Ma et al., 2021b; Ma et al., 2022a; Ma et al., 2022b) focused on
thermal-hydraulic analyses of the Megapower. In order to improve the
power output of the reactor, Westinghouse Electric Company (2017)
proposed a 15MWe eVinci reactor with UN fuel, which can operate for
more than 10 years without refueling. Based on the eVinci-like heat pipe
cooled reactor, Hernandez et al. (2019) found that the neutron leakage
impact for the small-sized heat pipe reactor is the most limiting factor
on the fuel cycle performance. To improve the lifetime of the reactor,
the KAIST (Choi et al., 2020) proposed an 18MWth H-MMR with UN
fuel, which provides continuous operation for about 56 years in the case
of 12.1% 235U enrichment. In addition, Ehud (2008) proposed a
125 MWth HP-ENHS core, which can achieve at least 20 years of
core lifetime by loading the depleted uranium and TRUs.

The neutron breeding wave has been applied in the liquid metal-
cooled reactor (Fomin et al., 2011), water-cooled reactor (Zhang et al.,
2011), and gas-cooled reactor (Liem et al., 2016), and the breeding of
thorium fuel has been achieved in those reactors due to their higher
breeding capability. Compared to traditional larger reactors, the heat
pipe reactor has a smaller volume of core, and thus, a higher enrichment
of fuel is required. Thus, the application of the neutron traveling wave in
the heat pipe reactor can reduce the enrichment of fuel and extend the
lifetime of the core. The neutron breeding traveling wave has been
applied in the heat pipe cooled reactor in our previous work (Ma and
Hu, 2022). Figure 1 shows the burnup strategy of the heat pipe cooled
traveling wave reactor (HPTWR) power source, which consists of a
reactor, shield, and heat exchanger. In the HPTWR, the channels of
cooling are inserted into the heat pipe. The fission heat of the reactor is
transferred to the heat exchanger by the heat pipe. In the beginning
cycle, the reactor usually consists of an ignition fuel region (burnup
region) and a breeding fuel region. In the depletion process, the burnup
region is transformed axially, in wave form, through the reactor length.
The proposed heat pipe cooled traveling wave reactor (HPTWR)
consists of an ignition fuel region with 14% 235U enrichment and a

breeding fuel region with 8.5% 235U enrichment, which can
continuously operate for 59 years with a 1.2% variation range of keff
in the case of U–Pu fuel cycle. Due to its high breeding capability, the
breeding of Th fuel is also explored in the HPTWR. However, the more
neutrons will be consumed for the 232Th breeding in the reactor relative
to the 238U breeding because it has a longer breeding chain of Th–U.
Therefore, 232Th is loaded into the breeding fuel region, and the 235U
enrichment of the breeding fuel must not be higher than 20% due to
non-proliferation and safeguards. In addition, based on the HPTWR
with onlyU fuel, a part of U fuelmust be loaded into the breeding fuel to
compensate for the reactivity and achieve the axial propagation of the
neutron breeding wave. Section 2 will describe the reactor model.
Section 3 will discuss the main burnup results of this model,
including the reactivity, axial power distribution, burnup, and
breeding capability of the Th–U fuel cycle. Finally, Section 4 will
present the conclusion of this paper.

2 Model description

The HPTWR is a heat pipe cooled reactor with 65.5 MWth, which
has a total of 1,008 heat pipe fuel elements with ignition and breeding
fuel regions (Ma andHu, 2022). A central heat pipe in each fuel element
is surrounded by a uranium nitride (UN) fuel pellet with cladding on
both radial sides of the pellet (inner and outer claddings) (Sterbentz
et al., 2018). Lithium heat pipes with a radius of 0.71 cm are used for the
reactor cooling, where the 7Li enrichment and Li density are 99.9% and
0.414 g/cm3, respectively (Sun et al., 2018). Figure 2 shows the cross-
sections of the fuel element (a) and heat pipe (b). Both the operation
temperatures of UN fuel and Li heat pipe in the neutroncis calculation
are set to 1,600 K. The Li heat pipe can be replaced during long-term
continuous reactor operation due to its high-temperature life limit
(Rosenfeld et al., 2004; Choi et al., 2020). The 1,008 fuel elements are
surrounded by the axial and radius reflectors to keep the criticality of the
reactor. A shutdown/safety rod is located at the center of the reactor.
The schematic arrangement and main parameters of the HPTWR are
shown in Figure 3 and Table 1, respectively.

All the computational results are performed by the Monte Carlo
program RMC (Reactor Monte Carlo code), which is a 3D stochastic
neutron transport simulation developed by Tsinghua University
(Wang et al., 2015; Ma et al., 2019). The continuous-energy cross-
section based on the ENDF/B-VII library is used for the different
materials in this study (Chadwick et al., 2006). The calculations of
fuel depletion in the HPTWR are based on using 15,000 particles per
cycle, with 50 inactive cycles and 200 active cycles (computational
uncertainty of less than 30 pcm). In order to simulate the neutron
breeding wave of the reactor, the core is divided into 18 smaller
zones axially, and each zone is 5 cm long in the axial direction
(Shrestha and Rizwan-uddin, 2014; Huang et al., 2015).

3 Results and discussion

3.1 Core lifetime

Owing to the larger neutron capture cross-section (0.15 b at
0.3 MeV) of 232Th compared with its fission cross-section (7.2 × 10−7

b at 0.3 MeV), some enriched 235U fuel is required to maintain the
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reactor criticality in the breeding fuel region during the reactor
operation. In order to achieve the breeding of Th fuel, U fuel with
20% enrichment of 235U is adopted in the breeding fuel region
because of non-proliferation and safeguards. Therefore, both the
enrichment of 235U in the ignition fuel region and the mass fraction
of Th fuel in the breeding fuel region require to be adjusted to
achieve propagation of the neutron traveling wave. Table 2 shows
three scenarios to study the effect of the loaded 232Th amount on the
reactor reactivity. Figure 4 shows the keff of the reactor for three
scenarios during the operation. The three scenarios have the same
initial keff (about 1.002). The keff for scenarios 2 and 3 gradually
increase during the first 25 years because the bred fissile 239Pu and
241Pu in the reactor provide a higher positive reactivity. Then, the keff
gradually decreases during the next operation time because a large
number of nuclear fuel gets consumed in the reactor. The keff for
scenario 1 gradually decreases during the whole operation because it
is loaded into a large number of 232Th in the breeding fuel region. It
can be seen that the lifetime of scenarios 1, 2, and 3 are about
11.3 years, 18.1 years, and 18.8 years, respectively, and the
corresponding keff ranges of variation (swing) remain about 0.2%,

0.35%, and 0.4%, respectively. The breeding chain of the Th–U fuel
cycle is longer than that of the U–Pu fuel cycle, and the half-life of
233Pa (about 27 days) produced by the neutron capture and the decay
of 232Th is longer than that of 239U (about 23 min) produced by the
neutron capture of 238U (Jiang et al., 2012). Therefore, the consumed
fission neutron amount for the 232Th breeding is higher than that for
the 238U breeding, which decreases the lifetime of the HPTWR with
only U fuel (about 59 years).

In order to investigate the propagation of neutron breeding
wave, Figure 5 shows the spacial and temporal profiles of axial power
density distributions for scenarios 1, 2, and 3. The power density
peak for scenario 1 is always in the ignition fuel region during the
whole operation because it has a shorter lifetime of the reactor. The
power density peak for scenario 3 is in the breeding fuel region at the
BOC because the ignition and breeding fuel regions have lower and
higher 235U enrichments, respectively. In addition, the axial power
density peak is always in the 47.5 cm axial position during the whole
operation, which has the higher radiation damage for the structural
materials in the 47.5 cm axial position. In addition, higher Th fuel
loading can achieve a higher 233U production rate in the reactor,

FIGURE 1
Burnup strategy of the heat pipe cooled traveling wave reactor.

FIGURE 2
Cross-sections of the fuel element (A) and heat pipe (B).
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which has been shown in our previous works (Ma et al., 2020b; Ma
et al., 2020c). Therefore, scenario 2 is recommended for 232Th fuel
breeding in the HPTWR.

For scenario 2, the ignition fuel region has the higher power
distribution relative to the breeding fuel region at the beginning of
cycle (BOC) because the ignition fuel region has the higher 235U fuel

density. The total power density of ignition and breeding fuel
regions are about 527.12 MWth/m

3 and 855.2 MWth/m
3 at the

BOC, respectively. The power distributions in the ignition and
breeding fuel regions continuously decrease and increase during
the reactor operation, respectively, because many 235U are consumed
in the ignition fuel region, and many new fissile nuclides are bred in

FIGURE 3
Cross-section view and longitudinal cross-section view of the HPTWR.

TABLE 1 Main parameters for the HPTWR with Th and U fuels.

Parameters Value Parameters Value

Power (MWth) 65.5 Heat pipe wall material Mo-14Re

Total number of heat pipes 1,008 Density of Mo-14Re (g/cm3) 12

Fuel UN Wick material Mo-14Re

15N enrichment in fuel (%) 99.9 Heat pipe outer radius (cm) 0.71

Density of fuel (g/cm3) 13.59 Heat pipe wall thickness (cm) 0.1

235U enrichment of ignition fuel (wt%) 13.6 Liquid lithium channel thickness (cm) 0.08

235U enrichment of breeding fuel (wt%) 20 Wick thickness (cm) 0.03

Mass fraction of 232Th in heavy metals of breeding fuel region 33% Gas lithium channel radius (cm) 0.5

Ignition region length (cm) 30 Reflector material Al2O3

Breeding region length (cm) 60 Density of reflector (g/cm3) 3.9

Mass of heavy metal (t) 10.90 Temperature of reflector (K) 900

Element to element pitch (cm) 3.8256 Side reflector outer radius (cm) 77.8

Fuel cladding material Mo-14Re Radial reflector thickness (cm) 18.71–28.30

Outer cladding thickness (cm) 0.1 Axial reflector length (cm) 15

Inner cladding thickness (cm) 0.04 Safety rod channel outer radius (cm) 8
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the breeding fuel region. It can also be seen that the axial position of
the power peak has been shifted to the breeding fuel region at the
end of cycle (EOC). The axial power density peak is decreased from
about 103.21 MWth/m

3 at the BOC to about 96.45 MWth/m
3 at the

EOC due to the flattening of axial power distribution. The axial peak
locations of power distribution at the BOC and EOC are about
27.5 and 37.5 cm in Figure 5, respectively. The resulting traveling
wave speed is about 0.5525 cm/year, which is higher than that of the
U–Pu fuel cycle (0.5085 cm/year) because the 235U mass densities
between the ignition fuel region and breeding fuel region have a
relatively smaller difference.

The shift of the axial power peak has a significant influence on the
local burnup of scenario 2 during the reactor operation. The core was
divided into six subregions to analyze the local burnup of fuel, which is
shown in Table 3. Figure 6 shows the burnups for subregions of scenario
2 during the 18.1 years of operation. Subregions 2 and 3 have higher
burnup rates because they have higher local powers during operation.
Subregions 5 and 6 have lower burnups of fuel because the axial power
peak is only shifted to subregion 3 at the EOC. The burnups for
subregions 1, 2, 3, 4, 5, and 6 are increased to about 38.07 GWd/THM,
50.50 GWd/THM, 51.49 GWd/THM, 46.76 GWd/THM, 36.83 GWd/
THM, and 23.79 GWd/THM, respectively, at the EOC. In addition, the
burnups per small zones at the EOC are shown in Figure 7. The
maximum burnup of small zones in the ignition fuel region is about
52.84 GWd/THM at the EOC, whose corresponding axial position is
27.5 cm because it has the highest power value during the whole reactor
operation. The maximum burnup of small zones in the breeding fuel

region is about 52.09 GWd/THM at the EOC, whose corresponding
axial position is 32.5 cm because its axial position is close to the ignition
fuel region and has a relatively higher power value during the whole
reactor operation. Theminimum burnups of small zones in the ignition
and breeding fuel regions are about 33.93 GWd/THM and 19.99 GWd/
THM, respectively, whose axial positions are 2.5 and 87.5 cm,
respectively, because their axial positions are close to the axial
reflector and have relatively lower power value during the whole
reactor operation. The total burnup for the HPTWR with Th and U
fuels is about 24.72 GWd/THM at 18.1 years.

3.2 Breeding capability

The continuous operation time of the HPTWR with Th and U
fuels is about 18.1 years, which is about 40.9 years less than that with
only U fuel (about 59 years). Thus, the nuclear fuel consumption

TABLE 2 Th and U breeding scenarios under different conditions.

Ignition fuel Breeding fuel

Scenario 235U enrichment (%) 235U enrichment (%) 232Th mass fraction in heavy metals (%)

1 14.23 20 35

2 13.6 20 33

3 11.9 20 30

FIGURE 4
Evolutions of keff for scenarios 1, 2, and 3.

FIGURE 5
Axial power profiles of scenarios 2 (A), 1 and 3 (B).
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amount and Th–U breeding capability of the HPTWR will be
evaluated during the reactor operation. In order to investigate the
amount of consumed nuclear fuel, Figures 8–10 show the

inventories of 235U, 238U, and 232Th in the six subregions of the
HPTWR with Th and U fuels, respectively. Figures 11–13 show the
inventories of the main bred fissile nuclides in the six subregions of
the reactor.

The reactivity of the core mainly comes from the fission reaction
of 235U at the early operation of the core since the newly produced
fissile nuclides are smaller in the reactor. The inventories of 235U in
subregions 2 and 3 have faster consumption rates in the ignition and
breeding regions during the operation, respectively, because they
have higher local powers. In addition, subregion 6 has the highest
235U inventory at the EOC due to its lowest power during the whole
operation. The inventories of 235U in subregions 1 and 2 are
decreased from 244.28 kg to about 178.18 and 161.72 kg,
respectively, and the decreased amounts are about 66.1 and
82.56 kg, respectively. The inventories of 235U in subregions 3, 4,
5, and 6 are about 157.98, 164.4, 178.68, and 198.63 kg, respectively,
at the EOC, and the corresponding decreased amounts are about

TABLE 3 Designation of subregions for the HPTWR with Th and U fuels.

Zones Subregion

1–3 1 (Ignition region)

3–6 2 (Ignition region)

6–9 3 (Breeding region)

9–12 4 (Breeding region)

13–15 5 (Breeding region)

15–18 6 (Breeding region)

FIGURE 6
Local burnups for scenario 2 in the subregions.

FIGURE 7
Burnup per small zones for scenario 2 at the EOC.

FIGURE 8
Time evolutions of 235U inventories in the subregions.

FIGURE 9
Time evolutions of 238U inventories in the subregions.
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84.61, 78.19, 63.91, and 43.96 kg, respectively (242.59 kg at BOC).
The higher local power has a higher neutron flux in the HPTWR.
Therefore, more 238U and 232Th will be transformed into 239Pu and
233U in the higher local power position of the HPTWR, respectively.
The 238U inventories in subregions 1 and 2 have higher consumption
rates because they have higher initial 238U loading inventories. The
inventories of 238U in subregions 1 and 2 are decreased from about
1571.74 kg at the BOC to about 1508.35 kg and 1488.48 kg at the
EOC, respectively, and the corresponding decreased amounts are
about 63.39 and 83.26 kg, respectively. The consumption rates of
238U for subregions 3, 4, 5, and 6 sequentially decrease during
operation due to their decrease of power distribution. The
amounts of consumed 238U in subregions 3, 4, 5, and 6 are about
54.38, 49.37, 38.93, 25.64, and 85.97 kg, respectively, during the
18.1 years of operation. Similar to 238U inventories in the breeding
fuel region, the amounts of consumed 232Th in subregions 3, 4, 5, and

6 are about 35.14, 31.9, 25.17, and 16.80 kg, respectively, during the
18.1 years of operation (from about 589.74 kg to about 554.60,
557.84, 564.58, and 572.94 kg, respectively).

The breeding capability of the HPTWR can be evaluated by
the productions of the newly produced fissile nuclides. The
produced fissile nuclides in the U–Pu fuel cycle and Th–U fuel
cycle consist of Pu isotopes (239Pu and 241Pu) and U isotope (233U)
in the traveling wave reactor, respectively. Figures 11–13 show
the main inventories of produced fissile nuclides (239Pu, 241Pu,
and 233U). The bred 239Pu inventories in subregions 1 and 2 are
higher than those in subregions 3, 4, 5, and 6 because they have
higher initial 238U loading inventories. The productions of 239Pu
for subregions 3, 4, 5, and 6 sequentially decrease during the
operation due to their decrease of power distribution. The
productions of accumulated 239Pu in subregions 1, 2, 3, 4, 5,
and 6 are about 44.29, 54.54, 35.41, 32.78, 26.93, and 19.03 kg at

FIGURE 10
Time evolutions of 232Th inventories in the subregions.

FIGURE 11
Time evolutions of 239Pu inventories in the subregions.

FIGURE 12
Time evolutions of 241Pu inventories in the subregions.

FIGURE 13
Time evolutions of 233U inventories in the subregions.
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the EOC, respectively. The corresponding productions of
accumulated 241Pu in subregions 1, 2, 3, 4, 5, and 6 are about
39.89, 56.75, 40.35, 32.75, 17.64, and 6.67 g at the EOC,
respectively. The inventories of 241Pu in the HPTWR are much
less than those of 239Pu because 241Pu is produced by the sequence
neutron captures of 239Pu in the depletion process. The total
productions of 239Pu and 241Pu in the HPTWR with U and Th
fuels are about 212.99 kg and 194.05 g, respectively. In addition,
the productions of accumulated 233U in subregions 3, 4, 5, and
6 are about 25.00, 23.27, 19.36, and 13.94 kg at the EOC,
respectively, and the total production of 233U is about 81.58 kg.

The corresponding produced fissile nuclides per small zones of
the HPTWR with U and Th fuels at the EOC are shown in
Figure 14. The 239Pu productions per small zones in the
ignition fuel region are higher than those in the breeding fuel
region at the EOC because it has a higher neutron flux, and more
238U will be transformed into 239Pu during the whole reactor
operation. The highest 239Pu production of small zones in the
ignition fuel region is about 18.85 kg, whose axial position is
27.5 cm because it always has a relatively higher neutron flux
during the reactor operation. Similar to 239Pu production, the
highest 241Pu production of small zones in the ignition fuel region
is about 21.15 g at the EOC in the axial position of 27.5 cm. It can
be seen that the 241Pu production of small zones in the 2.5 cm axial
position (17.09 g) is also higher than that in the 7.5 cm axial
position (10.04 g) because more thermal neutrons will be reflected
from the reflector in the 2.5 cm axial position and 239Pu has a
much higher thermal neutron capture cross-section (about
271.0 b at 0.0253 MeV) relative to 238U (about 8.4 b at
0.0253 MeV). The 233U productions of small zones in the
ignition fuel region are 0 kg because no 232Th is loaded into the
ignition fuel region. The productions of small zones for 239Pu,
241Pu, and 233U in the breeding fuel region gradually decrease with
the increase of axial position because of the decrease of power and
neutron flux of small zones. The lowest productions of small zones
for 239Pu, 241Pu, and 233U are about 5.74 kg, 2.02 g, and 4.24 kg in
the breeding fuel region, whose axial position is at 87.5 cm.

The lifetime of the HPTWR with Th and U fuels is decreased
by about 40.9 years relative to the HPTWR with only U fuel. In
order to investigate the amounts of consumed nuclear fuel and
produced fissile nuclides, Figure 15 shows the consumed U and
Th amounts and produced 239Pu, 241Pu, and 233U amounts in the
HPTWR with two fuel loading scenarios during the whole
operation. The total amount of produced fissile Pu isotopes in
the HPTWR with Th and U fuels during the 18.1 years of
operation (about 212.99 kg of 239Pu and 0.19 kg of 241Pu) is
479.79 kg less than that in the HPTWR with only U fuel
during the 59 years of operation (about 688.11 kg of 239Pu and
4.86 kg of 241Pu). However, the total amount of consumed U
isotopes in the HPTWR with Th and U fuels (419.32 kg of 235U
and 314.98 kg of 238U) during the 18.1 years of operation is about
1689.37 kg less than that in the HPTWR with only U fuel during
the 59 years of operation (816.46 kg of 235U and 1607.21 kg of
238U). In addition, the HPTWR with Th and U fuels can consume
about 109.01 kg of 232Th and produce about 81.58 kg of 233U.

4 Conclusion

In this work, the breeding capability and nuclear fuel
consumption for a heat pipe cooled traveling wave reactor with
Th and U fuels were investigated using the RMC code. The lifetime,
propagation velocity of axial power peak, burnup, consumption of

FIGURE 14
Productions of 239Pu, 241Pu, and 233U per small zones at the EOC.

FIGURE 15
Consumed nuclear fuel amounts and produced fissile nuclide
amounts in the HPTWR with two fuel loading scenarios.

Frontiers in Energy Research frontiersin.org08

Ma and Hu 10.3389/fenrg.2023.1175254

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1175254


nuclear fuel, and breeding capability of the reactor are discussed.
The conclusion obtained can be summarized as follows:

1. The HPTWR loaded with 13.6% 235U enrichment of ignition fuel
and 20% 235U enrichment of breeding fuel can continuously
operate for about 18.1 years without refueling when the mass
fraction of 232Th in the heavy metals of the breeding fuel region is
about 33%. The range of variation (swing) of keff remains within
0.35% during the 18.1 years of operation. The results indicate that
the HPTWR can achieve utilization of Th fuel for better economy
and sustainability.

2. The propagation velocity of the axial power peak and burnup for
the HPTWR with Th and U fuels are about 0.5525 cm/years and
24.72 GWd/THM during the 18.1 years of operation,
respectively. The burnup in the ignition fuel region is higher
than that in the breeding fuel region at the EOC.

3. The HPTWRwith Th and U fuels can produce about 212.99 kg of
239Pu, 0.19 kg of 241Pu, and 81.58 kg of 233U at 18.1 years. The
productions of 239Pu and 241Pu in the ignition fuel region are
higher than those in the breeding fuel region at the EOC, and the
productions of bred fissile nuclides (239Pu, 241Pu, and 233U) in the
breeding fuel region gradually decrease with the increase of the
axial position of the reactor.
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