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A. Introduction 

At the P a r i s  Meeting on Sensitivity Studies and Shielding Benchmarks 

(7-10 October 1975), the general  feeling was that i t  could be construc- . _I tive to embark upon some collaborative work in  the field of sensitivity 

I calculations. More precisely i t  appeared to be desirable to have two 

theoretical sensitivity benchmarks which could be collected and d i s t r ibu ted  

by D r .  Nicks of EURATOM. The d i f f e r e n t  shie lding g r o u p s i n v ~ l v e d i ~  

this common exercise  would then submit the i r  resul ts  to the Vienna 

meeting (in Autumn 1976), which should reach some conclusions on data 

0 needs. The object of these theoretical sensitivity reference studies i s  

to demonstrate the accuracy of the different data se t s  employed by the 

different countries and organisations. 

The two benchmarks suggested concerned a fast  reactor  shielding confi- 

guration (ID) and a PWR which would essentially be a 2-dimensional 

problem. As f a r  a s  the fast  reac tor  i s  concerned, a suggestion was made 

to integrate the shielding problem into the existing proposal (which has 

been made through the NEACRP) for  a fast  reactor  core  benchmark. 

I t  was a l so  agreed to specify the PWR a s  a 2D problem also amenable 

to a 1D model. Dr. Hehn, ass i s ted  by Dr. Koban of KWU, kindly accep- 

ted to specify this second problem. 

B. Benchmark name and type 

PWR - 1300 MW, generic reac tor  shield design of a standard power 

reac tor  of PWR type. , 

C. System description . 
Fig. 1 gives a cross-sect ional  view of the reactor  core ,  core  baffle, 

co re  ba r re l  ( thermal shield), and reactor  p res su re  vessel. The core con- 

tains 193 fuel assemblies  with 103 t of uranium 3. 2% enriched and 61 

control rods. Water se rves  a s  a coolant and a s  a moderator  a t  a p res -  
0 

s u r e  of 158 bar  with 291 C inlet temperature and 326OC outlet tempera-  

ture .  The active height of the core  i s  3. 9 m and the radial  diameter  



3.45 m along a main axis. The thermal  shield i s  a s ta inless  s tee l  

cylinder with a n  inner  d iameter  of 4. 21 m and 8 c m  thick. The reac tor  

p r e s s u r e  ves se l  with inner austenit ic cladding has  a d iameter  of 5 m 

and a total  thickness of 25. 6 cm. The p r e s s u r e  ves se l  i s  surrounded 

by the rma l  insulation and the p r imary  concrete shield normally de- 

signed in two separa te  l aye r s  with a total  thickness of 2 m. 

. D. Model description 

1. One-dimensional model . . . . . . . . . . . . . . . . . . . . .  
The radial  dimensions of a one-dimensional cylindrical  configuration 

a r e  given in  Table 1 and the ma te r i a l  composition in  Table 2. 'Table 3 

shows the power distribution in  the outer core  region containing three  

rows of fuel assembl ies  a s  indicated in  Fig. 1. This  outer  core  region 

gives a good representation of the radiation sources  needed for  shiel-  

ding calculation. In Table 4 a proposal i s  made f o r  the local  mesh. d i s -  

tribution along a radial  main axis.  F o r  having identical normalization 

of the neutron and gamma sources  in  the core ,  the absolute power den- 

s i ty  i n  w/cm3 should be used and the assumption of 200 ~ e ~ / f i s s i o n .  

F o r  the EURLIB multigroup s t ruc ture  with 100 neutron groups the neu- 

t ron  fission spec t rum a r e  given in  Table 5 according to 

with @ = 1. 323 MeV f o r  t he rma l  f ission of U-35 

E in MeV 

i x N ( E ) d ~  = 1 

C 

The neutron yield p e r  f iss ion reaction i s  then 

with V = 2.419 for  t he rma l  f ission of U-35. 



The total  gamma yield p e r  fission reaction of prompt and delayed 

gamma rays  a r e  given in  Table 6 for  the standard group s t ruc ture  of 

20 gamma groups in EURLIB. The fission yield of neutrons a r e  taken 

f rom ENDF/B-IV and the gamma yield f r o m  the POPOP l ibrary.  

2. Two-dimensional model . . . . . . . . . . . . . . . . . . . . . .  
Since the calculation effort needed for  the two-dimensional model i s  r e -  

1ati.vely high, the problem should be reconsidered with the resu l t s  of 

the one-dimensional model available. 

E. Aims of the calculation 

1. Calculation of integral  target  quantities of in te res t  in reac tor  shielding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1. 1 Production of neutron damage (production r a t e  of displacements p e r  

atom) in the p r e s s u r e  vesse l  a t  interval number 120. 

1. 2 Gamma heating ra te  in w/crn3 in the concrete shield a t  interval 

number 147. 

1. 3 Biological dose ra te  in rern/h a t  the outer  side of concrete shield 

a t  interval number 202. 

2. Calculation of c r o s s  section sensit ivit ies for  damage, heating and . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a biological dose a s  stated above . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. 1 Determination of the importance of the c r o s s  sections for different 

nuclides. Total sensitivity to  neutron c r o s s  sections and total  sen-  

sitivity to gamma c r o s s  sections of the different nuclides present  
\ 

summed over  energy groups and spatial  zones. 

2. 2 Determination of the importance of angular moments. Sensitivity to  

Legendre moments of neutron and gamma c r o s s  sections (percent 

change to P 3  approximation) for  the different nuclides present  

summed over energy groups and spatial  zones. 

2. 3 Determination of important energy regions. Cross  section sensit i-  

vit ies pe r  unit lethargy (energy profiles) for  the different nuclides 

present  summed over  spatial  zones. 



Table 1 Radial dimensions along a  main ax i s  with s impl i f ied  

concrete sh ie ld .  

Zone 

Reactor core 

Core b a f f l e  

1. .Water l ayer  

Core b a r r e l  

2. Waterlayer 

Aus ten i t i c  cladding 

Pressure vesse l  

Concrete sh i e ld  

Zone radius Zone thickness 

Ccm I [cm'l .. 

Table 2 Material  composition ] 

Xeactor I Core b a f f l e  ' 
:ore core b a r r e l  

s t .  cladding 

1. and 2.  
water 
l ayer  

5.05552-2 

2.5278E-2 

- 
- 
- 

- 
- 
- 
- 
- 
- 

oncrete 
h ie ld  

4.412EE-3 

4.7151E-? 

1.455X-3 

9.43WE-3 

6.61152-3 

- 
- 
- 
- 
- 
- 
- 



Table 3 +er d i s t r i b u t i o n  i n  ou t e r  core region ( 3  rows of f u e l  

assemblies) along a  r a d i a l  main axis  

I n t e r v a l  Radius I n t e r v a l  Power 
nuinber [cml cen t re  d i s t r i b u t i o n  

f a c t o r  

W Power d i s t r i b u t i o n  f a c t o r  1 92 .23  --- 
cm 3 



Table 4 proposal of a  l o c a l  mesh d i s t r i bu t ion  along a  r ad i a l  

main axis  

Zone and t o t a l  Number of Thickness of Radius 
number of i n t e rva l s  i n t e r v a l  ' icm I - ,  
i n t e r v a l s  Ccm 1 

A 
Reactor core 

Core b a f f l e  

1. water l ayer  

Core ba r r e l  
2 0 .4  2 1  1.3 
2 0 .5  212 .3  
1 0.7 213 .0  
3 1.0 216.0 
1 0.7 216 .7  
2 0.5 217.7 

13 2 0.4 218.5 

con 1. 



Table  4 (cont inuing)  

Zons and t o t a l  Number of Thickness of Radius 
number of i n t e r v a l s  i n t e r v a l  
i n t e r v a l s  

Ccm 1 
[cm3 

\ 2. water  l a y e r  
2 0.4 219.3 
2 0.6 220.5 
2 0 .8  222.1 
5 .  . 1.0 227.1  
1 1.15 228.25 
8 1.5 240.25 
1 1.15 241.40 
5 1.0 246.4 
2 0 .8  248.0 
2 0.6 249.2 

3 2 2 0 . 4  250.0 

Cladding 

2 2 0 .3  250.6 

Pressu re  v e s s e l  
1 
1 
1 
3 
5 
5 
5 
3 
1 
1 

2 7 1 

Concrete s h i e l d  
1 

a 2 
3 
5 
5 
5 
5 
5 
5 
5 
5 
9 

5 6 1 



Table 5: Neutron f i s s i o n  spectrum of U-235 f o r  100  neutron 
groups (EURLIB) 

Group q 

3 i 
3 2 

3 3  

34  

3 5  

3 6 

3 7  

3 8 

3 9 

4 0 

4 1 

4 2  

4 3  

44  

4 5  

4 6 

4 7  

48 

4 9 

50  

5 1 

5 2  

5 3  

5 4 

5 5  

5 6  

5 7  

58 

5 9  

6 0 

Group g 

6 1 

6 2  

6 3  

6 4 

6 5 

6 6 

6 7  

6 8 

6 9 

7 0 

7 1 

7 2  

7 3  

7 4 

7 5  

7 6  

7 7  
I 
I 
I 
I 
1 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
1 
I 
1 
I 

I 

99  

100 



.e 6: Total  gamma y i e l d  per  f i s s i o n  (promp 
f o r  20 gamma groups (EURLIB) 

Group g Energy (MeV) 

14.0 

12.0 

10.0 

8.0 

6.5 

5.0 

4.0 

3.0 

2.5 

2.0 

1.66 

1.33 

1 .o 
0.8 

0.6 

0.4 

0.3 

0.2 

0.1 

0 .O5 

0.02 . 



- l o  - 

Table 7 : EURLIB Group Structure 

I 
Group Energy Range 




