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a b s t r a c t

A feasibility of reusing option of spent nuclear fuel in a fusion-fission hybrid system without partitioning
was checked as an alternative option of pyro-processing with critical reactor system. Neutronic study
was performed with MCNP 6.1 for this option, direct reuse of spent PWR fuel (DRUP). Various options
with DRUP fuel were compared with the reference design concept; transmutation purpose blanket with
(U-TRU)Zr fuel loading connected with pyro-processing.

Performance parameters to be compared are transmutation performance of transuranic (TRU) nu-
clides, required fusion power and tritium breeding ratio (TBR). When blanket part is loaded only with
DRUP, initial keff level becomes too low to maintain a practical subcritical system, increasing the required
fusion power. In this case, production rate of TRU nuclides exceeds the incineration rate.

Design optimization is done for combining DRUP fuel with (U-TRU)Zr fuel. Reactivity swing is reduced
to about 2447 pcm through fissile breeding compared to (U-TRU)Zr fuel option. Therefore, a required
fusion power is reduced and tritium breeding performance is improved. However, transmutation per-
formance with TRU nuclides especially 241Am is degraded because of softening effect of spectrum. It is
known that partitioning and transmutation should be accompanied with fusion-fission hybrid system for
the effective transmutation of TRU.
© 2018 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Safe and economical disposal of spent nuclear fuel (SNF) is one
of the most important tasks to be resolved both in domestic and
worldwide nuclear industry. Only a few percentages of spent fuel
have considerable high-level radioactive isotopes, which have long
half-life and high decay heat. Active reprocessing has been an op-
tion for the closed fuel cycle for the reduction of amount and
radiotoxicity of high level waste to be disposed. Instead of final
disposal of long-lived transuranic isotopes (TRU), incineration of
TRU in a reactor system has been proposing as the future strategy
conjunct with resource recycling. Recently, many researchers have
been working on this option without isotope separation for waste
transmutation of the SNF so called partitioning & transmutation
(P&T) [1e4].

There are three representative systems for waste transmutation:
the critical fast reactor, accelerate-driven subcritical system (ADSR)
and fusion-fission hybrid system (FFHS). Among these, FFHS has

some advantages compared to other systems. FFHS and ADSR have
fewer constraints on reactor safety compared to the critical fast
reactor, since a sub-critical level (keff < 0.98) is maintained during
cycle length. Thus, severe power excursion is not probable because
the external neutron supply can be turned off any time either in
accelerator or fusion tokamak. In addition, suppression of excess
reactivity is not required at the beginning of cycle (BOC). As a result,
there is no excess reactivity to start-up the reactor system.
Compared with the ADSR, the external source in FFHS has greater
advantages in neutron energy spectrum. In other words, when the
transmutation rates of both systems are equal, the FFHS can be
operable with less external source power than the ADSR [5].

A Kyung Hee university (KHU) design team has been conducting
studies on FFHS for waste transmutation. First, a reference design
concept was established for a fusion-fission hybrid reactor for
waste transmutation (Hyb-WT) [6]. Then, various parametric
studies were performed on options for coolant, fuel, reactor con-
figurations and reflectors in order to maximize the transmutation
performance [6e9].

It is assumed that TRU orminor actinides (MA) is separated from
recycling uranium by a given reprocessing facility. One of the* Corresponding author.
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acceptable assumptions for the transmutation studies is that a
pyro-processing is available in a near future as recycling method of
TRU (without separation of Pu from MA). Therefore pyro-
processing is said to be acceptable in the aspect of proliferation.
This assumption is a realistic and practical one in a few countries,
such as France, Russia, etc. However, this option is still controversial
plan in Rep. of Korea (ROK). A solid long-term plan for the devel-
opment of a proto-type sodium cooled fast reactor has been
implemented conjunct with R&D for the pyro-processing option.
However, benefits of P&T option for the ROK back-end fuel cycle
strategy are under social argument. There are a few limited options
available in ROK. Alternative option should be found for the
transmutation of TRU in spent nuclear fuels.

In this paper, an idea of direct use of spent PWR fuel into a
CANDU reactor (DUPIC) is proposed as an alternative to P&T. DUPIC
fuel is produced by a dry fabrication process after decladding and
removal of gaseous fission product (FP) [10]. This process was
developed by Korea Atomic Energy Research Institute (KAERI) and
has been accepted worldwide as a wise and safe method for fissile
recycling. DUPIC is also the only validated option in ROK to reuse
SNF without P&T. Although the option used in this paper involves
the reusing of SNF through the same DUPIC process, the configu-
ration is not the same as DUPIC. Therefore, this process is referred
to as direct reuse of spent PWR fuel (DRUP).

There are benefits associated with the breeding effect of DRUP
when it is used in fast spectrum reactor system, since large content
of the DRUP fuel is 238U. Reactivity swing issue in the FFHS is one of
the technical issues to be resolved for realization. Fusion tokamak
power should be adjusted along with the decrease of keff. If system
can be supplied with fissile material from breeding, it leads to
reduction of the reactivity swing and also reduction of required
fusion power. Additionally, damage induced by neutrons in the
structure materials can be alleviated because reduction of fusion
power results in decreased neutron beam intensity to the structural
wall. Moreover, the amount of required tritium for tritium self-
sufficiency is also reduced. This is because low fusion power re-
quires less tritium as a fuel for the nuclear fusion reaction. How-
ever, if the breeding effect becomes larger, this is no longer a
positive effect in the FFHS. It eventually generates waste TRU while
TRU is transmuted.

Thus, in this paper, a neutronic investigation of the FFHS using
DRUP fuel was performed. Then, the feasibility of DRUP fuel in Hyb-
WT was also evaluated by comparing two effects, i.e., breeding and
waste production. All neutronic parameters were calculated with
detail geometrical model for MCNP6.1 with the ENDF/B-Ⅶ.0
neutron cross section library. Performance parameters measured in
this study are keff level, required fusion power, transmutation per-
formance and tritium production rate.

2. Design of fusion-fission hybrid system for spent nuclear
fuel options

The FFHS design used in this study is based on the Hyb-WT by
the KHU hybrid design team [6]. The configuration of the Hyb-WT
is shown in Fig. 1, and the material composition and design pa-
rameters are listed in Table 1. The fuel zone of the Hyb-WT has four
layers. Since the composition ratio of the fuel zone is changed due
to the SNF reuse options, it is not recorded in Table 1. A tritium
breeding zone (TBZ) that produces tritium is designed at the back of
the fuel zone. Pebble type Li4SiO4, which has a high Li number
density, is used as the tritium breeder. Reflectors of the Hyb-WTare
also used here to enhance neutron economics by reflecting ther-
malized neutrons. These reflectors also serve as a shield to reduce
the number of neutrons emitted outside of the blanket. The re-
flectors are designed as two different types, graphite and TiC, based

on a result from the previous study on transmutation performance
optimization [7]. Shielding components are designed to be multi-
layered with tungsten and B4C for higher performance. The
maximum fusion power with Hyb-WT is 150 MW, and the thermal
power of the fission blanket is 2000 MW. Cycle length is 1100 days,
and it is designed as a once-through cycle without refueling.

3. Options for the use of full DRUP fuel

3.1. SNF reusing options

The Hyb-WT design is modified for the full loading of DRUP fuel
without partitioning (dry-reprocessing) option. The DRUP fuel
should be loaded as much as possible in the fuel zone in order to
increase keff level (y0.95) during the cycle length. Fissile contents
in DRUP are low and parasitic absorbers contents are high. As
mentioned above, the DRUP fuel is reusing option of SNF that only
gaseous FPs such as He and Ar are removed after decladding. In
other words, neutron utilization ratio of the DRUP fuel is too low
because non-gaseous FPs such as Sr, I and Cs which strongly absorb
neutrons are still remained in the DRUP fuel [11]. Therefore, the fuel
pin configuration is changed to a tube in duct (TID) type, which has
a higher fuel fraction than in pin-type [6]. Detailed compositions of
the fuel zone are listed in Table 2. To evaluate the feasibility of DRUP
fuel, performances of these options are compared with a reference
case, i.e., with (U-TRU)Zr fuel from pyro-processing. The uranium
and TRU in the (U-TRU)Zr fuel have the same compositions as that
reprocessed from a 3000 MWth pressurized light water reactor
with depleted burnup rate of 55,000 MWD/ton after 10 years of
cooling. The TRU is enriched to 30 wt%. The performance of the
DRUP fuel options for various coolants is compared by using Na and
PbBi as representative liquid metal coolants. These are referred to
as DRUP-Na and DRUP-PbBi.

3.2. Calculation results

In the MCNP calculation, number of source histories per cycle
was 3000, and 200 cycles including 50 inactive cycles were con-
ducted. Calculation results for major neutronic parameters with full
DRUP options are listed in Table 3. The keff level is increased to end
of cycle (EOC) due to the breeding effect caused by using the DRUP
fuel as shown in Fig. 2. Unfortunately, the keff at the BOC is too low,
no matter how great the breeding effect is. It is too low despite
increasing the fuel fraction to the half of the fuel zone. Required
fusion power at the BOC exceeds 1000 MW, as shown in Fig. 3.
Although a low keff level can be compensated by fusion power in
the FFHS as a subcritical system, this power exceeds the design
fusion power with Hyb-WT. This result implies that the use of DRUP
is not feasible for the BOC even though following effect is good
enough. A fission reaction becomes dominant after 238U converts to
239Pu, as there is little fissile material in the DRUP fuel. As a result, a
feasible a FFHS for WT cannot be designed by option of DRUP fuel
only.

Transmutation performances using full DRUP fuel options are
listed in Table 4. The initial loading using full DRUP fuel is extremely
high compared to (U-TRU)Zr fuel due to the high fuel fraction
needed to increase the keff level at the BOC. Uranium is significantly
transmuted because the main reaction includes breeding of 238U in
the DRUP fuel. On the other hand, TRU nuclides (such as plutonium)
are produced via a capture reaction of 238U. However, there is no
transmutation of these produced TRU nuclides. Unlike TRU nuclides
have a high fission cross section in the high energy region, the
spectrum when using full DRUP fuel is softening compared to (U-
TRU)Zr fuel option, as shown in Fig. 4. As a result, most neutrons are
absorbed in uranium due to breeding and are rarely absorbed in
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TRU nuclides as listed in Table 5. That is, using full DRUP fuel has
low feasibility within the framework of transmutation perfor-
mance, since it produces TRU nuclides, i.e., waste.

There is a slight difference between Na and PbBi coolants as
shown in Fig. 4. The spectrum with Na which is light nuclide more
softening than the spectrum with PbBi. The capture reactions of
TRU nuclides are more active compared to the reaction of 238U in
the thermal energy region. As a result, the breeding effect of 238U

with PbBi is greater than with Na, and the reactivity with PbBi is
increased.

Tritium production performances with full loading of DRUP fuel
are listed in Table 3. The performance is measured by two param-
eters: the number of produced tritium in the FFHS and the tritium
breeding ratio (TBR). The DRUP fuel option produces more tritium
compared to the (U-TRU)Zr fuel option within the system. The
DRUP fuel options have a softening spectrum that is more suitable
for tritium production as shown in Fig. 5. The softening effect of
spectrum is sustained from the fuel zone to the TBZ. Much more
tritium is produced when using Na coolant, which has a significant
softening effect. Nevertheless, the TBR is extremely lowwhen using
the full DRUP option because the amount of required tritium is
seriously high due to the low keff level. Therefore, the feasibility of
full DRUP fuel option is also low in terms of tritium performance.

4. Options for the use of partial DRUP fuel

As mentioned above, there are no benefits in terms of the

Fig. 1. Configuration of reference model: Hyb-WT.

Table 1
Design parameters and composition of reference model: Hyb-WT.

Region Thickness (cm) Composition (volume%)

Superconductor Toroidal MF Coil 25 93Nb(70)116Sn(5)117Sn(2.6)118Sn(8.3)119Sn(2.9)120Sn(1.2) He-gas(10)
Tungsten Shield 10 W (182W(26.5)183W(14.3)184W(30.7)186W(28.5))
B4C Shield 5 B (10B(16)11B(64)) C(20)
Structure Wall 5 ODS steel(70) He-gas(30)
TiC Reflector 20 TiC(90) He-gas(10)
Graphite Reflector 20 C(90) He-gas(10)
Fuel Zone 37 Fuel/Na Bonding/Cladding/SiC Coating/Coolant
Tritium Breeding Zone 30 Li4SiO4(60) He(40), 6Li enriched to 20%

Table 2
Composition ratio in fuel zone for the SNF reusing options with full DRUP fuel.

Model (U-TRU)Zr DRUP-Na DRUP-PbBi

Fuel (%)
(Type)

15.18
(Pin)

51.43
(TID)

51.43
(TID)

Na Bonding (%) 18.10 9.77 9.77
Cladding (%) 11.68 11.45 11.45
SiC Coating (%) 5.16 1.63 1.63
Coolant (%)
(Type)

49.88
(PbBi)

25.72
(Na)

25.72
(PbBi)
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reactor, transmutation and tritium performance in a FFHS using full
DRUP fuel options. The question then arises whether DRUP fuel is
completely unusable. The benefits of using DRUP fuel include
reduction of P&T load and a reduction of the reactivity swing by the
breeding effect 238U, which is very beneficial in FFHS. Therefore, in

this chapter, various SNF reusing options using partial DRUP fuel
were compared with the (U-TRU)Zr fuel option to check the feasi-
bility of partial loading of DRUP fuel as a beneficial breeding zone.

Table 3
Performance parameters for the SNF reusing options with full DRUP fuel.

Model (U-TRU)Zr DRUP-Na DRUP-PbBi

keff BOC(sd.)/EOC(sd.) 0.94697(0.00078)/0.87573(0.00066) 0.31617(0.00036)/0.5333(0.00053) 0.30876(0.00039)/0.54499(0.00048)
Reactivity Swing (pcm) 7124 �21713 �23623
Required Fusion Power at BOC (MW) 27.79 1008.66 1042.00
D Required Fusion Power (MW) 34.16 �586.04 �639.11
Number of Total Produced Tritium 3.52E27 5.38E27 4.97E27
TBR 2.62 0.33 0.31

* sd.: standard deviation.

Fig. 2. keff level curve for SNF reusing options with full DRUP fuel as a function of cycle
length.

Fig. 3. Required fusion power for SNF reusing options with full DRUP fuel as a function
of cycle length.

Table 4
Mass variation without239Pu for spent nuclear options with full DRUP fuel.

Model (U-TRU)Zr DRUP-Na DRUP-PbBi

Fuel (U-TRU)Zr DRUP DRUP
Initial Loading (kg) 43500 133000 133000
Actinide (kg) �1560 �6710 �6940
Uranium (kg) �1130 �7110 �7310
Total Pu (kg) �323 344 327
Total TRU (kg) �447 393 372
LL TRU (kg) �249 328 312
SL TRU (kg) �233 45.8 40.5
Pu239 (kg) �694 4370 4590

* LL TRU (Long-lived TRU): half-life > 100 years.: 236Np, 237Np, 239Pu, 240Pu, 242Pu,
244Pu, 241Am, 243Am, 245Cm, 246Cm, 247Cm and 248Cm.
* SL TRU (Short-lived TRU): 10 years < half-life� 100 years.: 238Pu, 241Pu, 243Cm and
244Cm.

Fig. 4. Neutron flux per unit volume in the fuel zone for SNF reusing options with full
DRUP fuel.

Table 5
Neutron absorption (fission þ capture) rate for spent nuclear options with full DRUP
fuel.

Model (U-TRU)Zr DRUP-Na DRUP-PbBi

Fuel (U-TRU)Zr DRUP DRUP
Number of absorbed neutrons (1Eþ20) 0.91 3.35 3.53
U (%) 27.3 88.0 88.1
TRU (%) 69.4 6.0 5.23
239Pu (%) 38.9 3.55 3.34
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4.1. SNF reusing options

As listed in Table 6, DRUP fuel is used together with (U-TRU)Zr
fuel. There are two types of design options: when both fuels are
used in the same fuel assembly or when they are used in separate
fuel assemblies. In the DDTT and TTDD options, both fuels are used
in separate fuel assemblies, where T means (U-TRU)Zr fuel and D
means DRUP fuel. The order of T and D is the fuel order to be loaded
in the four-layered fuel zone. The first zone is the closest to the
plasma. Various options studies on location effect DRUP and (U-
TRU)Zr fuel such as the TDTD and TDDT were performed. However,
there are no considerable differences among these options because
of low neutron utilization of DRUP fuel. Thus, only the most
representative options of them; the DDTT and TTDD are presented
in this paper. Options where both fuels are used in the same fuel
assembly are represented in the mix column in Table 6. Mix options
include the designed TID type fuel, which has a high fuel fraction
and Na coolant to increase the keff level at the BOC. They are opti-
mized design for this partial loading option. Performance evalua-
tions are conducted when the DRUP fuel is loaded at levels of 15 wt
% and 30 wt% in the fuel assemblies.

4.2. Calculation results

In the MCNP calculation, the number of source histories per
cycle was 3000 and 200 cycles including 50 inactive cycles were
conducted. There are no significant differences in performances
between the reference; (U-TRU)Zr option, and separate zoning
options; DDTT and TTDD. There are no differences on time-
dependent parameters between them, as shown in Fig. 6. The

absorption fraction of neutrons in the DRUP fuel is 16% of the (U-
TRU)Zr fuel as listed in Table 9. This means that the DRUP fuel has
low neutron utilization. As shown in Fig. 6, the reactivity swing
with the mixed options is reduced compared to the (U-TRU)Zr
option due to the fissile breeding of DRUP fuel. The required fusion
power with the mix option is reduced as shown in Fig. 7. The uti-
lization of the DRUP fuel with mix options is also low. However,
neurons are continuously supplied to the DRUP fuel through the
fission reaction from the (U-TRU)Zr fuel within the same fuel

Fig. 5. Neutron flux per unit volume in tritium breeding zone for SNF reusing options
with full DRUP fuel.

Table 6
Composition ratio in fuel zone for the SNF reusing options with partial DRUP fuel.

Model (U-TRU)Zr DDTT TTDD DRUP 15% Mix DRUP 30% Mix

Fuel (%)
(Type)

15.18
(Pin)

25.01
(Pin)

25.96
(Pin)

26.27
(TID)

32.13
(TID)

Na Bonding (%) 18.10 17.23 17.51 16.27 16.93
Cladding (%) 11.68 13.05 13.23 14.34 14.47
SiC Coating (%) 5.16 5.71 5.78 2.72 2.73
Coolant (%) (Type) 49.88

(PbBi)
39.00
(PbBi)

37.52
(PbBi)

40.4
(Na)

33.74
(Na)

Fig. 6. Keff level curve for the SNF reusing options using partial DRUP fuel as a function
of cycle length.

Fig. 7. Required fusion power for the SNF reusing options using partial DRUP fuel as a
function of cycle length.
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Fig. 8. Mass variation of major nuclide for SNF reusing options using partial DRUP fuel.
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assembly. As a result, the breeding effect is observed in the mix
options. Additionally, this breeding effect is increased proportion-
ally to the amount of loaded DRUP fuel.

There are no benefits for transmutationwith separate loading in

DDTT and TTDD options compared with the (U-TRU)Zr option, as
shown in Table 8. The amount of incinerated 239Pu is decreased
significantly compared to (U-TRU)Zr options because 239Pu is
continuously produced by the breeding reaction of 238U in the
DRUP fuel as shown in Fig. 8. The amount of the initial fuel loading
increases to satisfy the initial keff level after addition of the DRUP
fuel. That is the amount of initial fuel loading increases remarkably
with the mix options. A larger amount of fuel is required to obtain
the same keff level. This is a positive effect for volume reduction of
the SNF, because it results in the disposal of more SNF. There are no
significant differences for transmuted mass between the mix op-
tions and (U-TRU)Zr excluding LL TRU as listed in Table 8. Two
parameters should be considered by adding the DRUP fuel. One is
transmuted TRU nuclides from the (U-TRU)Zr fuel, the other one is
produced TRU nuclides especially 239Pu from the DRUP fuel.
Because reactivity swing with the mix options is strongly reduced
as listed in Table 7, significant TRU nuclides, including 239Pu are
produced. Therefore, transmutation performance with TRU nu-
clides is not degraded. Because amount of the transmuted mass
with the mix options is similar with the (U-TRU)Zr option, although
the reactivity swing with mix options is considerably reduced.
However, the mix options are not suitable for TRU nuclide trans-
mutation because there is softening in the spectrum compared to
the (U-TRU)Zr option, as shown in Fig. 9. As a result, the trans-
mutation trends for each TRU nuclide are different as shown in
Fig. 8. The amount of incinerated 241Pu (as a fissile material) is
increased significantly, while the amount of incinerated 238Pu,
240Pu and 242Pu is degraded due to spectrum softening in the mix
options. As a result of this compensation effect, the transmutation
performance with plutonium nuclides is not significantly different,
as shown in Table 8. The LL TRU transmutation performances of mix
options are different from (U-TRU)Zr option. This is because of the
difference in the combined results of the transmutation tendency
for plutonium nuclides and 241Am. The 241Am with mix options is
not incinerated, but it is produced instead. The 241Am has a much
lower cross section, and it less reacts with neutrons as compared to
plutonium nuclides in the energy regions having high flux as
shown in Fig. 9. Therefore, the reaction rate of the 241Am is reduced
due to spectrum softening in the mix options.

As mentioned above, tritium performance is measured by two
parameters; the number of produced tritium and TBR. When both
fuels are used separately, these parameters change significantly
depending on the location of the DRUP fuel. Since the tritium
breeding zone is located behind the fuel zone, the tritium breeding
performance is greatly affected by reusing options of the SNF. The
number of produced tritium with the DDTT option is very high as
listed in Table 7. A lot of neutron multiplications occur by fission
when the (U-TRU)Zr fuel is loaded in the 4th layer of the fuel zone,
which is the closest to the tritium breeding zone. After all, not
entire fuel but only fuel in the 4th layer impacts the tritium

Fig. 9. Neutron flux per unit volume in fuel zone for various SNF reusing options when
using partial DRUP fuel.

Fig. 10. Neutron flux per unit volume in tritium breeding zone for SNF reusing options
using partial DRUP fuel.

Table 7
Performance parameters for the SNF reusing options with partial DRUP fuel.

Model (U-TRU)Zr DDTT TTDD DUPIC 15% Mix DUPIC 30% Mix

keff BOC(sd.)/EOC(sd.) 0.94697 (0.00078)/0.87573
(0.00066)

0.94253 (0.00071)/0.87379
(0.00063)

0.94249 (0.00074)/0.87076
(0.00070)

0.94138 (0.00078)/0.88619
(0.00075)

0.94538 (0.00072)/0.89861
(0.00069)

Reactivity Swing (pcm) 7124 6874 7173 5519 4677
Required Fusion Power at

BOC (MW)
27.79 30.31 30.34 30.90 28.63

D Required Fusion Power
(MW)

34.16 33.20 34.79 26.31 21.86

Number of Total Produced
Tritium

3.52E27 4.12E27 2.04E27 3.19E27 2.94E27

TBR 2.62 3.00 1.45 2.47 2.58

* sd.: standard deviation.
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production. In the opposite case, neutron multiplication is not
observed in the DRUP fuel. Therefore, the number of produced
tritiumwith the TTDD option is the lowest due to low flux as shown
in Fig. 10. When the mix option and (U-TRU)Zr option are
compared, the TBR for the mix options is relatively high compared
to the number of produced tritium. The required fusion power for
the mix options is reduced by the breeding effect of the DRUP fuel,
which reduces the consumed tritium. As the amount of the DRUP
fuel is increased, the breeding effect is also increased. As a result,
the TBR is improved.

5. Conclusions

Recently, many studies have been conducting on reusing SNF
with P&T instead of final disposal of long-lived TRU. However,
unfortunately P&T through pyro-processing is still under devel-
opment in ROK. Therefore, in this paper, the feasibility of DRUP fuel
(which has same process as DUPIC) in a FFHS was evaluated. DUPIC
can reuse SNF without P&T, and this process has already been
developed.

Full loading options of DRUP fuel are proposed. However, the
initial keff level is too low because there is little fissile material. Even
if the low keff level can be overcome using an external source as a
subcritical system, this level is still too low to cover within
designing fusion power. Additionally, the TBR is also low since the
amount of required tritium is increased. Moreover, TRUnuclides are
not incinerated, but are rather produced. That is, SNF reusing op-
tions using full DRUP fuel have no benefits in a FFHS.

In terms of partial loading options, there are no differences
between the (U-TRU)Zr option and options in separate loading
options. DRUP fuel cannot contribute significantly due to its low
neuron utilization. On the other hand, in mixing options as the
optimized design, the reactivity swing is reduced by the fissile
breeding effect of the DRUP fuel. Then, TBR is increased due to a
reduction in the required fusion power even though the number of
produced tritium is not very high. However, the transmutation
performance of TRU nuclides is degraded because of spectrum
softening effect.

To conclude, the use of DRUP fuel within a FFHS is not a bad

option for the reutilization of SNF without P&T. However, there is
no significant benefit to using DRUP fuel for waste transmutation in
a FFHS as a fast spectrum reactor system. In other words, parti-
tioning (P&T) should be accompanied for the transmutation of TRU
from SNF.
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Initial Loading
(kg)
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Actinide (kg) �1560 �1480 �1520 �403 �1910 �1490 �423 �1670 �1850
Uranium (kg) �1130 �1120 �1060 �421 �1490 �1060 �439 �1280 �1050
Total Pu (kg) �323 �344 �326 14.9 �311 �325 13.7 �307 �297
Total TRU (kg) �447 �436 �454 17.7 �438 �455 16.4 �394 �370
LL TRU (kg) �249 �255 �269 13.4 �259 �272 13.3 �176 �150
SL TRU (kg) �233 �212 �215 2.67 �211 �213 1.4 �256 �258
Pu239 (kg) �694 �357 �665 308 �353 �679 326 �597 �431

* LL TRU (Long-lived TRU): half-life > 100 years.: 236Np, 237Np, 239Pu, 240Pu, 242Pu, 244Pu, 241Am, 243Am, 245Cm, 246Cm, 247Cm and 248Cm.
* SL TRU (Short-lived TRU): 10 years < half-life � 100 years.: 238Pu, 241Pu, 243Cm and 244Cm.

Table 9
Neutron absorption (fission þ capture) rate for spent nuclear options with partial DRUP fuel.

Model (U-TRU)Zr DDTT TTDD DRUP 15% Mix DRUP 30% Mix

Fuel (U-TRU)Zr (U-TRU)Zr þ DRUP (U-TRU)Zr DRUP (U-TRU)Zr þ DRUP (U-TRU)Zr DRUP (U-TRU)Zr þ DRUP (U-TRU)Zr þ DRUP
Number of absorbed neutrons (1Eþ20) 0.91 1.18 0.99 0.18 1.18 0.99 0.19 1.15 1.19
U (%) 27.3 21.0 27.8 61.2 32.9 27.5 61.9 27.5 32.5
TRU (%) 69.4 52.3 70.2 3.6 59.9 70.5 3.24 60.4 62.2
239Pu (%) 38.9 33.6 39.0 22.1 33.5 39.4 2.10 36.5 34.8
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