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For the investigation of neutronics in the fusion reactor 

blanket, a spherical lithium assembly with a graphite reflector 

was prepared by piling up lithium and graphite blocks. The ratio 

of U-238 to U-235 fission rates was measured by micro fission 

chambers, and the result of the measurement was compared with 

that of the preliminary calculation. It has been shown that 

there is a large discrepancy between experiment and calculation, 

which is too large to be explained only by the experimental 

error. 

0 In this paper, the calculational procedure is reviewed 

and probable causes of the calculational error are listed. 

Further calculation of the fission ratio is carried out employ- 

ing refined methods and with varied calculational models. 

As the result, it is concluded that the cause of the 

discrepancy is most likely the uncertainties of the nuclear data 

of the constituent elements of the assembly. 

* Department of Nuclear Engineering, Faculty of Engineering, 
University of Tokyo, Bunkyo-ku, Tokyo, Japan 
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I. INTRODUCTION 

In order to investigate the behavior of neutrons in the 

fusion reactor blanket, several integral experiments on lithium 

metal assemblies have been carried out in Japan Atomic Energy 

Research Institute. (1) ,C2),(3) 

A graphite reflector in the blanket is useful to improve 

the tritium breeding and the shielding. A spherical lithium 

~ 

metal assembly with a graphite reflector was prepared by piling 

up lithium and graphite blocks. A D-T neutron source is placed 

-a at the center of the assembly. The spatial distribution of the 

ratio of U-238 to U-235 fission rates in the assembly was 

measured by micro fission chambers. The fission ratio distribu- 

tion was calculated by the one-dimensional transport code 

ANISN(~) with P5-S8 approximation using a 42 group neutron cross 

section set. A large discrepancy between the measured fission 

ratio distribution and the calculated one has appeared as shown 

in Fig. 1. The difference is too large to be explained only 

by the experimental error. On the other hand, the measured 

fission ratio distribution agrees well with the calculated one 

in the lithium metal assembly without a graphite reflector as 

shown in Fig. 2.(') From these two figures it is suspected that 

the reflected neutrons are not evaluated correctly. 

The details of the experimental assembly and procedures have 

already been described in the previous papers. (1) 9 (2) In this 

paper, after a brief description of the assembly the calcula- 

tional procedures employed are reviewed and the probable causes 

of the calculational error are listed. Further calculations of 

the fission ratio distribution in the assembly with graphite 

reflector is carried out with improved cross section sets, a 

more accurate method and varied calculational models. 
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11. EXPERIMENTAL ASSEMBLY 

A spherical lithium assembly is prepared by loading 

lithium blocks in drawers, which are then inserted into a matrix 

The lithium blocks are covered with 1 mm thick stainless steel. 

The drawers and the matrix are made of stainless steel. The 

assembly is surrounded with a graphite reflector prepared in 

the same manner as the lithium assembly but using graphite 

blocks; The assembly is located on the steel-grid floor, and 

the distance between the target and the nearest concrete floor a* 
or wall is more than 4 m. 

A horizontal cross section of the assembly is shown in 

Fig. 3. Source neutrons are generated at the center of the 

assembly by a D-T reaction with a 300 KeV Cockcroft-Walton type 

accelerator. The experimental hole, through which micro fission 

chambers are traversed is 2 cm in diameter and is perpendicular 

to the direction of the incident D+ beam. There is a central. 

void region of effective radius of 10 cm, where neither lithium 

or graphite blocks are loaded. The effective thicknesses of the 

lithium region and the graphite region are 24.1 cm and 21.2 cm, 
a 

respecf ively. 



111. REVIEW OF THE PRELIMINARY CALCULATIONS 

The calculational model for the experimental assembly is 

shown in Fig. 4. The mesh width used in the numerical calcula- 

tion are also shown in the figure. The first two regions, 

i.e. source and void, consist of empty drawers and matrix 

tubes made of stainless steel. In the third and fourth regions, 

A lithium and graphite blocks are loaded, respectively. The 

nuclide densities in each region are shown in Table I. It is 

assumed that the isotropic neutron source is uniformly distri 

buted in the sphere of 0.5 cm radius. 

The first 42 energy group neutron cross section set was 

prepared from ENDF/B-I11 (5) by SUPER TOG(^) using 1/E as the 
weighting function. The energy group structure which has some 

correspondence to the ABBN Set, C7) is shown in Table 11. 

Legendre coefficients of up to P5 were derived. The neutron 

flux was calculated by the one-dimensional transport code 

ANISN(~) with P5-S8 approximation. The fission rates of U-238 

e and U-235 were also calculated by the ANISN. (4) The second set 

of neutron cross section is derived by using the neutron energy 

spectrum at R = 15 cm as the weighting function. This neutron 

spectrum is obtained with the calculation using 1/E weighted 

cross sections. 

In Fig. 1, the calculated ratios using 1/E and the neutron 

spectrum as the weighting functions are shown with solid line 

and dashed line, respectively. It is seen that better agree- 

ment with the measured ratio is obtained when spectrum weighted 

neutron cross sections are used. However, even with the use of 
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spectrum weighted cross sections, the ratios of calculation to 

experiment, so called C/E values, are 0.87, 0.82, 0.66 and 1.12 

at the distance of 15.6 cm, 26.6 cm, 36.4 cm and 46.1 cm from 

the source, respectively. 

The cause of the above discrepancy was investigated from 

the viewpoint of experiment, and it is concluded that the 

difference cannot be explained only by the experimental error. 
L 

Considering the fact that there had been a good agreement in 

the case of the lithium assembly without a graphite reflector 

(as shown in Fig. 2), it is presumed that the evaluation of the 0.  
low energy reflected neutrons is not appropriate. There are 

several reasons for causing inaccurate calculational results: 

C1) The wide lethargy width of 0.3466 and 0.7700 were used 

for low energy groups of 42 group neutron cross sections (as 

shorn in Table 11). This may have caused some error in the 

calculation of low energy neutrons. 

(2) As shown in Fig. 5, the experimental configuration of the 

boundary of lithium and graphite cannot be taken into account 

in one-dimensional calculational model. Conserving the volume 0 
of lithium region and the void, a sphere surface with the effec- 

tive radius of 34.1 cm was taken as the boundary. 

(3) The P5-S8 approximation used in the calculation of the 

neutron flux may not be sufficient. 

(4) The vacuum boundary condition is used in the calculation 

of the neutron flux and the room return neutrons have not been 

taken into account. 

(5) Uncertainty in the nuclear data, especially those of carbon 

for neutrons with energy higher than 5 MeV should be questioned. 
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IV. REFINED CALCULATIONS AND DISCUSSIONS 

Five probable causes for the error in the calculated 

results are listed in the Chapter 111. The first four causes 

are investigated to see their effects on the calculated values 

of fission ratio. 

A (1) In order to investigate the effect of wide lethargy widths 

used for low energy groups, two sets of 100 group cross 

'a sections are derived by the procedure shown in Fig. 6. One of 

the 100 group sets is obtained from the DLC-2D Library. (8  1 

In the processing of the library from ENDF/B-111, fission 

spectrum joined at 0.0674 MeV by a 1/E tail had been used as 

the weighting function. The other 100 group set with the 

same energy structure as the DLC-2D is obtained by using the 

neutron energy spectra as the weighting functions. Zone 

dependent cross sections for each nuclide were obtained by 

using the representative neutron spectrum of each zone as the 

a weighting function, as shown in Table 111. 

The calculated fission ratios using the two 100 group 

neutron cross sections are shown in Fig. 7 together with the 

result of the 42 group calculation and the measured values. 

The three curves of the calculated ratios overlap in the void 

region and the inner part of the lithium region. In the outer 

part of the lithium region near the graphite, three curves 

begin to diverge, and the differences become larger in the 

graphite region. 

The 42 group calculation gives the best agreement with the 

measured result. The ratio calculated with the 100 group zone 



dependent cross sections, wfiich had been expected to give better 

agreement than the 42 group calculation, shows the largest 

discrepancy with the measured value. The ratio calculated with 

the DLC-2D cross sections is a little larger than the result 

obtained with the zone dependent cross sections. 

C2) To take into account properly the lithium-graphite boun- 

dary configuration shown in Fig. 5, a three dimensional neutron 
A transport calculation is necessary. As no such calculational 

techni'que is available at present, two types of one dimensional 

model are tested to see the effect of the boundary modelization 0' 
on the calculated fission ratio. The one is a model with the 

outer radius of the lithium region increased to 35 .9  cm, which 

is equal to the distance of the real boundary in the experi- 

mental hole. The other is the model with the mixed boundary 

region. In this model about 10 cm thick mixed region, with 

the average nuclide densities of the lithium and graphite 

regions, is placed between the two regions. 

The results of the calculations employing two new one 

dimensional models are shown in Fig. 8 together with the 

previous calculational result and the measured values. The 

same 42 group neutron cross sections obtained by neutron 

spectrum weighting is used in the three calculations. The 

ratio calculated with the radius of the lithium region taken 

at 35.9 cm is in better agreement with the measured value than 

the previous result in the lithium region but the agreement 

is worse in the graphite region. The ratio obtained with the 

mixed boundary region is almost equal to that of the previous 

calculation. 
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It is seen that the difference in tfie model of the lithium 

and graphite region boundary is quite sensitive to the calcu- 

lated ratio. But there is still some discrepancy in the lithium 

region even with the model of 35.9 cm radius for lithium region. 

It is unlikely that good agreement can be obtained both in the 

lithium and graphite region even with three dimensional calcu- 

- lations . 
C3) The calculation with Pg-S16 approximation was made. By 

'0  increasing the number of directional mesh points in the SN 

approximation from 9 to 17, the calculated fission ratio became 

larger by only a few percent at most and there still exsists 

a large discrepancy with the measured ratio. 

(4) The effect of the room return neutrons on the fission 

ratio is evaluated by carrying out a calculation with the cal- 

culational model with concrete wall placed 4 m away from the 

source. It is seen that the calculated ratio in the outer 

part of the graphite was lowered by several percent when the 

* room return neutron is taken into account. The better agree- 

ment with the measured ratio in the shape of the distribution 

is obtained but there still remains a large discrepancy. 



v. SUMMARY 

The probable causes of the error in the preliminary cal- 

culations of the fission ratio in the spherical lithium assem- 

bly with a graphite reflector has been investigated. 

It is shown that (1) the use of 100 group zone dependent 

cross sections gives an even larger discrepancy with the 

measured value, (2) the one dimensional calculation is not 

sufficient to take into account the irregular configuration of 

lithium-graphite boundary, (3) the number of directional mesh 
' 

points seems to be adequate, and (4) the consideration of the 

room return neutrons reduces the discrepancy in the graphite 

region by several percent. 

Although there still remains some ambiguity due to the 

inadequacy of the calculational methods, it is concluded that 

the discrepancy between the calculated and measured fission 

ratio cannot be explained by either the error in the experi- 

ment or the error in the calculational procedure. Thus it is 

most likely that the discrepancy is caused by the uncertainties 

in the nuclear data used. Especially the energy and angular 

spectra data of the secondary neutrons from inelastic and 

(n, 3a) reactions of carbon are questionable. 
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Fig. 

Radius ( cm 
1 Fission Ratio Distribution in the Spherical Lithium 

Assembly with a Graphite Reflector. 

The solid line and dashed line are the calculated 

ratios using 1/E and the neutron energy spectrum as 

the weighting function, respectively. 

Radius (cm 1 
Fig. 2 Fission Ratio Distribution in the Spherical Lithium 

Metal Assembly. 



Fig. 3 Horizontal Cross Section of the Spherical Lithium 

Metal Assembly with a Graphite Reflector. 
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TABLE I1 GROUP STRUCTURE OF 42-GROUP SET FOR FUSION 
REACTOR CALCULATION ( 15.0 MeV- Thermal 

Corresp 
EL MeV AU ABBN I EL A, fgFp 

22 0.200 0.3466 
23 0.141 3 
24 0.100 t 8 

25 46.5 KeV 0.77 ' 9  
26 21.5 
27 10.0 
28 4.65 
2 4  2.15 
30 1.00 
31 0.465 
32 0.215 
33 0.100 
34 46.5 eV 

35 21.5 
36 10.0 
37 4.65 
38 2. i5 
39 1.00 
40 0.465 
41 0.215 
42 THERMAL 

Table Ill Neutron Spectra Used as the weighting Functions 

to Obtain Zone Dependent Cross Sections 

' Radlus ICm ) Neutron Spechur 
Nucl~de Zone t Inner Outer 

4 ( R )  

Cr.Fe. Ni Lithium 

' ~ i .  7 ~ i  
Lithium I ' 10.0 24.0 + il8em I 
Lithium IL 24.0 , 34.1 , + i30cm 1 

C . Graphite 34.1 , 55.3 , 4 144cm I 

~ i t h i u i  I 10.0 ' 24.0 i18cm 1 

2 3 5 ~  .238~* Lithium il 24.0 34.1 + i30cm 1 

Graphite : 34.1 55.3 , + 144cm 1 

235 
r Zcne dependent fission cross sections for U and 2 3 8 ~  

0:F C0IC~lOttd 



BOUNDARY 

Fig.  5 Configura t ion of t h e  Boundary Between t h e  Lithium and 

t h e  Graphi te  Regions. 
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Fig.  6 100 Group C a l c u l a t i o n a l  Flow-Chart. 
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