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I The meeting had been arranged a t  t h e  reques t  of t h e  European-American Committee 
on Reactor Physics (EAcw) which had reviewed t h e  sub jec t  of i n t e g r a l  (benchmark) 
sh ie ld ing  experiments a t  t b e i r  1 6 t h  annual meeting held  i n  June 1973.. The a l r eady  - wel l -es tabl i shed US programme of Sh ie ld  Data Test ing under t h e  auspices  of t h e  
Cross-Section Evaluat ion Working Group (CSEWG) had been d iscussed at  t h i s  meeting, 
and papers were a l s o  t a b l e d  from Japan and s e v e r a l  European establishments 
i n d i c a t i n g  t h a t  a considerable amount of work was being undertaken i n  t h e s e  
coun t r i e s  on i n t e g r a l  experiments i n  support of both  energy-deposition and 
r a d i a t i o n  pene t ra t ion  s tud ies .  Several  new source f a c i l i t i e s  were being 
u t i l i s e d  f o r  these  experiments; t h e r e  was a marsked t r e n d  away from conventional 
a c t i v a t i o n  d e t e c t o r s ;  t h e  sh ie ld ing  community were adapting some of t h e  methods 
used f o r  neutron spectroscopy i n  zero-energy r e a c t o r s  and-developing r.ew techniques 
t o  overcome t h e  s p e c i a l  problems of deep pene t ra t ion  measurements. 

2 It was t imely ,  the re fo re ,  t o  c a l l  a meating of s p e c i a l i s t s  t o  exanine i n  d e t a i l  
t h e  cu r ren t  work and f u t u r e  p l a n s  i n  t h i s  f i e l d  wi th  a view t o  co-ordinating 
t h e s e  programies and, u l t ima te ly ,  exchanging r e s u l t s .  The EACRP accordingly 
recommended t h a t  such a meeting be held  t o  consider  first, t h e  work i n  t h e  
Europear. and Japanese communitiss, and t h a t  note  should he taksr, of t h e  format 
used f o r  repor t ing  i n t e g r a l  sh ie ld ing  experiments i n  t h e  USA*. If t h i s  could 
b e  adopted, wi th  s u i t a b l e  modificat ions 3s required,  it would g r e a t l y  f a c i l i t a t e  
t h e  s u b s e v e n t  exchange of benchmark information wi th  t h e  CSEWG as envisaged 
by t h e  EACRF. 

3 The terms of reference  of t h e  neet ing  had been broadened t o  i m l u d e  energy- 
deposi t ion  and r a d i a t i o n  pene t ra t ion  s t u d i e s  - a s  opposed t o  t h e  conventional  
sh ie ld ing  f i e l d .  Energy-deposition s t u d i e s  include t h e  c a l c u l a t i o n  of hea t ing  
by neutrons and gamma-rays i n  t h e  core and breeders  of f a s t  r eac to r s ,  i n  a d d i t i m  
t o  t h e  r e f l e c t o r  and s h i e l d  regions  which a r e  normally the  provinze of t h e  s h i e l d  
Clesigner. Atomic-displacements a l s o  come i n t o  t h i s  category,  a l t h m g h  t h e  
i n t e r p r e t a t i o n  of a p red ic ted  atomic displacement-rate i n  terms of observable 
r a s i a t i o n  e f f e c t s  was s p e c i f i c a l l y  excluded. 

CEFINITION OF A BENCHMAFX EX?EP,ThE%UT 

a4 Whilst  it was recognised t h a t  t h e  d e f i n i t i o n  of a shiel.ding benchmark experiment 
was a d i f f i c u l t  task,which was f u r t h e r  compllcatsd by t h e  inc lus ion  of energy- 
deposi t ion  s t u d i e s  in r e a c t o r  cc res ,  genera l  agrzement was exprersed on t h e  
importance of iden t i fy ing  those  experiments which would be accepted a s  benchmarks 
f o r  t s s t i n g  combinaiions of da ta  and methods, as opposed t o  those  which mere 
s p e c i f i c a l l y  designed t o  measure cross-sect ions d i r e c t l y .  D r  LaVauve s a i d  t h a t  t h i s  
ques t ion  of  nomenclature had l e d  t o  d i f f i c u l t i e s  i n  t h e  USprograrnme. Integral e m r n e n b  
which, f o r  example, might be s t rong ly  data-or ienta ted  which had been used f o r  
evaluat ion  purposes had a l ready  been gtven a c e r t a i n  weignt; they should rlot 
t h e r e f o r e  be subsequently used as benchmarks except,  perhaps, f o r  t e s t s  of 
consistency o r  checks of t h e  accuracy of data-processing rout ines .  

5 It was genera l ly  agreed t h a t  t h e  term " in tegra l "  was misleading: most 
s h i e l d i n g  experiments now included t h e  measurement of a d i f f e r e n t i a l  energlr 
spectrum and, when such measurements were c a r r i e d  out  wi th  an e f f e c t i v e l y  
monoenergetic source ( s x h  a s  t h e  14 MeV D-T r e a c t i o n  f o r  exaxple)  then  t h e  

*This format is i l l u s t r a t a d  i n  STD-7 (by R E ~ a e r k e r )  which was 
d i s t r i b u t e d  t o  UCRF members p r i o r  t o  t h e  16th  ( ~ u n e  1973) meeting. 



only d i s t i n c t i o n  betyeen a d i f f e r e n t i a l  cross-.section measurement and a 
benchmark experiment l a y  i n  t h e  s i z e  of t h e  sample. I n  t h e  former case, t h e  
sample dimensions were reduced t o  t h e  l i m i t  determined by t h e  signal-to-background 
r a t i o ,  when t h e  c o r r e c t i o n  f o r  mul t ip le  s c a t t e r i n g  would b e  small; nhereas i n  
t h e  l a t t e r c a s e ,  t h e  sample dimensions were increased t o  make l a t e r a l  leakage 
a small  co r rec t ion  and t h e  pene t ra t ion  depth  adequate t o  achieve t h e  r equ i red  
cross-sect ion s e n s i t i v i t y .  Pene t ra t ion  ( o r  m i g a t i o n )  then,  w a s  a key word f o r  
a benchmark, not  only i n  conventional sh ie ld ing  experiments but  a l s o  i n  core/ 
breeder  energy-deposition s tud ies  where photon migrat ion between regions  of 
markedly d i f f e r e n t  scurce s t r e n g t h  g ive  r i s e  t o  t h e  heat ing  problems which 
a r e  important i n  p r a c t i c a l  designs. 

6 The requirements f o r  source d e f i n i t i o n  i n  a benchmark experiment ;ere discussed 
i n  some d e t a i l .  It was c l e a r  t h a t  t h e  high p rec i s ion  assoc ia ted  with Linac 
experiments i n  t h e  US, and t o  a l e s s e r  e x t a n t  wi th  t h e  born source on t h e  Oak 
Ridge TSF, could no t  b e  achieved wi th  &graded f i s s i o n  sources from t h e  pool- 
r e a c t o r  cores which had previous ly  been used i n  many European sh ie ld in8  experiments. 

For t h i s  reason, .  Dr .  Nicks said,both t h e  UK and EURATOM teams had r e j e c t e d  much 
of t h e i r  e a r l y  work on shj.eld mock-ups i n  conpil ing l i s t s  of beochmark experiments. 
It was agreed t h a t  a  f i s s i o n  convertor-plate was a c leaner  system b u t  Monte Carlo 
cal .culat ions had been necessary f o r  t h e  i n t e r p r e t a t i o n  of t h e  EUW-COS e-xperiments 
because of t h e  inf luence  of t h e  thennal-column graph i t e  and l e a d  s h i e l d s  behind 
t h e  p l a t e  and t h e  c losed--c i rcui t  cocl ing c o n t a ~ . m e ~ t .  This  conf igc ra t ion  had 
t o  b e  included i n  t h e  t h e c r e t i c a l  i n t e r p r e t a t i o n  of each experiment. The 
abso lu te  f i s s i o n - r a t e  could be accura te ly  mapped throughout t h e  conver ter  
p l a t e  but  if f i l t e r  regions  were introLuced t o  modify the spectrum inc iden t  on the  
experimental s b i e l d ,  then  t h e s e  should again be inclucled i n  ?he ca lcula t io i i s  f o r  
a11 experiments and t h e  cross-sect ions would need t o b e  exhaust ive ly  s t u d i e d  i n  
t h e  prel iminary source measurements. Al t e rna t ive ly ,  i f  t h e  energy spectrum and 
angular  d i s t r i b u t i o n  of t h e  f l u x  emerging from t h e  ou te r  su r face  of t h e  f i l t e r  
region was measured, then t h e s e  d a t a  would completely d e f i n e  the  source a t  
t h i s  s tar t ing  p o s i t i c n  f o r  a  subsequent pene t ra t ion  c a l c u l a t i o n  i n  t h e  shie ld .  

7 I n  t h e  case of t h e  fast r e a c t o r s ,  HAZMONIE, TAPIRC and, YAYOI,  Prof.  F a r i n e l l i  
s u g g e s t e d  t h a t  t h e  t rea tment  of t h e  core source wo?lld n o t  pose a se r ious  
problem if one of t h e  c r i t e r i a  f o r  a  benchmark put  forward i n  t h e  'CTK p p e r  mas 
adopted, namely t h a t  t h e  e r r o r s  invol-red i n  t h e  r ep resen ta t ion  of t h e  source 
(and t h e  s h i e l a  geometry) should b e  small compared wi th  t h e  accuracy of t h e  
neasurement a t  t h e  gj.ven p o s i t i o n  i n  t h e  sh ie ld .  Thus, f o r  t h e  i n t e r p r e t a t i o n  
of measurements c lose  t o  t h e  r e f l e c t o r ,  a d e t e i l e d  two-dimensional a n a l y s i s  of 
t h e  core f l u x  d i s t r i b u t i o n s  would be requi red;  ca lcu la t ions  of t h i s  type  had 
been accomplished on TAPIR0 and HARIIIONIE us ing  t h e  d iscre te-ordinate  code DOT. 
A t  g r e a t e r  d i s t ances  from t h e  core,  a one-dimensional t rea tment  would s u f f i c e .  
D r  Dev i l l e r s  s a i d  t h a t  i n  t h e - c a s e  of rneasuref~~nts made i n  i ron ,  g r a p h i t e  an& 
sodium on FLZ;1MONIE, it had beer. 2 o s s i b l e  t o u s e  t h e  ANISN code i n  s p h e r i c a l  
geometry a t  penc t ra t ion  d is tances  beyond t h e  so-cal led adap ta t ion  block ( loca ted  
between t h e  r e f l e c t o r  an3  experimental s h i e l d )  without i r ~ t r o d u c i n g  s i g n i f i c a n t  
e r r o r s .  

8 Prof. An s a i d  t h s t  s i m i l a r  experiments were .planzed f o r  t h e  YAYOI r e a c t o r  
at  Tokyo u t i l i s j l i g  one of t h e  in termedia te  o r  Fas t  neut ron column f a c i l i t i e s  
wi th  t h e  r e a c t o r  operated. i n  a  l e a d  r e f l e c t o r .  .Some n w t r o n  t ransmiss ion 
meescrements i n  s t e e l  had a l r eady  been c a r r i e d  cut  us ing  a col l imated  beam from 
t h e  r e a c t o r  i n  t h e  manner of the  Oak Ridge TSF benchmark f a x i l i t y .  This  approach 
g r e a t i y  s impl i f i ed  t h e  treatment of t h e  source:  it w a s  llnnecessary t o  represent  
t h e  core f l u x  d i s t r i b u t i o n s  and con t ro l  rods, e t c ,  i n  t h e  c a l c u l a t i o n  because the  



emergent spectrur.)from t h e  co l l ima to r  could be measured d i r e c t l y  wi th  a 
spectrometer  l o c a t e d  on t h e  cen t re  l i n e .  

D r  Cas in i  pointed  out  t h a t  d i f f e r e n t  types  of experimental f a c i l i t y  would 

e x h i b i t  d i f f e r e n t  d a t a  s e n s i t i v i t i e s ,  and t h a t  no s i n g l e  establishment: had access  
t o  a l l  types  of f a c i l i t y .  One advantage of a  co l l abora t ive  programme of benchmark 
experiments would b e  t h a t  information from one type  of experiment coulcl b e  used 
t o  supplement measurements from another .  I n  o rde r  t o  achieve t h i s  ob jec t ive  
it would b e  important t o  e s t a b l i s h  common s tandard  f o r  benchmark experiments, 
and t h e  meeting accordingly agreed on t h e  fol lowing de f in i t ion : -  

"A benchmark i s  a pene t ra t ion  o r  (migra t icn)  experiment i n  which 
t h e  u n c e r t a i n t i e s  involved with t h e o r e t i c a l  t rea tment  of t h e  
source  and t h e  geometry of t h e  system a r e  s m a l l  compared wi th  
e r r o r s  i n  t h e  measurements a t  a given pene t ra t ion  d i s t a n c e  i n  
t h e  shleld." 

This  d e f i n i t i o n  was a b l e  t o  accommodate neat ron experiments c a r r i e d  out  wi th  
f a s t  and t h e r ~ u a l  source r e a c t o r s  (us ing  e i t h e r  t h e  core-source of beam-source 
modes), f i s s ion-conver te r  p l a t e s  and Linac f a c i l i t i e s .  It w a s  n o t  incons i s t en t  
wi th  t h e  requirements of " in-pi le" gamma dosimetry experimentsand, moreover, 
it l e f t  t h e  eva lua to r s  i n  no doubt as t o  t h e  proper r o l e  of t h e  experiment, which 
was t h e  t e s t i n g  ol" c a l c v l a t i o n a l  nethods incorpora t ing  s e t s  of cross-ses t ions  
processed i n  ooint-wise o r  i n  multigroup form from a p a r t i c u l a r  choice of 
evalu'ated d a t a  f i l e .  

A t  t h e  same time it w a s  noted t h a t  t h e r e  mas another  q u i t e  s e p a r a t e  category 
of "Laboratory Benchmark Experiments" which were designed t o  t e s t  and 
i n t e r c a l i b r a t e  d e t e c t o r s  and spectrometers.  An example of t h i s  was af forded 
by t h e  i-on b lock experiment used t o  t e s t  Thermoluminescent Detec tors  at  
Winf r i th  and at  Oak Ridge. (Reference 3 i n  Appendix B t o  t h i s  r epor t ) .  

RE'TVIEW OF PUBLISHED RESULTS OF BENCHMARK EXPFRIMENTS, CURRENT WORK PXD FITTDXLE PWYS 

A l i s t  of t h e  papers  which were presented a t  t h e  meeting descr ib ing benchnark 
a c t i v i t i e s  in six European coun t r i e s ,  Ja.pan and t h e  USA i s  given i n  Appendix A. 

(a)  " F a c i l i t i e s  f o r  Shieliting Benchmark Experiments a t  C h ?  Ca.sacciaH k x  
U F a r i n e l l i  and M Mar t in i  

Prof .  F a r i n e l l i  presented  t h e  paper from CNEN Casaccia where t h e  E&I f a c i l i t y  
i s  t h e  TAPIR0 f a s t  source r e a c t o r  wnich has a maximum power of 5 KW w i t h  a  s m a l l  
uranium metal  core surrcunded by a copper r e f k c t o r .  It d i f f e r s  from o the r  f a s t  
source r e a c t o r s  based o r i g i n a l l y  on tr,e AFER a t  Idaho F a l l s  i n  two r e s p e c t s ,  
namely: t h e  use of a helium cooling system, which may permit f u t u r e  cpera t ion  
up t o  I 0  FW; acd t h e  choice of copper a s  t h e r e f l e c t o ?  ma te r i a l .  I n  t h e  context  
of benchmark sh ie ld ing  experiments t h i s  ma te r i a l  has a n  i m p o r t a n t . e f f e c t  i n  t h a t  
it produces a leakage spectrum (stmilar t o  t h a t  of a  d i l u t e  f a s t  r e a c t o r )  which 
w i l l  be sigcifiss.n.tl .y d i f f e r e n t  f ro= those  of' KARNIOiirIE a ~ d  Y v U O I ,  - The secosd 
benchmark f a c i l i t y  at  Casaccia i s  an  enriched uranium conver ter -p la te  witn a 
power of some 45 Watts s i t u a t e d  on a TEIGA r e a c t o r  which a l s o  incorpora tes  a 
f i s s i o n - ~ c *  standard i r r a d i a t i o n  f a c i l i t y .  

13 Neutron a t t e n u a t i o n  stucties wi th  a c t i v a t i o n  d e t e c t o r s  have been c a r r i e d  out  
i n  s n  i r o n  b lock us ing t h e  f i s s i o n  converter-plate.  S imi lar  experiments i n  a 
l a r g e  sodium block a r e  i n  P rcgress .  i n  t h e  hor izon ta l  f a c i l i t y  on TAPIR0 and 
a mock-up experiment of t h e  lower i n t e r n a l  s h i e l d  and d i a g r i d  region of t h e  
PM: r e a c t o r  i s  under cons t ruct ion .  



( b )  "Neutron P r o o a ~ a t i o n  i n  t h e  S t e e l  Column of t h e  Source Reactor  KARMONIE" 
by C Dev i l l e r s  and Y Oceries 

14 D r  Dev i l l e r s  p resen ted  t h e  paper zhe CE4 descr ib ing t h e  c h a r a c t e r i s t i c s  of 
t h e  f a s t  source r e a c t o r  NP-RKONIE which has a small  enriched uranium core Nith a 
maximum power of 2 surrounded by a blanket  of deple ted  uranium and a r e f l e c t o r  
of s t a i n l e s s  s t e e l .  On one s i d e  of t h i s  r e f l e c t o r  t h e r e  i s  an i r o n  (mild s t e e l )  
column and on t h e  opposi te  s ide  t h e r e  i s  a g raph i t e  thermal column. 

15 Attenuation measurements have been made wi th  sulphur, rhodium, manganese and 
gold d e t e c t o r s  i n  both  columns and t h e  spectrum has been measured at  four  
p o s i t i o n s  i n  t h e  i r o n  co lum using o rc ton  r e c o i l  counters .  The maximum 
pene t ra t ion  depth  s tudied  was about 160 cm from t h e  core cen t re .  Calculat ions 
in t h i s  f a c i l i t y  have been a c c o q l i s h e d  with t h e  iWISN code b u t  t h e  r e s u l t s  
a r e  very Sens i t ive  t o  t h e  choice of da ta  l i b r a r y  a.nd group scheme, Checks have 
been made wi th  t h e  two-dimensional DOT code t o  check t h e  v a l i d f f g  of t h e  spher ica l  
approxircation used with ANISN. . ...: .~ ~. . . . - - . . - .. - 
( c )  "gv ievf  of Published Resu l t s ,  Current Work and Future Plans  of B e n c h m a  

Shie ld ing Experiments i n  Janan" by S An e t  a1 

16 Professor  An presented  t h e  pzper from Japan which inc ludes  a review of published 
sh ie ld ing  experiments. The gama-ray s t u d i e s  ixlude back-scat ter ing  and dose 
build-up f a c t o r  measurements wi th  r ad ioac t ive  sources, an3 n e u t r m  a t t e n u a t i o n  
measurements i n  s l a b  s h i e l d s  and iz dlucts'have been made i n  t h e  JFGJ-l+ 
pool  r eac to r .  Tiae-of-f l ight  measurements i n  s h s l l s  composed of p r a c t i c a l  
s h i e l d  m a t e ~ i a l s  have been undertaken on t h e  KUR l i r o a r  accelera',or at  Kyoto 
Universi ty.  

17 An extens ive  programme of benchmark shie ld ing eqer i inen t s  i s  planned f o r  t h e  
f a s t  source r e a c t o r  YAY01 i n s t a l l e d  it Tokyo Universi ty.  Th l s  r e a c t o r  is 
b a s i c a l l y  s i ~ i l a r  t o  ItMNONIE wi th  a blanket  of deple ted  uranium b u t  t h e  
r e f l e c t o r  i s  made of l e a d  and t h e  core can b e  moved hor izon ta l ly  t o  operate a t  
f i v e  separa te  s t a t i o n s ,  inc luding a beam hole,  f a s t ,  in termedia te  a sd  therma3. 
neutron columns and a s p e c i a l  "'care r eac to r"  f a c i l i t y .  

18 Some neutron transmission measurements i n  i r o n  have a l r eady  been made in 
c;ol.limated beam geometry usj.ng a l a r g e  FE 213 s c i n t i l l a t o r ,  t h e  p u l s e  height  
d i s t r i b u t i o n  being unfolded wi th  FERDCR. Preliminary c a l c u l a t i o n s  have been 
nade wi.th t h e  d iscre te-ordinete  code PALLAS. Again, seve ra l  d a t a  s e t s  have been 
used based on END?/B, t h e  ABBN and KEDAK l i b r a r i e s .  It i s  proposed t o  i n s t a l l  
a Linac f o r  f u t u r e  work using t h e  r e a c t o r  a s  a fast neutron boos te r  source. 

( d )  "Measurement of Radiat ion Pene t ra t ion  i n  t h e  I r o n  Sh ie ld  of a Gas-Cocled 
Fas t  Reactor La t t i ce"  bv R Richmond 

19 C r  Richmond descr ibed t h e  proposed prcgr3.m.e of measurements i n  t h e  a x i a l  
b lanket  and i r o n  s h i e l d  of the  gas-cooled fast  r e a c t o r  l a t t i c e  i n  the  coupled 
fast- thorm-1 r e a c t o r  ??.OTXS. Pissior .  m t e s ,  72-29 capture r a t e s  and ~ r c t c n -  
r e c o i l  counter  s p e c t r a  w i l l  be measured i_n t h e  c e n t r a l  l a t t i c e  wi th  m5xed 
plutonium-uraniium oxide f u e l ,  t h e  cpper a x i a l  b lanket  composed. of d e r l e t e d  
uraEium oxide a d  t h e  a x i a l  s h i e l d  which conpris?s a  mild s t e e l  s l e b .  Provision 
i s  made t o  r ep lace  t h e  l a t k e r  by a rodded s t e e l  region thereby cxtending t h e  
same core /b lanket  he terogenei ty  up through t h e  sh ie ld .  



(e )  "The UK Frogranme of DATW Experiments on Energy-Deposition and Radiat ion 
Penet ra t ion"  bv J Butler ,  M D C a r t e r ,  A K McCracken and A Packwood 

M r  McCracken presented  t h e  UK paper which descr ibes  t h e  underlying philosophy 
of t h e  Winfr i th  DATAM programme of benchmark experiments inc luding t h e  quest ion 
of t a r g e t  accurac ies ,  t h e  methods of d a t a  processing and t h e  r o l e  of d a t a  ( o r  
parameter) adjustment. The DATAM experiments a r e  a s p e c i a l  type  of benchmark 
which provide t e s t s  o f g a  &nd Methods: they comply wi th  t h e  d e f i n i t i o n  i n  
paragraph 9 above wi th  t h e  a d d i t i o n a l  requirement t h a t  t h e  measurements must 
be capable of i n t e r p r e t a t i o n  d i r e c t l y  wi th  approximate design codes working 
i n  t h e i r  normal mode. The programme i s  accordingly s t rongly  methods-orientated 
and t h e  paper o u t l i n e s  t h e  two-option scheme of survey (kernel/albedo/diffusion) 
and Monte Carlo codes. 

The e a r l y  UK work on LIDO is  reviewed in t h i s  paper and some experiments a r e  
i d e n t i f i e d  which measure up t o  DATAM standards .using t h e  core as a source and 
a l s o  f i s s i o n  conver ter -p la te  sources.  The sh ie ld ing  work was terminated on 
LIDO in J u l y  1972 and subsequent measurements have been concentrated on t h e  
ASPIS conver ter -p la te  f a c i l i t y  on NESTOR a t  Winfrxith wi th  support ing s t u d i e s  
on ZEBRA and other  zero-energy reac to r s .  A f e a t u r e  of t h e  p resen t  ASPIS 
f i s s i o n - p l a t e  which i s  composed of n a t u r a l  uranium i s  i t s  low power (approxinLately 
7 Watts) f o r  which t h i n  ( 5  mm) gaps on e i t h e r  s iZe  a r e  s u f f i c i e n t  t o  permit  
convection a i r  cooling. The geometry is very simple and t h e  p l a t e  i s  e f f e c t i v e l y  
embedced wi th in  t h e  experimental sh ie ld .  F e a s i b i l i t y  s t u d i e s  have been c a r r i e d  
out  wi th  proton r e c o i l  counters  and a small (5 nl) NE 213 s c i n t i l l a t o r  i n  a 
m i l &  s t e e l  s h i e l d  with a th ickness  of about 1000 mm. The r e s u l t s  have been 
used t o  check t h e  two-dimensional removal-diffusion coda SCORE4 and t h e  Monte 
Carlo code McNID incorpora t ing  t h e  DICE 360 system which processes d a t a  from 
UKNDL. Proposals  f o r  f u t u r e  DATAM experiments i n v d v i n g  duct systems and more 
complicated j D  geometries a r e  included in t h e  paper. 

(f) "The Apolicat ion of Shie ld ing Benchmark m e - i m e n i s  t o  the  Tes t ing  of 
Nuclear Data, Calcula t ional  Methods, and Procedures" bv R 2 LaBauv~, 
D R H a r r i s ,  D W Muir, P B Hemmiq 

D r  LaBauve presented  t h e  paper on t h e  US programme whlch recognises  two 
ca tegor ies  of benchmarks: namely i n t e g r a l  experiments and re fe rence  ca lcu la t ions .  
The formar a r e  o r i e n t a t e d  towards nuc lea r  da ta  t e s t i n g  o r  checking on speci f i :  
f e a t u r e s  of a ca lcu la t ion  o r  cocle. Reference ca lcu la t ions ,  on t'ne o the r  b.nd, 
a r e  used t o  v e r i f y  t h a t  t h e  physics  of a c a l c u l a t i o n  i s  c o r r a c t  o r  t h a t  it i s  
proper1.y coded. A t  p r s sen t ,  t h e  emphasis i n  t h e  benchmark programme i s  on t h e  
prepara t ion  of ENDF/B& which w i l l  b e  p a r t i c u l a r l y  app l i cab le  t o  s h i e l d i n g  
problems i n  t h a t  it conta ins  neutron-induce3 ?hoton producticn s ross-sec t ions  
f o r  37 nuc l ides ,  decay d a t a  f o r  825 f i s s i o n  prodlucts and complete r eva lua t ions  
of photon i n t e r a c t i o n  cross-sec t ions  f o r  87 elements. 

Benchmark experinents  have ill been a l l o c a t e d  SDT ( s h i e l d  Data ~ e s t i n ~ )  
numbers and a r e  divided i n t o  two ce tegor ies :  sb -g le -mate r i a l  o r  mult i-material .  
Examples of t h e  former a r e  the  Oak Xidge broomstick checks on t o t a l  c ross-sec t ions ,  
the Lawrence-Livermore Laboratory pulsed  sphere experiments, and t h e  t h i r d -  
genera t i cn  tLme-02-flight e x p e r i ~ s n t s  i n  which s c a t t e r e d  neutrons and secondx-y 
photon s p e c t r a  a?e measure2 on t h e  high power l i n a c  at  Intelcom. k d .  Tech. 
Several  multi-material:  experiments a r e  being considered f o r  s e l e c t i o n  as CSEK 
benchmarks inc luding a mock-up of t h e  FFTP performed on t h e  ZPPR, and some c lean 
engineering bock-ups on t h e  Oak RXge TSF r e i a t i n g  t o  t h e  design of t h e  FFTF 
s tored-fuel  f a c i l i t y  and control-rod streaming channels. 



24 Several  new i n t e g r a l  experh.ents  a r e  be ing planned, but  t h e  d i s t i n c t i o n  
between da ta - t e s t ing  and methods-testing i s  r a r e l y  c l e a r  cut .  I n  planning 
new da ta - t e s t ing  experiments one or ,  a t  t h e  most, only a few m a t e r i a l s  would 
be used. I n  methods-testing benchmarks only mate r i a l s  with well-known cross-  
sec t ions  would be employed wi th  r e l a t i v e l y  simple source and s h i e l d  conf igura t ions  
i n  l i n e  wi th  t h e  d e f i n i t i o n  i n  paragraph 9 above. Planned experiments concerned 
wi th  t h e  FBR programme a r e  aimed a t  neutron deep penet ra t ion ,  secondary-gamma 
production,  gamma-ray heat ing,  pin-streaming, duct  streaming and c a v i t y  migration. 

(g)  "Sens i t iv i tv  Studies  and I n t e g r a l  Benchmark Experiments" by G Hehn (FRG) 

25 D r  Hehn explained t h a t  t h i a  paper was concerned p r imar i ly  with t h e  philosophy 
of benchmarks. S t a r t i n g  from i n t e g r a l  q u a n t i t i e s  such as gamma-ray heat ing,  
atomic-displacements o r  b i o l o g i c a l  dose, t h e  f i rs t  s t e p  w a s  t o  determine t h e i r  
s e n s i t i v i t y  t o  the  da ta  and geometry of t h e  design environment. forward 
ca lcu la t ions ,  t h e  inf luence  of a  few d i f f e r e n t  da ta  s e t s  could be examined but  
t h e  problem should proper ly  be studieci using a d j o i n t  ca lcu la t ions  wi th in  t h e  
framework of pe r tu rba t ion  theory. Using t h e  ANISN/SWANLAKE approach, s e n s i t i v i t y  
p r o f i l e s  had been ca lcu la ted  f o r  r a d i a t i o n  dame.ge and heat ing  i n  t h e  wall of a @ 
PPm pressure  vesse l  and f o r  t h e  b i o l o g i c a l  dose outside t h e  primary sh ie ld .  
The next  s t a g e  of t h e  exe rc i se  was t o  examine t h e  s e n s i t i v i t y  p r o f i l e s  of 
var ious  published benchmark experiments t o  i d e n t i f y  those wi th  similar c h a r a c t e r i s t i c s  
which could t h e r e f o r e  serve  a s  checks of t h e  multigroup s e t  used  i n  ANISN. 
Consideration was a l s o  being given t o  t h e  s e n s i t i v i t y  p r o f i l e s  in two-dimensional 
cases  b u t  i n  t h e  P1#R s i t u a t i o n  they  x e r e  no t  expected t o  d i f f e r  g r e a t l y  from 
those ca lou la ted  f o r  one-dimensional geometries. 

(h)  EURATOM Shie ld ing Emeriments 

26 D r  Nicks gave a v e r c a l  p resen ta t ion ,  i l l u s t r a t e d  wi th  s l i d e s ,  of t h e  Et%?ATOM 
work with t h e  EURACOS f i s s i o n  converter-plate f a c i l i t y  which had been operated 
on t h e  ISPRA-I r e a c t o r  and was now closed down. He agreed wi th  Nr McCmcken 
of t h e  LTK t h a t  a  f i s s i o n - p l a t e  af forded a very simple system f o r  t h e  theore t i ca l  
i n t e r p r e t a t i o n  of benchmarks. An important f e a t u r e  of EURAC9S had been i t s  
high souroe s t r e n g t h  (1300 Watts power) of 1014 neutrons p e r  sec. wi th  a f a s t  
f l u x  of l oq0  n/cn.ses. a t  t h e  f r o n t  of t h e  experimental s h i e l d .  Closed c i r c u i t  
fo rced  a i r -cool ing  had been used, and t h e  converter  p l a t e  contained wi th in  i t s  
cooling bcx had a diameter of 80 cm. A s  mentioned p r e v i m s i y  (paragraph 6) 
t h i s  configurat ion n c o e s s i t a t e d  a two-dimensional Monte Zarlo t rea tment  of t h e  
source region f o r  each experiment. 

27 The f irst  benchmark experiment on neutron propagatLon in laminated iron-water 
s h i e l d s  had a l ready been published in t h e  Specia l  I s sue  No ,I of t h e  ESIS 

Newslet ter .  D r  Nicks suggested t h a t  t h i s  might provide t h e  b a s i s  of a s u i t a b l e  
format f o r  repor t ing  neutron b e n c h a r k  experiments ( ~ ~ ~ e n d i x  B-4). A more 
complicated experiment had been s t u d i e d  i n  support of t h e  SNR des ign involving 
a sodium-filled duct w i t h  bends passing through s h i e l d  w211.s of g raph i t e ,  s t e e l  
and concrete. These measurements had been made wi th  a c t i v a t i o n  d e t e c t o r s  and 
a s a a e i a l  stiidy of t h e  e p i t h e r ~ a l  s p e c t r a  had beeii c a r r i e d  out ~ i t h  resoiianie 
sandwich f o i l s .  Experiments on secondary gmina prodaction i n  s t e e l  had been 
c t a r t e d  on EUILGOS, b u t  it was no7: intended t o  t r a n s f e r  t h i s  f a c i l i t y  t o  t h e  
TXGA r e a c t o r  at  t h e  Univers i ty  of Pavia. The power would be re&ced t o  about 
700 Wa.tts b u t  t h i s  would  not  adverse ly  a f fec t  t h e  programme if more r e l i a n c e  
were p laced on high-efficiency neutron spectrometers i n s t e a d  of a c t i v a t i o n  
tec-miques. 



PROPOSALS FOR A C,OLLABOILATIVE BEXCHKQK PROGRAMME 

Opening t h e  d iscuss ion on t h e  p o s s i b i l i t y  of e s t a b l i s h i n g  a co-ordinated programme 
lead ing  u l t i m a t e l y  t o  t h e  exchange and intercomparison of r e s u l t s  wi th  t h e  CSEGniG 
S h i e l d  Data Tes t ing  experiments, t h e  Chairman Buggested t h a t : -  

(i) 

(ii) 

( i i i )  

A t  l e a s t  one s ingle-mater ia l  experiment should b e  c a r r i e d  out on 
a l l  t h e  d i f f e r e n t  f a c i l i t i e s  - i r o n  and g r a p h i t e  were t h e  obvious 
contenders and both were of i n t e r e s t  t o  f a s t  breeder  and h igh 
temperature r e a c t o r  p r o j e c t s .  

A b a s i c  l i s t  of a c t i v a t i o n  d e t e c t o r s  should b e  drawn up f o r  use 
in t h e s e  experiments i n  a d d i t i o n  t o  any spectrum measurements which 
might b e  made. Spec ia l  cons ide ra t ion  should b e  given t o  t h e  response 
cross-sect ion data.  

I n  each case t h e  i n i t i a l  t h e o r e t i c a l  i n t e r p r e t a t i o n  of t h e  
pene t ra t ion  measurements i n  t h i s  common mate r i a l  should b e  undertaken 
wj.th the  same code(s)  and d a t a  s e t s ;  comparison of t h e  va r ious  
measurements with t h e  p r e d i c t i o n s  of t h i s  s tandard  c a l c u l a t i o n  
(with appropr ia t e  c o r r e c t i o n s  f o r  geometry and leakage) would 
r e v e a l  d i f f e rences  between t h e  d a t a  s e n s i t i v i t i e s  which would b e  
l a r g e l y  a t t r i b u t a b l e  t o  d i f f e r e n c e s  between t h e  spec t ra  inc iden t  
on t h e  experimental s h i e l d s .  These f i n d i n g s  would a l s o  be a 
valuable  a i d  i n  the  d e t e c t i o n  of any systematic e r r o r  t r ends .  

Choice of a Standard Meter ia l  

The proposal  t h a t  each l abora to ry  should study,  f i r s t ,  t h e  same mate r i a l  met 
wi th  genera l  approvai.  D r  Dev i l l e r s  suggested t h a t  i ron  should b e  chosen a s  t h e  
s t a n d a r t  m a t e r i a l  i n  preference  t o  g raph i t e ;  bo th  ma te r i a l s  had been s tud ied  i n  
t h e  HAF&!ONIE columns b u t  d i f f i c u l t i e s  had been experienced wi th  t h e r m l  neutron 
backgrounds i n  proton-recoi l  counter  measurements i n  g raph i t e .  M r  McCracken 
supported t h i s  view, similar problems had been encountered wi th  g r a p h i t e  in 
t h e  ASPIS f a c i l i t y  at  Winfri th,  and t h e  counters  were being modified t o  e l i n i n a t e  
t h e i r  s e n s i t i v i t y  t o  them,al  neutrons.  Moreover, t h e  resonances i n  i r o n  possd 
a u s e f u l  t e s t  of t h e  counter  r e s o l u t i o n  before t a c k l i n g  more complicated 
experiments. 

P ro fessor  F a r i n e l l i  s a i d  t h a t  an  i n t e g r a l  experiment i n  i r o n  s l a b s  had been 
c a r r i e d  out wi th  t h e  TRIGA converter-plate at  Casaccia but  he would r a t h e r  w a i t  
u n t i l  t h e  d e t e c t o r  cross-sec t ion  d a t a  had been improved be fo re  regarding t h i s  
experiment as a benchmark. He was prepared t o  e s t a b l i s h  t h e  i r o n  b lock benchmark 
i n  t h e  h o r i z o n t a l  f a c i l i t y  on TA?IRO where it would be i r r a d i a t e d  d i r e c t l y  by 
t h e  leakage spectrum of t h e  copper r e f l e c t o r .  I n  order t o  examine t h e  e f f e c t  
of t h e  spectrum shape a f i s s i o n  canver ter -p la te  could b e  in te rpose6  s i n c e  t h e  
r e f l e c t o r  leakage spectrum w a s  s u f f i c i e n t l y  s o f t  t o  f u r n i s h  an adequate f i s s i o n  
source s t r eng th .  

Professor  An drew a t t e n t i o n  t o  t h e  col l imated  beam source experiments i n  i r o n  
which had been s t a r t e d  on YAYOI; it w a s  proposed t o  extend t h i s  work t o  cover 
a pene t ra t ion  range between 30 and 80 cm. To da te ,  t h e  measurements had been 
r e s t r i c t e d  t o  t h e  f a s t  neutron (N 1 M ~ V )  region. D r  Nakamura s a i d  t h a t  
a t t enua t ion  measurements through i r o n  had been made wi th  14 MeV and 3 MeV 
"poSntt' sources generated on a Cockroft-Walton a c c e l e r a t o r ,  Calcula t ions  
with Monte Carlo were i n  progress.  



D r  Nicks confirmed Chat t h e  i r o n  block experiment s t a r t e d  o r i g i n a l l y  on 
EUUCOS would b e  s e t  up again  when t h e  f i s s i o n  p l a t e  w a s  r e -es t ab l i shed  a t  
Pavia Universi ty.  He proposed t o  use  tine novel spectrometer devised  by 
Professor  P i n e l l i .  This had been t h e  subjec t  of a s p e c i a l  p resen ta t ion  during 
t h e  meeting and t h e  prototype had been published i n  Nuclear Instruments & Methods. f 

D r  Herrenberger, on behalf  of D r  Richmond,who had had t o  l eave  t h e  meeting e a r l y ,  
r e c a l l e d  t h a t  i r o n  was t o  b e  s tud ied  i n  bo th  s l a b  and rodded form on t h e  a x i a l  
s h i e l d  of PROTEUS . 
Activatfon Detectors  and Spectrometers 

It was genera l ly  recognised t h a t  a c t i v a t i o n  nethods had always f i g u r e d  
prominently ih European and Japanese experiments and t h e r e  was c l e a r l y  a 
continued i n t e r e s t  i n  them f o r  t h e  f u t u r e  programme, al though such techniques 
would b e  supplemented - and i n  some cases perhaps supplanted-by spectrum 
measurements using p r i n c i p a l l y  NE 213 s c i n t i i l a t o r s  and proton-recoi l  counters.  
The quest ion of cross-sec t ion  d a t a  and i n t e r c a l i b r a t i o n  of a c t i v a t i o n  de tec to r s  
had been considered a t  t h e  Consultants Meeting on Nuclear Data f o r  Reactor 
Neutron Dosimetry held  a-t Vienna in September 1373 under t h e  auspices  of t h e  
IAEA Nuclear Data Sect ion .  This  meeting had been a t tended by Prof.  Fa r ine lL i  who 
was a l s o  Chairman of t h e  EURATOM Working Group on Reactor Dcsimetry. D r  Bu t l e r  
s a i d  t h a t  t h e -  d e t e c t o r  r e ~ u i r e m e n t s  f o r  sh ie ld ing were s i g n i f i c a n t l y  d i f f e r e n t  
from those f o r  in -p i l e  dosimetly. He t h e r e f o r e  i n v i t e d  Pro ressor  Parin.el.l i  t o  
chair a small working group of exper t s  t o  advise t h e  meeting on t h e  2 o s i t i o n  
wi th  r ega rd  t o  t h e  choice and c a l i b r a t i o c  of de tec to r s ,  a ~ d  t h e  qxes t ion  of 
response cross-sect ion data .  The i r  r e p o r t  i s  sumrarised below i n  paragraphs 39 e t  
seq. 

With regard t o  t h e  choice of a commm code and da ta  s e t  f o r  t h e  i n i t i a l  
i n t e r p r e t a t i o n ,  it was genera l ly  agreed t h a t  t h e  ANISN/~CT/?~~ORSE conbination 
should be used s i n c e  it had been implemented at  a l l  t h e  l a b o r a t o r i e s  concemej.  
This  would f a c i l i t a t e  t h e  e a r l y  app l i ca t ion  of s e n s i t i v i t y  c a l c u l a t i o n s  u t i l i s i r l g  
t h e  SWANLAICF: code ( i n  conjunction with ANISN) which was now a v a i l a b l e  from t h e  
NEA Computer Programme L i b r a r ~ .  

D r  Hehn and D r  Nicks undertook t o  provide a P d a t a  s e t  f o r  mild s t e e l  using t h e  a 
processing code SUPERTOG based on t h e  E P ! D ~ / ~ 3 ~ f i l e  f o r  i ron .  It w a s  agreed t h a t  
t h i s  s e t  should have -v lo2 groups and t h a t  t h e  group boundaries should be choscn 
t o  coincide wi th  some of those in t h e  270 group s e t  proposed by D r  LaBauve* as 
a poss ib le  stanciard s e t  f o r  CSEJG becchmark ca lcu la t ions .  This rrould enable 
condensations t o  be made f o r  subsequent comparisons a t  a l a t e r  s t a g e  i n  t h e  
programme. 

".   he majn probiems erwisaged i n  genera t ing  t h i s  i n i t i a l  multigroup s e t  were t h e  
e f f e c t s  of small d i f fe rences  in t h e  conposi t ion of d i f f e r e n t  mi ld  s t e e l  samples 
and t h e  t rea tment  of t h e  weighting func t ion  f o r  resonances i n  i ron .  P ro fessor  
F a r i n e l l i  s a i d  'chat t h e  Casaccia and Cadarche sanples ha? almost i d e n t i c a l  
compositions ( i e  5% i r o n  wi th  t r a c e s  of manganese, carbon, e t c )  and t h e  only 
impurity which mattered was t h e  0.8% of manganese. It was agreed t h a t  a typical.  
composition shouid be assumed f o r  generat ing t h e ' d a t a  s e t  wi th  l e s s  thzn 1% of 

"Report of t h e  CSE%G e n t i t l e d :  "Speci f ica t ion  of a Generally Useful  Multigroup 
S t ruc tu re  f o r  Neutron Transport" by C R Weisbin and R J LaBauve 

i N u c .  I n s t .  Meth. 82 (1970) 106-108 



impur i t i e s  b u t  t h i s  r e s t r i c t i o n  should b e  noted  by a l l  u s e r s .  The weighting 
funct ion  i n  iron*would be ca lcu la ted  us ing t h e  "narrow resonance approximation" 

I 
which g ives  a  slowing down spectrum of - . This  spectrum weighting had - r 

&Lt 
been t e s t e d  by Goldstein and had been shown t o  be adequate f o r  sh ie ld ing  
ca lcu la t ions .  D r  Hehn s a i d  t h a t  t h e  modificat ion of t h e  spectrum a f t e r  
pene t ra t ions  in excess of 80 cm would probably n e c e s s i t a t e  a f i n e  group 
ca lcu la t ion ,  say I000 groups, i n  order  t o  devise a  weighting f l u x .  However, 

1 " f o r  t h e  f i r s t  benchmark comparison it was considered t h a t  t h e  - weighting 

.E E+ - 
would b e  s a t i s f a c t o r y .  This  would enable t h e  cross-sec t ion  s e t  t o  b e  der ived 
r e a d i l y  w i t h  SUPE?TOG i n  about t h r e e  months. 

38 Concern was expressed by s e v e r a l  p a r t i c i p a n t s  about t h e  e f f e c t  of systematic 
e r r o r s  ~ h i c h  might n o t  b e  adequately revealed  by t h e  comparisons between 
p r e d i c t i o n s  wi th  t h e  s tandard  d a t a  s e t  and experimental r z s u l t s  from t h e  
var ious  f a c i l i t i e s .  i n  t h e  case of t h e  t h r e e  f i s s i o n  p l a t e  measurements which 
had been proposed, namely: ASPIS ( ~ i n f r i t h ) ,  t h e  TAPIR0 LHF ( ~ a r ~ e  Hor izonta l  
~ a c i l i t y )  and t h e  ZURACOS converter  u l t i m a t e l y  t o  b e  operated on t h e  TRIGA 
r e a c t o r  a t  Pavia, t h e  d a t a  s e n s i t i v i 5 i e s  should be i d e n t i c a l .  Under t h e s e  
condit ions,  t h e  Chairman suggested t h a t  it might b e  poss ib le  t o  undertake a 
s p e c i f i c  exerc ise  t o  i d e n t i f y  sys temat ic  e r r o r s .  Consideration w a s  accordingly 
given t o  t h e  fol lowing procedure: 

(i) c a l c u l a t e  t h e  spectrum and/or d e t e c t o r  r e a c t i o n  r a t e s  along t h e  
pene t ra t ion  a x i s  of t h e  s h i e l d  making appropr ia t e  co r rec t ions  f o r  
leakage, e t c ,  wi th  D O T ~ O R S E ;  

(ii) p l o t  t h e  a x i a l  d i s t r i b u t i o n  of C/E r a t i o ,  i e  t h e  r a t i o  of t h e  
c a l c u l a t e d  reac t iop- ra te  o r  group f l u x  t o  t h e  measured value; 

(iii) c a l c u l a t e  t h e  same react . ion-rate and/or group f l u x  d i s t r i b u t i o n  
f o r  an  i d e a l i s e d  in f in i t e -p lane  f i s s i o n  source embedded i n  an 
i n f i n i t e  medium composed of t h e  experimental mater ia l ;  

( i v )  p r e d i c t  from t h e  c/E r e s u l t s  of ( i i )  t h e  corresponding values  
i n  t h e  i d e a l i s e d  s h i e l d  of t h e  q u a n t i t i e s  measured i n  t h e  experiment. 

If t h e r e  were nc s i g n i f i c a n t  sources of systematic e r r o r  then a l l  t h r e e  s e t s  
of r e s u l t s  would b e  on t h e  same curve (wi th in  t h e  quoted s t a t i s t i c a l  accuracy). 
Doubts were expressed as t o  whetha2 t h i s  would b e  a u s e f u l  procedure f o r  t h e  
o the r  f a c i l i t i e s  which haa d i f f e r e n t  s e n s i 5 i v i t y  p r o f i l e s  a r i s i n g  mainly from 
d i f fe rences  i n  t h e  inc iden t  spectrum. M r  McCracken'pointed out t h a t  it was 
proposed t o  modify t h e  spectrum in t h e  A S P I S f a c i l i t y  by in te rpos ing  a simulated 
uranium oxide breeder  region a t  t h e  f r o n t  of t h e  sh ie ld .  In  t h i s  way it should 
be p o s s i b l e  t o  reproduce t h e  leakage spectrum of HARMONIE and YAYOI. Considerat ion 
was a l s o  being given a t  Winfr i th  t o  an experimentai comparison between beam-source 
geometry and l a r g e  conver ter -p la te  geometry. The pre l iminary  f i n d i n g s  of t h i s  
exe rc i se  would be made .known t o  t h e  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  as soon a s  they 
become ava i l ab le .  . . 

REP09T OF THE WORKING GROUP ON ACTIVATION DETECTOR CR9SS-SECTIONS 

39 Professor  F a r i n e l l i  r epor ted  t h e  f i n d i n g s  of t h e  Working Group, comprising 
D r  Nicks, I& McCracken and D r  Dev i l l e r s ,  which were summarised in a t a b l e  
reproduced here a s  Appendix C. This  had been compiled i n  t h r e e  ca tegor ies :  



f i r s t l y ,  those  d e t e c t o r s  which were of genera l  use i n  a l l  a spec t s  of sh ie ld ing 
work inc luding measurements on zero-energy r e a c t o r s  and on power r e a c t o r s ,  
during commissioning and normal operat ion.  The choice was a compromise between 
t h e  c o n f l i c t i n g  requirements of energy-coverage, s e n s i t i v i t y  and h a l f - l i f e .  
The second category contained resonmce  and sandwich de tec to r s ,  t h e r e  was a 
s i g n i f i c a n t  gap betmeen manganese and tungsten (from 337 down t o  18 e ~ )  which 
might be f i l l e d  by lanthanum, b u t  t h e r e  were r e se rva t ions  about t h i s  r e a c t i o n  
because of handling d i f f i c u l t i e s  which put  it in t h e  t h i r d  category. This  
last category contained t h e  d e t e c t o r s  which were of s p e c i a l  use  i n  f a s t  
r e a c t o r s  ( inc luding uranium f i s s i o n  f o i l s )  where t h e r e  i s  neg1igibl.e thermal 
f l u x  and a low e p i t h e m a l  con t r ibu t ion  below 100 eV. 

With regard  t o  t h e  cross-sect ions,  it was not  p r a c t i c a b l e  t o  make reference  t o  
a  s ing le  evaluat ion  because t h e  Working Group had agreed not  t o  ~ecormend d a t a  
which apparent ly  gave r i s e  t o  discrepancies exceeding 1% i n  t h e  well-known 
i n t e g r a l  experiments. For t h e  threshold  reac t ions ,  those  marked wj.th a  c ross  
should b e  a v a i l a b l e  from CCDN on t a ~ e .  . 
P i n a l l y ,  Professor  F a r i n e l l i  drew a t t e n t i o n  t o  those  r e a c t i o n s  marked with 
a n  a s t e r i s k .  These had been s e l e c t e d  by t h e  IAEA Consultants  Meeting 

a 
(par&graph 34 above) f o r  t h e i r  Category I l i s t  of Reactions. The d i f f e r e n t i a l  
d a t a  f o r  these  a r s  known with a hjgh accuracy; new e v a l w t i o n s  could b e  expected 
b u t  a  s t rong  recommendation had been made t h a t  these  cross-sect ions should n c t  
be "adjusted" on t h e  b a s i s  of in teg ra l .  experiments. A second zategory of c t k e r  
r e a c t i o n s  u s e f u l  f o r  r e a c t o r  dosimetry had been compiled and jlt was s p e c i f i c a l l y  
ir.tended t h a t  t h e i r  aross-sect icns should be ad jus ted  wi th  reference  t o  measure- 
ments i n  a  s e t  of 9 benchmark spec t ra .  It was proposed t o  r e l y  on ca lcu la t ions  
of t h e s e  spec t ra  which would be checked aga ins t  r eac t ion- ra te  measurements made 
wi th  Category I de tec to r s .  

Mr McCracken drew a t t e n t i o n  t o  h i s  proposal  ir t h e  UK paper f o r  a d j u s t i n g  t h e  
cross-sect ions of c e r t a i n  sh ie ld ing  d e t e c t o r s  ir, %he APPIS f a c i l i t y  beginning 
with rhcdium which had, a t  p resen t ,  a  l a r g e  uncer ta in ty .  The main d i f f e r e n c e  
between t h e s e  proposals  was t h a t  adjustments i n  ASPIS would be c a r r i e d  out  i n  
spec t ra  measured wi th  p ro ton- reco i l  counters and NE: 21 j s c i n t i l l a t o r s ,  and t h a t  
a s e r i c s  of t y p i c a l  sh ic ld izg  spec t ra  n c d d  be s e t  up by means cf f i l t e r  s l a 3 s .  

M r  McCracken and Professor  F a r i n e l l i  agreed j o i n t l y  t o  undertake t h e  t a sk  of 
s e l e c t i n g  t h e  appropr ia te  cross-sect ion da ta  f o r  Category I d e t e c t o r s  in 
Appendix C,  which had been recommended f o r  use i n  t h e  i r o n  benchmark exerc i se ,  

2 and producing group-averaged values appropr ia te  t o  t n a  10 group scheme chosen 
by Dr Hehn and D r  Nicks f o r  t h e  initial round of ca lcu la t ions .  

FORNL~T FOR P~SENTATION OF RESULTS 

Whilst. t h e  meeting recognised t h a t  t h e  qces t ion  of t h e  format fsr repor t ing  
r e s u l t s  was of paramount importance i n  any benchmark programme, compa.ratively 
l i t t l e  t ime was spent  i n  d i scuss ing  t h e  d e t a i l s  because s a t i s f a c t i o n  was genera l ly  
expressed wi th  D r  ;?tcks! ESIS format used f o r  t n e  XJZACOS iron-water benchmark 
( ~ ~ ~ e n d i x  B-4). M r  McCrdcken and D r  Dev i l l e r s ,  however, s t r e s s e d  t h e  importance 
of including t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  f i s s i o n - r a t e  throughout t h e  source 
region expressed i n  abso lu te  u n i t s .  This  amendinent would b e  p a r t i c u l a r l y  
im2ortar.t i n  t h e  case gf f a s t  source r e a c t o r s  used i n  t h e  core-source mode. 
 h he f i s s i o n  d i s t r i b u t i o n  i n  ajly b l m k e t  region should be sim'ilarly speci f ied . )  
Al t e rna t ive ly ,  if t h i s  information was not  ava i l ab le  then  s u f f i c i e n t  d a t a  
should be supplied t o  enable t h e  sources t o  be ca lcu la ted  with a 2D or  3D code. 



D r  Hehn a l s o  suggested t h a t  t h e  chemical composition of each medium i n  t h e  
s h i e l d  should be s p e c i f i e d  in adequate d e t a i l  t o  evaluate  t h e  cross-sec t ion  
data.  

45 With regard  t o  t h e  format of SDT 7 which had b e p  recommended by t h e  EACRP, 
t h e  meeting f e l t  t h a t  t h i s  was o r i e n t a t e d  towards.the requirements f o r  
cross-sec t ion  measurements o r  s t rong ly  data-or ienta ted  benchmarks. D r  LaBauve 
s a i d  t h a t  cons idera t ion  was being given by S t rake r  and Har r i s  t o  t h e  p o s s i b i l i t y  
of changing t h i s  format  and he would draw t h e i r  a t t e n t i o n  t o  t h e  ESIS r e p o r t  

, and t h e  comments made a t  t h e  meeting. 

SUPPLEMENTARY EXPERIMENTAL PAPERS 

The fol lowing t h r e e  papers were t a b l e d  a t  t h e  meeting: 

(a) "A Benchmark Eweriment t o  Test  Activat ion Detector  Cross-Sections on t h e  
TAPIRO Reactor" by M D B e l l i  e t  a1 

e 4 6  
The proposals  of t h e  Consultants  Meeting on Nuclear Data f o r  Reactor Neutron 
Dosimetry he ld  i n  Vienna by t h e  Nuclear Data Sect ion  of t h e  IAE.4 a r e  sumrnarised 
in paragraph 1 of t h e  paper. Pre l iminary  experimental r e s u l t s  a r e  g iven 
from TAPIRO comparing neasuremenk and p red ic t ions  using two-dimensional DOT 
c a l c u l a t i o n s  in  t h e  Po, S anproximation f o r  Category I reac t ions  and a 8 - 
s e l e c t i o n  of Category I1 reac t ions .  S i g n i f i c a n t  discrepancies,attributable 
t o  shortcomings in t h e  ca lcu la t ion ,  were observed i n  t h e  r e f l e c t o r .  A programme 
of f i r t h e r  work i s  outl ined.  

(b) "A Gamma-Rav Eneray Deposition Benchmark Experiment" by A D Knipe 

, 47 This r epor t  b r i e f l y  d iscusses  t h e  r e l a t i o n s h i p  b e t ~ e e n  t h e  energy deposi t ion  
rate measured i n  a 7 ~ i F  thermoluminescent d e t e c t o r  (TLD) and t h a t  of a surrounding 
medium - t h e  so-c.dled c a v i t y  correctj.on f a c t o r  of dos inet ry .  An algori thm, 
based on Monte Carlo, f o r  t h e  c a l c u l a t i o n  of c a v i t y  co r rec t ions  i s  out l ined.  
P red ic t ions  of t h i s  algori thm a r e  compared with m surements of TLD absorbed %8 dose i x  an i r o n  b lock  benchmark experiment us ing  Co as z source of gamma-rays. 

a (c)  "The RADAK Unfolding Code" bv A K McCracken 

48 The paper descr ibes  RADAK which f i n d s  Maximum Likelihood Solut ions  (MLs) 
cons i s t en t  wi th  t h e  output of any combination of de tec to r s ,  toge the r  wi th  a 
f u l l  c o r r e l a t i o n  a n a l y s i s  of t h e  e r r o r s  of t h e  so lu t ion .  An example, t aken  
from t h e  ASPIS benchmark f e a s i b i l i t y  s tudy i n  i ron ,  i s  shown of t h e  simultaneous 
u n f o l d b g  of n ine  d e t e c t o r  outputs .  The ad.justment of d e t e c t o r  response, implied 
in a MLS i s  s t r e s s e d  and sone e x p l o r ~ t o r y  work on t h e  refinement of bo th  d e t e c t o r  
absolute  c a l i b r a t i o n  and cross-sec t ion  shape i s  discussed. 

FUTUIlE MEETINGS 

L9 The Chairimn drew a t t e n t i o n  t o  t h e  last i tem on t h e  agenda which was concerned 
wi th  proposals  f o r  an iv-EA/iXX meeting t o  b e  h e l d  on t h e  "Methodoiogy of 
S e n s i t i v i t y  Studies  and Benchmarks" which had o r i g i n a l l y  been planned f o r  1974. 
Th i s  meeting had t o  some ex ten t  been overtaken by events: it would n o t  now b e  
f e a s i b l e  t o  hold it during t h e  p r e s e n t  year ,  and he was no t  c l e a r  whetherb t h e  
f i n a n c i a l  provis ion  made by t h e  sponsoring Organisat ion would al low postponement 
t o  1975. DP Lesca, however, s t a t e d  t h a t  d iscuss ions  had taken p lace  betwecn 
NEA and t h e  LAEA and provis ion  w a d  made i n  t h e  NEA budget f o r  a meeting on 
sh ie ld ing  t o p i c s  i n  1975. 



50 D r  Bu t l e r  s a i d  t h &  he would work on t h e  assumption t h a t  a meethg would take  
p lace  and he i n v i t e d  comments and suggest ions f o r  d e t a i l e d  t o p i c s  on t h e  agenda. 
D r  LaBauve thought t h a t  it would be very u s e f u l  if t h e r e  was a follow-up from 
t h e  p resen t  meeting, p a r t i c u l a r l y  s i n c e  ENDF/B~ (which inc luded e r r o r  assignment) 
would be a v a i l a b l e  and presumably t h e  second round of i r o n  c a l c u l a t i o n s  would 
have been completed on at  l e a s t  some of t h e  experiments. Professor  F a r i n e l l i  
agreed wi th  these  views and suggested t h a t  t h e  meeting would b e  more e f f e c t i v e  
if it were r e s t r i c t e d  t o  discussi.ng i r o n  benchmarks. This  would obviously 
include papers on s e n s i t i v i t y  s tud ies .  He a l s o  ,pointed out t h a t  t h e  use of 
Monte Carlo f o r  a d j o i n t  ca lcu la t ions  and s e n s i t i v i t y  s t u d i e s  would b e  discussed 
a t  t h e  Argonne Meeting scheduled f o r  July 1974. 

51 D r  IIehn and D r  Nicks f e l t  t h a t  t h e  term "methodoiogy" should be dropped from 
t h e  t j t l e  of t h e  meeting, thereby changing t h e  emphasis a l i t t l e  towards 
a p p l i c a t i o n s  s ince  t h e r e  were r e l a t i~ . r e ly  few d i f f e r e n t  methods l i k e l y  t o  b e  
availab1.e by aid-1975 t o  s tudy  sh ie ld ing  d a t a  s e n s i t i v i t y .  Most groups ~ o u l d  
b e  us ing e i t h e r  SWANLAKE, a d j o i n t  Monte Carlo o r  co r re la t ed  sampling Monte Carlo. 

52 Scmmarising t h e  p o s i t i o n ,  t h s  Chairman s a i d  t h a t  t h e  consensus of opinion 
was c lea r :  t h e  meeting should be he ld  i n  t h e  Spring/Sumner or" 1975 wi th  t h e  
t i t l e  " S e n s i t i v i t y  Studies  and Benchmarks". This  obviously d i d  noz exclude 
papers on methodology. It wculd be appropr ia te  at  t h a t  time 50 review t h e  
p o s i t i o n  on t h e  i r o n  benchmark, al though he nozed t h a t  according t o  t h e  time- 
s c a l e  quoted f o r  some of t h e  exper i r en t s  not  y e t  s t a r t e d  it xould not  ise 
p r a c t i c a b l e  t o  have a f u l l  review of t h e  programme. P ro fessor  F a r i n e l l i  
suggested t h a t  perhaps a f u r t h e r  meeting of those p a r t i c i p a t i n g  i n  t h e  i r o n  
benchmark programme should be he ld  wi th in  t h e  next  two y e a r s  t o  d i scuss  d e t a i l e d  
t echn ica l  progress.  He was a l s o  concerned t h a t  t h e r e  had been l i t t l e  opportunity 
t o  d iscuss  t h e  problem of TLD, gamma-ray dosimetry in i r o n  and fast r e a c t o r  
environments. 

.53 D r  Butler s a i d  t h a t  t h e s e  p o i n t s  would be noted by the  EACRF'. He a l s o  would 
l i k e  t o d r a w  t h e i r  a t t e n t i o x  t o  t h e  f a c t  t h a t  t a r g e t  accurac ies  had not ,  i n  h i s  
opinion, been adequately discussed.  There had been a no t i ceab le  l a c k  of 
comment on t h i s  ques t ion  a t  t h e  Pari.s Shielding Conference i n  September 1972. 
Perhaps t h i s  vas  z. reflect ' ion of t h e  design i s sues  a f f e c t e d  and t h e  c o m e r c i a l  
judgements involved i n  assess ing  des ign margins. The r e l a t i o n  between benchmark 
accuracies  and des igners '  t a r g e t  accuracies  was no t  s t r a igh t fo rward  and would 
perhaps be c l a r i f i e d  when nore r e s u l t s  of s e n s i t i v i t y  analyses  on gener ic  
designs became a v a i l a b l e  during t h e  next  two o r  t h r e e  yea r s .  
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2 "The RAM U.if olding Code" by A K McCracken 

3 "A Gamma-Bay Energy Deposition Benchmark ExTJeriment" by A D Knipe 
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Lis t  of Activation Rea.ctions and Cross Sections 
Suggested f o r  Use i n  Benc'mark Shielding Experiments 

Reaction 

- - - 

1 GEKERAL USE 

2 7 ~ l ( n ,  4 ) 2 h a  

Type 

Thresh. 

Thresh. 

Thresh. 

Thresh. 

Thresh. 

Therm. 
+ Res. 
Therm. 
+ Res. 

Energy 
Response 

- - 

6.4 5 11.9 Me' 

2.5 ) 7.5 MeV 

2.1 + 7 MeV 

I .2 + 5.8 MeV 

< 0.5 MeV 

Er = 337 eV 

E = 4.9 eV 
r 

2 I1FSCNA;VCE AND SANDWICH DETECTOE 

-- 

Them. 
+ Res. 

Therm. 

Thresh. 

Thresh. 

Thresh. 

Ther%m. 
+ Res. 

.I9 + 5.1 MeV 

E 130 eV r 

3.5 + 9.3 MeTJ 

2.3 + 7.8 MeV 

5.5 f I 1  XeV 

ET = 72.4 el' 

i. Data avsi lable  f r o n  NEA-CCDN, Saclay 
* SEA Category I Reactions 

Reference 
f o r  cross 

section 
Remarks 

Ihcludea f o r  r e l a t i ve ly  high 
threshold; use may be l imited 
by avai lable  i n t ens i ty  

Low threshold; energy response 
i n  a f i s s i o n  spectrum is not 
meaningful 
High energy b t a  a r e  probably 
unsat isfactory a 

Of s2ecial  i n t e r e s t  f o r  f a s t  
reactor  2ppiications 

A150 suggested f o r  general use 

Also suggested f o r  general use 

Vsry usefu l  f o r  f a s t  r ea s to r  
emeriments: cross sect ion 

well Gown 
Therml  neutron and 
measurement; appl icabi l j  t y  
l imited by in tens i ty  
For t h e r n d  neutron measure- 
ments 
E-qerimentel set-up must be 
compatible w i t h  shor t  half-  
l i f e  
Enriched detector  should be 
a v z d a b l e  
Snrj ched detector should be 
avai iabie  
Usefbl f o r  completing s e t  
of s&nixtch detectors ahere 
d i f f i c u l t  manipulation is 
acceptable 

NOTE: Nuclear Cata other than cross sections should be taken from ( 7 ) .  

. 
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