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Background
• JAEA has investigated partitioning 
and transmutation (P&T) 
technology to transmute minor 
actinide (MA) by double-strata 
strategy
• In this strategy, the dedicated 
MA transmutation cycle using 
accelerator-driven system (ADS)
is introduced 
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Configuration
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Thermal power 800 MWt

Coolant LBE

Inlet temperature 300°C

Coolant velocity 2.0 m/sec

Upper limitation of keff 0.98

Operation period 600 EFPDs

Number of fuel assemblies 276

Pitch 134.5 mm

Width 133.5 mm

Number of fuel pins per assembly 121

Composition (MA+Pu)N+ZrN

Pin outer diameter 7.65 mm

Thickness of cladding tube 0.5 mm

Pin pitch 11.48 mm

Active height 1000 mm

T. Sugawara, et al., ANE 111, 449-459 (2018)



Proposal of TA for ADS
Proposal 
for ADS

Multiplication factor (BOL) 450pcm
From the viewpoint of core configuration. 
±3 FA (fuel assemblies) can be permitted 
(One FA has about 150 pcm).

Power peak (BOL) 5%
If k-eff=0.98 at BOL. This value is used 
for the estimation of cladding tube 
temperature for SFR. 

Burnup reactivity swing 200 pcm
If k-eff changes from 0.98 (BOL) to 0.96 
(EOL). The value is 5% of the 
subcriticality at EOL. 

Coolant void reactivity 300 pcm

It should be set as pcm to consider 
positive/negative effects. The definition 
of coolant void (in core or whole region) 
should be explained.

Doppler reactivity 10%
The doppler reactivity is not so important 
in ADS design because the value is very 
small.

Major nuclide density at end of irradiation cycle 2% Same as NEA WPEC/SG26 report
Other nuclide density at end of irradiation cycle 10% Same as NEA WPEC/SG26 report



k-eff and burnup swing

• From the viewpoint of core buildup, 
±3 fuel assemblies can be permitted.
• The measurement of the subcriticality is 

possible at BOL, only.
• One fuel assembly has about 150 pcm, so 

450 pcm can be acceptable.

• The target accuracy of burnup swing is 
5% of the subcriticality at EOL.
• JAEA-ADS has no control rods.
• 4000 pcm (keff=0.96) * 5% = 200 pcm
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the operation time should be shortened, namely the operation has
to be shutdown before the proton beam current exceeds 15 mA.

Table 1 shows the main parameters for the new reference
design. The maximum proton beam current was reduced to 25%

lower value by changing the upper limitation of keff . Table 5 sum-
marizes the fuel composition at each burnup cycle. The Pu weight
ratio to TRU was 27.4% at the 1st BOC. The ZrN weight ratio to (Pu
+ MA)N + ZrN was 32.4% at the 1st BOC as the average value. To
ease the peaking factor, the following factors, 1.10 and 0.89 for
IC and OC, were considered to the ZrN weight ratio, so 35.6% and
28.8% were given to those cores, respectively.1 The ZrN average
weight ratio was converged to 43.1% at the equilibrium period.

The values of relative lattice parameter difference (RLPD)
(Takano, 2013) were also presented in Table 5. This value is impor-
tant from the viewpoint of the MA fuel fabrication. The RLPD value
is calculated by the following equation:

RLPDð%Þ ¼ aTRU $ aZrN

aZrN
% 100; ð2Þ

where aTRU and aZrN are lattice parameters of TRU and ZrN. aTRU is
calculated by

aTRU ¼ xUNaUN þ xPuNaPuN þ xNpNaNpN þ xAmNaAmN þ xCmNaCmN ; ð3Þ

where xi is the mole fraction of nitride i (UN, PuN, NpN, AmN and
CmN) and ai is the lattice parameter of nitride i.2 The RLPD value
is used as the limitation of TRU ratio for the solid solution formation
between ZrN and TRU nitrides. This value should be less than 8.6%
(Takano, 2013) and Table 5 shows that the values during the burnup
cycle are less than this limitation.

The temperature at the surface of the cladding tube was esti-
mated by an analytical calculation of a single pin and flow. The
equation to get the coefficient of heat transfer hfilm is

hfilm ¼ k% Nu
De

; ð4Þ

where k is the thermal conductivity of LBE, Nu is the Nusselt num-
ber and De is the hydraulic equivalent diameter. The Nusselt num-
ber, Nu, is calculated by the following equation (Mikityuk, 2009):

Nu ¼ 0:047 1$ exp $3:8
P
D
$ 1

! "# $% &
Pe0:77 þ 250

' (
; ð5Þ

where Pe is the Peclet number, P is the pitch of the cladding
tube and D is the diameter of the cladding tube. This equation is
recommended in OECD/NEA (2015) under the conditions,
1:1 6 P=D 6 1:95. Fig. 5 shows the change of the maximum temper-
ature at the surface of the cladding tube. It was found that the max-
imum temperature was around 500 !C during the burnup cycle.
Based on the corrosion experiment results in the LBE loop
(Schroer and Konys, 2009), the limitation of the steel temperature
in LBE was set below 550 !C to prevent the corrosion. Therefore,
the new reference design is acceptable from the viewpoint of
corrosion.

Table 6 presents main reactivities for the new reference design.
Although the coolant void reactivity was basically negative
through the burnup cycle, it became positive value only in the core
region. The Doppler reactivity was negative, but the value itself
was very small.

3. Impact of impurity

3.1. Uranium from partitioning process

Fig. 6 shows a conceptual flow diagram for MA partitioning pro-
posed by JAEA (Matsumura et al., 2016). Uranium (U), plutonium
(Pu) and neptunium (Np) are separated from the spent fuel dis-
charged from the nuclear power plant in the commercial cycle.

Fig. 3. Change of the effective multiplication factor, keff for the reference case.

Table 4
Estimated reactivity effect in the new reference design [pcm].

1st cycle BOC 10th cycle BOC

dkTDeff
System cooldowna 223 257

dkACeff
Beam window breakage 114 130
Unusual temperature rise of LBEb 386 333

dkUMeff
Uncertainties for measurement 200 200

dkUCeff
Uncertainties for calculationc 400 400

Totald 1100 1063

keff (1-total) 0.98900 0.98937

a Reactivity from full power condition to system cooldown.
b LBE temperature rise of 500 !C was assumed.
c If reactor physics experiments with MAs (Iwamoto et al., 2014) would be

performed.
d Except dkTDeff .

Fig. 4. Change of the proton beam current for the reference case.

1 Homogeneous number densities are summarized in Appendix A.
2 The lattice parameters of these nitrides are summarized in Appendix A.

T. Sugawara et al. / Annals of Nuclear Energy 111 (2018) 449–459 453

Dr. Salvatores* Proposal
Multiplication factor (BOL) 200 pcm 450 pcm
Burnup reactivity swing 200 pcm 200 pcm

*: M.Salvatores, Nuclear data target accuracies: an 
expanded assessment, based on new covariance data 
and generalized methods (March, 2019)



Void and Doppler reactivities

• Coolant void reactivity: it should be set as pcm to consider 
positive/negative effects.
• The definition of coolant void reactivity is important (whole/core 

region?)
• Doppler reactivity: it is not so important in the ADS design 

because the value is very small.
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1st BOC 10th BOC
Coolant void reactivity  (whole region) -7652 -9762 
Coolant void reactivity  (core region) 7405 6131 
Doppler reactivity (+500 C) -10 -11 

Dr. Salvatores Proposal
Coolant void reactivity 5% 300 pcm
Doppler reactivity 5% 10%

Reactivities for JAEA-ADS [pcm]



Proposal 
for ADS

βeff (BOL/EOL) 3%

The subcriticality will be measured in 
unit of $ by PNS method in ADS. Then, 
the subcriticality will be converted by 
βeff to the absolute value. This 
uncertainty affects directly to the 
proton beam current. 

Product of Number of spallation neutron 
(Np) and Spallation source efficiency (φ*) 3% Npφ* is the parameter related to the 

thermal power of ADS. 

Heat generation by spallation reaction 5% This value is important for the design of 
beam window

Additional parameters to be considered for ADS
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Proposal 
for ADS

Multiplication factor (BOL) 450pcm
From the viewpoint of core configuration. 
±3 FA (fuel assemblies) can be permitted 
(One FA has about 150 pcm).

Power peak (BOL) 5%
If k-eff=0.98 at BOL. This value is used 
for the estimation of cladding tube 
temperature for SFR. 

Burnup reactivity swing 200 pcm
If k-eff changes from 0.98 (BOL) to 0.96 
(EOL). The value is 5% of the 
subcriticality at EOL. 

Coolant void reactivity 300 pcm

It should be set as pcm to consider 
positive/negative effects. The definition 
of coolant void (in core or whole region) 
should be explained.

Doppler reactivity 10%
The doppler reactivity is not so important 
in ADS design because the value is very 
small.

Major nuclide density at end of irradiation cycle 2% Same as NEA WPEC/SG26 report
Other nuclide density at end of irradiation cycle 10% Same as NEA WPEC/SG26 report



Comparison

NEA/WPEC
-26 report 

(2008)

Proposal by 
Dr. Salvatores

Proposal for ADS by 
JAEA

Multiplication factor (BOL) 300 pcm 200 pcm 450pcm
Power peak (BOL) 2% 1% 5%
Burnup reactivity swing 300 pcm 200 pcm 200 pcm
Reactivity coefficients (Coolant void and Doppler –
BOL/EOL) 7% 5%

300pcm (void)

10% (Doppler)
Control rod bank - 3% -
Single control rod - 2% -
Major nuclide density at end of irradiation cycle 2% 1% 2%
Other nuclide density at end of irradiation cycle 10% 10% 10%

OECD/NEA WPEC/SG46 meeting, 14th Apr. 2021. 9


