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INTRODUCTION 

I The P a r i s  meeting on S e n s i t i v i t y  Studies and Shielding Benchmarks was 
t h e  t h i r d  i n  t h e  s e r i e s  of meetings i n i t i a t e d  by t h e  EACRP i n  June 1973 with 
the aim of co-ordinating work on t h e  assessment of da ta  f o r  sh ie ld ing 
ca lcu la t ions ,  and exchanging r e s u l t s  of i n t e g r a l  benchmark experiments. It 
was envisaged t h a t  the  experimental and t h e o r e t i c a l  programnes reviewed a t  
these meetings would lead,  u l t imate ly ,  t o  a  revised data request  l i s t  covering 
t h e  broader a rea  of sh ie ld  design f o r  f a s t  and thermal r eac to r s  which includes 
energy-deposition ca lcula t ions  f o r  in-core gamm heating and breeder/diagrid 
damage s tud ies .  

2 The s p e c i f i c  object ives of the  P a r i s  meeting were t o  define t h e  co-ordinsted 
programmes of work which would be requ i re3  t o  e s t a b l i s h  an In te rna t iona l  Request 
L i s t  of Nuclear Data f o r  Shie ld  Design; t o  review the progress which had been 
made with t h e  benchmark experimental programme i n i t i a t e d  a t  the  f i r s t  meeting 
held a t  I sp ra  i n  Apr i l  1973; and, i n  t h e  l i g h t  of the  experience gained, t o  
i d e n t i f y  t h e  respect ive  r o l e s  of d i f f e r e n t i a l  and i n t e g r a l  measurements i n  
meeting new data  requirements. 

a 3 The current  r e a c t o r  da ta  request  l i s t s  do not adequately r e f l e c t  the  
needs of s h i e l d  designers and t h i s  can be a t t r i b u t e d  t o  th ree  main fac to r s .  
I n  the  f i r s t  place,  it i s  d i f f i c u l t  t o  a r r i v e  at a  general ly agreed statement 
of design c r i t e r i a  s ince t h e  t a r g e t  accuracies  a r e  more c lose ly  r e l a t e d  t o  
s p e c i f i c  design i s sues  than those of r e a c t o r  physics, and a r e  pr imar i ly  matters  
of individual  commercial judgement. Secondly, t h e  importance a t t r i b u t e d  t o  the 
accuracy of bas ic  nuclear  da ta  i s  s t rongly  dependent on t h e  type of method 
employed f o r  s h i e l d  design. Most commercial r e a c t o r  sh ie ld ing has been ca r r i ed  
out using well-proven combinations of codes embodying s impl i f ied  ca lcu la t iona l  
models with da ta-se ts  based on o l d  cross-sect ion l i b r a r i e s .  The e f f e c t s  of 
iiata e r r o r s  i n  such methods a r e  of ten  obscured by the  inherent  physica l  
approximations. Their  extension t o  handle new s i t u a t i o n s  has more r e a d i l y  
been accomplished by modifying t h e  models or by changing t h e  correc t ion  f a c t o r s  
quoted f o r  design appl ica t ions  using mock-up experiments, r a t h e r  than by seeking 
improvements i n  t h e  accuracy of t h e  b a s i c  da ta  f i l e s .  F inal ly ,  although more 
r igorous  t r anspor t  methods have been employed i n  design ca lcula t ions  f o r  many 
years ,  t h e r e  have u n t i l  r ecen t ly  been no s a t i s f a c t o r y  techniques ava i l ab le  f o r  
inves t iga t ing  t h e  s e n s i t i v i t y  of such methods i n  deep penet ra t ion  ca lcula t ions  

0 
t o  unce r t a in t i e s  in t h e  bas ic  cross-sect ion data. 

4 With the  increas ing emphasis on t h e  use of t r anspor t  codes f o r  sh ie ld ing 
ca lcula t ions  i n  both performance assessment and commercial design work - 
pr inc ipa l ly  discrete-ordinate (S ) and Monte Carlo methods - it has been c l e a r  
f o r  some time t h a t  unce r t a in t i e sn in  t h e  bas ic  nuclear  da ta  have been inf luencing 
design i ssues .  Two s ign i f i can t  developments have emerged during the  l a s t  few 
years ,  however, which now make the  proper assessment of sh ie ld ing data  requi re-  
ments a f e a s i b l e  proposi t ion,  namely: 

(i) t h e  a v a i l a b i l i t y  of one-dimensional per turbat ion  codes f o r  
da ta - sens i t iv i ty  s t u d i e s  i n  deep penet ra t ion  ca lcula t ions  with 
ad jo in t  and/or correlated-tracking Monte Carlo f o r  multi-dimensional 
problems; 

and (ii) t h e  r e a l i s a t i o n  of techniques f o r  quantifying t h e  e r r o r  assignments 
on spectrum measurements made i n  i n t e g r a l  benchmark experiments 
covering a  wide spat ial /energy range. 



For a given range of sh ie ld ing  problems it now appears f e a s i b l e  t o  e s t a b l i s h  
which da ta  a r e  con t ro l l ing  t h e  predic t ion  of design parameters, and whether 
t h e  c o r r e s ~ o n d i n g  t a r g e t  accuracies  can be met within the  quoted u n c e r t a i n t i e s  
on these  d a t a  i n  t h e  evaluated f i l e s .  A t  the  same time, s e n s i t i v i t y  a n a l y s i s  
can be u t i l i s e d  t o  design an i n t e g r a l  benchmark experiment i n  which the scope 
and p r e c i s i o n  of spectrum measurements i s  adequate, a t  l e a s t ,  t o  check t h e  
e r r o r  assignments of t h e  evaluat ions  and, poss ib ly ,  t o  i n d i c a t e  t h e  o r ig in ,  
sense and magnitude of the  s i g n i f i c a n t  e r ro r s .  

5 An i n t e r n a t i o n a l  meeting i n  Vienna supported by t h e  IAEA t o  review t h e  
d i f f e r e n t i a l  nuclear  da ta  f o r  sh ie ld ing  was proposed as long ago a s  Apr i l  1972, 
but  t h i s  was subsequently postponed u n t i l  t h e  necessary groundwork could be 
completed which would enable the  accuracy requirements t o  be proper ly  
es tabl i shed.  It was argued a t  t h e  P a r i s  meeting, however, t h a t  the time 
i s  now r i p e  f o r  a  co-ordinated programme of da ta  assessment s t u d i e s  t o  b e  
i n i t i a t e d  and t h a t  t h e  prel iminary f ind ings ,  taken i n  conjunction with r e s u l t s  
of i n t e g r a l  benchmark experiments, could enable a more r e a l i s t i c  d a t a  request  
l i s t  t o  be drawn up by about t h e  Autumn of 1976. With t h i s  aim i n  view, the 
methodology of s e n s i t i v i t y  ana lys i s  was examined and a co-ordinated programme 
of f u r t h e r  work was drawn up i n  order  t o  e s t a b l i s h  t h e  c a l c u l a t i o n a l  t o o l s  
r equ i red  f o r  t h i s  exerc ise ;  p a r t i c i p a n t s  ou t l ined  t h e  types  of s h i e l d  wh.ich 
they  proposed t o  analyse,  covering a wide range of fast and thermal r e a c t o r  
types; and a f i r m  recommendation was made t o  the IAEA and NFA t h a t  the  Vienna 
meeting should be held i n  October 1976. Whilst  t h e  main purpose of t h i s  
meeting was t o  i d e n t i f y  t h e  da ta  requirements and r e v i s e  t h e  r eques t  l i s t ,  
it would a l s o  provide a convenient opportunity t o  review progress i n  the  
co-ordinated programme of benchmark experiments. A l is t  of s p e c i f i c  ob jec t ives  
was accordingly drawn up and it was agreed t h a t  t h e  t i t l e  should be: 

"Spec ia l i s t  Meeting on D i f f e r e n t i a l  and I n t e g r a l  Data Requirements 
f o r  Shielding Calculat ions" 

STATE-OF-THE-ART REVIEW 

6 In orde r  t o  draw up a co-ordinated programme of work requ i red  t o  e s t a b l i s h  
an I n t e r n a t i o n a l  Data Request L i s t  f o r  Shielding a t  the  proposed Vienna meeting, 
it was f i rs t  necessary t o  e s t a b l i s h  those ca lcu la t iona l  c a p a b i l i t i e s  which were 
ava i l ab le  i n  the  p a r t i c i p a t i n g  l abora to r i e s .  Secondly, with t h e  a i m  of a r r i v i n g  
by t h a t  time at  a d e f i n i t i v e  statement of the  r o l e s  of d i f f e r e n t i a l  and i n t e g r a l  
measurements i n  meeting t h e s e  requests ,  considerable a t t e n t i o n  was given t o  t h e  
r ap id ly  improving technology of 'penet ra t ion  benchmarks' which stemmed l a r g e l y  
from t h e  i n i t i a t i v e s  taken o r i g i n a l l y  a t  the . I sp ra  meeting. 

7 A t o t a l  of 19 papers was t ab led  a t  t h e  meeting which was a t t ended  by 
3 0 . p a r t i c i p a n t s  from 9 countr ies ,  ELRATOM, and Jugoslavia,  toge the r  wi th  
r ep resen ta t ives  of t h e  two sponsoring organisat ions.  

8 The outstanding f e a t u r e  of t h e s e  presenta t ions  was t h e  major progress 
which had been made by a l l  organisa t ions  i n  both the  t h e o r e t i c a l  and 
experimental a r e a s  s ince  t h e  I s p r a  meeting. I n  p a r t i c u l a r ,  a l l  l a b o r a t o r i e s  
had implemented t h e  recommended A~?ISM/SWANLAKE route  f o r  s e n s i t i v i t y  ana lys i s ,  
t h e  EUICIB multigroup 'data s e t  had been launched, multidimensional s e n s i t i v i t y  
problems were being tackled  i n  severa l  l a b o r a t o r i e s  and a concerted attem.ot 
was a l r eady  being made on t h e  app l i ca t ion  of t h e s e  various techniques t o  
determine da ta  requirements f o r  p r a c t i c a l  problems. 



9 A comparable degree of progress  had been made with i n t e g r a l  benchmark 
experiments and t h e  development of both  a n a l y t i c a l  and measuring techniques. 
A notable  f e a t u r e  of t h i s  r ecen t  work was t h e  use of s e n s i t i v i t y  a n a l y s i s  f o r  
t h e  design of benchmark experiments with s e n s i t i v i t y  p r o f i l e s  matched t o  those  
obtained i n  p r a c t i c a l  design s i t u a t i o n s .  It a l ready c l e a r  t h a t  neutron 
benchmark pene t r a t ion  experiments would u l t i m a t e l y  ackieve t h e  s tandards of 
p rec i s ion  needed t o  e n a b l e  a  l a r g e  propor t ion  of t h e  requirements t o  be 
omitted from t h e  r ev i sed  Request L i s t  f o r  sh ie ld ing .  

13 Considerable i n t e r e s t  was expressed i n  t h e  new EFDF/BIV e r r o r  f i l e s  and 
the  a s soc ia t ed  processing modules i n  MINX. It was agreed t h a t  a  reques t  should 
be made t o  t h e  NEA/cPL t o  implement both MC2-2 and MIYX a s  soon a s  poss ib l e ,  
recognising t h a t  t h e r e  were some hardware l i m i t a t i o n s  t o  be overcome i n  order  
t o  accommodate t h e  l a t t e r  on t h e  I s p r a  computer. 

Methodology of S e n s i t i v i t y  Analvsis  ( ~ r  E M 0blow) 

11 D r  Oblow sa id  t h a t  t h e  widespread use of t h e  ANISN-SYANLAKE codes ind ica t ed  

a t h a t  t h e  methods had been wel l  t e s t e d  and t h a t  t h e  r e s u l t s  were r e a d i l y  accepted 
and e a s i l y  communicated. Since ANISN-SWANLAKE was r e a d i l y  a v a i l a b l e  it could 
be  adopted a s  a  s tandard  f o r  any co l l abora t ive  work which might be agreed upon. 
Other one-dimensional s e n s i t i v i t y  codes were discussed,  bu t  i t w a s  c l e a r  t h a t  t h e  
b a s i c  methodology used  i n  them was t h e  same a s  t h a t  employed i n  P.iYISPT-SWANLArCE. 
These o the r  codes might s e rve  a s  an independent check on r e s u l t s  obtained i n  any 
co l l abora t ive  programme. 

1 2  Developments i n  two-dimensional d i sc re t e -o rd ina te s  s e n s i t i v i t y  methodology 
us ing  DOT and VIP a t  O R N L  and a  pseudo-two-dimensional method using one-dimensional 
codes wi th  f i c t i t i o u s  absorpt ion  t o  represent  leakape a t  Winfr i th  were reported.  
These developments opened up t h e  a r e a  of s e n s i t i v i t y  a n a l y s i s  of p r a c t i c a l  s h i e l d  
design problems and i n t e g r a l  experiments. The methods mere not ,  however, we l l  
documented and t h i s  f a c t ,  i n  add i t ion  t o  poss ib l e  d i f f i c u l t i e s  i n  us ing  DOT, 
might slow e f f o r t s  i n  t h i s  a r e a  ou t s ide  of Om%. Correlated-sampling Monte Carlo 
remained t h e  only p o t e n t i a l  method f o r  handling three-dimensional da t a  s e n s i t i v i t y  
a n a l y s i s  problems exac t ly  wi th  t r a n s p o r t  theory.  Despite t h e  f a c t  t h a t  only one 
paper  was presented  on t h i s  nethod (Appendix 1 ,  para.  3 t h e  approach was a  wel l  
e s t ab l i shed  pe r tu rba t ion  technique which should be a ~ p l i e d  more extens ive ly  t o  
cross-sect ion problems. It was s u r p r i s i n g  t h a t  no papers  had been t a b l e d  on 
multidimensional d i f fus ion  theory s e n s i t i v i t y  methodology which e x i s t e d  i n  t h e  
European r e a c t o r  phys ics  community and could be  r e a d i l y  aop l j ed  t o  some sh ie ld ing  
problems. 

13 Severa l  important l i m i t a t i o n s  of t h e  b a s i c  d i sc re t e -o rd ina te s  s e n s i t i v i t y  
a n a l y s i s  were brought out i n  d iscuss ions .  F i r s t ,  t h e  inherent  r e s t r i c -  
t i o n  of l i n e a r  pe r tu rba t ion  expressions t o  small  changes i n  da ta  e x i s t e d ,  
and care should be  exerc ised  i n  i n t e r p r e t i n g  e f f e c t s  of l a r g e  changes i n  deep 
pene t r a t ion  problems. Second, e r r o r s  i n  f l u x e s  and a d j o i n t s  were r e f l e c t e d  t o  
second order  i n  t h e  sens i t j .v i ty  p r o f i l e ,  bu t  care  should be  exerc ised  i n  checking 
models by us ing  t h e  non-adjointness proper ty  of S  equat ions t o  g e t  good agreement 

4 . .  between forward and a d j o i n t  r e s u l t s  be fo re  a s e n s l t l v l t y  study was begun. Agree- 
ment t o  h igher  order  accuracy than  the  e f f e c t s  being s tud ied  should be achieved 
i n  t h e s e  comparisons. 

14 T!x more widespread a p p l i c a t i o n  of t h e  methodology appeared t o  be t h e  
genera t ion  of one-dimensional s e n s i t i v i t y  p r o f i l e s  f o r  sh'ield design and 
experimental a n a l y s i s .  Such r e s u l t s  were r epor t ed  i n  most papers .  This  use  of 
s e n s i t i v i t y  information was mostly d i r e c t e d  a t  understanding t h e  t r a n s p o r t  process  



and t h e  r e l a t i v e  importance of b a s i c  cross-sect ion d a t a  i n  s p e c i f i c  energy 
ranges. This work was extensive,  commendable, and formed t h e  much needed b a s i s  
f o r  a co l l abora t ive  e f f o r t .  

15 Per tu rba t ion  a p p l i c a t i o n s  of s e n s i t i v i t y  ana lys i s  were l e s s  widely discussed 
even though t h i s  a l s o  was an important app l i ca t ion  of t h e  methodology. Papers 
d i d  r e f l e c t  p red ic t ive  app l i ca t ions  f o r  group boundary s e l e c t i o n  and cross-sec t ion  
adjustment methodology. This  passed up t h e  s t rong a p p l i c a b i l i t y  of p r e d i c t i v e  
methods f o r  understanding the  e f f e c t s  of d i f f e rences  i n  the  da ta  f i l e s  used i n  
s h i e l d i n g  a n a l y s i s ,  an important a rea  of concern i n  a co l l abora t ive  p rograme  
based on t e s t i n g  severa l  d i f f e r e n t  multigroup da ta  f i l e s .  

16 Uncertainty a n a l y s i s  app l i ca t ions  appeared i n  papers from t h e  U S .  and 
probably would be one of t h e  more important development and app l i ca t ion  items 
f o r  t h e  f u t u r e  i n  terms of determining cross-sect ion data  needs. Work i n  t h i s  
a r e a  was c u r r e n t l y  hampered by t h e  u n a v a i l a b i l i t y  of ENDF/B e r r o r  f i l e  da ta  
outs ide  of t h e  U.S. and even wi th in  t h e  U.S. A s  these  f i l e s  became more 
ava i l ab le  and the  formats and processing of such data  became b e t t e r  understood, 
t h i s  technique should l e a d  t o  more q u a n t i t a t i v e  assessments of t a r g e t  c ross-sec t ion  
data  accuracy requirements. The general  unce r t a in ty  a n a l y s i s  methodology with 
emphasis on inc lus ion  of r e l evan t  i n t e g r a l  experiment r e s u l t s  was not  d iscussed 

a 
i n  enough d e t a i l  t o  judge how b e s t  t o  use i n t e g r a l  measurement information. In 
p a r t i c u l a r ,  t h e  r e l a t i o n s h i p  between uncer t a in ty  es t imat ion  and cross-sect ion 
adjustment methodology was s t rong  in t h e  O W  approach which l e a d  one t o  be l i eve  
t h a t  European e f f o r t s  i n  adjustment should p lay  a l a r g e  r o l e  i n  developments i n  
t h i s  area.  

17 The conclusion which could b e  drawn from t h e  methodology standpoint  was t h a t  
important da ta  r eques t s  could be i d e n t i f i e d  f o r  a wide range of s h i e l d i n g  problems 
only in a q u a l i t a t i v e  o r  semi-quantitative sense. This  c a p a b i l i t y  l a y  i n  t h e  
a b i l i t y  t o  analyse  s e n s i t i v i t y  p r o f i l e s  r ep resen ta t ive  of gener ic  s h i e l d  design 
and couple t h i s  information wi th  some knowledge of t h e  s t a t e  of accuracy of t h e  
base  da ta  f i l e .  Despite t h e  caut ious  manner i n  which t h i s  conclusion was s t a t e d ,  
it represented  a l a r g e  s t ep  forward i n  drawing up a meaningful d a t a  request  l i s t .  
More q u a n t i t a t i v e  assessments would have t o  await f u t u r e  developments i n  the  a r e a  
of unce r t a in ty  a n a l y s i s  and a v a i l a b i l i t y  of EMDF/B-IV and ENDF/B-V e r r o r  f j l e  
da ta .  

18 Despite the  a v a i l a b i l i t y  of an adequate base methodology, t h r e e  o t h e r  
f a c t o r s  were c r u c i a l  f o r  meeting t h e  goals  s t a t ed .  F i r s t ,  a s i g n i f i c a n t  number 
of benchmark experiments and gener ic  s h i e l d  design problems would have t o  be 
agreed and analysed with s e n s i t i v i t y  methods.to generate a l i b r a r y  of 
r e l evan t  s e n s i t i v i t y  p r o f i l e s .  Second, t a r g e t  accuracies  i n  responses of 
i n t e r e s t  f o r  the design of gener ic  r e a c t o r  systems would have t o  be put  f o r t h  
wi th  some degree of thought. Third, an assessment of i q o r t a n t  d iscrepancies  
a r i s i n g  i n  r e l evan t  i n t e g r a l  measurements i n  a d d i t i o n  t o  the  assessment of 
cross-sec t ion  uncer t a in ty  information would have t o  be made. Such information 
would be used t o  a s s e s s  the  cu r ren t  s t a t u s  of the  da ta  f i l e s  i n  meeting t a r g e t  
design accuracies.  F ina l ly ,  i t  could be concluded t h a t  s i g n i f i c a n t  progress had 
been made i n  applying s e n s i t i v i t y  codes. The methodology w a s  at  l e a s t  keeping 
pace wi th  and , in  some cases,  leading t h e  way t o  f u t u r e  app l i ca t ions  which had 
a d i r e c t  bearing on the  s o l u t i o n  of p r a c t i c a l  s h i e l d  design problems and assess-  
ment of cross-sect ion da ta  needs. 

S e n s i t i v i t y  Studies  on P r a c t i c a l  Shield Designs ( ~ r  A F ~ v e v )  

19 M r  Avery s u g g e s t e d t h a t  t h e  quest ion which eventual ly  had t o  be answered 
was "What f u r t h e r  measurements of i i i f f e r e n t i a l  cross-sect ions were needed f o r  
s h i e l d  design?". The reply ,  which had t o  be given i n  terms of i so tope ,  r eac t ion  



and required accuracy, depended upon t h e  answers t o  two subs id iary  questions. 
F i r s t l y ,  "Were the  avai lable  da ta  sa t i s fac to ry?"  and i f  not then, secondly, 
"Were f u r t h e r  d i f f e r e n t i a l  measurements the b e s t  way of remedying t h e  
deficiencies?".  The l a t t e r  question would perhaps be answered i n  t h e  
discussions of what could be learned from benchmark experiments, and he went 
on t o  review b r i e f l y  the  way i n  which the adequacy of current  da ta  was assessed. 

20 The f i r s t  requirement was t o  s e t  a t a r g e t  accuracy f o r  the  response of 
i n t e r e s t  i n  t h e  p r a c t i c a l  design. The paper by Herrenberger e t  a 1  summarised 
t h e  t a r g e t  accuracies suggested by t echn ica l  personnel connected n i t h  sh ie ld ing 
f o r  such responses a s  heat ing,  displacements, ac t iva t ion ,  b io log ica l  dose and 
instrumentat ion output. These ranged genera l ly  from the  order  of 2 2% f o r  
displacements and heat ing t o  f a c t o r s  of two f o r  external  dose, although the  
l a t t e r  could be required much more accura te ly  when it provided unwanted background 
at  a research f a c i l i t y  f o r  example. Sim$larly, t h e  papers by Gers t l  e t  a 1  and 
Avery e t  a 1  quoted t a r g e t  accuracies of - 5% f o r  dose-rates and - 2% f o r  
displacement-rates without at tempting t o  justif'y them. It w a s  important t h a t  
t h e  t a r g e t  accuracies be given careful  considerat ion t o  ensure t h a t  they were 
cons is tent  with t h e  accuracy with which the  responses could be used and, moreover, 
t h a t  they were j u s t i f i e d  by t h e  cost  pena l t i e s .  The l a t t e r  were very much 
dependent upon t h e  p a r t i c u l a r  r e a c t o r  design under considerat ion,  but  i t  w a s  
important t o  give as much information a s  poss ib le  without prejudicing t h e  
commercial aspects.  

21 The next s t ep  towards formulating data  requests  was t o  ensure t h a t  t h e  
e r r o r s  from other  sources would not  introduce major unce r t a in t i e s .  The method of 
ca lcu la t ion  and the  representa t ion  of t h e  s h i e l d  should be s u f f i c i e n t l y  accura te  
t o  c rea te  pressure  f o r  improvement i n  cross-sect ion data  a s  a way of achieving 
t h e  t a r g e t  accuracy. The accuracy of method and model could usual ly  be judged 
by comparisons between the  predic t ions  of d i f f e r e n t  approaches o r  by comparisons 
with experiment. The uncer ta in ty  i n  a response due t o  cross-sections could be 
estimated by the  use  of s e n s i t i v i t y  ca lcula t ions ,  together  with the  evaluators '  
assessments of t h e  e r r o r s  associa ted  with t h e  data. The papers of Gers t l  e t  a l ,  
Avery e t  a 1  and Oblow a l l  described t h i s  approach using per turbat ion  methods t o  
obtain t h e  s e n s i t i v i t i e s  of various responses t o  changes i n  cross-sect ion da ta  
i n  p r a c t i c a l  s h i e l d  designs. Important f indings  of t h i s  work were t h e  need t o  
examine p a r t i a l  cross-sections and t o  take  account of t h e  co r re la t ions  between 
them. This  w a s  demonstrated i n  the  American r e s u l t s  by t h e  use of covariance 
matrices t o  enable t h e  ef fec ts  of changes i n  cross-sect ions t o  be combined i n  a 
r e a l i s t i c  way. The a v a i l a b i l i t y  of e r r o r  da ta  and covariance matrices i n  m~TDF/B-I~ 
toge the r  with the  computer codes f o r  processing them, marked a s i g n i f i c a n t  s t ep  
forward. I n  the  work of Gers t l  e t  a 1  and of Avery e t  a 1  it had been shown t h a t  
i n  most cases acceptance of t h e  evaluators '  assessments of the  accuracy l e d  t o  an 
uncer t a in ty  due t o  da ta  which s t i l l  enabled the  t a r g e t  accuracy t o  be met. I n  
these  ins tances  the re  was thus  no need f o r  improvement i n  data. It would s t i l l  
be important, however, t o  check t h e  evaluators '  assessments of the  accuracies of 
d i f f e r e n t i a l  da ta  by comparing predic t ions  and measurements i n  benchmark experiments. 

22 I n  one case examined i n  h i s  own paper, M r  Avery sa id  t h a t  the  uncer ta in ty  
of t h e  predic ted  response due t o  estimated e r r o r s  i n  t h e  cross-section data  
was not  s u f f i c i e n t  t o  meet the  t a r g e t  accuracy. I n  t h i s  instance an improvement 
i n  cross-sect ions f o r  one mater ia l  over a r e s t r i c t e d  energy range had been 
proposed as a way of meeting t h e  accuracy requirement. There were very many 
ways of improving t h e  cross-sect ions,  a l l  of which would produce the  t a r g e t  
accuracy and t h e  choice of su i t ab le  guide-lines o r  cons t ra in t s  t o  enable a 
decision t o  be made was e s s e n t i a l l y  subject ive.  Oblow described an approach 
i n  which t h e  "cost" of improving a cross-sect ion was included and t h e  "bes t"  
combination of data improvement found by mjnimising t h i s  cost .  No p r a c t i c a l  
examples a r e  given applying t h i s  approach. One could envisage t h e  subjec t ive  



na tu re  of t a r g e t  accuracies  being removed i f ,  ins tead ,  t h e  e f f e c t  of 
u n c e r t a i n t i e s  i n  t h e  p r a c t i c a l  design were a l s o  expressed a s  a  cos t  funct ion  
and a minimum of t h e  cos t s  .of measurements and t h e  cos t  p e n a l t i e s  i n  design 
were then sought. The b e n e f i t s  of such an approach, however, would not  be 
r e s t r i c t e d  t o  t h e  sh ie ld ing  of a s i n g l e  r e a c t o r ,  and it would not  be f e a s i b l e  
t o  contemplate including cos t  p e n a l t i e s  f o r  da ta  u n c e r t a i n t i e s  i n  a l l  of t h e i r  
poss ib le  app l i ca t ions .  I n  deciding which cross-sect ion data  should be a t tacked,  
however, it would be use fu l  t o  have s e n s i t i v i t y  p r o f i l e s  a v a i l a b l e  f o r  t h e  
p r a c t i c a l  s i t u a t i o n s  so t h a t  da ta  which would enable severa l  t a r g e t  accuracies  
t o  be met could be examined f i rs t .  

23 Thus, i n  order  t o  be a b l e  t o  consider  da ta  requirements at  t h e  proposed 
Vienna meeting i n  1976, i t  would be necessary t o  a s sess  t h e  adequacy of t h e  
ava i l ab le  data.  The papers which had been presented i l l u s t r a t e d  how t h i s  
could be achieved. In d e t a i l ,  t h e  requirements were: 

(a)  Assessments of t a r ~ e t  accuracies  f o r  s p e c i f i c  r e a c t o r  types  

These should be based upon p r a c t i c a l  ca lcu la t ions  us ing the  des igner ' s  own 
in-house d a t a  s e t s  r a t h e r  than i d e a l i s e d  s i t u a t i o n s  so t h a t  the  
u n c e r t a i n t i e s  a r i s i n g  from o t h e r  causes and t h e  c o s t  p e n a l t i e s  could 
b e  included i n  t h e i r  j u s t i f i c a t i o n .  

( b )  S e n s i t i v i t y  ca lcu la t ions  f o r  p r a c t i c a l  response funct ions  

The uncer t a in ty  due t o  cross-sect ion e r r o r s  could then be der ived 
by weighting them with t h e  s e n s i t i v i t i e s  and combining then! us ing  
t h e  covariance matrices when avai lable .  Even when t h e  f u l l  ana lys i s  
with covariances was not  poss ib le  it would be use fu l  t o  look at t h e  
l i m i t s  implied by s t ra ight forward  combinations of e r r o r s  a s  described,  
f o r  example, by Gers t l  e t  al. 

( c )  Checks of evaluators '  assessments of t h e  e r r o r s  

The ana lys i s  proposed i n  ( b )  above was based upon the  evaluators '  
es t imates  of the  accuracies  of d i f f e r e n t i a l  cross-sect ions.  Benchmark 
experiments would be needed t o  check these  assessments and perhaps t o  
modify them as was done with,  f o r  example, t h e  Oak Ridge code FIREBIRD 
in t h e  FORSS system described by Oblow. 

(a) I d e n t i f i c a t i o n  of da ta  requirements 

The r e s u l t s  of t h e  s t e p s  ( a ) ,  ( b )  'and ( c )  ou t l ined  above would be 
t o  i n d i c a t e  those s i t u a t i o n s  i n  which t h e  da ta  needed t o  b e  improved. 
These could then be t r a n s l a t e d  i n t o  s p e c i f i c  da ta  requirements i f  some 
system of cons t ra in t s ,  as discussed by Avery e t  a1 and Oblow, was 
imposed. 

The Analysis of Benchmark Experiments ( ~ r  A K Mc~racken) 

24 M r  McCracken s a i d  t h a t  i n  t h e  papers which had been presented a t  t h e  
meeting, th ree  broad approaches t o  t h e  ana lys i s  of experiments could be discerned. 
Those by Bouteau and h i s  co l l abora to r s  described an at tempt t o  produce a simple,' 
cheap method of ca lcu la t ion  - a ' formula i re '  - which would accura te ly  desc r ibe  
t h e  propagation of neutrons i n  a  v a r i e t y  of iron/scdium mixtures of relevance t o  
t h e  French r e a c t o r  programme; adjustment of t h e  method t o  achieve agreement mith 
measurement was envisaged. The objec t ive  of t h i s  work was e s s e n t i a l l y  short-term - 
t h e  bu i ld ing  of an adequately sh ie lded r e a c t o r  of a  c e r t a i n  type. This approach 



succeeded admirably i n  i t s  l jmi ted  purpose but  it threw l i t t l e  l i g h t  on t h e  
adequacy of bas ic  da ta  o r  on t h e  methods of ca lcu la t ion  appl ied  i n  configurat ions 
d i f fe r ing  from t h a t  of t h e  measurements. The papers of G e r s t l  and Avery, l i k e  
those of Bouteau, were concerned with problems of i n t e r e s t  t o  designers.  Unlike 
Bouteau, however, they  had applied s e n s i t i v i t y  ana lys i s  i n  conjunction with 
unsimplif ied t ranspor t  ca lcula t ions  t o  inves t iga te  the  e f f e c t s  of b a s i c  da ta  
u n c e r t a i n t i e s  on t h e  p red ic t ion  of spec i f i ed  react ion-rates.  This  type of 
ana lys i s ,  at  present  unsupported by experiment, had been covered by M r  Avery's 
summary. 

25 A s ingle-material  benchmark experiment made no spec i f i c  concessions t o  t h e  
problems of a  designer a p a r t  from t h e  choice of a  material, say i ron ,  which i s  
i n  widespread use i n  r eac to r s .  The outcome of such a n  experiment would be 
confidence ( o r  l ack  of it) in t h e  a b i l i t y  of a  method of ca lcu la t ion  with i t s  
associa ted  data  t o  p red ic t  measurements over a wide energy range, and over a  
depth of penet ra t ion  g r e a t e r  than any l i k e l y  t o  be met with i n  p rac t i ce .  If 
t h e  experiment was analysed wi th  a  t r anspor t  ca lcu la t ion  i n  conjunction with a  
per turbat ion  code inferences could be drawn about t h e  s t a t e  of the  b a s i c  da ta  
used i n  t h e  ca lcula t ion .  I n  reconci l ing  ca lcu la t ion  with experiment r e a l i s t i c  

0 est imates of e r r o r s  i n  t h e  measurements were required.  I f  these  comprised a 
s e t  of unfolded f l u x  spect ra  it was poss ib le  t o  est imate the  s tochas t i c  e r r o r  
on t h e  f l u x e s  due t o  causes l i k e  counting s t a t i s t i c s .  In c e r t a i n  circumstances, 
f o r  example i n  t h e  highly s t r u c t u r a l  spec t ra  found in i ron,  it was important t o  
take account of systematic e r r o r s  induced by the  energy c a l i b r a t i o n  of t h e  
instruments - t hese  might well  be l a r g e r  than t h e  s tochas t i c  e r ro r s .  I n  order  
t o  check t h a t  individual  workers could u s e f u l l y  compare r e s u l t s  it had been 
suggested by D r  But ler  t h a t  the  d o l d i n g  of a  s tandard spectrum l i k e  2 5 2 ~ f  
might be used a s  a  t e s t  of t h e  a b i l i t y  t o  a sc r ibe  r e a l i s t i c  e r r o r s  t o  a measuring 
technique. Having es tab l i shed  confidence in the  measurements they could b e  
u t i l i s e d  i n  t h e  ad jo in t  source u s e d i n  s e n s i t i v i t y  ca lcula t ions .  M r  McCracken 
drew a t t e n t i o n  t o  a  suggestion i n  the paper by Mr Grimstone and himself t h a t  an 
i d e a l  source f o r  use with SWANLAKE w a s  

+ gj - -Yj 
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0 where $. and 'f. wererespectively components of t h e  ca lcula t ion  and unfolded 
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f l u x  spectrum. This  l e d  d i r e c t l y  t o  a s e n s i t i v i t y  p r o f i l e  equal t o  t h e  r a t e  of 
change of t o t a l  goodness-of-fit between measurement and ca lcula t ion  wi th  data 
cross-section. Having es tab l i shed  t h i s  d i f f e r e n t i a l  it was merely a  matter  of 
t a c t i c s  t o  minimise 

by t h e  choice of t h e  xi t o  f i n d  t h e  optimum da ta  adjustments. I n  t h i s  
procedure it w a s  poss ib le  t o  draw a  use fu l  conclusion about t h e  v a l i d i t y  of 
t h e  accuracy es t imates  on t h e  cross-sect ions and t h e  f luxes  by comparing the  
weighted sums of squares of t h e  r e s i d u a l  deviat ions wi th  t h e  expected value 
which was given by:- 



where N was t h e  number of components of t h e  measured spectrum. 
$ 

These e r r o r  assessments and adjus ted  group cross-sect ions,  with t h e i r  a s s o c i a t e d  
c o r r e l a t i o n s ,  f o r  a  t r a n s p o r t  ca lcu la t ion  and t h e  goodness-of-fit achieved when 
these  ad jus ted  cross-sect ions were app l i ed  t o  the  p r e d i c t i o n  of t h e  measurements, 
appeared t o  be t h e  main immediate products of a  s ingle-mater ia l  benchmark 
experiment. 

26 It was genera l ly  accepted t h a t '  it was no t  p rac t i cab le  t o  th ink  i n  terms 
of a l t e r i n g  b a s i c  da ta  f i l e s  on t h e  b a s i s  of a s ing le  experiment - what was 
obtained could serve a s  a guide t o  evaluators ,  t o  be taken i n  conjunction wi th  
a l l  o t h e r  evidence. 

27 The problem had been posed of a r r i v i n g  a t  a  concensus of f i n d i n g s  from t h e  
various experiments i n  i r o n  being undertaken by p a r t i c i p a n t s  a t  t h i s  meeting. 
Clearly,  t h e  use  of common methods of c a l c u l a t i o n ,  data s e t s  and method of 
a n a l y s i s  was important so  t h a t  a l l  c a l c u l a t o r s  were a t  l e a s t  making the  same 
mistakes. Equally c l e a r l y ,  a l l  experiments had t o  guarantee t h e  i n t e g r i t y  of 
our measurements by some exerc i se  such a s  t h a t  suggested e a r l i e r  i n  t h i s  summary. 
It seemed d e s i r a b l e  t h a t  a l l  experiments should b e  analysed by a  s i n g l e  group 

m 
(in add i t ion  t o  such analyses a s  ind iv idua l  teams might wish t o  make of t h e i r  
experiments). Th i s  c e n t r a l  group could e i t h e r  t r y  t o  cons t ruct  a s i n g l e  
equivalent  benchmark experiment, a  concept which had been t h e  sub jec t  of some 
discuss ion,  o r  it could analyse  each experiment sepa ra te ly  t o  present  a weighted 
concensus conclusion - it w a s  n o t  immediately obvious t h a t  t h e r e  i s  any dipf'erence 
between these  approaches. 

28 A f u r t h e r  quest ion which had no t  been answered during t h e  d iscuss ion was 
t h e  number and type  of measurements r equ i red  t o  ca r ry  out  a good benchmark 
experiment. The i s s u e  of a c t i v a t i o n  d e t e c t o r s  versus spectrometers had a r i s e n  
severa l  times. P ro tagon i s t s  of the  former emphasised t h e i r  s i m p l i c i t y  and 
r e l i a b i l i t y ,  and it was claimed t h a t  ample experimental evidence could be 
obtained wi th  a s u i t a b l e  range of such de tec to r s ;  those  employing spectrometers  
argued t h a t  they were exp lo i t ing  a device which was eouivalent  t o  a very l a r g e  
number of a c t i v a t i o n  de tec to r s .  This problem could only be resolved by us ing 
both methods i n  a s i n g l e  experiment and analys ing the  r e s u l t s  separa te ly .  The 
co l l abora t ive  measurements i n  i r o n  would provide an opportunity f o r  t h i s  t o  be 
done; a  reasonable specu la t ion  would b e  t h a t  while spectrometers  gave more 
t o t a l  information a c t i v a t i o n  d e t e c t o r s  might be more cos t  e f f e c t i v e  in 
terms of information achieved p e r  u n i t  of s k i l l e d  e f f o r t  involved. 

The Role of I n t e g r a l  and D i f f e r e n t i a l  f>easurements i n  Imurovinp; Yuclcsr i)&; 
f o r  S h i c l d i n ~  ( ~ r o f e s s o r  3 F a r i n e l l i )  

2 9 .  Professor  F a r i n e l l i  s a i d  t h a t  t h e  i s s u e  of cross-sect ion adjustment had 
been a very con t rovers i a l  one f o r  a  number of yea r s  i n  r e a c t o r  physics; it 
seemed l e s s  l i k e l y ,  hovever, t h a t  i t  would s p l i t  the  s h i e l d i n g  community. 
There was an  important a r e a  of overlap which had emerged between t h e  "adjus-ters" 
and t h e  "non-adjusters" which might l e a d  towards a common approach t o  t h e  use 
of i n t e g r a l  r e s u l t s ;  t h e  d i v e r s i t y  t h a t  would remain being due t o  actual. 
d i f f e rences  of t h e  p a r t i c u l a r  s i t u a t i o n s  and of the r e a c t o r  development 
programmes. 

30 Having completed t h e  forward and a d j o i n t  ca lcu la t ions  with in-house and 
t h e  common EURLIB data  s e t s  t h e r e  were two courses open. I n  t h e  one case - " t h e  
c l a s s i c a l  U.S. approach" t h e  benchmark experiment was seen a s  a  t e s t  of t h e  
d i f f e r e n t i a l  da ta .  It was then necessary t o  evaluate  s e n s i t i v i t y  of the  i n t e g r a l  
r e s u l t s  t o  u n c e r t a i n t i e s  i n  t h e  nuc lea r  d a t a  and t o  s p l i t  accordingly the  d i f ference  



between predic ted  and observed r e s u l t s  among t h e  d i f f e r e n t  cont r ibut ions  
taking i n t o  account the  c o r r e l a t i o n  of e r ro r s .  The r e s u l t s  served t o  iden t i f -  
a r e a s  of discrepancy between i n t e g r a l  and d i f f e r e n t i a l  da ta  and of poss ib le  
shortcomings i n  t h e  l a t t e r .  This i n f o r m t i o n  was f e d  back t o  the  evaluators  
f o r  consideration. This might l e a d  t o  a  re-evaluation o r  a new request  i n  t h e  
WRINDA l i s t .  I n  t h i s  context,  many p a r t i c i p a n t s  had s t r e s s e d  the importance of 
having r e l i a b l e  assessments f o r  e r r o r s  and t h e i r  co r re la t ions ;  t h e  information 
ava i l ab le  i n  ENDF/B-IV was s t i l l  scarce but  it was expected t h a t  considerably 
more would become ava i l ab le  i n  t h e  new year. 

31 I n  the  o the r  extreme i n t e g r a l  r e s u l t s  were used t o  ad jus t  t h e  multi-group 
cross-sections within t h e i r  quoted e r r o r  bars  so bringing the predic t ions  i n t o  
much c lose r  agreement with experiment. For t h i s  purpose the  same ca lcu la t iona l  
t o o l s  were required,  namely: a  s e n s i t i v i t y  ana lys i s  of i n t e g r a l  r e s u l t s  t o  f i n e  
group data; an evaluat ion of t h e  uncer t a in t i e s  in t h e  d i f f e r e n t i a l  da ta  (with 
t h e  associa ted  e r r o r  co r re la t ions ) ;  and a  c r i t e r i o n  t o  subdivide t h e  uncer ta in ty  
among t h e  d i f f e r e n t  cross-sect ions and energy ranges. In  p r a c t i c e  the re  were 
some ind ica t ions  t h a t  the  p r a c t i c a l  outcomes were very similar, p a r t i c u l a r l y  i n  

a t h e  case of those ENDF evaluat ions where some account had been taken of i n t e g r a l  
information. 

32 There were severa l  l eve l s  a t  which t h e  adjustment procedure could be applied.  
The one which was c loses t  t o  the d i f f e r e n t i a l  da ta  was t h e  so-cal led Consistent 
Approach of Gandini e t  a1 by which only correc t ions  of cross-sections having 
physica l  meaning were applied such as changing level -dens i ty  parameters within 
assumed uncer t a in t i e s .  The next p o s s i b i l i t y  was t h e  standard UK approach of 
generat ing adjus ted  fine-group l i b r a r i e s  which were kept qui te  separa te  from 
t h e  d i f f e r e n t i a l  f i l e s .  Composition-dependent cross-sect ions were then generated 
from t h i s  l i b r a r y  f o r  each app l i ca t ion  and it  was updated when e i t h e r  new evaluated 
d i f f e r e n t i a l  information was obtained o r  when a  s u b s t a n t i a l  body of new i n t e g r a l  
r e s u l t s  became ava i l ab le .  A f u r t h e r  s impl i f i ca t ion  adopted i n  the  "f ormulaire" 
developed a t  Cadarache was t o  ad jus t  few-group cross-section s e t s  which were 
appl icable  only t o  a  l imi ted  range of compositions o r  t o  a  p a r t i c u l a r  type of 
design. I n  t h i s  approach severa l  d i f f e r e n t  problem-dependent cross-sections 
could be used and t h e  problem of cross-sect ion condensation was by-passed. 

33 During the discussion,  M r  Avery had r e f e r r e d  t o  the  Adjusted Diffusion 
Coefficient  method developed i n  t h e  UK. This was e s s e n t i a l l y  a  t o o l  f o r  
ext rapola t ion  from o r  in te rpo la t ion  between Monte Carlo o r  more r igorous 
ca lcula t ions .  The adjustments made t o  t h e  d i f fus ion  coe f f i c i en t  were spec i f i ca l ly  
intended t o  take up t h e  def ic iencies  of d i f fus ion theory ra the r  than b a s i c  data 
and t h e  method should be recognised a s  one of parameter adjustment a s  opposed t o  
da ta  adjustment. A s  such it did  not f a l l  within t h e  scope of t h e  meeting but  
it should be remembered t h a t  most of t h e  ex i s t ing  water r eac to r s  had, of 
necess i ty ,  been developed with procedures which i n  some cases were even more 
empirical .  Consideration of t h e  t imescales determined by reac to r  p r o j e c t s  
might the re fo re  determine the  u l t imate  course t o  be adopted i n  t h e  "dj . fferentja1 
versus i n t e g r a l "  controversy. 

Experience with the  Group Cross Section Library EURLIB and Updating t o  ENDFh-IV 
? ~ r  G Hehn) 

34 D r  Hehn sa id  t h a t  f o r  r e a c t o r  sh ie ld ing appl ica t ions ,  the  co l l ec t ion  of 
evaluateb cross-sect ions i n  the  ENDF/B l i b r a r y  was the  most complete one. This 
l i b r a r y w a s t h e  n a t u r a l  choice f o r  reference cross-sections i n  sh ie ld ing ca lcula t ions  
Since the data  processing codes i n  use had d i f f e r e n t  c a p a b i l i t i e s ,  unacceptable 
d i f ferences  could occur i n  producing group da ta  from point  data.  I n  addi t ion  t o  
the  bas ic  point  cross-sect ions,  some standard multigroup l i b r a r i e s  were therefore  



needed. For the  common f i e l d ' o f  core physics. and sh ie ld ing ,  t h e  CSWG group 
s t r u c t u r e  of 239 neutron groups had been proposed, of which t h e  I00 group 
EUIlLIB l i b r a r y  was a sub-set s p e c i f i c a l l y  processed f o r  sh ie ld ing .  The 
wide acceptance of t h i s  l i b r a r y  f o r  t h e  i n t e r p r e t a t i o n  of benchmarks i n  t h e  
NEA programme represented  an  important s t ep  forward i n  the  s t andard i sa t ion  
of da ta  which was an e s s e n t i a l  ingredient  of f r u i t f u l  co l l abora t ion .  

35 The various i n t e r p r e t a t i o n s  of d i f f e r e n t  benchmark experiments with t h e  
EUT(LIB l i b r a r y  provided t h e  b e s t  check of cross-sect ion data .  It had a l ready  
been shovm t h a t  resonance weighting was important f o r  i r o n  and f o r  r e a c t o r  
s t e e l s .  Some of t h e  d e f i c i e n c i e s  i n  t h e  i r o n  cross-sect ions could be avoided 
by us ing ENDF/B-IV. D r  Hehn then  went on t o  summarise t h e  present  s t a t u s  of t h e  
EURLIB l i b r a r y  and t h e  proposed changes i n  updating t o  ENDF/B-IV as follows:- 

(I ) Nuclides included 

Since var ious  ma te r i a l s  had t o  b e  considered i n  t h e  i r o n  and sodium 
i n t e g r a l  experiments with converters  and f a s t  r eac to r s ,  t h e  fol lowing 
nucl ides  were included i n  EURLIB-2: 

H, C ,  0, Na, A l ,  C r ,  Mn, Fe, N i ,  S i ,  Ca, Cn, U-35, U-38 

There were a l s o  reques ts  f o r :  B, N, Mg, Z r ,  Ba ,  Pb, Pu-39, and s p e c i a l  
weighted s t a i n l e s s  s t e e l .  

( 2 )  Number of neutron grou-ps 

The present  100 group s t r u c t u r e  of t h e  multigroup l i b r a r y  seemed t o  b e  
a good compromise. The extension t o  240 groups as proposed by t h e  CESWG 
t o  embrace corephysics requirements w a s  no t  p r a c t i c a l  f o r  sh ie ld ing  
ca lcula t ions .  Problem-dependent condensed vers ions  were ava i l ab le  
comprising 33 groups and 1 5  groups respec t ive ly  f o r  deep pene t ra t ion  
ca lcu la t ions  wi th  DOT and MORSE. 

( 3 )  S c a t t e r i n e  moments 

The present  P, t runca t ion  was judged t o  be s u f f i c i e n t  f o r  most 
applications. '  The inc lus ion  of gamma data  and some s p e c i a l  
requirements f o r  extens ion t o  t h e  P approximation were c u r r e n t l y  
being considered. 5 

(4) Weighting 

Generally, t h e  weighting was '/E f o r  E (0.82 MeV 
and X/E f o r  E > 0.82 MeV 

For i r o n  and s t a i n l e s s  s t e e l  narrow resonance weigLting was used. 

(5) The thermal group 

Norml ly  a water-moderated Maxwellian spectrum was used f o r  averaging 
t h e  cross-sect ions.  For t h i c k  s l a b s  of i ron ,  s t a i n l e s s  s t e e l  and 
sodium t h e  hardened spectrum of t h e  s p e c i a l  nucl ides  was applied.  

( 6 )  Applicat ion f o r  d i f fus ion  ca lcu la t ions  

I n  EUIlLIB-3 qr would be included f o r  d i f fus ion  theory  ca lcu la t ions .  



( 7 )  Extension t o  a coupled neutron and gamma l i b r a r y  

For  t h e  b i o l o g i c a l  dose and heat ing ca lcu la t ions ,  i n i t i a l l y  i n  f a s t  
r e a c t o r s  and LWR's, t h e  add i t ion  of 20 gamma-ray groups was planned 
i n  EURLIB-3. The coupled neutron and gamma multigroup l i b r a r y  wi th  
120 groups could b e  condensed i n t o  two few-group s t r u c t u r e s  f o r  each 
r e a c t o r  type, thus:  

(a)  (30n + lo?/)  f o r  one-dimensional design ca lcu la t ions ;  

and ( b )  (15n + 5 \d) f o r  two-dimensional design ca lcu la t ions .  

(8) Addi t ional  group-response d a t a  

The inc lus ion  of kerma f a c t o r s ,  dose f a c t o r s ,  displacement cross-  
sec t ions ,  averaged over d i f f e r e n t  spec t ra ,  was needed f o r  t h e  common 
benchmarks. 

(9) Detector  cross-sect ions 

Group da ta  f o r  th resho ld  d e t e c t o r s  and resonance d e t e c t o r s  were 
a v a i l a b l e  and could be included i n  the  EURLB l i b r a r y .  

(10) Timescales f o r  EURLIB-3 

The t a r g e t  da tes  f o r  updating t h e  EURTJB l i b r a r y  were as follows: 

Coupled multigroup l i b r a r y  (100n + 2 0 ~ )  from ENDF/B-IV - A p r i l  1976 

Condensed PWR and LMFBR l i b r a r i e s  - May 1976 

The I n t e r a c t i o n  Between Reactor Phvsics and Shielding Calcula t ions  (M. J ~ a r r ; )  

36 M. ~ a r r 6 . b e ~ a . n  by remarking t h a t  t h e  emergence of t h i s  quest ion a t  t h e  
Panel meeting ind ica ted  a t r e n d  which had been evident dur ing  t h e  p a s t  few yea r s  
i n  t h e  r e l a t i o n s h i p  between t h e  two d i s c i p l i n e s  of r e a c t o r  physics and sh ie ld ing ,  
which had a g r e a t  deal  i n  common but  which had, i n  t h e  p a s t ,  been allowed t o  
develop along separa te  l i n e s .  

37 Dealing f i r s t  wi th  da ta  and methods, M. Barre pointed  out  t h a t  neutron 
propagation i n  d i f f e r e n t  s h i e l d  ma te r i a l s  w a s  very s e n s i t i v e  t o  t h e  t o t a l  
~ r o s s ~ s e c t i o n s ,  a  phenonienon which w a s  not d i r e c t l y  apparent i n  core problems. 
The c l a s s i c a l  methods of r e a c t o r  physics normally used t h e  d i f f u s i o n  approximation 
wi th  adjustment of t h e  d i f f u s i o n  parameters; al though t o t a l  c ross-sec t ions  f o r  
i ron ,  s t a i n l e s s  s t e e l  and sodium had t o  be determined through neutron propagation 
experiments. I n  both cases ,  however, neutron ca lcu la t ions  were s e n s i t i v e  t o  
i n e l a s t i c  s c a t t e r i n g  cross-sec t ions  and e l a s t i c  s c a t t e r i n g  cross-sect ions.  

38 The development of t r a n s p o r t  methods i n  ID o r  2D, which had been accomplished 
f o r  sh ie ld ing,  was a l s o  important f o r  p a r t i c u l a r  core s i t u a t i o n s .  These methods 
were used f o r  co r rec t ing  t h e  d i f f u s i o n  models i n  those problems exh ib i t ing  s t rong  
he te rogene i t i e s  such as c o n t r o l  rods,  f o r  example. 

39 A l l  t h e  d a t a  concerning production,  f i s s i o n ,  absorpt ion ,  on t h e  o the r  hand, 
were deduced from core balance ca lcu la t ions  which were very s e n s i t i v e  t o  these  
r eac t ions .  For ma te r i a l s  l i k e  Fe, C r ,  N i  and s t a i n l e s s  s t e e l ,  t h e  b a s i c  
information came from r e a c t o r  hys ics ,  even i n  t h e  case  of degraded s p e c t r a  
l i k e  those  present  i n  s h i e l d s  7 example: RB2/TV programme at Bologna on s t r u c t u r a l  
ma te r i a l s ) .  I n  t h e  case of i n e l a s t i c  slowing-down, the  i r o n  cross-seotions 



played a  s i g n i f i c a n t  r o l e  but  'they were of secondary importance compared with 
U-238; never the less  a comparison with r e s u l t s  obtained from sh ie ld ing  experiments 
was very useful .  I n  t h e  case of e l a s t i c  sca t t e r ing ,  oxygen played an important 
r o l e  in t h e  core and it was a l s o  important i n  shielding.  The s e n s i t i v i t y  of 
parameters on e l a s t i c  cross-sect ions of o the r  elements was of l e s s  importance 
P a r t i c u l a r  s tud ies  on neutron spec t ra  had permit ted t h e  adjustment of the  e l a s t i c  
cross-sect ion of Na. 

40 There were s e v e r a l  developments of measuring techniques which had been 
motivated i n i t i a l l y  f o r  core physics s t u d i e s  but  could b e  used f o r  s h i e l d i n g  
app l i ca t ions .  Examples where improvements made in techniques f o r  one d i s c i p l i n e  
had been of b e n e f i t  i n  t h e  o t h e r  have included: 

- abso lu te  measurements of reac t ion-ra tes  of a c t i v a t i o n  d e t e c t o r s  o r  
f i s s i o n  chambers; 

- r e l a t i v e  measurements of r eac t ion- ra tes  f o r  t h e  same techniques; 

- spec t ra  measurements us ing  proton r e c o i l  counters; 

- gamma heat ing  (use  of TLD de tec to r s ) .  

41 Probably t h e  most important i s sue  concerning r e a c t o r  physics  i n  r e l a t i o n  
t o  sh ie ld ing  was t h e  de r iva t ion  of s t a r t i n g  f l u x e s  f o r  pene t ra t ion  c a l c u l a t i o n s  
from t h e  spec t ra  p red ic ted  i n  t h e  r e a c t o r  l a t t i c e .  The l a t t e r  were obtained 
from t h e  "formulaires" which were ad jus ted  t o  c a l c u l a t e  c o r r e c t l y  the  core 
parameters. This problem of t h e  i n t e r f a c e  between core and s h i e l d  s t u d i e s  was 
tackled ,  a t  the  CEA,  through t h e  sh ie ld ing  "formulaire". A s  f a r  as neutron 
propagation was concerned, t h e  "core formulaire" y ie lded  t h e  neutron source 
i n  i n t e n s i t y  and spectrum, a t  t h e  core-shield boundary. The only d i f f i c u l t y  
stemmed from t h e  necess i ty  t o  make al loxance f o r  t h e  anisot ropy of t h i s  source 
in t h e  pene t ra t ion  ca lcu la t ion  - t h e  anisot ropy did no t  f i g u r e  prominently i n  
t h e  core ca lcu la t ions .  This  d i f f i c u l t y  could be overcome by a  systematic 
parametric  s tudy of t h e  anisot ropy e f f e c t s  which were not  s t rong ly  dependent 
on t h e  media of i n t e r e s t .  

42 I n  core physics ,  t h e  approach followed f o r  some yea r s  i n  many coun t r i e s  
i n  order  t o  answer p r o j e c t  ques t ions  could be summarised i n  t h e  fol lowing way: 

- d e f i n i t i o n  of needs and p r e c i s i o n  desired;  
0 

- s e n s i t i v i t y  s t u d i e s  f o r  def in ing t h e  causes of e r ro r s ;  

- design of i n t e g r a l  experiments which were s e n s i t i v e  t o  t h e s e  u n c e r t a i n t i e s ;  

- adjustment of "formulaires." (approximation of methods and d a t a )  on the  
b a s i s  of i n t e g r a l  data;  

- t r a n s p o s i t i o n  t o  design by means of co r rec t ion  f a c t o r s  f o r  c a l c u l a t e d  
values  and u n c e r t a i n t i e s .  

This  philosophy was d i r e c t l y  app l i cab le  t o  sh ie ld ing  problems. The very o b j e c t  
of t h i s  meeting and t h e  d i f f e r e n t  papers presented ind ica ted  t h a t  t h i s  philosophy 
was c u r r e n t l y  being adopted by many countr ies .  This harmonisation of approach 
between s t u d i e s  of the  core and t h e  s h i e l d  was most cons t ruct ive  and it appeared 
t o  have gained impetus s ince  t h e  P a r i s  Conference i n  1972. 



Common I n t e r e s t s  I d e n t i f i e d  by F i s s i o n  and Fusion Applicat ions (hlr S W ~ e r s t l )  

43 M r  Gerstl s a i d  t h a t  t h e  number of papers t a b l e d  a t  t h e  meeting deal ing  
wi th  fus ion  nucleonics app l i ca t ions  of s e n s i t i v i t y  a n a l y s i s  d id  no t  adequately 
r e f l e c t  t h e  l e v e l  of e f f o r t  d i r e c t e d  towards f u s i o n  r e a c t o r  sh ie ld ing.  
Nevertheless,  a  number of important p o i n t s  had been i d e n t i f i e d  i n  t h e  
d iscuss ion of t h e  t o p i c s  of common i n t e r e s t  t o  f i s s i o n  and f u s i o n  r e a c t o r  
sh ie ld ing  problems. 

44 F i r s t l y ,  t h e  cross-sect ion s e n s i t i v i t y  p r o f i l e s  i n  CTR a p p l i c a t i o n s  usua l ly  
peaked at  1 4  MeV and f e l l  o f f  r ap id ly  towards t h e  lower energies.  I n  t h e  r e c e n t  
CRBR s e n s i t i v i t y  analyses ,  as wel l  as i n  t h e  e a r l y  FFPF s t u d i e s , r e l a t i v e l y  high 
s e n s i t i v i t i e s  were a l s o  found i n  t h e  MeV region when very deep pene t ra t ions  were 
considered. A s i m i l a r  phenomenon had been i d e n t i f i e d  i n  the water  r e a c t o r  
sh ie ld ing  problem s tud ied  by M r  Avery. These f i n d i n g s  c l e a r l y  e s t a b l i s h e d  a  
common i n t e r e s t  i n  t h e  high energy cross-sect ions extending down t o  t h e  region 
of 3 MeV where unacceptable u n c e r t a i n t i e s  had a l ready been i d e n t i f i e d  i n  s e v e r a l  
key mate r i a l s .  

45 Secondly, t h e r e  was a common emphasis on heat ing  problems involving coupled 
n-% da ta  s e t s  and t h e  accuracy assessments f o r  capture gamma-ray spect ra .  
Ca9ture by epithermal and f a s t  neutrons was an  important problem in  both  cases. 

46 F ina l ly ,  t h e r e  *as a  common i n t e r e s t  i n  t h e  new e r r o r  f i l e s  and t h e  
as soc ia ted  processing codes f o r  WDF/B-IV data.  Considerable progress had been 
made i n  t h i s  a r e a  f o r  CTR sh ie ld ing  app l i ca t ions  which could b e n e f i t  designers 
of s h i e l d s  f o r  f i s s i o n  reac to r s .  

47 Great importance w a s  a t t ached  t o  t h e  assessment of da ta  s e t s  and t h e  
i d e n t i f i c a t i o n  of any new requirements f o r  d i f f e r e n t i a l  measurements. Benchmark 
s h i e l d i n g  experiments were now being performed f o r  f u s i o n  r e a c t o r  s t u d i e s  and a 
s i m i l a r  approach was being adopted f o r  t h e  u t i l i s a t i o n  of t h e  r e s u l t s .  Design 
s e n s i t i v i t y  analyses  on gener ic  c l a s s e s  of problem had been performed i n  t h e  U.S. 
Such s t u d i e s  provided valuable guidance f o r  des igners  i n  es t imat ing  t h e  poss ib le  
e f f e c t s  of design changes on t h e  nuclear  performance parameters of i n t e r e s t .  

48 With regard t o  t h e  forthcoming meeting i n  Vienna, M r  G e r s t l  expressed t h e  

e hope t h a t  fus ion  r e a c t o r  sh ie ld ing  could b e  included, and he drew t h e  a t t e n t i o n  
of p a r t i c i p a n t s  t o  a pre l iminary  l is t  of requirements a l r eady  drawn up i n  t h e  
U S., namely: - 

USNDC-CTR-1 e n t i t l e d  "Status and C r i t i c a l  Reviews" by D S te ine r .  

OBJECTIVES OF THE VIELWIA MEETING, OCTOBER 1976 

49 Having es tab l i shed  t h e  t e c h n i c a l  f e a s i b i l i t y  of producing a Revised 
Data Request L i s t  based on q u a n t i t a t i v e  analyses working from s p e c i f i e d  t a r g e t  
accuracies ,  p a r t i c i p a n t s  agreed on t h e  fol lowing statement of ob jec t ives  f o r  t h e  
Vienna meeting:- 

(i) t o  review t h e  o v e r a l l  needs f o r  bas ic  da ta  as ind ica ted  by t h e  
s e n s i t i v i t y  s t u d i e s  on t y p i c a l  sh ie ld ing  problems; 

(ii) t o  a s c e r t a i n  whether t h e s e  requirements were met by e x i s t i n g  
evaluat ions  of d i f f e r e n t i a l  da ta ;  

(iii) t o  decide whether adjustment of t h e  e x i s t i n g  d i f f e r e n t i a l  d a t a  
u t i l i s i n g  i n t e g r a l  benchmark information would s u f f i c e  t o  meet 
these  requirements i n  p r a c t i c e ;  



if not ,  t o  compile an in ternat ional .  request  l i s t  of the  outstanding 
items, speci fy ing i f  poss ib le  whether new d i f f e r e n t i a l  measurements 
o r  new evaluat ions  of e x i s t i n g  me'asurements would be required;  

t o  review t h e  methodology f o r  s e n s i t i v i t y  ana lys i s  i n  complicated 
geometric s i t u a t i o n s  and t o  i n i t i a t e  f u r t h e r  s t u d i e s  of p r a c t i c a l  
gener ic  designs which i l l u s t r a t e  t h i s  a spec t  of t h e  problem; 

t o  review progress  with t h e  continuing programme of benchmark 
experiments and t h e  intercomparison of r e s u l t s ;  

t o  a f f i rm t h e  communication l i n k s  with t h e  evaluators  and measurers 
v i a  t h e  e x i s t i n g  committee s t r u c t u r e  f o r  t h e  amendments and 
modificat ions which would subsequently be made t o  t h e  prel iminary 
reques t  l i s t .  

50 It was agreed t h a t ,  i n  view of t h e  s p e c i f i c  purposes of t h i s  meeting, it 
should be r e s t r i c t e d  i n  s i z e  t o  between 30 and 50 p a r t i c i p a n t s  made up again 
l a r g e l y  from t h e  sh ie ld ing  s p e c i a l i s t s  and authors  of t h e  s e n s i t i v i t y  codes. 
It would a l s o  b e  important t o  have some represen ta t ives  from t h e  d i f f e r e n t i a l - d a t a  
measurement and evaluat ion  f i e l d s  t o  advise  on t h e  s t a t u s  of e x i s t i n g  information 
and t h e  poss ib le  impl ica t ions  of any new reques t s  f o r  d i f f e r e n t i a l  measurements 
which might emerge from t h i s  exerc ise .  

CO-ORDINATED PROGRAMbT OF SENSITIVITY STUDIES 

51 With t h e s e  objec t ives  i n  view, t h e  meeting went on t o  consider  i n  d e t a i l  
t h e  work which would be requi red  t o  achieve a  consensus reques t  l i s t ,  recognising 
t h a t  on t h e  shor t  t imescale ' l a i d  down (which had been l a r g e l y  determined by t h e  
NEACRP's assessment of various n a t i o n a l  p r o j e c t  requirements) ,  it would b e  
essent i ' a l  t o  share  out t h e  work between d i f f e r e n t  l a b o r a t o r i e s  and t h a t  t h e  
r e s u l t i n g  l i s t  would only dea l  wi th  t h e  main s t r u c t u r a l  ma te r i a l s .  Subsequent 
r e v i s i o n s  would be requ i red  t o  encompass t h e  f u l l  range of ma te r i a l s  encountered 
i n  p r a c t i c a l  s h i e l d  design. 

S e n s i t i v i t y  Benchmarks 

52 Great importance was a t t ached  by a l l  p a r t i c i p a n t s  t o  t h e  assignment of 
r e a l i s t i c  t a r g e t  accuracies  f i rmly  rooted  i n  t h e  var ious  r e a c t o r  p r o j e c t  
sh ie ld ing  s t u d i e s  c u r r e n t l y  underway. Moreover, it was recognised t h a t  w h i l s t  
t h e  s tandard  c a l c u l a t i o n a l  rou te  of AI%CSN/SWA~WE~ should be used, t h e  
s e n s i t i v i t y  s t u d i e s  would necessa r i ly  have t o  be conducted wi th  t h e  ind iv idua l  
da ta-se ts  employed f o r  t h e s e  p r o j e c t  ca lcu la t ions .  This ,  i n  t u r n ,  l e d  t o  t h e  
proposal  f o r  t h e o r e t i c a l  s e n s i t i v i t y  benchmarks which could b e  used t o  iden t i fy  
s i g n i f i c a n t  d i f f e rences  i n  t h e  data requirements e s t ab l i shed  by t h e  use  of 
d i f f e r e n t  da ta  s e t s  and/or cross-sect ion l i b r a r i e s .  

5 3 '  The a t t e n t i o n  of t h e  meeting was drawn by M. Bar& t o  t h e  e x i s t i n g  NEACW 
proposal  f o r  a  ID f a s t  r e a c t o r  c o r e b r e e d e r  benchmark t o  compare var ious  r e a c t o r  
physics and s a f e t y  c a l c u l a t i o n a l  methods. It w a s  agreed t h a t  t h e  f a s t  r e a c t o r  
s h i e l d i n g  s e n s i t i v i t y  benchmrk should be based on t h i s  model, extending it 
out through a  t y p i c a l  sodium/iron configurat ion.  M. Bar& (CEA ~ a d a r a c h e )  
undertook t o  provide the  a d d i t i o n a l  s p e c i f i c a t i o n  f o r  t h i s  i d e a l i s e d  ID s h i e l d  
by Christmas 1975. 

% I n  t h e  water  r e a c t o r  f i e l d ,  a  t y p i c a l  PWR s h i e l d  conf igura t ion  was 
proposed which should be s p e c i f i e d  i n  a  two-dimensional model toge the r  with 
a one-dimensional representa t ion .  D r  Hehn (IKE S t u t t g a r t )  undertook t o  draw 
up t h e s e  s p e c i f i c a t i o n s ,  choosing i f  poss ib le  a  geometry which could be s e t  up 
f o r  measurement i n  t h e  mTIUlCOS I1 f i s s i o n - p l a t e  f a c i l i t y .  This problem would 



be a v a i l a b l e  t o  analyse  d i r e c t l y  by t h e  Oak RidgeVIP code o r  by the  
c o r r e l a t e d  t racking Monte Carlo method. Comparison with t h e  s tandard  ID 
method of ana lys i s  with SWANLAKE would, a t  t h e  same t ime,  i n d i c a t e  t h e  
inf luence  of geometric approximations on s e n s i t i v i t i e s  der ived f o r  t h i s  
c l a s s  of problem. 

55 A s  a f u r t h e r  check on t h e  inf luence  of geometric modelling i n  ID f o r  
s e n s i t i v i t y  ca lcu la t ions ,  D r  Rief (EURATOM) undertook t o  apply h i s  Monte Carlo 
code t o  a t y p i c a l  axial s h i e l d  of a pressure-tube r e a c t o r ,  t o  be s p e c i f i e d  by 
M r  Avery (UKAEA ~ i n f r i t h ) .  This  would a l s o  serve t o  extend t h e  scope of t h e  
water  r e a c t o r  s e n s i t i v i t y  s t u d i e s  t o  include heavy water conf igura t ions .  
D r  W h i t t i e r  (AECL ~ a n a d a )  expressed a wish t o  be as soc ia ted  with t h e  
s p e c i f i c a t i o n  of t h e  t y p i c a l  pressure-tube r e a c t o r  problem. 

Assessment of Data Requirements f o r  P r a c t i c a l  Design 

56 I n  a d d i t i o n  t o  performing ca lcu la t ions  f o r  t h e  s e n s i t i v i t y  benchmarks, 
p a r t i c i p a n t s  were i n v i t e d  t o  specula te  on t h e  scope of t h e i r  cont r ibut ions  t o  
t h e  assessment of da ta  requirements f o r  p r a c t i c a l  designs which would form t h e  

a b a s i s  of t h e  r ev i sed  I n t e r n a t i o n a l  Request L i s t  f o r  sh ie ld ing.  The fo l lowing 
proposals  were tabled:  - 

F a s t  Reactor Shields:  US (oak Ridge) 
UK 
Japan ( ~ o k ~ o  Univers i ty  and JAERI) 
France 
EURATOM ( a x i a l  s h i e l d  streaming i n  co l l abora t ion  

with Oak ~ i d ~ e )  

FWR Shields:  France 
FRG 

Pressure  Tube Reactors: T< 
Canada (AECL) 
EURATOM ( a x i a l  s h i e l d  streaming i n  co l l abora t ion  

wi th  Winfr i th)  

Pusion Reactors and US (LOS ~ l a m o s )  
Experiments: * CNEN - 

0 UK 

57 It was recognised t h a t  t h i s  l i s t  could only b e  regarded a s  provis ional ,  
s ince  s e v e r a l  p a r t i c i p a n t s  drew a t t e n t i o n  t o  the  f a c t  t h a t  t h e r e  were a number 
of  organisa t ions  - p a r t i c u l a r l y  in t h e  l i g h t  water  f i e l d  - who might wish t o  
con t r ibu te  t o  t h e s e  p r a c t i c a l  da ta  requirement s tud ies  when they  received advance 
d e t a i l s  of the  programme i n  t h e  NEACRP repor t .  

COLLABORATIVE PROGRAMME OF SHIELDING BENCHMARKS 

Review of Progress 

58 D r  Nicks s a i d  t h a t  considerable progress had been made wi th  t h e  
co l l abora t ive  i r o n  benchmark experiment o r i g i n a l l y  proposed a t  t h e  I s p r a  meeting 
in Apr i l  1974. He had beeli asked t o  c o l l a t e  the  r e s u l t s  of t h i s  experiment 
and undertake t h e  intercomparison exerc ise .  Although it was no t  y e t  c l e a r  
p r e c i s e l y  how t h i s  should be done t h e r e  were good prospects  f o r  completing a 
prel iminary a n a l y s i s  i n  time f o r  the  Vienna meeting. 

*Subject t o  confirmation by the  NEACRP t h a t  fus ion  r e a c t o r s  a r e  included i n  t h e  
programme. 
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59 I n  order  t o  f a c i l i t a t e  t h i s  work he urged p a r t i c i p a n t s  t o  ensure t h a t  
a r e p o r t  on t h e  experimental r e s u l t s  was prepared i n  t h e  s tandard  format which 
had been agreed a t  t h e  Winf'rith meeting i n  Apr i l  1975. There were now a t  l e a s t  
t e n  experiments i n  pure i ron  ( o r  mild s t e e l )  i n  progress b u t ,  i n  view of the  
s i g n i f i c a n t  d i f ferences  i n  t h e  source spect ra ,  geometry and d e t e c t o r  
c h a r a c t e r i s t i c s  it was e s s e n t i a l  t o  have t h e  information c l e a r l y  presented  
i n  a manner which f a c i l i t a t e d  t h e  intercomparison. 

60 D r  Oblow had suggested t h a t  t h e  format should be extended t o  inc lude  
ID s e n s i t i v i t y  p r o f i l e s  f o r  t h e  various i n t e g r a l  d e t e c t o r s  used i n  t h e  
experiments. It would a l s o  be des i rab le  t o  present  t h e  r e s u l t s  of forward 
ANISNhOT ca lcu la t ions  using EULII1LIB-I i n  order  t o  make f u l l  use of such r e s u l t s  
i n  t h e  standard benchmark repor t .  It was agreed t h a t  whi ls t  t h i s  was a  
des i rab le  extension t o  t h e  agreed format, it should n o t  be allowed t o  delay 
pub l i ca t ion  of t h e  measurements. 

61 D r  Nicks s a i d  t h a t  the  s t a t u s  of the  NFA benchmark experiments in progress on 
t h e  var ious  i r r a d i a t i o n  f a c i l i t i e s  r epor ted  a t  t h e  meeting would be summarised 
i n  t h e  form of a t a b l e  f o r  inc lus ion  i n  t h e  r epor t  t o  t h e  NEACRP (Table I ). 

Future Programme 

62 -: Professor  F a r i n e l l i  repor ted  t h a t  t h e  f i n a l  r e s u l t s  from t h e  
sodium s l a b  experiment would inc lude  a wide range of a c t i v a t i o n  r a t e  d i s t r i b u t i o n s ,  
absolute  measurements of the  reac t ion-ra tes ,  and t h e  f l u x  spectrum a t  t h e  copper- 
sodium i n t e r f a c e .  D i f f e r e n t i a l  neutron spectrometers  would b e  used wi th  
unfolding methods such as SPECTRA and SAND 11. Therea f t e r  t h e  systematic 
a n a l y s i s  of these  measurements was planned. 

63 m: Professor  An repor ted  t h a t  t h e  ana lys i s  of t h e  measurements made 
using t h e  gun source was being continued i n  o rde r  t o  f i n d  a  c a l c u l a t i o n a l  
procedure which could improve t h e  r ep resen ta t ion  of t h e  experimental assembly. 
Moreover, measurements with t h i c k  i r o n  s l a b s  would be continued; sodium measure- 
ments were a l s o  envisaged. 

64  ASPIS: - M r  Kccracken s a i d  t h a t  t h e  experiments were almost complete; some 
complementary measurements t o  examine t h e  e f f e c t  of a water f i l t e r  between t h e  
source and t h e  i r o n  block were i n  progress.  The ana lys i s  of t h e  experimental 
r e s u l t s  was continuing. 0 
65 FIJRACOS 11: D r  Nicks s a i d  t h e  i r r a d i a t i o n  f a c i l i t y  was being i n s t a l l e d  
a t  t h e  TRIGA r e a c t o r  of t h e  Univers i ty  of Pavia;  it was planned t o  perform 
a c t i v a t i o n  p r o f i l e s  and neutron spec t ra  measurements wi th  p ropor t iona l  counters  
and an organic s c i n t i l l a t o r .  

66 Point  C f  and DT Sources: D r  Koban s a i d  t h a t  measurements of 14 MeV neutron 
leakage spec t ra  from l i th ium spheres were underway a t  Karlsruhe, and Professor  An 
s a i d  t h a t  the  JAERI measurements of t h e  neutron leakage spectrum from i r o n  were 
being repeated  because of bad s t a t i s t i c s  and neglec t  of t h e  t ime l a g  cor rec t ion  
i n  t h e  sphere. 

67 m: D r  Oblow s a i d  t h a t  a conf igura t ion  made up of an  i r o n  spectrum 
modifier followed by a  15 f t  t h i c k  sodium block and an ou te r  s l a b  of pure i r o n  
had been measured i n  t h e  pas t ;  t h e  pre l iminary  f i n d i n g s  of t h e s e  measurements 
had been presented t o  the  4 t h  I n t e r n a t i o n a l  Shielding Conference a t  P a r i s  i n  1972. 
S i m i l a r  experiments had recen t ly  been repeated  by us ing  t h e  TSF source d i r e c t l y  
without a col l imator  and inc luding a  region of s t e e l  between t h e  sodium and t h e  
o u t e r  i r o n  s lab;  a n a l y s i s  was s t i l l  underway. 



68 PROTEUS: D r  Herrenberger confirmed t h a t  it was proposed t o  make neutron 
spectrum measurements a long t h e  a x i a l  s h i e l d  of t h e  f a s t  c r i t i c a l  f a c i l i t y  
PROTEUS i n  t h e  near  f u t u r e .  

SUMMARY. AND CONCLUSIONS 

69 I n  genera l ,  i t  was accepted t h a t  t h e  meeting had achieved t h e  ob jec t ives  
l a i d  down by t h e  NEACRP, namely to:- 

(i) agree  on t h e  use of a  s tandard  route  ( A N I S N / S W A N L ~ )  f o r  t h e  
c a l c u l a t i o n  of d a t a  s e n s i t i v i t i e s ;  

(ii) i n i t i a t e  a t  l e a s t  two independent assessments of t h e  methods 
ava i l ab le  f o r  c a l c u l a t i n g  data  s e n s i t i v i t y  i n  multidimensional 
problems i n  order  t o  a r r i v e  a t  a  c l e a r  s tatement of t h e  inf luence  
of geometric e f f e c t s  on d a t a  requirements determined from ID 
ca lcu la t ions ;  

(iii) t o  agree  on a j o i n t  programme of s e n s i t i v i t y  ca lcu la t ions  on a 

a range of p r a c t i c a l  s h i e l d  conf igura t ions  with t h e  aim of e l i c i t i n g  
oontr ibutions t o  f u r n i s h  t h e  b a s i s  f o r  a new i n t e r n a t i o n a l  reques t  
l i s t  from t h e  var ious  p a r t i c i p a t i n g  l a b o r a t o r i e s  f o r  t h e  Vienna 
meeting i n  1976. 

P a r t i c i p a n t s  recognised t h a t  t h e  programme of work drawn up f o r  t h i s  meeting 
was ambitious, p a r t i c u l a r l y  s ince  t h e y  had thought it necessary t o  e s t a b l i s h  
two s e n s i t i v i t y  benchmarks i n  o rde r  t o  i d e n t i f y  any s i g n i f i c a n t  d i f f e r e n c e s  i n  
requirements derived from p r a c t i c a l  design ca lcu la t ions  performed wi th  various 
in-house da ta  s e t s .  Never the1e . s~~  it w a s  hoped t h a t  t h e  e s s e n t i a l  b a s i s  
of t h e  new reques t  l i s t  would emerge from the  Vienna meeting wi th  d e f i n i t i v e  
statements,  a t  l e a s t ,  about t h e  prime mate r i a l s  of concern f o r  neutron ca lcu la t ions  
namely: i ron ,  sodium, water,  D 0, g raph i t e ,  e t c ,  and those  g iv ing  r i s e  t o  t h e  

2  important sources of gamma-ray production i n  p r a c t i c a l  designs. 

70 A s t rong  recommendation was made t o  t h e  NEACRP about t h e  importance of 
CTR s h i e l d i n g  which was a l ready posing design i s s u e s  i n  r e l a t i o n  t o  t h e  sh ie ld ing  
of major f u s i o n  r e a c t o r  experiments, a p a r t  from long te rn  b a s i c  work. The l a r g e  
a r e a  of overlap between t h e  d a t a  requirements f o r  f u s i o n  and f i s s i o n  r e a c t o r  

a sh ie ld ing  was emphasised and it w a s  c l e a r  t h a t  the  same ( o r  very similar) 
techniques were being developed f o r  t r a n s p o r t  ca lcu la t ions  of r a d i a t i o n  
pene t ra t ion  and s e n s i t i v i t y  ana lys i s .  

71 It was agreed t h a t  t h e  EURATOM team were b e s t  s u i t e d  t o  t h e  t a s k  of 
d i s t r i b u t i n g  t h e  problem da ta  f o r  t h e  s e n s i t i v i t y  benchmarks and of c o l l a t i n g  
t h e  r e s u l t s  of t h e  experimental programme. No f i r m  proposals  f o r  intercomparing 
t h e  r e s u l t s  had emerged, however, a p a r t  from reconc i l ing  t h e  o v e r a l l  conclusions 
drawn about t h e  accuracy of s p e c i f i c  da ta  l i b r a r i e s .  

72 The wide acceptance of t h e  EURLIB l i b r a r y  had been apparent a t  t h e  meeting 
and D r  Hehn had agreed t o  produce two more vers ions  inc luding gamma production 
d a t a  and updating t o  hTDF/B-IV. 

73 Multigroup d a t a  processing was s t i l l  posing major problems f o r  most 
l a b o r a t o r i e s  and i t  was c l e a r  t h a t  some organisa t ions  outs ide  (and some i n s i d e )  
t h e  US would no t  be able  t o  u t i l i s e  t h e  new e r r o r  f i l e s  u n t i l  t h e  MINX 
c a p a b i l i t i e s  were more genera l ly  ava i l ab le .  I n  view of t h e  considerable 
i n t e r e s t  expressed i n  t h e s e  developments by p a r t i c i p a n t s  from t h e  NEA 
l a b o r a t o r i e s ,  a  request  was made t h a t  t h e  CPL at I s p r a  should implement 



MINX a s  soon a s  poss ib l e .  Severa l  r e q u e s t s  had been made f o r  t h e  RADIX 
unfolding code and M r  McCracken agreed  t o  make arrangements f o r  it t o  be 
i ssued  through t h e  CPL i n  t h e  Spring of 1976. 



F a c i l i t y  I Source Geometry 
and Strength 

TAPIR0 Cylinder, 5-70 KW 
(Casaccia) 

HARhiONIE 
( ~ a d a r a c h e )  

Cylinder, 3 KW 

YA.YOI 
( un ive r s i ty  of 
~ 0 k . o )  

TRIGA converter Disk; a few Watts 
( ~ a s a c c i a )  I 

Cylinder; 2 KW 
r eac to r  operated 
i n  a gun mode 

AS-IS ( ~ i n f r i t h )  Disk; 7 Watts 

EURACOS I1 
(univers i ty  of 
Payia - EURATOM) 

TABLE I 

Sta tus  of b e r i m e n t s  i n  ITEX Shielding Benchmark Programme 

Disk; 30-300 Watts 

Cf 252 
( ~ a r l s r u h e )  

Shield Configuration 
and Material 

7 Point ;  7.10 u/sec 

Iron-sodium laminated 
configuration; pure i ron  
block; pure sodium block 

- 

Sodium block, 
I x l x l  m 

I ron  s labs  with thick- 
nesses up t o  20 cm 

I ron  block, 
2 x 2 x 1 . 5 m  
Light Water 
T a n k 2 x 2 x l m  

Iron block, 
I x l x l m  

I ron  block, 
1 . 5 ~  1 . 5 ~  1.5m 
(under construct ion)  

Iron spheres; up t o  
4.0 cm diameter 

Experimental Resul ts  I Avai l ab i l i t y  I Analysis of 
of Results Experimental Result;  

Activation de tec tors  I I n  progress 

Activation r a t e s ,  neutron 
spec t ra  by proton r e c o i l  
counters 

ANISN/CYGUS 
( I D  Monte c a r l o )  
and MORSE 
ca lcula t ions  

I n  progress,  
r e s u l t s  w i l l  be 
ava i l ab le  a t  t h e  
beginning of 1977 

Neutron spec t ra  by' 
proport ional  counters 
and organic s c i n t i l l a t o r  

"Formulaire 0" unde: 
development 

Ready f o r  
d i s t r ibu t ion  

Activat ion detectors;  I Distr ibuted i n  I ANISN, DOT-3 
f i s s i o n  chambers standard format 

I r r a d i a t i o n  
f a c i l i t y  i s  being 
constructed 

ANISN, DOT, McNID 
( ~ o n t e  Carlo) 
ca lcula t ions  
I n  progress 

Activat ion r a t e s ,  I Fe measurements 
gas - f i l l ed  proport ional  
counters;  organic scin- 
t i l l a t o r ,  resonance f o i l s  

(continued on next page) 

d i s t r jbu ted  i n  
standard format 

Neutron spectra  by 
proton r e c o i l  and He 
semi-conductor 
spectrometers 

Ready f o r  
d i s t r i b u t i o n  

ANISN: S t u t t g a r t  
and Japan 
DTK: Karlsruhe 



TABLE I (continued) 

I Source Geometry F a c i l i t y  I Shield Configuration I Experimental Resul ts  I Avai l ab i l i t y  I Analysis of 
and Strength and Material  of Results Experimental Results 

I adjacent t o  t h e  t a r g e t  I 

Cf 252 
( JAERI ) 

Accelerator 

I ca lcula t ions  
envisaged 

- 

Point ;  
Cf f i s s i o n  

Poin t ;  14  MeV 

Accelerator 
( JAERI ) 

I ron  sphere; 50 cm 
diameter 

I ron  cyl inder  placed 

TSF (oak ~ i d ~ e )  

Point;  14 MeV 

Neutron spec t ra  by 
organic s c i n t i l l a t o r  

Neutron spec t ra  

Sphere; 10 KW 
r eac to r  operated 
a s  a gun source 

Sphere; 10 M1' 
Reactor operated 
i n  core-source 
mode 

I ron  sphere; 50 cm 
diameter 

I n  progress 

I n  progress  

Pure i ron  and s t e e l  
c o n f i ~ u r a t i o n  

spectrum 
and 4.5 m t h i ck  cyl inder  
of sodium 

Steel-sodium configurat im 
of gun source experiment 
repeated with core 
source 

Monte Carlo 
ca lcula t ions  under 
way 

2D t r anspor t  

Neutron spec t ra  by 
time-of-flight and 
NE213 l i q u i d  s c i n t i l l a t o r  

Neutron spec t ra  with 
l a rge  NE213 c e l l  and 
proton r e c o i l  s p e c t r o m e b  

Neutron spec t ra  with 
l a rge  NE213 c e l l  2nd 
proton r e c o i l  spectrometers 

I n  progress  

- 

Available; r e s u l t s  
published by 
Maerker and 
Muckenthaler 

I n  progress 

Finished 



APPENDIX A 

Summarv of P resen ta t ions  

The S e n s i t i v i t y  Analyst Development and Applicat ions Programme a t  OF?& 
{E Oblow, USA) 

' I  A review was given of t h e  Oak Ridge s e n s i t i v i t y  a n a l y s i s  work t o  da te  
and f u t u r e  t r ends .  The FORSS s e n s i t i v i t y  code system i s  d iscussed wi th  
app l i ca t ion  t o  t h e  use  of evaluated  e r r o r  f i l e s .  An important advance is 
VIP - t h e  two-dimensional analogue of SWANLAKE. 

Transport Calcula t ion  of t h e  General ised Importance Function of S e n s i t i v i t y  
Studies  (M Salvatores ,  I t a l y )  

2 Th i s  paper was concerned with some f e a t u r e s  of t h e  t r a n s p o r t  methods, 
and t h e i r  use  i n  mixed f i s s i o n a b l e - s t r u c t u r a l  media ( i n t e r f a c e s  between b lanke t  
and s h i e l d s ,  benchmark f a c i l i t i e s  with conver ters ,  o r  a c t u a l  core systems). 

An Attempt t o  Calcula te  S e n s i t i v i t i e s  i n  3-D Geometries by  Monte Carlo Techniques 
IH Rief,  EURATOM) 

j' The development of a Monte Carlo method f o r  c a l c u l a t i n g  s e n s i t i v i t i e s  i n  
t h r e e  dimensions was described. The method i s  based on t h e  "once-more-collided" 
point  es t imator  procedure wi th  c o r r e l a t e d  sampling, and incorpora tes  a  region- 
dependent "expected leakage est imator" t o  improve sampling i n  deep pene t ra t ion  
problems. 

I n t e g r a l  Exoeriments on t h e  Pene t ra t ion  of Neutrons i n  ~ t e e l / ~ o d i u m  Shie lds  
IF Bouteau, France) 

4. Experimental s t u d i e s  on HARMOME of neutron propagation in iron/sodium 
mixtures, whose composition v a r i e s  from pure sodium t o  pure i ron ,  were descr ibed 
and some r e s u l t s  given. The purpose of t h e s e  experiments i s  t o  t e s t  t h e  

a "formulaire" descr ibed i n  t h e  companion t h e o r e t i c a l  paper (pa ra  1 0  below). - 
Neutron Leakage Spect ra  from I r o n  Spheres wi th  a 242 Cf Source a t  the  Centre 
(H Werle, FRG) 

5 Spect ra  of neutrons l eak ing  through Fe spheres of diameters  up t o  40 cm 
from a 2 5 2 ~ f  source were measured i n  t h e  energy region 0.06 NeV t o  8 MeV with 
proton r e c o i l  p ropor t iona l  counters  and a 3 ~ e  semiconductor spectrometer.  The 
measurements a r e  i n  broad agreement wi th  t r a n s p o r t  c a l c u l a t i o n s  using t h e  
KEDAK f i l e  though small  adjustments t o  t h e  i n e l a s t i c  s c a t t e r i n g  c ross - sec t i cn  
above 1 MeV a r e  indica ted .  

I r o n  Shie ld ing Benchmark Experiments a t  YAYOI ( S  An, ,Tapan) 

6 The YAYOI experiments included t h e  measurement a t  var ious  angles  with 
proton-recoi l  and NE213 spectrometers  of s p e c t r a  between 1 0  KeV and 1 5  MeV 
leaking through s l a b s  of i r o n  up t o  20 cm t h i c k .  A comparison mas shown wi th  
ca lcu la t ions  us ing ANISN and t h e  Monte Carlo codes MORSE and CYGNUS; ENDF/B~ and 
END'?/B4 da ta  f i l e s  were used. 



The Winfr i th  Benchmark Experiment i n  I ron  - Experimental Resu l t s  
T A  Packwood, UK) 

7 The f i r s t  benchmark t o  be c a r r i e d  out i n  t h e  ASPIS f i s s i o n - p l a t e  f a c i l i t y  
on t h e  NESTOR r e a c t o r  a t  Winfr i th  was described. The s t andard  format l a i d  
down f o r  t h e  p resen ta t ion  of benchmark r e s u l t s  mas used. Measurements of t h e  . 
spectrum were made with g a s - f i l l e d  propor t ional  counters  and NE213 s c i n t i l l a t o r s  
over t h e  range 5 KeV t o  5 MeV a t  pene t ra t ions  up t o  100 cm of pure i r o n  (mi ld  
s t e e l ) .  

Progress Report on Benchmark Exueriment s  (U F a r i n e l l i ,  l t a l y )  

8 ' Progress wi th  measurements made i n  Fe using ' t he  enr iched converter ,  and 
in sodium using t h e  TAPIRO r e a c t o r  was reviewed. The fo l lowing aspec t s  
have been examined: - 

(i) 

(ii) 

(iii) 

e f f e c t  of resonance treatment i n  co l l aps ing  

determination of t h e  t r ansverse  buckling by 
2-D r e s u l t s ;  

e f f e c t  of o rde r  of s c a t t e r i n g  expansion. 

cross-sect ions;  

comparing I-D and 

Some i n v e s t i g a t i o n  of a c t i v a t i o n  de tec to r  cross-sec t ions  were a l s o  c a r r i e d  out  
by  comparing reac t ion- ra te  measurements i n  t h e  core and r e f l e c t o r  of TAPIRO 
us ing  t h e  wel l  known Category 1 d e t e c t o r s  a s  s tandards .  

Calcula t ions  f o r  I r o n  Benchmark Exoeriments with C f  and 1 4  MeV Neutron Sources 
TG Hehn, FRG) 

9 A s t a t u s  r e p o r t  was given of ca lcu la t ions  of spec t ra  l eak ing  through 
spheres wi th  C f  and 1 4  MeV source neutrons.  EURLIB d a t a  s e t s  based on 
ENDF,/BJ and E N D F / ~ ~  were used. A pre l iminary  conclusion was t h a t  t h e  l a t t e r  
provided b e t t e r  agreement wi th  experiment a t  energies  above 1 MeV b u t  l e s s  
good agreement i n  t h e  TreV region,  suggest ing t h a t  t h e  s c a l a r  i n e l a s t i c  
cross-sect ion i n  ENDF/B~ i s  wel l  known but  t h a t  t h e  d i f f e r e n t i a l  c ross-sec t ion  
i s  inadequate. 

Cslcul ,?t ionnl  Yodels f o r  thc  Treztrnent of Neutron Penet ra t ion  i n  Sodiu~/L-or .  
Regions f o r  the S!iicldinpc of Fas t  Reactors ( A  Khaira l lah  e t  a l ,  France) 

1 0  A s impl i f i ed  c a l c u l a t i o n a l  model was described,  based on ANISN, f o r  t h e  
desc r ip t ion  of neutron pene t ra t ion  i n  f a s t  r e a c t o r  s h i e l d s .  Considerable 
economy of running time a t  t h e  expense of an acceptable  reduct ion  i n  accuracy 
w a s  achieved by re lax ing  t h e  energy and angular  mesh c r i t e r i a  adopted f o r  
reference  ca lcu la t ions .  Adjustment of t h e  method t o  g ive  consistency with 
i n t e g r a l  measurements was proposed. 

Prel iminary Analysis  of t h e  Winf r i th  I r o n  Benchmark E ~ ~ e r i m e n t  (A  K McCracken, UIC) 

11 S e n s i t i v i t y  a n a l y s i s  has been app l i ed  t o  t h e  experiment r epor ted  separa te ly  
i n  benchmark format (paragraph 15). A modified s e n s i t i v i t y  func t ion ,  which 
monitors t h e  change i n  agreement between c a l c u l a t i o n  and experinent  was used. 
Prel iminary cross-sec t ion  pe r tu rba t ions  were described. Agreement between 
c a l c u l a t i o n  and experiment i s  genera l ly  good up t o  50 cms pene t ra t ion  but  f o r  
deeper pene t ra t ions  s i g n i f i c a n t  underest imates of t h e  f l u x  above 1 MeV were 
observed. 



Pre l iminam Studies  of Neutron Benchmzrks Experiments f o r  ID T r a n s ~ o r t  
Calcula t ions  Through an I r o n  Sphere (Y Furuta,  ~ a ~ a n )  

1 2  An experimental s tudy has  been c a r r i e d  out of t h e  problems of using 
spec t ra  l eak ing  through i r o n  spheres as a method of v a l i d a t i n g  ID d i sc re te -o rd ina te  
t r a n s p o r t  ca lcu la t ions .  Both D-T and f i s s i o n  spectmm source neutrons were used 
and spec t ra  were measured by t ime-of-f l ight  t o  an NE213 de tec to r .  Problems t o  
be overcome be fo re  t h i s  experiment has t h e  s t a t u s  of a benchmark are:- 

(i) poor counting s t a t i s t i c s ;  

(ii) a cor rec t ion  t o  t h e  time spectrum f o r  t h e  t i n e  of neut ron migra t ion  
i n  t h e  s h e l l .  

M d t i g r o u ~  Cross-Section A6,iustment by  Linear  Regression ( W  Mathes, EURATOM) 

13 A method of a d j u s t i n g  d a t a  was proposed which has a l e a s t  squares procedure 
modified by t h e  repeated  a p p l i c a t i o n  of s t a t i s t i c a l  t e s t s  - important groups 

0 
being i d e n t i f i e d  by a "stepwise regress ion"  method. The r e s u l t s  of some 
t h e o r e t i c a l  t e s t s  of t h e  rpethod were shown. 

S e n s i t i v i t y  and Uncertainty Analyses f o r  I r o n  Cross-Sections ( S  Miyasaka, japan) 

14 S e n s i t i v i t y  s t u d i e s  were c a r r i e d  out and app l i ed  t o  NE213 measurements 
made behind 10 cm and 20 cm of i r o n  i n  t h e  YAY01 benchmark experiment (para .  6 ). 
A survey was made of the  e f f e c t  of c a l c u l a t e d  r e s u l t s  of using e i t h e r  t h e  
evaporation model o r  t h e  o p t i c a l  model t o  determine t h e  i n e l a s t i c  s c a t t e r i n g  
energy t r a n s f e r  matrix; t h i s  demonstrated t h a t  t h e  s e n s i t i v i t y  of group oross- 
sec t ions  i s  c l o s e l y  r e l a t e d  t o  t h e  method of process ing b a s i c  cross-sect ions.  

Applicat ion of S e n s i t i v i t y  Theory t o  Energy Group S t ruc tu re  Def in i t ion  
ZV Herrenberger, Switzerland) 

15 The a p p l i c a t i o n  of s e n s i t i v i t y  theory  t o  group condensation f o r  pene t ra t ion  
ca lcu la t ions  was considered. Approximations made during a condensation 
procedure were d iscussed and a r e l a t i o n s h i p  is e s t a b l i s h e d  between t h e  
acceptable  e r r o r  of a c a l c u l a t i o n  and t h e  e r r o r s  introduced by var ious  

0 
approximations. 

Considerat ion of t h e  Philosophy of Design Margins (V Herrenberger, ~ m i t z e r l a n d )  

16 This  paper p resen ted  t h e  f i n d i n g s  of a ques t ionnai re  t o  which seventeen 
r e p l i e s  were rece ived from exper t s  i n  Centra l  European coun t r i e s  on t h e  problem 
of de f in ing  t a r g e t  accuracies .  Three broad c l a s s i f i c a t i o n s  were presented:  
( i )  Power Reactors ;  ( i i )  r e s e a r c h  and t e s t  r e a c t o r s ;  ( i i i )  i r r a d i a t i o n  
f a c i l i t i e s .  It was suggested t h a t  t h i s  represented  t h e  f i r s t  s t e p  i n  a 
continuing process of i d e n t i f y i n g  and updating mean t a r g e t  acourac ies  f o r  t h e  
guidance of s h i e l d i n g  exper ts .  

Target  Accuracies and S e n s i t i v i t y  S tud ies  i n  t h e  Assessment of Data 
?.A F Avery, UK) 

17 S e n s i t i v i t y  ca lcu la t ions  were desc r ibed  r e l a t i n g  t h e  accuracy of d a t a  
requirements t o  t a r g e t  accurac ies  s p e c i f i e d  by des igners  f o r  var ious  q u a n t i t i e s  
i n  t h r e e  p r a c t i c a l  s h i e l d s .  The importance of p a r t i a l  c ross-sec t ions  and t h e  
need f o r  eva lua to r s  t o  a s s i g n  accurac ies  t o  d a t a  in t h e  l i b r a r i e s  were both  
underl ined as a r e s u l t  of t h e s e  s tud ies .  



The Applicat ion of S e n s i t i v i t y  Analyses t o  Nuclear Data Assessment (S A W Gers t l ,  
USA) 

18 A computational method was described t o  determine cross-sect ion requirements 
with p a r t i c u l a r  reference t o  t h e  Tokamak Fusion Tes t  Reactor. Cross-section 
u n c e r t a i n t i e s  and ca lcu la ted  s e n s i t i v i t i e s  were used with pe r tu rba t ion  t h e o r j  
t o  determine variances of nuclear  design parameters of i n t e r e s t .  


