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 An accelerator-driven system (ADS) has been investigated to transmute minor 
actinide (MA) included in high-level waste. In the neutronic design of the ADS, the 
accuracy of nuclear data for MA and lead bismuth (LBE) which is the candidate 
material for coolant and spallation target, is important. To know the current 
accuracy of nuclear data libraries, this study aims to compare representative nuclear
data libraries, JENDL-4.0, 3.3, ENDF/B-VII.1 and VII.0 through the neutronic 
calculation of the ADS geometry proposed as the IAEA benchmark problem.
The calculation results showed that about 1.1%dk, 0.7%dk and 2.7%dk differences
were observed between JENDL-4.0 and ENDF/B-VII.1, ENDF/B-VII.0 and
JENDL-3.3 at the beginning of cycle, respectively. These results mean that the 
current nuclear data libraries are still insufficient for the neutronic design of the 
ADS. The enhancement of nuclear data libraries by cross section measurement is 
required and, moreover, integral experiments with MA and LBE isotopes 
are essential. 

© 2012 Atom Indonesia. All rights reserved

 
INTRODUCTION∗∗∗∗  
 

The Japan Atomic Energy Agency (JAEA) 
has investigated an accelerator-driven system (ADS) 
to transmute minor actinide (MA) included in  
high-level waste (HLW) discharged from nuclear 
power plants [1]. The ADS investigated in JAEA is 
a lead bismuth eutectic (LBE) cooled tank type  
ADS with 800MW thermal power. Such reactor, 
which has large amount of MA and LBE, has  
never been constructed and operated, so the 
accuracy of nuclear data for MA and LBE is            
very important from the viewpoint of neutronic 
design. To improve and overcome this                   
issue, analytical investigations have been performed 
[2,3] and experimental ones are required. 

In association with the above situation,              
the JAEA 800MW ADS [4] benchmark problem 
was proposed as one of the problems discussed              
in the International Atomic Energy Agency     
(IAEA) Coordinated Research Project (CRP)               
on “Analytical and experimental benchmark 
analyses of accelerator driven systems [5]”.               
The purpose of this benchmark problem was to 
obtain fundamental knowledge of calculation 
accuracy for a commercial grade ADS. The results 
were summarized and it was found that the 
                                                
∗  Corresponding author. 
  E-mail address: sugawara.takanori@jaea.go.jp 

difference of k-effective was 2 to 3%dk among the 
different nuclear data libraries (JENDL-4.0,       
3.3, ENDF/B-VII.0, JEFF-3.1, 3.0) [6].  

This study aims to compare the k-effective 
value at beginning of cycle (BoC), end of cycle 
(EoC) and a burn-up reactivity by using different 
nuclear data libraries with the same geometry 
proposed in the IAEA benchmark problem. 
Recently, the latest version of ENDF/B-VII       
library, ENDF/B-VII.1 was published [7]. So,       
the comparison between the results calculated       
by JENDL-4.0 [8] and ENDF/B-VII.1 is the       
main purpose of this study. The results calculated   
by JENDL-3.3 [9] and ENDF/B-VII.0 [10] are  
also investigated. Additionally, the effect by 
changing a burn-up chain used for the burn-up 
calculation was also estimated because a new burn-
up chain was published from JAEA [11]. 

 
 

CALCULATION METHOD 
 
Calculation model 

 

A cylindrical RZ calculation model of the 
JAEA 800MW ADS, which was proposed as the 
IAEA benchmark problem was employed. Figure 1 
shows the RZ calculation model and Table 1 
presents the initial homogeneous number densities 
of each region. 
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Table 1. Initial homogeneous number densities of each region 
(×1024/cm3) 
 

 Inner fuel Outer fuel 
15N 8.309E-03 8.309E-03 

Cr 1.785E-03 1.785E-03 
Mn 9.939E-05 9.939E-05 

Fe 6.599E-03 6.599E-03 

Ni 1.116E-03 1.116E-03 

Zr 5.675E-03 5.675E-03 

Mo 1.423E-04 1.423E-04 

Pb 7.833E-03 7.833E-03 

209Bi 9.686E-03 9.686E-03 
234U 3.469E-07 4.964E-07 
236U 8.600E-08 1.230E-07 

237Np 8.962E-04 7.131E-04 
238Pu 2.030E-05 2.904E-05 
239Pu 4.625E-04 6.618E-04 
240Pu 2.103E-04 2.972E-04 
241Pu 9.137E-05 1.307E-04 
242Pu 5.837E-05 8.351E-05 

241Am 5.790E-04 4.665E-04 
242mAm 1.061E-06 8.439E-07 
243Am 2.354E-04 1.873E-04 
243Cm 5.281E-07 4.202E-07 
244Cm 7.083E-05 5.635E-05 
245Cm 6.809E-06 5.418E-06 
246Cm 6.956E-07 5.534E-07 

 
LBE 
target 

Gas 
plenum 

LBE 
reflector 

SUS 
reflectora) 

B4C 
shielding 

10B     1.180E-02 
11B     4.751E-02 
C     1.483E-02 
Cr  1.785E-03 1.069E-02 3.055E-03 3.055E-03 
Mn  9.939E-05 5.952E-04 1.701E-04 1.701E-04 
Fe  6.599E-03 3.952E-02 1.129E-02 1.129E-02 
Ni  1.116E-03 6.686E-03 1.910E-03 1.910E-03 
Mo  1.423E-04 8.521E-04 2.434E-04 2.434E-04 
Pb 1.321E-02 7.833E-03 3.990E-03 1.064E-02 2.660E-03 

209Bi 1.634E-02 9.686E-03 4.934E-03 1.316E-02 3.289E-03 
 

a) LBE buffer region is the same as SUS reflector 

 
The ADS consists of a proton accelerator, a 

spallation target and a sub-critical core. The proton 
beam is injected from the beam duct shown in Fig. 1 
and spallation neutrons are generated in the 
spallation target (LBE target in Fig. 1). The sub-
critical core is driven by the spallation neutrons, and 
MAs which are loaded in the inner and outer cores 
shown in Fig. 1, are transmuted by the spallation 
neutrons or fission neutrons generated by MAs. 

The thermal power is 800MW and a burn-up 
period is 600 effective full power days (EFPDs). For 
the fuel, a nitride fuel of MA and plutonium is 
employed and zirconium-nitride (ZrN) is used as the 
inert matrix of the fuel. To avoid the production of 
C-14 whose half-life is very long (5730y), nitrogen-
15 (N-15) is used for both (MA, Pu)-nitride and ZrN. 
The isotopic composition of MA and Pu are based 
on the following assumptions: the PWR spent fuel 
with 45GWd/t burn-up cooled for 7 years before 
reprocessing and MA and Pu are cooled for 3 years 
before fabricated to the ADS fuel. Other details are 
based on Ref. [4]. 

 
 

Calculation code 
 

The MVP/MVP-BURN codes are employed 
for the calculation. The MVP code is a general 
purpose Monte Carlo code for neutron and photon 
transport calculations based on continuous energy 
[12]. The MVP-BURN code [13] enables the burn-
up calculations using a continuous-energy Monte 
Carlo code MVP. In this study, the burn-up 
calculation with the eigen-mode was performed. 
Although this calculation mode ignores the external 
neutron source such as the spallation neutron, it has 
no problem to compare the nuclear data libraries and 
it can shorten the computational time. 

For the nuclear data library, JENDL-4.0, 
JENDL-3.3, ENDF/B-VII.1 and ENDF/B-VII.0 are 
used as described above. The calculation case with 
JENDL-4.0 is the reference case in this study. For 
ENDF/B-VII.1, the beta version of the nuclear data 

 
 

Fig. 1. RZ calculation model of the ADS. 

0.0

50.0

120.0

150.0

250.0

270.0

(cm)

0.0
25.8

42.5 119.8
137.5

155.0 189.789.821.0

B
ea

m
 d

uc
t (

vo
id

)
LB

E
 ta

rg
et LB

E
 b

uf
fe

r

SS reflector

SS reflector

LB
E

 re
fle

cc
to

r

S
S

 re
fle

ct
or

B 4
C

 s
hi

el
di

ng

Gas plenum

In
ne

r c
or

e

O
ut

er
 c

or
e

(cm)



T. Sugawara, et.al / Atom Indonesia Vol. 38 No. 2 (2012) 71 - 77 
 

library for the MVP code [14] was used because the 
library is under development and this study is a part 
of verification for it. 
 
 
Calculation case 

 

Three comparisons were carried out by using 
different nuclear data libraries or burn-up chain. 

 
(1) First of all, a verification of the new burn-up 

chain, ChainJ40 [11] was performed. In this 
comparison, JENDL-4.0 was used for                   
all nuclides and burn-up calculation results 
with ChainJ40 and ChainOLD [13], which    
had been used until the release of ChainJ40 
were investigated. The main differences              
of these burn-up chains are the number                  
of nuclide in the chain and the update of fission 
yield data. In the following cases, ChainJ40 
was employed as the burn-up chain. 

(2) Nuclear data library of all nuclides                 
was changed from JENDL-4.0 to others and      
the burn-up calculations were performed.            
The change of k-effective (k-swing) was 
compared.  

(3) To know the contribution of each nuclide              
to differences which would be shown              
in case (2), burn-up calculations with               
changing the nuclear data library from    
JENDL-4.0 to JENDL-3.3 or ENDF/B-VII.1                  
or ENDF/B-VII.0 for each nuclide were 
performed.  

 
 
RESULTS AND DISCUSSION 
 
Comparison for burn-up chain 

 

The calculation results with the use of 
different burn-up chains were presented in Table 2. 
kBoC and kEoC mean the k-effective values at            
BoC and EoC, and the burn-up reactivityρ burn 

[dk/kk’]was calculated by the following equation; 
 !"#$% & '()*+',)*'()*',)*  (1) 

 
In the BoC, the k-effective values                

were almost same but the k-effective difference, 
which was larger than the statistical error,                 
was observed in the EoC. For the burn-up reactivity, 
5.3×10-4 dk/kk’ difference was presented and              
the burn-up reactivity with the use of ChainJ40     
was larger than the ChainOLD case although               
the difference is approximately-same as the 
statistical error. 

Table 2. Calculation results with the use of different burn-up 
chain. 
 

 ChainJ40 ChainOLD 

kBoC 0.97760±0.00034 0.97784±0.00033 

kEoC 0.93504±0.00034 0.93573±0.00032 

ρburn 4.656×10-2±5.3×10-4 4.603×10-2±5.0×10-4 

 
To investigate the cause of the burn-up 

difference, changes of atomic number density dNchain  
 -./012% & .345/012% 6 .745/012% (2) 

 
for each nuclide was calculated; here, N is the 
atomic number density at BoC or EoC for each 
nuclide and chain is ChainJ40 or ChainOLD. The 
changes, dNChainJ40 and dNChainOLD for the inner and 
outer core are shown in Fig. 2 and 3, respectively.  
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Fig. 2. Difference of atomic number density between EoC and 
BoC (Inner core). 
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Fig. 3. Difference of atomic number density between EoC and 
BoC (Outer core). 
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The differences were observed for Pu-238, 
Pu-242, Am-242m and Cm-242 by changing the 
burn-up chain. To compare these differences 
quantitatively, the following amount D1 was 
calculated for each nuclide, 

 89 & :;*<=>?@AB+:;*<=>?CDE:;*<=>?CDE  (3) 

 
and illustrated in Fig. 4. In this figure, some 
nuclides whose values of dNchain were very small, 
were abbreviated.  
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Fig. 4. Comparison of D1 value for each nuclide. 
 

From these results, it was found the 
difference of Am-242m was dominant in this 
comparison. The D1 value of Am-242m was 38% 
and it means a generation amount of Am-242m 
calculated by ChainOLD was 38% larger than that 
calculated by ChainJ40. One of the main revised 
points from ChainOLD to ChainJ40 is the change of 
isomer-state branching ratio of Am-241 capture 
reaction (IR in the following). The IR is defined as 
the following equation; 

 FG & ;Am‐242g;Am‐242gI;Am‐242m  (4) 

 
Here, .Am‐242g  and .Am‐242m  are the atomic 
number densities of grand state and metastable Am-
242 after the neutron capture reaction of Am-241.  

The IR in ChainOLD is 0.7936 and that in 
ChainJ40 is 0.8499. It means the amount of Am-242 
calculated by ChainOLD is about 7.1% smaller than 
the one calculated by ChainJ40. Figure 4 indicates 
the almost same result. 

From the IR value, the ratios of Am-242m 
generation are calculated as 0.2064 in ChainOLD 
and 0.1501 in ChainJ40. It means the amount of 
Am-242m calculated by ChainOLD is 37.5% larger 
than the one calculated by ChainJ40, and the    

results shown in Fig. 4 presents the same tendency. 
Based on the difference of the IR, the amounts       
of other daughter nuclides of Am-242g such as       
Pu-238, Pu-242 and Cm-242 are also different 
between ChainOLD and ChainJ40.  

In the previous investigation [15],       
the sensitivity analysis of the burn-up reactivity    
for the same ADS geometry was performed.       
The sensitivity coefficient of Am-242m against  
the burn-up reactivity was the negative value.       
It means the burn-up reactivity decreases if       
the amount of Am-242m increases. In this 
calculation, the generation amount of Am-242m 
calculated by ChainOLD was larger than that 
calculated by ChainJ40. This is why the burn-up 
reactivity calculated by ChainOLD is smaller than 
the one calculated by ChainJ40 as shown in Table 2.  
 
 
Comparison for k-swing 

 

Figure 5 shows the changes of k-effective 
with the use of each nuclear data library. Table 3 
summarizes the burn-up reactivity for each case.  

At the BoC, about 1.1%dk difference was 
observed between JENDL-4.0 and ENDF/B-VII.1. 
About 0.7%dk / 2.7%dk differences were obtained 
between JENDL-4.0 and ENDF/B-VII.0 / JENDL-
3.3. These results mean that the current nuclear data 
libraries are still insufficient for the neutronic design 
of the ADS because the target accuracy of       
k-effective at the BoC is 0.3%dk [2,16].  

For the burn-up reactivity, the differences 
against the JENDL-4.0 result were -0.065%dk/kk’,   
-0.706%dk/kk’ and 0.619%dk/kk’ in JENDL-3.3, 
ENDF/B-VII.1 and ENDF/B-VII.0 results, 
respectively. The difference of the burn-up 
reactivity between JENDL libraries was small 
although that of k-effective at the BoC was large. 
For the ENDF/B-VII libraries, the tendency of the 
burn-up was different as shown in Fig .5 and the 
difference of the burn-up reactivity was very large.  

To investigate the cause of these differences 
for the burn-up reactivity, the difference of the 
atomic number density for each nuclide at the EoC, 
D2, was calculated as 

 8J & .KLMNOP 6 .KLMQ40    (5) 
 

where .345R2"  is the atomic number density at the 
EoC by using a nuclear data library ‘Lib’ (JENDL-
3.3, ENDF/B-VII.1 or VII.0) and .345STU  is that       
by using the JENDL-4.0 library. Figure 6 presents 
the difference D2 of the dominant nuclides in the 
inner core.  
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In terms of JENDL-3.3, the D2 values of  
Pu-238, Am-241 and curium isotopes were large. 
However, for the dominant nuclides such as Np-237 
and Pu-239, the D2 values were very small. This is 
why the difference of the burn-up reactivity was not 
so large between JENDL-4.0 and JENDL-3.3. It was 
supposed that other nuclides except MA and Pu 
would be the cause of the large k-effective 
difference at the BoC. 

On the other hand, in terms of ENDF/B-VII.1 
and VII.0, there were differences in Np-237 and Pu-
239. This is one of the causes of the difference for 
the burn-up reactivity against the JENDL-4.0 result. 
For other isotopes such as Am-243, Cm-244, Cm-
245, the D2 values of ENDF/B-VII.1 and VII.0 were 
different. It was supposed that a significant revision 
was performed from ENDF/B-VII.0 to VII.1 for 
these isotopes.  
 
Table 3. Burn-up reactivity with the use of each nuclear data 
library  
 

 ρburn [dk/kk’] 
JENDL-4.0 4.656×10-2±5.3×10-4 
JENDL-3.3 4.591×10-2±5.4×10-4 

ENDF/B-VII.1 3.950×10-2±5.2×10-4 
ENDF/B-VII.0 5.275×10-2±5.6×10-4 
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Fig. 5. Change of k-effective with the use of each nuclear data 
library 
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Fig. 6. Difference of atomic number density at EoC, D2         
(Inner core). 

Effect by using other nuclear data library 
 

To know the contribution of each nuclide to 
differences shown in Fig. 5, moreover, the burn-up 
calculations with changing the nuclear data library 
from JENDL-4.0 to JENDL-3.3, ENDF/B-VII.1 and 
ENDF/B-VII.0 for each nuclide were carried out. 
Figure 7 shows the calculation result for k-eff at 
BoC and EoC of the JENDL-3.3 case for dominant 
nuclides. In this figure, ‘Np-237’ means the result 
by using the input data whose nuclear data library 
was JENDL-4.0 except Np-237. Then, as the 
nuclear data library of Np-237, JENDL-3.3 was 
used. The result ‘All’ in Fig. 7 corresponds to the 
result shown in Fig. 5. The same calculations were 
performed with the use of ENDF/B-VII.1 and VII.0 
and these results were summarized in Fig. 8 and 9, 
respectively. 

Figure 7 presents that Am-241, Pu-239,       
Pb-206 and Pb-207 were the main causes in the 
JENDL-3.3 case. At the EoC, the same tendency 
was observed. 

For the ENDF/B-VII.1 case, Np-237, Am-241, 
Pu-239 and N-15 were the main contributions.       
At the EoC, on the other hand, the differences in 
Np-237 and Pu-239 became small. It is difficult to 
explain the reason why the difference at the EoC 
decreases because the changes of the atomic number 
density, the neutron flux and the nuclear data are the 
main factors in the burn-up calculation. It was 
expected that the change of the atomic number 
density and the neutron flux canceled the effect by 
changing the nuclear data library.  

Figure 9 indicates that Np-237. Am-241,  
Pu-239 and N-15 were the main causes in the 
ENDF/B-VII.0 case. This tendency was similar to 
the ENDF/B-VII.1 case.  

For the burn-up reactivity, a systematic result 
was not indicated as shown in Fig. 10 because the 
changes of the number density, the neutron flux and 
the nuclear data affect the burn-up calculation as 
described above. However, for Am-241 and Pu-239, 
it was expected that the effects by changing the 
nuclear data library were observed because the 
effects of these nuclides were larger than that of 
others. For example, Fig. 11 compares the cross 
section data for the neutron capture reaction of Am-
241 in JENDL-4.0 and ENDF/B-VII.1. This figure 
also presents the sensitivity coefficient of Am-241 
neutron capture reaction for the burn-up reactivity 
[15]. Since the sensitivity coefficient is the negative 
value from 1keV to 1MeV energy region, the burn-
up reactivity would decrease if the cross section for 
neutron capture reaction increases. In this energy 
region, the cross section in ENDF/B-VII.1 is several 
percent larger than that in JENDL-4.0. This is the 
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cause for the difference of the burn-up reactivity in 
the Am-241 case shown in Fig. 10.  
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library was JENDL-4.0 except Np-237. Then, as the nuclear 
data library of Np-237, JENDL-3.3 was employed. ‘All’ 
corresponds to the result shown in Fig. 5. 
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Fig. 8. Effective multiplication factor by changing the nuclear 
data library from JENDL-4.0 to ENDF/B-VII.1. 
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Fig. 9. Effective multiplication factor by changing the nuclear 
data library from JENDL-4.0 to ENDF/B-VII.0. 
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Fig. 10. Burn-up reactivity by changing the nuclear data library 
from JENDL-4.0 to JENDL-3.3, ENDF/B-VII.1 and ENDF/B-
VII.0. 
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Fig. 11. Am-241 neutron capture cross section in JENDL-4.0 
and ENDF/B-VII.1 libraries. Sensitivity coefficient of Am-241 
neutron capture reaction for burn-up reactivity [15] is also 
presented. 
 
 
CONCLUSION 
 

To confirm the calculation accuracy in the 
neutronic design of the ADS, this study aims to 
compare the k-effective value at BoC, EoC and the 
burn-up reactivity by using different nuclear data 
libraries with the same geometry proposed in the 
IAEA benchmark problem. The verification of the 
new burn-up chain for the MVP-BURN code was 
also performed. 

In the verification of the new burn-up chain, 
ChainJ40, it was confirmed that the change of the 
isomer-state branching ratio of Am-241 capture 
reaction, IR was the most significant. By this change, 
the amount of Am-242m at EoC decreased and the 
burn-up reactivity increased. 

For the comparison with the use of different 
nuclear data libraries, about 1.1%dk difference was 
observed between JENDL-4.0 and ENDF/B-VII.1 at 
the BoC. About 0.7%dk / 2.7%dk differences were 
obtained between JENDL-4.0 and ENDF/B-VII.0/ 
JENDL-3.3. For the burn-up reactivity,       
the differences against the JENDL-4.0 result were   
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-0.065%dk/kk’, -0.706%dk/kk’ and 0.619%dk/kk’ 
in JENDL-3.3, ENDF/B-VII.1 and ENDF/B-VII.0 
results, respectively.  

For the contribution to these differences,             
Np-237, Am-241, Pu-239 and N-15 were the main 
causes in the ENDF/B-VII.1 and VII.0 cases. In the 
JENDL-3.3 case, Am-241, Pu-239, Pb-206 and             
Pb-207 were the main causes.  

These results mean that the current nuclear data 
libraries are still insufficient for the neutronic design 
of the ADS. The enhancement of nuclear data libraries 
by cross section measurement is required and, 
moreover, integral experiments by using Np-237, 
Am-241, Pu-239, Pb-206, Pb-207 and N-15 are 
essential. 
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