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This document is a compilation of the reports on reactor physics 
activities during the period June 1973 - May 1974, presented at 

e the Seventeenth Meeting of the Committee (held at CEN Cadarache, 
France in June 1974). 
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REACTOR PHYSICS ACTIVITIES I N  CANADA 

M.F. Duret 

Research Reactors 
4 

The NRU r eac to r  i s  i n  t he  f i n a l  s t ages  of r e h a b i l i t a t i o n .  
The new ca l and r i a  vesse l  has  been i n s t a l l e d  and leak  t e s t e d .  
S t a r t u p  is  expected in  e a r l y  August. A program of improvement 
of t h e  WR1 r eac to r  i s  i n  progress. This involves t h e  replace- 
ment of s t e e l  pressure  tubes  wi th  Zircal loy-I1  tubes,  and 
replacement of uranium oxide f u e l  with uranium carbide f u e l .  
The e x t r a  r e a c t i v i t y  obtained allows t h e  neutron f l u x  t o  be  
r a i s e d  and reduces t h e  operat ing cos t .  The NRX reac tor  con- 
t i n u e s  t o  be  used fo r  f u e l  t e s t i n g  and operation dur ing t h e  
year has  been uneventful .  

a power Reactor piogram 

The four  Pickering u n i t s  have operated wel l  during t h e  
year ,  e s t ab l i sh ing  new records  of a v a i l a b i l i t y .  The average 
capaci ty  f a c t o r  of t h e  4 u n i t s  was about 85% during t h e  year.  

~ o t h  NPD and Douglas Point  a r e  opera t ing  normally. NPD 
i s  being used a s  an experimental r eac to r  t o  a l a rge  ex ten t ,  
Douglas Point  continues t o  supply steam f o r  t h e  Bruce Heavy 
Water P lan t .  

The Gent i l ly  r eac to r  has  been shut  down dur ing the  year.  
Advantage has  been taken of t h i s  f a c t  t o  add 6 absorber rods 
and 9 f l u x  de t ec to r s  t o  t he  core t o  improve t h e  operat ing 
c h a r a c t e r i s t i c s  dur ing r e f u e l l i n g  operat ions  a t  f u l l  power. 

The construct ion of Bruce "A", a 3000 MW s t a t i o n ,  i s  on 
schedule, and t h e  f i r s t  u n i t  i s  expected t o  be i n  s e rv i ce  
September 1975. There a r e  plans t o  upra te  t h e  thermal power 

5 from t h i s  s t a t i o n  by about 13%. The e x t r a  power w i l l  be  used 
t o  provide steam f o r  a heavy water p lan t .  The same s i t e  has  
been chosen f o r  Bruce "B" , a second 3000 MW p lan t ,  and t h e  
Pickering s i t e  w i l l  be used f o r  a second 2000 MW s t a t i o n .  

Experimental Reactor Physics 

The experimental r eac to r  physics program is  d i c t a t e d  t o  
a l a rge  ex t en t  by t h e  Canadian power r eac to r  program and thus  
involves measurements of i n t e r e s t  t o  t h i s  program. 



Examples of measurements of t h i s  s o r t  i n c l u d e  

1) In-core d e t e c t o r s  
2 )  Absorber rod  des ign  
3 )  Fuel  des ign  

The in-core  d e t e c t o r s  i n v e s t i g a t e d  were c o b a l t  and 
vanadium which a r e  p r i m a r i l y  neut ron  d e t e c t o r s  and plat inum 
which i s  p r i m a r i l y  a  y-ray d e t e c t o r .  Because t h e  response  of 
t h e s e  d e t e c t o r s  i s  s e n s i t i v e  t o  l o c a l  neu t ron  and y-ray f l u x e s  
t h e i r  s i g n a l s  change a p p r e c i a b l y  d u r i n g  an on power r e f u e l l i n g  
o p e r a t i o n  i n  t h e i r  v i c i n i t y  and a s e r i e s  of measurements were 
made t o  i n v e s t i g a t e  t h i s  behaviour  f o r  t h e  d i f f e r e n t  d e t e c t o r s  

The second a r e a  of i n v e s t i g a t i o n  involved a  s e r i e s  of  
measurements t o  de termine  t h e  abso rp t ion  i n  a  v a r i e t y  of  mate- 
r i a l s  f a b r i c a t e d  i n t o  v a r i o u s  shapes .  By i n c r e a s i n g  t h e  s u r f a c e  
a r e a  of a  b l ack  absorbe r ,  t h e  abso rp t ion  can b e  inc reased ,  
reducing  t h e  number of e lements  r e q u i r e d  t o  provide  a  g iven  
r e a c t i v i t y  dep th .  

The f u e l  f o r  CANDU r e a c t o r s  i s  i n  t h e  form of s h o r t  bundles  
and may r e q u i r e  i n  some c a s e s  a  f i s s i o n  gas  plenum. A program 
of measurements t o  de termine  t h e  f l u x  peaking e f f e c t s  f o r  plenums 
of d i f f e r e n t  s i z e s  and p o s i t i o n s  i n  t h e  bundle w i l l  b e  s t a r t e d  
soon. I n  a d d i t i o n ,  b u c k l i n g  measurements, c e l l  f i n e  s t r u c t u r e  
measurements and void e f f e c t  measurements u s i n g  t h e  commercial 
Bruce r e a c t o r  f u e l  w i l l  b e  made when t h e  f u e l  becomes a v a i l a b l e .  
These measurements w i l l  complement t h o s e  ob ta ined  u s i n g  s u b s t i t u -  
t i o n  t echn iques  on s i m i l a r  37 element bundles .  

A t h i r d  a s p e c t  concern ing  f u e l  des ign  h a s  been i n v e s t i g a t e d  
exper imen ta l ly  u s i n g  t h e  s u b s t i t u t i o n  technique .  C a l c u l a t i o n s  
p r e d i c t  t h a t  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  r e a c t i v i t y  r e l e a s e  
on l o s s  o f  coo lan t  can be  ob ta ined  wi thou t  a  l a r g e  l o s s  i n  r a t e d  
power by r e p l a c i n g  t h e  c e n t r a l  rods  i n  a  bundle  w i t h  a  vo id .  
Measurements have confirmed t h e s e  p r e d i c t i o n s .  

P re l imina ry  c o n s t r u c t i o n  work i s  s t i l l  b e i n g  done i n  pre- 
p a r a t i o n  f o r  two new exper imenta l  programs. One invo lves  
dynamic measurements w i t h  two-phase abso rbe r s ,  a  system i n i t i a l l y  
proposed i n  I t a l y .  Most of t h e  loop  hardware i s  now ready and 
t h e  p r e s e n t  schedu le  c a l l s  f o r  commissioning i n  ZED-I1 t h i s  
summer t o  a l low t h e  program of measurements t o  s t a r t  i n  September 
The second program, which i s  be ing  done i n  c o l l a b o r a t i o n  wi th  
I t a l y ,  is  t o  determine tempera ture  dependent buck l ings  f o r  f u e l  
c o n t a i n i n g  plutonium. The f u e l  i s  b e i n g  f a b r i c a t e d  i n  I t a l y .  



I n  Canada a  7  channel h o t  pressurized loop f o r  i n s t a l l a t i o n  
i n  ZED- I1  i s  being b u i l t .  One l eg  of t h e  loop has  been b u i l t  
and i s  being t e s t e d  out  of p i l e .  Present  plans fo r see  t h e  
measurement program commencing l a t e  i n  1974. 

Nuclear Data Evaluation 

A s t a t u s  r epo r t  on f i s s i o n  product thermal y i e ld  da ta  pre- 
sented a t  t h e  I A E A  Power on F i s s ion  Nuclear Data, held  i n  
Bologna November 1973, has  been issued a s  an AECL repor t  
(AECL-4704) . 
Analyt ical  Assessment Work 

Two major assessment s tud ie s  have been i n  progress during 
t h e  year .  

A s tudy concerned with t he  design of a  heavy water moderated 
b o i l i n g  l i g h t  water cooled reac tor  using plutonium enriched 
f u e l  w i l l  be  completed t h i s  summer. The o r i g i n a l  idea  t h a t  t h i s  
design would show c a p i t a l  cos t  savings has  been borne out,  
although d e t a i l e d  cos t  es t imates  a r e  s t i l l  t o  be completed. 
Areas of i n t e r e s t  i n  reac tor  physics concern t h e  accurate  de te r -  
mination of t h e  void c o e f f i c i e n t ,  t h e  r e a c t i v i t y  re leased on 
complete voiding and t h e  spec i f i ca t ion  of t h e  optimum f u e l  
management scheme. A number of experiments have been done t o  
determine voiding r e a c t i v i t y  e f f e c t s  and t h e  consistency of 
measurements and pred ic t ions  has improved considerably during 
t h e  year .  The range of uncer ta in ty  i s  now s u f f i c i e n t l y  small 
t h a t  it w i l l  not a f f e c t  t h e  cos t  es t imates  t o  a  l a rge  ex ten t .  

The second a rea  of assessment work involves t h e  use of 
thorium i n  CANDU reac tors .  This study has  been i n  progress 
during t h e  past  year and a  considerable p a r t  of t he  e f f o r t  has 
gone i n t o  developing t h e  ca l cu l a t i on  methods t o  be used. The 
l a t t i c e  codes used a r e  LATREP and WIMS and 30th have been com- 
pared with ava i l ab l e  thorium da t a  t o  ensure t h a t  p red ic t ions  
of t h e  codes a r e  adequate f o r  t h i s  assessment study. Development 
of t h e  WIMS code was done i n  co l labora t ion  with  t h e  UK. A f u e l  
management program FUMANCHU has been w r i t t e n  t o  deal  with t h e  
f u e l  management problem using thorium. Fuel management wi th  
thorium f u e l  i s  complicated because of t he  long ha l f  l i f e  of 

which makes t he  r e a c t i v i t y  and f i s s i o n  c ross  sec t ion  
s e n s i t i v e  t o  t h e  f l u x .  Preliminary r e s u l t s  from t h i s  study a r e  
expected t h l s  summer. 
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Reac to r  P l a n t  Dynamics 

A l a r g e  h y b r i d  analogue d i g i t a l  computer h a s  been ordered  and 
d e l i v e r y  i s  expected i n  November 1974. Th i s  system w i l l  be  
used p r i m a r i l y  f o r  dynamic s i m u l a t i o n s  of  f u t u r e  CANDU power 
p l a n t s .  



Recent Reactor  Phys ic s  A c t i v i t i e s  i n  Denmark 

by 

B. Micheelsen and H.  Ne l t rup  

I n  connect ior .  w i th  a  Sc2,ndinavian Benchmark Problem c a l c u l a -  

t i o n s  have been performed on UO - l i g h t  water  l a t t i c e s  c o n t a i n i n g  
2  

2 ,  4 and 8 W$ Pu02 f o r  which measurements and c a l c u l a t i o n s  have been 

pub l i shed  i n  Nuclear  Technology, Vol. 15, August 1972. 

k e f f  
was c a l c u l a t e d  bo th  0-dime??sionall.y by h e l p  of  expc-riine:?tal 

buc 'kl ings and i n  1-dimensional  d i f f u s i o n  theory .  Values between 0.97 

and 1.005 were found wi th  a  g e n e r a l  tendency towards i n c r e a s i n g  Ice'" 
A 

v a l u e s  wi th  growing l a t t i c e  p i t c h .  

Cross  s e c t i o n s  were g e n e r a t e d  Prom t h e  1968 ve r s ion  of UX??Db. 
259-240-241-24.2 

Swi tching  t o  t h e  1973 v e r s i o n  f o r  Tu gave a g e n e r a l  

i n c r e a s e  of  roughly  2% bo th  i n  kinf and k  
e f f '  

A burn up s t u d y  f o r  an advanced type  of BWR-fuel box c o n t a i n i n c  

s e v e r a l  enr ichments  and a  number of  gadolinium poisoned f u e l  rcris has 

been completed wi th  t h e  box code CDB paying spec ia l .  a t t e n t i o n  t o  t h e  

power shape d u r i n g  burn up. 

The f l a t . p o v e r  shape claimed by t h e  des igne r  was confirmed. Thc 

s t u d y  f u r t h e r  r e v e a l e d  t h a t  extreme c a r e  h a s  t o  be taken  i n  chos ing  

gadolinixm c o n c e n t r a t i o n  s i n c e  t h e  poisoned p i n s  have a  tendency t o  

peak a f t e r  t h e  poison  i s  burned away. 

Pseudo f i s s i o n  p roduc t  group c r o s s  s e c t i o n s  c a l c u l a t e d  fron: t h e  

PSFI? programme a r e  now used i n  t h e  CDB-program. I n  o r d e r  t o  g e t  t h e  

r i g h t  spectrum p a . r t l c u l n r l y  by l a r g e  vo id  c o n t e n t ,  tile e x t r a  water  
>.. 

o u t s i d e  t h e  shroud h a s  t o  be i n t r o d u c e d  i n  t h e  PSFP assymptot ic  c e l l .  

Work h a s  been done t o  i n t r o d u c e  h i g h  o r d e r  d i P f e r e ~ ; c e  equa t ions  

i n e t e e d  of  low o r d e r  d i f f e r e n c e  methods i n  D-3 d i fPus ion  theory  c a l -  

c u i a t i o r , ~ .  A one group v e r s i o n  is o p e r e t i o n a l  an5  p re l imina ry  t e s t s  

i n d i c a t e  i n c r e a s e d  s ~ e e d  a l thougk  a e r y  dependena on t h e  typo of  problen .  



A m u l t i g r o u p  v e r s i o n ,  which i s  u n d e r  way, w i l l  c e r t a i n l y  n o t  be  a b l e  

t o  d i s p l a c e  a p p r o x i m a t e  methods s u c h  as n o d a l  t h e o r y  and f l u x  s y n t h e s i s  

b u t  might  b e  u s e f u l  as a  s l i g h t l y  f a s t e r  and  more r e l i a b l e  back up 

programme r e l a t i v e  t o  programmes u s i n g  low o r d e r  d i f f e r e n c e  methods. 

The development  o f  a  f u e l  management programme o p t i m i z i n g  o v e r  

s e v e r a l  f u e l  c y c l e s  o r  t h e  e n t i r e  r e a c t o r  l i f e  i s  t a k e n  up. 

The m u l t i c y c l e  programme i s  b a s e d  on a n  i t e r a t i v e  p r o c e s s ,  

s t a r t i n g  w i t h  a rough  z e r o  d imens iona l .  l i n e a r i z e d  model. I n  t h e  p r e s e n t  

s t a t e  t h e  o p t i m i z a t i o n  is  done by l i n e a r  programming. The i n t e r a c t i o n  

i n  t h e  f u e l  c o m b i n a t i o n  o b t a i n e d  by t h i s  s e q u e n c e  is i n v e s t i g a t e d  i n  

more d e t a i l  d u r i n g  burn-up y i e l d i n g  improved p a r a m e t e r s  t o  t h e  l i n e a r  

programme, which p e r f o r m s  r e - o p t i m i z a t i o n  l e a d i n g  h o p e f u l l y  t o  s t a b l e  

l i m i t  v a l u e s .  So f a r  t h e  d e t a i l e d  i n v e s t i g a t i o n  h a s  t a k e n  p l a c e  o n l y  

i n  f u l l y  r e f l e c t e d  r e c t a n g u l a r  c o n f i g u r a t i o n s .  U s e f u l 1  e m p i r i c a l  r e l a -  

t i o n s  between k .  - d i s t r i b u t i o n  and  power d i s t r i b u t i o n  have been f o u n d ,  
~ n f  

when p r o p e r  mix ing  i s  made f o r  o b t a i n i n g  f l a t  power shape .  

A more s y s t e m a t i c  a p p r o a c h  ta t h e  problem o f  a d m i n i s t e r i n g  

b u r n a b l e  p o i s o n  h a s  been  t a k e n  up. 

The s u b j e c t  h a s  much i n  common w i t h  m u l t i d i m e n s i o n a l  f u e l  

management. By h e l ~ p  o f  a programme d e v e l o p e d  t o  t h a t  purpose  t h e  p o i s o n  

c r o s s  s e c t i o n  i n  two r e g i o n s  a s  f u n c t i o n  o f  t i m e  n e c e s s a r y  t.o m a i c t a i n  

a s u i t a b l e  power d i s t r i b u t i o n  d u r i n g  b u r n  up is  found.  

The p o i s o n  c r o s s  s e c t i o n s  found  i n  e a c h  r e g i o n  c o r r e s p o n d s  t o  

a c e r t a i n  q u a n t i t y  o f  p o i s o n  t o  be  d i s t r i b u t e d  i n  t h e  f u e l  box s o  a s  t o  

m a i n t a i n  b o t h  t h e  i n t e r n a l  power s h a p e  as w e l l  a s  t h e  c o r r e c t  t ime  

dependence o f  t h e  a b s o r b e r  c r o s s  s e c t i o n s  o f  t h e  box. 

By u s e  o f  c o n c e n t r a t i o n  dependen t  s e l f s h i e l d i n g  f a c t o r s  t h e  t i m e  
a 

dependence i s  f i t t e d  by l e a s t  s q u a r e  methods  t o  t h e  t i m e  dependence 

found i n  t h e  o v e r a l l  c a l c u l a t i o n .  

So f a r  t h i s  h a s  o n l y  Seen c a r r i e d  o u t  i n  two d i m e n s i o n s ,  b u t  

t h r e e  d i m e n s i o n a l  t r e a t m e n t  by u s e  o f  t h e  n o d a l  f l u x  c a l c u l . a t ~ n g  

r o u t i n e  from t h e  t h r e e - d i m e n s i o n a l  dynamics  programme ANCYCAP i s  b e i n g  

p r e p a r e d .  - 

The t h r e e - d i m e n s i o n a l  BWR-simulator 1,NDYCAP which d e s c r i b e s  t h e  

r e a c t o r  c o r e  i n  d e t a i l s ,  h a s - b e e n  implemented on t h e  R 6790 computer  

and a number o f  improvements  h a s  been  c a r r i e d  o u t  i n  o r d e r  t o  s p e e d  up 

t h e  code.  A number o i  t r a n s i e n t s  h a s  been s t u d i c d .  



ZSACTOR PHYSICS ACTIVITIES AT JRC-EUTZATOX/ISPBA 

June 1973 - May 1974 

G. Casin? 

The m i n  p a r t  of t h e  vorX was concentra ted on ( n ,  3 ) cross-  
sect ior .  l i b r a r i e s .  Using the  nuc lear  da t a  from ENDF/D-~ 2nd 

POPOP-4 a ( n ,  'd ) l i b r a r y  f o r  27 nuc l ides  (100 neutron axd 

19 garma energy groups) has  been prepared (SL-52) t ogs ths r  

wi th  au:cilial'y p r o m s s i n g  co:?zs f o r  com~u-ring the  cross- 

s e c t i o n s  of r n i ~ t u r ~ e s  6-6. producing the  6 a t a  i n  tho- Porn 
, .. . 

adap ted f o r  'MORSE and DOT. 

C03kC, a code f o r  generat ing group cross-sect ions  f ro% th:: 
-7 ;?:D?,& d-ta  l i b r z r y  f o r  us?  i:q t h e  I s p r a  ?ionte C2rl.o cede 

TSi.;Or>-72, h . 6 ~  be-.? ~:pdi~~ted  t o  re&<? E?.lDi7/?33 zed E : N ~ F / Y ~  cats. 
O:? reques t  of s9vs ra l  u s e r s  t h e  code hzs be=.! givc.1 to~zeh- . r  
with T L X O C - 7 2  t o  t he  6 2 A  computer l i b r a r y  f o r  d i s t r i b u r i o n .  

The new yers ion  f o r  IBX-350/175 of t he  multi&?oup f a s t  rn-5 

reson,ance grocess ing  codes GAND-GAF-G4X has beer, a l s o  tr.xns- 

mi:ted t o  CPL-W?. For distri .bu:ion. 
The prepara tory  work t o  set-up an experimental i n v e s t i g a t i o n .  

0 .  of t h e  i r o n  i n t e g r a l  cap ture  cross-section i n  t he  energy range 

IkeV - 100 keV has been almost completed. The s t a r t i n g  of t he  , 
meas:.?xmmts, \j7hich w i l l  be perzormed i n  th-. ZE-2 cr i . t ic .? l  

_F?.cili-ty of Yologna, i n  co l l abo ra t ion  with  CMEN a ~ d  &%P.-' 

Nucleme, is scheduled by the. ri?.onth of June 1974. 

Ap.3.z-t fro;;., thn, co:istruction of th.2 compcnents of ti?? c..:??'?;..l 

7.ore o t h e  faci?it:,, i?.c11j?.fn.9 ! - i<~h ly  ?a-i,ched bu.€.?2r OF 

?fTR-clates and a c e n t r a l  region with  a mixtux-n of 2 3 5 ~ 0 2  awi 

graphice  micmspheres,  soz? p 3 i r . t ~  r e l a t e 5  .to t h e  accuracy OF 
t h e  e x p e r i n a t  have bee2 inves t iga ted , .  namely : 

- t h e  hornogzieity of thG t e s t  nedium. A rumber of hornoge?:eit:: 

t e s t s  by an ??'.r-jst n i x w  hz-;e been c s r r i e d  out  -Fc? bi?.ary 
>. ;... >>*.<>. 





has  been  takeii i n t o  account ; garma-ray f l u x e s  can no:v b calcu- 

l a t e d  For p o i n t s  i ~ h i c h  need no t  t o  be e q u i d i s t x l t .  Two 2 . 3 ~ ~  

l i b r e r i e s  21a.rre beer? included.  The repo-rt is rei.dy :or d i s t r i -  

but ioz .  A t  t h e  b e s i m i n g  O F ,  ? 973 a .ne-,!r KEA-CPL :.ct'.vity c3ll.>:d . - SECTJ (Sc;-.?rice 93 E;cpyci.%?ce o! -ode Utiliz?:tior.) h3s b?en 

ini ; iz t ,x l .  F'ollo,;;<.n-j tl.12 T " ~ Y ? . z ~ ; .  02 the Nil'Y--$I%, E S I S  h ? , ~  

o f f e r ed  i t s  co l l abo ra t ion  f o r  m d e r t a k i n g  t h i s  study. The f o l l o -  

wing ?rosraTmes have been s e l e c t e d  a s  s tandards ,  became of 
" 

th2i.r v i d e  use. and nawness : 

I -di~.%,?sio:?al SN - .?,?:IS3 
2-dimensional SN - DOT-% 
Group Monte Carlo - E-IO:?SE ~IP:OC 

Point  Fionte Carlo - -a? C- S rV4- 2 

I-dimensional Renovei-Diff3;.sion ' - SABINE 
. $? ".. 2-d.ms:?sional Renovs.1-Dl- z :ision - +.:p?or!~ 

: " ?---? <' - ,,;r,v<.: -? I\,-- <.-A . ..,..., L: .c:- 3 

and th-3 smdvrich neutron :resuLts looked s a t i s f a c t o r y .  T:ZI? . . > * .  . 





- t h e  a t 0 3  displaceixeat prod-xtion r a t e s  for s t a i n l e s s  s tan1 

have bes-n ca l cu l z t ed  Fro? D0;7.l3 cor?.pilatio?, vi!flLli~e2s Sor 
- copper thc IJX-!:DL Library v.zs ta&n a s  t he  nilclvx Sa t -  

SoTjrce of A2TUS-X. The poss i . b i l i t y  02 adag.ti:ng R L E  (b;.r.Xl 
7...- on the ZWDF/Y-: f i l e )  to ~;;u7/j l i -3 i 2 b e i n s  c o n s i d r e d  at 

I s p a .  



~??x:ci.rzz.rin:? '.?as ble:: E22e. ?::is S C I ~ Y J ~ S  th.3 tiine ilcl?-?fliijent 

8i?t'?lsiw? e~;-~l.,a:ions, i n  t,:;o -.l?eTgy rr(>;;?s, in 's12j arte. - 
c y l i n ? . r i ~ &  g-oms t r y ,  f o r  h??cc~n?aus 2nd he t e r z - . i x ~ s  

boii;l2zrjr condi t ions .  This nethod g i v . 2 ~  a n ~ ~ c h  bstter ?.-curi?cy 
t h a ~  th.? f i n i t e  diffe?e.r,-e r?.ot:n,od ~ g i t h  2 l a t t i c e  of t:-,,z 
szm-. nx7beiq O f  p ~ i i l t ~ .  Co~.i)ẑ cis3i? ~aYciL!?ti=.ns VET: r.?ds 

piJ,03-, -:jith differ2zt 2-i. !f-as<o:? a l s o  fol- core.? h-.v'in!g 'i?ne: - 7--i 

cosfcicicnts. Tke proS1-2n o? e-t;.nsio:? of i::le rr:2tho?. 
. . ;:yj.o dirr,e;lsj.o:;s b s  j:?r_:*: ;,?CI::~~TI, z-lri_ 'ir,-~y-:: 3-3 tk.7 ~:,~!):nri. L. .. ,, L .- ,- 

i s  b,-j.~g pu.rs?rcd. i n  c s l l z > o r i , t o n  . ~ i t l z  th""iJni:iersi?& Lij-r ; ;?  

dz ~lni~:xe~&w. 
The cad:? iYLrjTr;EO f o r  s~?.bch;i;q~.?l 3 n ; 1 l y ~ i ~  of 31;Ti? bm.;:.,:+s 0 



A topes  ha: been pursued. Fusls i r r ~ . d i a t &  i v  l i c ~ h t  w t e s  p o w r  

r e a c t o r s  h m e  been cofisidered ; che dependence of t h e  corre-  

l a t i o n s  on seve ra l  r e a c t o r  parameters ( f u e l  azrichmextnod-?rator- 
to-fuel  -,olwne r a t i o ,  c laddtng n a t e r i a l ,  r z a c t i v i t y  cofity31 

method)has bee:i analyzed : t h e  s tudy  concerns a r i d s  r.:nr:? ., 
oE poss ib l e  l a t t i c e s  of press i ,~r ized r e a c r o r s  arid soin? s?:~ci"<.c 

coxparison h a s ? ~ e e n  made wi th  experimental d a t a  conce?:iing +he 

@ Euels o f t h e  r e s c t o r s  : TRINO~V.Z.ZC%LLESE, YAKKCE ROTE, DmSDEN 1 

The w r k  on c o r r e l a t i o n s  i n w l v i n g  .Fission products  hzs hsen  
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REACTOR PHYSICS ACTIVITIES I N  FRANCE 

J U N E  1973 - MAY 1974 

1. GENERAL 

From June  1973 up t o  now, two main e v e n t s  have drawn 

r e a c t o r  peop le  a t t e n t i o r ,  i n  FRANCE : f i r s t  t h e  a c c e l e r a t i o n  

o f  t h e  e l e c t r i c i t y  n u c l e a r  programme based  on LWR r e a c t o r s ,  

second t h e  s u c c e s s f u l  r e s u l t s  o f  t h e  f a s t  r e a c t o r  progranune 

w i t h  P H E N I X  s t a r t - u p  and power r i s e  t o  nominal power. 

Due t o  t h e  s t i l l - i n c r e a s e d  o i l  c r i s i s ,  an a c c e l e -  

r a t i o n  o f  t h e  1973 PEON Committee n u c l e a r  prograime based on 

LWR r e a c t o r s  has  been dez ided  : p l a n s  a r e n o w  t o  se t  up 

13000 MWe f o r  1980 and 50000 !4We f o r  1985 : 13 p l a n t s  w i l l  

b e  o r d e r e d  i n  1974 and 1975. Only two f i r m s  w i l l  b u i l d  t h e s e  

n u c l e a r  s t a t i o n s  : f i r s t  CGE r e c e i v i n g  up t o  now 2 BWR.6 o r d e r s  

(995 MWe - o p e r a t i o n a l  i n  1 9 8 0 ) ,  second FRANATOME i n  cha rge  o f  

t h e  c o n s t r u c t i o n  of  a l l  t h e  o t h e r  PWR p l a n t s .  The • ’ i r s t  PWR 
., 

power p l a n t  SENA (25.0 f . l W 3 ,  i n  c o o p e r a t i o n  wi th  BELGIUM) i s  now 

running  normally on t h e  4 t h  cycle. 



The second one TIHANGE (870 fi'e, i n  coont.ratiori  w i t h  BFJGIUM)  

i s  expec ted  t o  supply  power a t  t h e  end o f  t h i s  v e a r .  F i r s t  

900 MWe PWR p l a n t s  (FESSENHEIM 1 and 2 ,  BUGEY 2 )  a r e  exnec ted  

t o  be o p e r a t i o n a l  i n  1976. 

Only f i v e  y e a r s  a f t e r  t h e  beg inn ing  o f  t h e  c o n s t r u c t i o n  

and w i t h  r n l y  a  few month d e l a y  on t h e  i n i t i a l  s chedu le ,  P H E N I X  

went c r i t i c a l  on August 31th 1973. The plan: was hooked up t o  

t h e  g r i d  on December 1973 a ~ l d  reached  f u l l  power on 

March 12th 1974 w i t h o u t  any s e r i o u s  problem. Although t h e  f i n a l  

check w i l l  on ly  be t h e  one b i l l i o n  KWH s t a g e ,  t h e  PHENIX r e a l l y  

encouraging  f i r s t  resul ts  l ead  t o  propose  t o  c o u n t r i e s  i n t e -  

r e s t e d  i n  f a s t  r e a c t o r s  a  450 MV7e p l a n t  d e r i v e d  from PHENIX. 

Now t h e  French f a s t  b r e e d e r  programme i s  focused on 

SUPER-PHENIX p l a n t  (3000 MWth) e x t r a p o l a t e d  from PHENIX d e s i g n ,  

t o  be l o c a t e d  a t  CREYS-MELVILLE on t h e  RiiONE r i v e r  n e a r  L Y O N .  

The f i n a l  d e c i s i o n  t o  b u i l d  t h i s  p l a n t  would have t o  be  made a t  

t h e  end o f  t h i s  y e a r ,  c o n s t r u c t i o n  could  s t a r t  n e x t  y e a r .  

The RAPSODIE-FORTISSIMO i r r a d i a t i o n  f a c i l i t y  con t inued  

t o  g i v e  d u r i n g  t h i s  p e r i o d  f u l l  s a t i s f a c t o r y  r e s u l t s  : f o r  t h e  

f i r s t  time a 100 % l oad  f a c t o r  d u r i n g  one run  ( s i x  weeks) h a s  been 

ach ieved ,  60 % expe r imen ta l  subassembl ies  a r e  loaded  i n  t h e  c o r e ,  

1 b i l l i o n  Kwh e q u i v a l e n t  have been s u p p l i e d .  



2 .  LIGHT WATER REACTOR PHYSICS - 
Exper imenta l  work i n  t h i s  f i e l d h a s  been c a r r i e d  on 

i n  1973-1974, mainly f o l l o w i n g  t h r e e  d i r e c t i o n s  : 

2.1/ HETEROGENEITY EFFZCTS 

Some exper iments  h a s  been r e a l i z e d  i n  AZUR,the l i g h t  

w a t e r  c r i t i c a l  f a c i l i t y  l o c a t e d  a t  t h e  CADARACHE Cen t re .  

They a l lowed u s  t o  check t h e  v a l i d i t y  o f  c a l c u l a t i o n  methods 

p r e s e n t l y  used f o r  t h e  e v a l u a t i o n  o f  power d i s t r i b u t i o n s  and 

conve r s ion  f a c t o r s  i n  a s s e m b l i e s  i n c l u d i n g  s t r o n g  h e t e r o g e n e i t i e s  

l i k e  w a t e r  h o l e s ,  c o n t r o l  r o d s , b u r n a b l e  po i sons ,  ... 
A complementary programme w i l l  be  achieved  i n  MINERVE a t  

FONTENAY-AUX-ROSES (MELODIE exper iments )  w i t h  a  f u e l  typ ica l .  

o f  PWR 1 7  x 17 t y p e  a s s e m b l i e s .  T h i s  progrdmme w i l l  i n c l u d e  a  

s t u d y  o f  gadol inium a s  a  b u r n a b l e  poison .  

2.2,' BURN UP STUDIES 

Mass spec t romet ry  measurements and p h y s i c a l  s t u d i e s  

o f  b u r n t  f u e l s  have been i n t e n s i f i e d  i n  o r d e r  t o  t e s t  qu ick ly  

t h e  c a l c u l a t i o n s  o f  changes i n  i s o t o p i c  composi t ions  f o r  PWR 

t y p e  r e a c t o r s .  These measurements a r e  c a r r i e d  on f u e l s  i r r a -  

d i a t e d  up t o  35 000 MWd/T and coming from s e v e r a l  r e a c t o r s ,  

mainly from t h e  SENA PWR. 

~ s c i l l a t i o n s  o f  i r r a d i a t e d  f u e l s  a r e  a l s o  be ing  made 

w i t h  samples t aken  i n  t h r e e  a s s e m b l i e s  of  t h e  SENA r e a c t o r  - 
unloaded r e s p e c t i v e l y  i n  1971, 1972 and 1973 w i t h  burn-up 

go ing  from 5 0 0 0 u p  t o  a b a u t  2 5  000 MWd/T. These measurements,  

ach ieved  i n  SENA t y p e  l a t t i c e s ,  s imu la t ed  w i t h  f u e l  rods  be- 

l ong ing  t o  t h e  Nuclear  Energy Cen t re  of  MOL (BELGIUM) ,3nd,,aQr_= 



used f o r  t h e  VENUS exper iments ,  a l lowea  us  t o  check 

t h e  c a l c u l a t i o n  of  r e a c t i v i t y  changes due t o  t h e  f i s s i o n  

p roduc t s .  

2.3/ PLUTONIUM RECYCLE 

A f i r s t  se t  o f  exper iments ,  ach ieved  i n  A Z U R  i n  t h e  

beg inn ing  o f  1 9 7 4  concerned s m a l l  b locks  of  mixed ox ide  

U02-Pu02 loaded i n  a s sembl i e s  w i t h  U02 f u e l s .  Power 

d i s t r i b u t i o n s  i n  uranium and p l u t o n i m  have been measured 

p a r t i c u l a r l y  i n  t h e  c l o s e  v i c i n i t y  of  t h e  boundary. 

A more complete  s t u d l - ,  i n c l u d i n g  r e l o a d i n g  c o n f i g u r a t i o n s  

w i t h  whole plutonium assembl i e s  w i l l  be undertaken i n  MINERVE 

a t  t h e  end of  1974. 

2 . 4 /  TIIEORETSCAL ANALYSIS 

l n t e g r a l  neu t ron  measurements may - s i n c e  we now have 

very  a c c u r a t e  codes a s  AFOLL9 /15/ - prov ide  s i g n i f i c a n t  i n f o r -  

mation on nuc l ' t a r  c o n s t a n t s .  T h e i r  a n a l y s i s  performed i n  t h i s  

mind i s  t h e  l o g i c a l  outcome o f  impor t an t  expe r imen ta l  r e s e a r c h  

done on r e a c t o r s  / 1 6 / .  

A s y s t e m a t i c  a n a l y s i s  of  B~ vsasurements  i n  v a r i o u s  t y -  

p e s  o f  thermal  uranium l a t t i c e s  a l l o v  u s  t o  o b t a i n  a few s imple  

conc lus ions  : 
23SU - use t h e  new e v a l u a t e d  f i s s i o n  c r o s s - - s e c t i o n  of  

(585 b a t  2200 m / s )  ; 

- d e c r e a s e  (0.7 b from t h e  v a l u e  c a l c u l a t e d  wi th  t h e  

UX l i b r a r y )  t h e  e f f e c t i v e  resonance  i n t e g r a l  o f  
238 u;  

- use  t h e  d i r e c t l y  measured aye v a l u e s  o f  H20, D20 and 

g r a p h i t e .  Then a very  good zgrecment between c a l c u l a t i o n  and 

experiment  i s  observed /17/. 

The a n a l y s i s  now i n  p r o g r e s s  Eor R~ measuremsnts i n  

p l u t o n i u n  l a t t i c e s  and i s o t o p i c  composi t ion of  i r r a d i a t e d  f u e l  

e l e n e n t s  i n  wa te r  r e a c t o r  seems t o  prove  t h e  P.RIBON1s eva lua -  

t i o n  o f  plutonium t o  be q u i t e  s a t i s f a c t o r y .  



3 . HTR THERMAL REACTORS 

S i n c e  1970, CEA h a s  under taken  a comprehensive programme I 

on HTR f;=l l a t t i c e s .  The f u e l s  a r e  o f  ox ide  p a r t i c u l a t e  t y p e  

3.5 % enr i ched .  Reference  s t u d i e s  have been ach ieved  a t  room 

t empera tu re  c o n d i t i o n s  i n  MARIUS c r i t i c a l  f a c i l i t y .  

I n  1 9 7 3 ,  a  l a r g e  amount o f  work was devoted t o  tempe- 

r a t u r e  dependence s t u d i e s  d e a l i n g  w i t h  plutonium r e a c t i o n  r a t e s  

i n  s m a l l  samples us ing  t h e  two s i g n a l s  o s c i l l a t i o n  method. For 

t h i s  g o a l ,  a  l a r g e  HTR r e f e r e n c e  zone (@ 1 . 4 m ,  H = 1 . 4 m )  was 

b u i l t  i n  CESAR f a c i l i t y  which can be  hea ted  up t o  400•‹C 

by h o t  C02 c i r c u l a t i o n .  

I n  t h i s  c o r e ,  a  f i r s t  s e t  o f  measurements proved t h a t  

a sympto t i c  spectrum c o n d i t i o n s  were achieved  a l l o w i n g  t o  per form 

buck l ing  measurements. The aim o f  t h i s  a n a l y s i s ,  s t i l l  i n  p r o g r e s s ,  

'is t o  d e r i v e  a c c u r a t e  k, val l les  a s  a  f u n c t i o n  o f  t empera tu re  

and hence t o  check t empera tu re  c o e f f i c i e n t  c a l c u l a t i o n s .  

I n  a  second s t e p ,  s m a l l  mixed U02-Pu02 samples 

( + 200g o f  f u e l )  have been o s c i l i a t e d  i n  t h e  c e n t r e  o f  t h e  c o r e  

a s  w e l l  a s  c a l i b r a t i n g  samples made o f  knovn q u a n t i t i e s  o f  U235 

and boron. The measure o f  g l o b a l  ( r e a c t i v i t y )  and l o c a l  ( f l u x  

d e p r e s s i o n )  s i g n a l s  f o r  each  sample e n a b l e  t o  d e r i v e  t h e  v a l u e s  

o f  Pu r e a c t i o n  r a t e s  r e l a t e d  t o  U235 and boron ones  u s i n g  t h e  

" e q u i v a l e n t  sample" t h e o r y .  These measurements have been made 

a t  20, 200 and 400•‹C. 

I n  t h e  same manner, we i n t e n d  now t o  measure i n  c s l d  c o n d i t i o n s  

by a lmos t  t h e  same method t h e  r e a c t i v i t y  p e r t u r b a t i o n  due t o  some 

s a m p l e s i r r a d i a t e d  up t o  50 000 Nwd/T from a  CEA i r r a d i a t i o n  

exper iment  i n  DRAGON. 



Fivc samples oT t h i s  t y p e  a r e  a v a i l a b l e  and it i s  

f o r e s e e n  t o  q e t  from t h e  a n a l y s i s  a  p r e c i s e  in fo rma t ion  on 

f i s s i c n  product  c a p t u r e .  

A 1 1  t h e s e  a n a l y s i s  a r e  based on t h e  f a c t  t h a t  t h e  

a c t u a l  he'vy me ta l  c o n t e n t  o f  each sample i s  ve ry  w e l l  knoxn. 

To f u l f i l  t h i s  assumption,  a  s p e c i a l  e f f o r t  has  been made i n  

t h i s  f i e l d  o f  chemical  and i s o t o p i c  a n a l y s i s .  Accurac ies  S e t t e r  

t han  1 8 a r e  c u r r e n t l y  achieved  f o r  i r r a d i a t e d  f u e l s .  These 

methods have been developped i n  SACLAY. 

S ince  a  few n.onths, C E A ' s  i n t e r e s t  h a s  s h i f t e d  

towards thorium c y c l e  f u e l .  A t  t h e  moment, a  new expe r imen ta l  

programme is  f o r e s e e n  concern ing  c r i t i c a l  exper iments  i n  

G A I  t ype  l a t t i c e s .  



~. 

4 . FAST REACTOF PHYSICS 

A comprehensive r e p o r t  on f a s t  r e a c t c r  p h y s i c s  a c t i -  

v i t i e ' s  i n  FRANCE-was p r e s e n t e d  a t  t h e  TOKYO symposium i n  

o c t o b e r  1973 /8/  . A t  t h e  LONDON BMES c o n f e r e n c e  i n  March 1974, 

t h e  o u t s t ' n d i n g  p h y s i c s  problems r a i s e d  by P H E N I X  s t a r t - u p  and 

power o p e r a t i o n  and by 1200 M W e  d e s i g n  were d i s c u s s e d  / 9 / .  

The two major  p o i n t s  from June  1973 concern  f i r s t ,  

PHENIX s t a r t - u p  and power r ise t o  cominal  power, second,  

t h e  1200 MWe s t u d i e s .  

4.1/ P H E N I X  -- 

Sys tema t i c  p h y s i c s  t e s t s  have been performed a t  PHENIX 
... 

s t a r t - u p  from approach t o  c r i t i c a l i t y  i n  August 1973 till f u l l  

power o p e r a t i o n .  Fur thermore ,  from s ta l ldard  Cue1 burn-up and 

s p e c i f i c  sample o r  p i n  i r r a d i a t i o n s ,  a  l o t  o f  p h y s i c s  informa- 

t i o n s  concern ing  b r e e d i n g  g a i n ,  r e a c t i v i t y  l o s s  o r  power 

v a r i a t i o n  due t o  burn-up and r e a c t i o n  r a t e  r a t i o s  f o r  uranium , 
plutonium, americium and some s e p a r a t e  f i s s i o n  p roduc t  i s o t o p e s  

w i l l  be  ob ta ined .  

D e t a i l e d  p r e s e ' n t a t i o n s  o f  t h e s e  s t a r t - u p  measurements have been . . 

made p r e v i o u s l y  /I / ;  0  /11/, /12/,  1 Only n o t i c e a b l e  

t o p i c s  w i l l  be mentionned. 

a )  Due t o  t h e  e x c e n t r i c  p o s i t i o n  o f  t h e  d e t e c t o r s  and 

o f  t h e  a u x i l i a r y  s o u r c e ,  t h e  a n a l y s i s  o f  t h e  coun t ing  r a t e  

v a r i a t i o n  d u r i n g  t h e  approach t o  c r i t i c a l i t y  remains d i f f i c u l t .  

A c o u n t e r  c e n t r a l  p o s i t i o n  would c e r t a i n l y  be  b e t t e r .  

b) The measured c r i t i c a l  mass v a l u e  i s  i n s i d e  t h e  

e r r o r  b a r s  o f  t h e  calculated one : 

-- + E-C = - 1 . 4  - 1.5  % i n  Keff ( 2 6 )  
C 



The s o u r c e s  o f  z r r o r s  i n  t h e  p r e d i c t i o n  a r e  now c l e a r l y  iden-  

t i f i e d  and t h e  remai-nirig d i sc repancy  i s  lower t h a n  0 .5  % 

i n  Keff .  The l a r g e s t  e r r o r  comes from t h e  9  d i l u e n t  (Na 40 % v/o - 
SS 60 % V/O) and d c o n t r o l  rod  h o l e  (N&) p r e d i c t e d  r e a c t i v i t y  

wor ths  t h a t  were announced n o t  enough c e g a t i v e  : a l t o g e t h e r  t h e s e  

15 s u b a s s t m b l i e s  r e p r e s e n t  about  8 % i n  Keff .  

C )  Core and b l a n k e t  subassemb1.y r e a c t i v i t y  worth 

measurements a t  s e v e r a l  p o s i t i o n s  confirnt  t h e  c a l c u l a t i o n s .  

Main d i s c r e p a n c i e s  w i t h  t h e  p r e d i c t i o n s  come from d i l u e n t  

subassembly r e a c t i v i t y  wor ths  measured a t  5  p o s i t i o n s  on a  

r a d i a l  t r a v e r s e .  The b i a s  f a c t o r s .  f o r  t h e s e  d i l u e n t  c a l c u l a t e d  

wor ths  were i n t e r p o l a t e d  l i n e a r l y  v e r s u s  t h e  volumic SS c o n t e n t  

from ful l -Na and f u l l  SS rod  measurements performed i n  MASURCA : 

t h e  t r u e  curve  was n o t  l i n e a r .  

d )  B 4 C  rod  wor ths  c a l i b r a t e d  from t h e  rod-drop and 
I 
di -scont inuous  run methods agree? wi th  t h e  p r e d i c t i o n s  i n  t h e  

e r r o r  b a r  

e )  Rad ia l  and a x i a l  power d i s t r i b u t i o n s  i n  t h e  t h r e e  

2 3 9 ~ u ,  235" zone c o r e  and b l a n k e t s  were measured e i t h e r  from 

and d e p l e t e d  uranium f o i l  i r r a d i a t i o n s  (900 f o i l s )  or from 

p i n  $scanning ( 1 7 1  p i n s ) .  The two methods a g r e e  and no l a r g e  

d i sc repancy  from c a l c u l a t i o n s  has  been observed .  Fur thermore ,  

r e a c t i o n  r a t e  r a t i o s  have a l s o  been measured i n  t h e  ox ide  

f u e l  w i th  s p e c i a l  p i n s .  700 Mn, Au, Na f o i l s  were used t o  

measure r e a c t i o n  r a t e  t r a v e r s e s  f o r  s h i e l d i n g  purposes .  

f )  I so the rma l  t empera tu re  c o e f f i c i e n t s  measured from 

15u•‹C u p  t o  430•‹C and power co :? f f i c i en t s  a r e  011 t.he whole c02:rectly 

c a l c u l a t e d .  Thus, a t  t h e  p r e s e n t  s t a g e  o f  t h e  a n a l y s i s ,  it stem:; 

t h a t  Doppler e f f e c t  i s  w e l l  p r e d i c t e d .  



g)  I n  s p i t e  o f  d i f f i c u l t i e s  f o r  d e f i n i n g  t h e  r e a l  

i n l e t  temperatu:e due :s !-hermocouple p o s i t i o n s ,  t h e  o u t l e t  

t empera tu re  map, measured f o r  each  subassembly wi th  two thermo- 

coup1es )ag rees  w i t h  t h e  p r e d i c t i o n s ,  s o  t h e  therma.1 ba l ance .  

The r e s u l t s  a l lowed t o  go t o  f u l l  power w i t h o u t  exceeding  t h e  

c l a d d i n g  t empera tu re  o r  l i n e a r  power l i m i t s .  

4 . 2 /  CRITICAL FACILITIES 

/ MASURCA / 

A/ The programme was devoted  t o  c o n t r o l  r o d  

i n t e r a c t i o n  s t u d i e s  for 1 2 0 0  MWe p l a n t  / 6 /  / 1 4 / .  I n  o r d e r  t o  

a n a l y s e  t h e  e lementary  phenomena, f i v e  rodded c o n f i g u r a t i o n s  were 

s t u d i e d  e i t h e r  w i t h  f u l l  Sodium rod  o r  w i t h  B4C rod  : t h r e e  

c o n f i g u r a t i o n s  w i t h  one rod  a t  s e v e r a l  r d d i a l  p o s i t i o n s ,  two 

c o n f i g u r a t i o n s  w i t h  two r o d s  e i t h e r  symmetric ( p o s i t i v e  i n t e -  

r a c t i o n )  o r  d i s s y m e t r i c  ( n e g a t i v e  i n t e r a c t i o n )  . The uranium c o r e  

4B"  c o n t a i n e d  two zones : i nne rzone  R 3  E = i 5  %, ou te rzone  R2 

j3 = 3 0  %. F i s s i l e  i n v e n t o r y  was about  850 kg. 

R e a c t i v i t y  wor ths  and power d i - s t r i b u t i o n s  were 

measured f o r  each  rodded c o n f i g u r a t i o n .  A complete  

power d i s t r i b u t i o n  measurement was performed w i t h  an e x c e n t r i c  

B4C r o d  t o  check t h e  v a l i d i t y  of  a  new method based on t h e  h e t e -  

rogeneous t h e o r y ,  a l lowing  t o  r e c o n s t i t u t e  t h e  power d i s t r i b u t i o n  

f o r  each p o i n t  i n  t h e  c o r e  from o n l v  t h r e e  Dower t r a v e r s e s .  

Due t o  t h e  PHENIX d i l u e n t  rod  r e s u l t s ,  a  r u s h  programme 

was performed a t  t h e  c e n t r e  o f  t h e  c o r e  t o  s t u d y  t h e  rod r eac -  

t i v i t y  worth v a r i a t i o n s  v e r s u s  t h e  s t a i n l e s s  s t e e l  volumic c o n t e n t  

w i t h  seven Na-SS compos i t ions .  



F i n a l l y  b e f o r e  going  t o  t h e  p lacned  h i g h e r  Plutonium i s o t o p e  

programme, r e a c t i v i t y  measurements by o s c i l l a t i o n  t echn ique  

were performed f o r  s t r l ~ c t u r a l  m a t e r i a l  a n d s e p a r a t e  f i s s i o n  

p roduc t  i s o t o p e s  

/ ERMINE / 

The programme d e a l t  f i r s t  w i t h  f i s s i o n  product  

s t u d i e s  second w i t h  h i g h e r  plutonium i s o t o p e  problems. 

The f i r s t  phase o f  t h e  f i s s i o n  p roduc t  programne has  

been performed w i t h  pi l ls  i r r a d i a t e d  i n  RAPSODIE FORTISSIMO / 7 /  : 

up t o  a  9 % burn-up. 

O s c i l l a t i o n s  o f  i r r a d i a t e d  p i n s ,  f r e s h  p i n s  coming 

from t h e  same b a t c h ,  and s t a n d a r d  p i n s  have been performed 

i n  t h e  uranium c o r e  R3. Chemical a n a l y s e s  a r e  now wai ted  t o  g e t  

t h e  f i n a l  r e s u l t s .  The second phase of  t h e  FP programme d e a l i n g  

w i t h  pu re  Pu o r  2 3 5 ~  p i n s  i r r a d i a t e d  i n  FORTISSIMO or w i t h  

rPHENIX p i n s  w i l l  t a k e  p l a c e  i n  1975. 

The h i g h e r  Plutonium i s o t o p e  uses  t h r e e  

Pu mixed ox ide  f u e l s  w i t h  v a r i a b l e  i s o t o p i c  composi t ions  between 

8 % and 45 % Pu240. 

The f i r s t  phase  d e a l i n g  w i t h  f s u r  "K, = 1" c o r e s  

u s i n g  P , a  ( 8  % Pu240) and B ( 4 5  % Pu40) has  been c a r r i e d  o u t  a t  
ERMINE. 

The second phase  u s i n g  PuC (20 % Pu240) i n  t h e  same 

l a t t i c e s  w i l l  t a k e  p l a c e  t h i s  y e a r  a t  ERMINE. The t h i r d  phase  ha- 

. s e d  01 t h e  s u b s t i . t u t i o n  t echn ique  w i l l  be c a r r i e d  o u t  i n  1 9 7 4  

and 1975 i n  MASURCA. 

The r e a c t o r  was nain1.y used d u r i n g  t h i s  p e r i o d  f o r  

c a l i b r a t i o n s  and s t a n d a r d  f o r  PHENIX s t a r t  up exper iments .  

The f u t u r e  programne concerns  s h i e l d i n g  exper iments .  



The r e s u l t s  o f  sample i r r a d i a t i o n s  i n  FORTISSIMO 

confirmed t h e  p rev ious  c o n c l u s i o n s  o b t a i n e d  on RAPSODIE f o r  

t h e  c a p t u r e  r a t e  3 f  uranium and plutoni.um i s o t o p e s  i n  ha rd  specLra 

/3/ /7/ .  The same i r r a d i a t i o n  exper iment  i s  now loaded  i n  PRENIX 

core 1. Main emphasis was p l a c e d  t h i s  y e a r  on FP sample a n a l y s i s .  

A t  t h e  CADARACHE VAN DE GRAAPF, a TOF p a t h  i s  now 

b e e i n g  i n s t a l l e d  : t h e  programme o f  spectrum measurements i n  

s u b c r i t i c a l  l a t t i c e s  w i l l  s t a r t  n e x t  yea r .  

4.3/ THEORETICAL WORK 

The main emphasis h a s  been p u t  on PIiENIX s t a r t - u p .  

So t h e  s y n t h e s i s  o f  t h e  whole expe r imen ta l  r e s u l t s  /2 /  on c e l l  

pa rame te r s ,  c o n t r o l  rod ,  b l a n k e t s ,  ... have been performed us ing  

t h e  CARNAVAL I11 sys tem /5/ and t h e  t r a n s p o s i t i o n  t o  PHENIX r e a c t o r  

h a s  been c a r r i e d  o u t .  I n  t h e  same t i m e ,  t h e  f i r s t  t r a n s p o s i t i o n  

t o  SUPER-PHENIX is o b t a i n e d .  

For PHENIX, an o p e r a t i o n  and f u e l  management code CAPHE, 

based  c n  a n a l y t i c a l  models and p e r t u r b a t i o n  t h e o r y  /11/ h a s  been 

made o p e r a t i o n a l  t o  t h e  p l a n t .  

From t h e  s t a n d a r d  p o i n t  o f  view, t h e  expe r imen ta l  pa ra -  

me te r s  o f  a very  s imple  pu re  uranium " K ,  = 1 "  l a t t i c e ,  named 

SCHERZO, o h t a i n e d  from measurements performed a t  SiiEAX, ZEBRA, 

ERMINE and HARMONIE h a s  been proposed as a n  i n t e r n a t i o n a l  s t a n d a r d  

f o r  f a s t  c r o s s  s e c t i o n  s e t  t e s t s  / 4 / .  

A major e f f o r t  i s  p l aced  on control  rod  i n t e r a c t i o n  

problems f o r  SUPER-PHENIX not only from t h e  t h e o r e t i z a l  p o i n t  

o f  view, - s y n t h e s i s  code,  o r  d i f f u s i o n  c o e f f i c i e n t  i n  d i l u a n t  rods  

f o r  example, b u t  a l s o  from t h e  g e n e r a l  a n a l y s i s  of  t h e  whole 



expe r imen ta l  r e s u l t s  a v a i l a b l e  i n  MSURCA and SNGAK, 

A com7rehensive s y n t h e s i s  o f  t h e  b l a n k e t  programme 

d e a l i n g  w i t h  r e f l e c t o r  s a v i n g s ,  b l a n k e t  power d i s t r i b u t i o n  

and Pu p rodnc t ion  h a s  been o b t a i n e d  / 2 / .  

A g e n e r a l  c r o s s  s e c t i o n  s e t  f o r  f i s s i o n  product  sepa-  

r a t e d  i s o t o p e  i n  t h e  energy mesh o f  t h e  CARNAVAL I11 system 

i s  now a v a i l a b l e  (188 i .sotopes) and used f o r  t h e  a n a l y s i s  of  

i n t e g r a l  exper iments  i n  E R M I N E .  Th i s  c r o s s  s e c t i o n  s e t  t o g e t h e r  

w i t h  t h e  CEA l i b r a r y  o f  FP pa rame te r s  ( y i e l d s ,  . . . )  i s  now used 

t o  g e n e r a t e  pseudo FP f o r  burn  up c a l c u l a t i o n s .  

A s i m p l i f i e d  model t o  c a l c u l a t e  neu t ron  a t t e n u a t i o n  

i n  Fe-;.ia media used f o r  s h i e l d i n g  have been opt imized  f o r  t h e  

1D t r anspor t .  ANISN code w i t h  2 6  group,  S 4 ,  P1 and l a r g e  mesh 

approximat ions ;  the  r e s u l t s  o b t a i n e d  a r e  i n  good agreement wi th  

t h e  r e s u l t s  coming from a  r e f e r e n c e  method,with l a r g e  cornlpu- 

k ing  time save .  , f h i s  model i s  used t o  a n a l y s e  t h e  newtrnn 

p ropaga t ion  exper iments  performed on HARMCNIE f o r  s e v e r a l  

Na-Iron volumic composi t ions  /3/. The model w i l l  a l s o  be uscd 

t o  a n a l y s e  t h e  s h i e l d i n g  PEIENIX s t a r t - u p  exper iments  t o g e t h e r  

w i t h  more s o p h i s t i c a t e 3  methods : DOT t r a n s p o r t  2 D  o r  TRIPOLI 

MONTE CARL0 3D. An ad jus tmen t  o f  t h e  c r o s s  s e c t i o n s  o f  t h i s  

model from t h e  d i s c r e p a n c i e s  on neu t ron  p ropaga t ion  exper iments  

i s  a l s o  p lanned ,  based on s e n s i t i v i t y  s t u d i e s  from g e n e r a l i z e d  

p e r t u r b a t i o n  t h e o r y .  



5 .  REACTOR, PHYSICS FOR SAFETY PROGRAN.ME 

To s u p p o r t  t h e  e x t e n s i v e  l i g h t  wa te r  r e a c t o r  and f a s t  

r e a c t o r  s a f e t y  programmes c a r r i e d  o u t  a t  CABRI i n  t h e  fra1r.e work 

of a wide i n t e r n a t i o n a l  c o o p e r a t i o n ,  an expe r imen ta l  programme 

a iming  a t  d e f i n i n g  t h e  main neu t ru . , i c s  p r o p e r t i e s  of  t h e  

exper iments  p lanned  i n  t h e  power r e a c t o r  h a s  been performed a t  

t h e  EOLE l i q u i d  moderated c r i t i c a l  f a c i l i t y .  

Two mock-up of  t h e  PHEBUS (LWR) and SCARABEE (FBR) 

l o o p s  have been s t u d i e d .  The f i r s t  mock-up c o n t a i n s  a t  t h e  

c e n t r e  , a  PWR p i n  c l u s t e r ,  h i g h t  w a t e r  moderated,  i n s i d e  

s e v e r a l  s t r u c t u r a l  t u b e s .  Tha t  l oop  i s  surrounded by a  d r i v e r  

c o r e ,  l i g h t  w a t e r  moderated,  f u e l l e d  w i t h  h i g h t l y  e n r i c k e d  

p l a t e s  (MTR t y p e ) .  The second mock-up c o n s i s t s  w i t h  7 o r  19  p i n s  

i n  a  c e n t r a l  f a s t  c o r e  zone sur rounded w i t h  t h e  same d r i v e r  c o r e  

The main neut ront ic  pa rame te r s  measured a r e  : 

c r i t i c a l  s i z e ,  c o n t r o l  rod  r e a c t i v i t y  p r o f i l e s ,  r e a c t i v i t y  wor ths  

o f  m a t e r i a l s  o r  vo id  e f f e c t ,  power d i s t r i b u t i o n  i n  t h e  c o r e  

and t h e  loop ,  t e r p e r a t u r e  c o e f f i c i e n t s  an? x h e a t i n g .  
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/11/ P.P.CLAUZON and a l .  - Exper imenta l  p h y s i c s  r e s u l t s  a t  t h e  

s t a r t - u p  o f  P ~ I I N I X  - S p e c i a l i s t  s e s s i o n  I1 

I n t e r : ? a t i o n a l  conference  on f a s t  r e a c t o r  poi,/err 

s t a t i o n  BNES LONDON, March (1974) 

/12/ M.ESTAVOYER and a l .  - The c o r e  of  PBENIX. D e s c r i p t i o n  and 

f i r s t  o b s e r v a t i o n s  d u r i n g  s t a r t - u p  - S p e c i a l i s t  

s e s s i o n  I11 - I n t e r n a t i o n a l  conference  on f a s t  

r e a c t o r  power s t a t i o n  BNES LONDON, March (1974) 

/13/ ACKET and a l .  - PHENIX dynamic behaviour  and c o n t r o l  

S p e c i a l i s t  s e s s i o n  IV - I n t e r n a t i o n a l  confe rence  

on f a s t  r e a c t o r  power s t a t i o n  BNES LONDON, 

March, (1974) 

/14 /  R.CARLE and a l .  - Futu re  programme and p l a n s  f o r  commercial 

f a s t  r e a c t o r s  - P l e n a r y  s e s s i o n  I V  - Enterna-  

t i o n a l  confe rence  on f a s t  r e a c t o r  power s t a t i o n  

BNES LONDON, March (1974) 



/15/ A.KAVENCKY and a l .  - APOLLO, code mul t igroupe  d e  r 6 s o l u t i c n  

de 1 1 6 q u a t i o n  du t r a n s p o r t  pour  l e s  n e u t r o n s  

thermiques  e t  r a p i d e s ,  CEA-N-1610 (1973) 

/16/ P.RBrJSS - U t i l i s a t i o n  d e  r G s u 1 t a t s  d e  mesures i n t 6 g r a l e s  

pour  p r e c i s e r  l e s  v a l e u r s  d e s  c o n s t a n t e s  nucl6-  

a i res  neu t ron iques .  

IAEA-SM-170/67 ( 1 9 7 3 )  

/17/ M. MIIWAIL ' - E l a b o r a t i o n  d ' u n  ensemble d e  donnees cohgren te s  

pour  le c a l c u l  cles r e a c t e u r s  n u c l 6 a i r e s  2 

n e u t r o n s  thermiques  : q u a l i f i c a t i o n  d u  ccde 

APOLLO. T h e s i s  p r e s e n t e d  a t  t h e  F a c u l t 6  des  

Sci.ences d 'Orsay  (1974) .  



Physics Activi t i .es  i n  t h e  Federal  Republic 

of Germany 

Compiled by 

H. Kiisters 

G E N E R A L  - 

The 1974-budget of t h e  Ministerium fiir Forschung und Technologic (ENPT) 

f o r  nuclear  energy amounts t o  a  t o t a l  of about 3496 Mil l ion  DM / I / .  

The support f o r  r eac to r  developrent i s  about 269 Mil l ion DX, i n  addi t ion  

37 Mil l ion  DM a re  given t o  r eac to r  s a f e t y  research and general nuclear  

s a f e t y  technology. 

An i n t e r e s t i n g  review on the  manpover i n  Gernany's nuclear  indus t ry  and 

research centers  was published recent ly  121. Some da ta  a re  reproduced i n  

t h e  fo l loxing  t ab le s .  

Manpower in Nucle< 

Firms 

.. 

Reactor Manufacturers 

Component Manu- 
f  ac tu re r s  

Firms engaged i n  Fuel 
Cycle 

Reactor U t i l i t i e s  

Manufacturers of 
Measuring Instrument: 

Isotoip Laboratories  

To ta l  

Industry 

Manpower 

. 4 . 1 9 7 3 )  
Working i n  : 

roduction - 

- 

Research and 
Development I 



Manpower in Nuclear Research Centers 

Center :~cademic I 4 Engineer! Graduate 

1 / Ges. fiir Kernforschung mbH (GfX) , I 
I 1 7 1 7  253  

I Xernforschungsanlage JCilich GmbH 
I ( K F A ) ,  Jiilich 1 6 9 7  1 231 
I / Dmtsches Blektronen-Synchrotron 1 
(DESY) , Hamburg 1 159  I 94 

Other 
Personal 

2432 _/ 3 4 0 2  

I 

4 4  

14 

8 2  

Institut fiir Plasmaphysik GmbH 1 (IPP1 , Miinchen 
i Hahn-Meitner-Institut fGr Kern- forschung (KMI) , Berlin 
Gcs. fiir Kernenergieverwertung 
in Schiffbau und Schiffahrt mbH I (GKSS) , Iianburg 
Ges. fiir Schwerionenforschung mbH 
(GSI) , Darmstadt 

Total 

202 

147  

8  3  

5 6  

206  1  

23  

741  



1. Anclysis of Critical Assemblies - .- -- -- 

The critical assembly - SIiEAK-9A was built with the main purpose 

to study the effectiveness of the controlsystem of SNR 300 

and to check the prediction of the power distribution for 

various control rod insertion patterns. The SNR 300 geometry 

was approached as closely as possible. However, because of 

the insufficient Pu supply at SNEAK, only enriched U was used 

as fuel. / 3 / .  The calculational procedure was based on techniques 

used normally at Karlsruhe. The 3 dimensional power shapes were 

obtained with the diffusion synthesis code KASY. 

The main results can be summarized as follows: 

a) Criticality prediction is possible within about 0.5%. If 

control rods are present a special transport correction 

has to be applied to get results consistent with those 

for clean cores. This holds especially when a large part 

of the rod positions is filled with follower material. 

b) Generally power distributions are predicted within 2%. 

@ However in axial traverses near partially inserted rods 

the shift of the power maximum is underestimated by 

calculations. This leads to local deviations of as much 

as 5%. 

C) Subcriticality measurements by different methods (source 

jerk and inverse rrultiplication) agree within 1% for snall 

reactivities ( A k  0.01 ) , for large ones (Ak = 4%) the 

discrepancy reaches about 8%. Calculations and experiments 
agree within about 10%. 



The t e o  fo l lov inq  f i g u r e s  g i v e  t h e  co re  c r o s s  s e c t i o n  of 

SXEAK--971% and typ?.caL devl.at.i.ons of calculatccl  power 

di. strrl:bt.J.om f r c x i  mensurt?d ones.  

- st. , c 7 . . t i n ~  -.?- with a 1 Zonc U~:ariium ar-seiitbly (SNEAK-9Cl) i n  

scvBral  sCcp; a mixcd (U-Pu) oxide co re  wil.1 be re8.chcd 

(SBRAK-9C2) by s e c t o r  subs t i tu t j .on .  

- b:&::.uremcnt c.f r e a c t i o n  r a t e s  of hicrher Pu- i so tores  - 
an:J. of 241krn and 21?m. 

- A d e t a i l e d  i n v e s t i g a t i o n  of t h c  i n f l u e n c e  of Pu wi th  

high 2 1 0 ~ ~  conten t  on r e a c t i o n  r c t e s ,  and podium void 

e f f e c t .  

Mear,urcm:?nts . i n  S1.JE.U-9C-f a r e  under w a y ,  Reaction rcite 

r a t i o s  are  quoted i n  t h e  fo l lowing  t a b l e  f o r  t h e  midst  of 

a  20% enr iched U--pla te le t  i n  t h e  c o r e  cen te r .  
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large fast power reactors. The following figure gives the 

various contributions to the void effect in SNEAK-9-B. 

A separate study on the influence of neutron streaming in 

some Nu-void patterns for a simplified 2d geometry of a 

300 MWe L!4FBR was done /5/. The results are listed in the 

following table: 

. C o x  ].Core I ,ncd 
onc awl Zone: awl 2 .Core 

pper j a c m t  
a l p  of b o t h  ~ d -  Zones 

l a n k e t  a x i a l  
b l a n k e t s  

- . - - - - + 

Xt can bn seen that neutron streaming reduces criticality 

only for relatively large void regions. Since no control 

and shut down rods are considered, in reality a further 

reduction will occur, since due to radial streaming a 

larger fraction of neutrons will penetrate into non Voided 

regions containing absorbing materials. 

At the subcritical facility - SUAK simple assemblies of iron 

and uranium blocks as well as a sodium-iron assembly have 
* 

been investigated /G/ with respect to nuclear data unccrtaintics 

to be deduced from stationary and time dependent neutron spcct-ra. 

Foll.ouinq conclusions can be drawn: 



-%-\ Fission \. \ 
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The next two figures give typical examples for the effect of , ~ 

inelastic scattering changes on neutron spectra of an iron 

block. 

First results for neutron spectra in a sphere of Li have 

been obtained. Comparison with calculations (Pj approximation 

for elastic scattering) show large discrepancies, especially 
between 6 and 14 MeV. This may be due to direct interaction 

processes, or to an incorrect representation of the elastic 

scattering angular distribution by Pg with an average error 

o•’'10% above 5 MeV, which is reducad to 2% in P5 approximation ... 
. . . -  ,.L::._.~ r .  > * *  \.\ 



Mcosu:cd cn:! Ccicu!cic:! Lca! ia~r Eptclro of the Iron 
Cylinckr ZYLFE 3020 

Measurcd S;:?ctrurn : 8 1G 113 Sziiiii!iu!or 
in ~ U : S C  hti?!~: n4& .... 
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Within the frame of effective cross section generation scllcmes 

different approximations for the background cross secti~n, a or 
in the energy range of resolved resonances for both Pu-239 and 

U-238 have been studied for a typical LMFBR composition / 7 / .  

Following models have been used: 

a) averaged total cross section (model A) 

b) potential cross section (for U-238 as background only) 

(model 33) 

C) effective cross section in the corresponding material 

composition, calculated by an iterative method (model C) 

d) "exact" model within the framework of the narrow-resonance- 

approximation and the single-level-Breit-Wegner-formula; 

full energy- and temperature-dependence of the total cross 

sections of Pu-239 and U-238 are taken into account. - 
The table below shows the different values for the background 

cross section, so, for Pu-239 as reference material, when the 

different approgimative models A, B or C are used. 

The next table shows the percentage deviations of the effective 

(n,y)- and (n,f)-cross-sections of Pu-239 calculated with models 

A, R or C from those calcul~ltcd with model D. 

r 
,Energy 
Group 

16 

17 

18 

19 

20 

Model 
A 

20.3 

80.1 

40.2 

151. 
157. 

B '. C 

10.6 
II 

n 

D 

II 

13.5 

18.0 

14.4 

18.0 

17.2 



-- Ere regions Blanket --I 

It can be seen that models B and C are preferable to model A, 

and model C is slightly better than model B. 

The corresponding investigation for the effective (n,y)-cross- 

sections of U-238 using models A, C and D, show again that 

model C gives the best approximation for the "exact' model D. . 

If the different models are applied •’01: the calculation of the . 
temperature derivatives of the effective cross sections of 

Pu-239, there is an effect of up to 11% in energy groups 16 

and 17. The total Doppler coefficient of reactor regions however 
shows an influence of no more than 1 6 .  

h review article on the analysis bf Past Critical Assemblies 
has been completed /8/. 

The code development was mainly devoted to problems related 

to fast reactor safety, see e.g. /5/. 



/3 /  F* Helm et al., Tokyo Conference on Fast Reactor Physics, 

1973  

4 E.A. Fischer et al., Tokyo Conf. on Fast Reactor Physics, 

1973 

/5/ G. Angcrer et al., Paper 12-1 of Proc. of Fast Reactor 

Safety Conf., Los Angeles (1974) 

/6/ F. Kappler et al., Proc. of Fast Reactor 

Thysics Conf., f o g y  o (I.??$ 

/7/ I. Broeders, KFK-1890 (1974) 

/8/ E. Kiefhaber, Evaluation of Integral Physics Experiments 

in Fast Zero-Power Facilities, to be published in 

Advances in Nuclear Science and Technology, Vo1.8 
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The analysis of SNEIiK experiments is partly done in cooperation. 

GfK-IA. For instance, the reactivity coefficients in the SNR- 

uranium moek-up SMEiiK-9A-2 were calculated in 3d synthesis 

with RFK-INR-sec and the predecessor-group set MOXTOT. The 

difference to experj.ment is larger with the INR-set (552)b 

as with the MOXTOT set (3'2%).  The worth of the 3 shutdown 

0 .  rods is being underestimated by about 5%, the shadowing effects 

between shim-rod- and secondary shut--down system is well re- 

presented. Changes in the powcr distrjbution by about 305, due 

to congrol rod motion, are predicted to 2%, accuracy. 

2. Work on Nuclear Data-Sets (Gebhardt, Hiibner) 

ENDF/B I11 data are being used to generate group cross sections 

of the ABBN type. In the unresolved resonance range for some 

cases irregular dependence of the resonance self shielding 

factors on temperature was observed. A detailed investiqation 

showed that the use of J-Function tablertogether with an 
interpolation routine in the GRISM code yielded inaccurate 

. values for J in extrapolation cases. This was resolved by 

using instead the J-table and interpolation routine fron 

c SUPERTOG 111. An improvement over SUPERTOG interpolation 
accuracy was obtained by the normalisation J(J,fi)/J(O,fi). 



JNSTITUT ~ i j ~  I<EIiNEKERGETII< 

University of Stuttgart 

1. Interpretation of Pulsed Neutro!~ E ~ ~ e r i m c n t s  in the 

Crit ical  ~ s s c k : b l ~  .- - I'I'R (W. B e r m a t )  

Pulse  neutron measurements in the c r i t i ca l  assembly ITR show a strong 
kinetic distortion effect due to the low absorption in the beryll ium re.- 
f lector /I/. We have t r ied  t o  interprcte  this  effect in  t e r m s  of the dif- 
fe rence  between prompt and delayed fundamental modes. F o r  symmetr ic  
co re  configerations this  assumption was r a the r  good, so  that  by means 'o f  
calculzted flux-shapes for  prompt and delayed neutrons, which were calcu- 
lated by two dimensional Siq-Codes, the measured values could b e  reasonably 
corrected.  F o r  asymmetr ic  co re  configurations the higher harmonics cannot 
be neglected so  that a s imple  correction of the measured valucs is not possib- 
le. Here  the experimenter / I /  t r i e s  to u s e  a detector enclosed in Cd which 
counts only fast a n d  epithermal neutrons to  eliminate the kirlelic distortion 
effect of both the fundanental  and higher harmonics.  The interpretation of 
such experiments is continued. 

/ I /  R. Hecker e t  al. : Ein Bcitrag z u r  Problematik von Reaktivitatsbe- 
stimmungen rnittels gepuls ter  Messungen an Systemen mi t  schwach 
neutronen absorbierendem Reflektor. 
Reactor meeting Berlin, April  (1 974) 

2. Estimation of the Control-Rod Efficiency in the  Cavity 

of a Pebble Red Reactor (W. Bernnat)  

A prec ise  estimation of the control-rod efficiency in the cavity of a pebble 
bed r eac to r  has to  be done by t ranspor t  theory. Therefore  a Monte Carlo 
method was used to  compute this  effect /I/. T o  get  a good estimation of 
the  smal l  Ak-value a correla ted Monte Car lo  method was used, realizcd 
in the MORSE-K program /2/. With this  program the control-rod effi- 
ciency was computed a s  a function of i t s  position i n  the  c a v ~ t y  and in the 
upper reflector. 

/ I /  W. Bernnat, A. I-Iubner: Monte Carlo  Verfahren z u r  Berechnung 
d e r  Regelstabwirksamlieit i m  oberen Hohlraum von Kugelhaufen- 
reaktoren. 
Reactor meeting Berlin, Apri l  (1974) 

/2 /  F. A. R. Schmidt, W. Bernnat: MORSE-K Manual. 
Report Nr. 4-1 Institut fur  Kernenergetik Stuttgart (1972) 



3. Application of the  - Fjnite Elcmcnt --- Method to Reactor  Problems -- - 
(F. A. R. Schmidt) 

Theoretical  investigations of the Fini te  Element Method were  realized in 
a pr0gra.m callcd F E M  2D. This  program solves  the  two dimensional. multi- 
group diffusion equation. It u se s  t r iangular  finite elements with quadratic 
flux approximations f o r  the cliscretisalion process .  The resulting n1atr . i~ 
equations a r c  solved by a modified Choleslry procedure which avoids 1111- 
neces sa ry  operatjons on zeros.  The number  of groups a s  well a s  the num- 
b e r  of degrees  of freedonls p e r  node a r e  arbi t rary.  .Simple techniqucs for  
the acceleration of the  power itel-ations a r e  a l ready  incorporated into the 
code. 
The  code was successfu1l.y app1.ied to  both PWR and BNTR problems. Com- 
par isons were made with the PDQ code (difference method) and the 
MEDIUM code (nodal method).' The r e su l t s  were  surprisingly good. 
The  s i ze  of the  problems is considered to  b e  a rea l i s t i c  one. In the PWR 
probl.em an octant of a reac tor  containing 103 ma te r i a l s  was treated.  In 

, ' the case  of the EWR calculation a five by five cel l  with Gd rod, water  hole 
and absorber  c r o s s  could b e  investigated. 
Detailed resu l t s  will b e  published a s  GfK-VA and IKE reports.  

4. Group Constant Gcneration 

(I. Brestr ich,  W. Gulden, M. Mattes, R. IZiihle) 

At the  IKE we process  ENDFIB data routinely with the programs 
SUPERTOG and GGC-4. In addition modular p rograms were  developped 
based on RSYST 1 .  They rea l ize  var ious  approximations in space and 
energy by which one may  obtain be t t e r  group constants. 
In the resolved and unresolved resonance region (below the threshold 
energy of the inelastic scat ter ing)  point c r o s s  s e c t i o n s a r e  produced with 
ENDRES /2/ for  futher processing in RESPU / 3 /  o r  RESAB2 /4/. 

a- RESPU solves the  slowing down Boltzrnann equation by  f i r s t  flight collision 
probabili t ies in  an absorber  zone surrounded by  an  1 / E  -moderator .  The - abso rbe r  zone contains a mixture  of maximal  t h r e e  absorbing arid two 
scat ter ing materials.  F o r  periodic la t t ice  s t ruc tures  a Dancoff-Ginsburg- 
correct ion is allowed. Group constants f o r  this  type of problems can b e  
calculated fast  and exact with RESPU: F o r  problems with many zones and 
seve ra l  isotopes in each zone the program RESAB2 is available. Naturally 
it needs  much m o r e  computer time. 
We have comparcd group constants of U-235 in a heterogeneous cel l  

' calculated by these  methods and GGC-4. The  r e s u l t s ,  showed differences up 
to  100 O/o in the  absorption c ross  section (about 1 O/o in k,). 
In the keV and MeV region ,the programs ETORSY - STEURI3S - STEUMAF 
/5/  a r e  producing 200 to 2000 tempel-ature dependent group constants. 
Standard weighting functions and a NIX-approximation a r e  possible. The  
NR-weighting allows to  consider the interference and over lap effects in the  
resolved and unresolvecl resonance region and s imple  heterogeneous effects. 
The scattering mat r ix  elements a r e  also weighted with the NR-flux. A com- 
puted B1-spectrum is used to  collapse to  any number of few groups:' 
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Comparisons with GGC-4 resu l t s  f o r  Pu-239 showed cliffercnces up to  
90 010 in ihc unrcsolvcd r e somnce  group c r o s s  sections and up to  50 o/o 
in the scattering matrix.  
Cenchmarlc calculations (GODIVA, JEZEUEL)  were  donc with ou r  new data 
( E N - 1 1 1 ) .  The r e su l t s  a r c  in ve ry  good agreement  both for  mcasured 
keff and rcnction ra tes .  More t e s t s  will be  done in future. 

R l i e :  EAC:liP-L-91, p. '41 (Junc 1.972 - May 1973) 

I. 131~strici1,  B. lliil:: I l S  ein P rog ramm zur  Bereclinung 
von P~~r~lctcjucrscl?nitten aus  1 - e n .  . 
II<E 3-3. 11. 1208 (1972) 

W. Gulden: Bel,echnung von ~ r u p ~ e n l r o n s t a n t e n  i m  Bereich auf-. 
geloctcr Rcsonnnzen. 
I 4-15 (1973) 

B. Riilc, R. Riihle: R1?SAT32, ein P r o g r a m m  zur  Rerechnung von 
Gruppenkonstanten i m  Resonanzbereich nach d e r  Stol3wahrschcin- 
lichli eitenmethocle. 
I 3-3. 6. 1209 (1972) 

I. Brestrich: IKE-Bericht in Vorbereitung 

5. A Modular Systel~i  for  Burn-up Calculations with IIierarchical  
Data Structures  ---- (H, Wohland, R. 1Xuhle) 

A modular system for  burn-up calculations with hierarchical  s t ructured data 
has  been clcveloped and partly implemented. With the syntax-printed language 
of RSYST-11 / I /  the u se r  may formulate and document his  burn-up problems 
in  hierarchically s t ructured data. The  data s t ruc tu re s  a r e  t ransformed by 
modules operating on nodes of problem t r e e s .  By this method the expense of 
formulating burn-up problems is grea t ly  reduced. 
/ I /  R i i h l e , ' ~ .  : RSYST an Integrated Modular System for  Reactor and 

Shielding Calculations, Proc; of the 1973 Conf. Mathematical Models 
and Computational Techniques f o r  Analysis of Nuclear Systems, 
CONF - 730414 - P 1  (1973) 

6. Reactor Safety Related Activities - 
(H. Unger) 

A new model f o r  the thermal  interaction of two molten mater ia l s  a t  
different t cmpcra tures  (molten U02--Hz0 o r  Na) has  been developed. 
Experiments with 1120-Pb, H2O-glass and IJzO-Cu a r e  performccl presently 
in  o rde r  to back up the theoretical  model. 



The fuel-pin behavior of LWR-cores during and past  blowdowns is in- 
vestigated and simulated by a computer program sys tem SSYST. 
Emphasis  is put a t  the  ballooning phase ,of the  pins, clad rupture and' 
blockage of coolant channels, and F k i r  effect on emergency core  
cooling. 

- A meltdown code for  LWR1s is developed. It s imulates  ihe  behavior  of 
the  core  past a hypothetical emergency co re  cooling failure. The code 
covers  her:tup- and meltdown of the  core  s t ruc tu re  and surroundings . 
and is presently terminated by meltdown of t he  lower support plate of 
the core. 

7. Reactor - S l i i e l a  .- 

(G. IIehn) 

New studies of inater ia l  damage function -- -- - - 
The prediction of radiation damage in  reac tor  components l ike  p r e s s u r e  
ves se l  o r  core  gr id  plate has  become one of the important t a sks  of 
r e a c t o r  shielding. Since these r eac to r  components a r e  mos t  essent ia l  f o r  
s a f e  r eac to r  operation, the i r  radiation damage mus t  b e  known in  the 
design stage and has to  be followed up during operation. To  avoid hig1ll.y 
conservative design with respec t  t o  radiation damage effects, the energy 
dependence of both neutron fluence and damage function must  b e  taken 
into account. The neutron fluence i s  proper ly  calculated by the SN-pro- 
g r a m s  ANISN and DOT. The  uncertainties resu l t  f rom the damage func- 
tion used. W e  havecalculated c r o s s  sect ions  f o r '  production of Frenlcel 
defects f rom EiYDF/EIII-datas with the program RICE. In producing 
group c r o s s  sections proper  flux weighting i s  important. F o r  the fast  
r eac to r  SNR a 1/E-weighting in  a 98 multigroup s t ruc tu re  s imi l a r  to  
GAM I1 resulted in  near ly  30 010 overestimation of Frenltel  defects in 
the  p re s su re  vessel .  This  means,  ths t  a p roper  t reatment  of neutron 
resonances  in calculating the ma te r i a l  damage function is of i m -  
portance in  the  fitting procedure for  instance with the program SAND 11. 



1. TnheCded flux calcul~tions. 

An attempt has been rcade to perform i~bedded tGo- 
dincnsional fine mesh flux calculations in . t h e  

framework of a nodal. method. Pirst tho global coarse 
mesh problcm is solved accurately using the ncdal 

synthesis technique described previous1.y 11'7.' - 
Inner boundary co~ditions are then derfved from 

the converged nodal solution that take into account 
approximately the spatial variation of albedos, 

alorg the node interfaces. Applying these bou&ary 

conditions a conventional finite diffcrence methcd 
.is used to compute the detailed fine mesh flux 
distributions ihside the nodes. Experience is still 

limited, although encouraging results have been 
obtained for a two-dimensional benchmark problem. 

2. Xenon transients 

A great fund of nuacrial experience has been gathered 
in the operating behavi'our of large power PWF,:~~ the 

a 
time scale of hours. The neutron calculations can be 

done with a coarse mesh model (with up to some 

1000 nodes) in 3 dimensions. In the area of feed 
back one has got to take into account the Doppler 

effect of the fuel, thermal-hydraulic effects for 

the moderator temperature and density, and the 

operating conditions charged for maintenance of 

criticality (boron concentration, rod position, 
power etc.1 



With a moderate amount o f  t h e  n o n l i n e a r i t y  from 
feed-back ,  u n c o n t r o l l e d  xenon o s c i l l a t i o n s  a r e  
reprocluced. c o r r e c t l y  even u s i n g  a.n u l t r a  c o a r s e  
mcoh. A f i n e r  mesh p roves  necessary o n l y  when 
more d e t a i l c d  s p a t i e l  i n f o r m a t i o n  is needed 
(peak ing  f a c t o r s ,  vo id  i n f l u e n c e ) ; ,  h e r e  mere 
i n t e r p o l a t i o n  is i n s u f f i c i e n t .  In a l l  f eed -back  
c o n s j d e r a t i o n s  s p e c t r a l  e f f e c t s  must be  t a k e n  

.- i n t o  accoun t ;  t h e i r  i r e g l e c t i o n  g i v e s  r i s e  t o  a n  
u n c e r t a i n t y  i n  l o c a l  and g l o b a l  e f f e c t s  of  up 

' t o  50 $. 

Studying  r a d i a l  o r  a z i ~ u t h a l  xenon o s c i l l a t i o n s  
it i s  s u f f i c i e n t  t o  do two-fiimensional c a l c u l a t i o n s  
w i t h  one node p e r  c o o l a n t  channe l  and a x i a l l y  
c o n s t a n t  power d i s t r i b u t i o n  f o r  t h e  moderator  
d e n s i t y  and t empera tu re  e v a l u a t i o n .  T h i s  does  n o t  
h o l d  f o r  f u e l  t empera ture .  

The r e s u l t s  of  t h e  l i n e a r i z e d  t h e o r y  a r e  n o t  
a lways a p p l i c a b l e .  Even under  normal  o p e r a t i n g  
c o n d i t i o n s  h i g h e r  modes c a n  be e x c i t e d  t o  a c o n s i d e r a b l e  
amount. T h i s  n o n l i n e a r i t y  i m p l i e s  mode coupl ing  evep 
a t  low amplitudes of 10 $. 

I n s p i t e  of  t h e  n e g l e c t i o n  of t h e  t ime  d e r i v a t i v e s  
i n  t h e  n e u t r o n  and feed-back e q u a t i o n s ,  it  i s  p o s s i b l e  
t o  expand t h e  v a l i d i t y  r e g i o n  down t o  some seconds.  
Th i s  can  be ach ieved  by a s t e p  f u n o t i o n  f o r  a l l  

thermal-hydraulic boilndary v a l u e s  and a pre-eva lua ted  
exponent ia l .  s o l u t i o n  f o r  t h e  h e a t  conduc t ion  equa t ion .  
T h i s  p rocedure  p roves  he1 ,p fu l l  i n  3-dimensional  r e a c t o r  
c a l c u l a t i o n s  f o r  t h e  c a s e  of a 'steam l i n e  b reak .  Here 
t h e  boundary v a l u e s  a r e  c a l c u l a t e d  s e p a r a t e l y  by 
a. power p i a n t  model w i t h  c e u t r o n  k i n e t j - c s  i n  a one 

. . . . . . _.\ - 
p o i n t  approxi.mation. 



A p~ocess and filter model has been developed which 
. describes the correlations between power density 

distribution and Icdine end Xenon distributions. 

This model should be the basis of further development 
for a power distribution control program of large 

light wzter reactors. 

The node1 has been verified by using a simple test 
problem r 2  - 7. 

r 1  - 7 M.R. Wagner: Sgnthese von mehrdimensionalen 

Grob- und Feinmaschenrechnungen, 
Tagungsbericht der ~eaktortagung des DAtF/Kl'G, 

Karlsruhe, 10. - 13. April 1974 

1 2  - 7 11. Finnemann, Ii, Moldaschl: Steuerung 

Xenon-induzierter FluBtrensienten unter Ver- 
wendung von Methoden der nichtlinearen Filter- 

theorie , 
Tagungsbericht der Reaktortagung des 

DAtF/KTG, Berlin, 2. - 5. April 1973 



In 1973, research into three fields of p~Lr'ionj.um recycling 
demonstration was made by KWU 

1. Insertion of 8 all-Pu-asse~blies in addition to the 

first Pu-prototype-assembly, which was inserted. in 
- October 1972. 

. . 

2. Special measurements to compare control rod worth in 
the Pu prototype-asserubly, burnt over one cycle, with 
a homologue U-assembly. 

3: Heasurement-program at the KRTTZ facility at Studsvik 

1. Plutonium - recvclinq 'demonstration -- at the CSrigheim PTVR(I".:': - 

A first Plutonium bearing asseubly vas inserted in Okto- 
ber 1972. Larger-scale demonstration was started last 
September with the insertion of 1440 Pu02-U02 fuel rods 
in eight reload fuel assemblies. This represeats the 
beginning of the first normal sequence of recycle and it 

promises, finally, to provide the demonstration of full 
recycling. 

A l l .  these fuel assemblies are built thus: 

.64 rods of a Pufiss -enrichment of 2.0 W/o and 

116 fuel rods of a Pugis, -enrichment of 3.2 "/o 

The diluent is natural uranium. 



During t h e  re load  per iod of  1373 two f u e l  rods  wi th  
did:.?- ... a r t  i n i t a l  e n r i c h c n t s  were drawn ou t  of  t h e  . . 

pi-otot~pe-~Pt~~. .asse;nbly a11.d s u b s t i t u t e d  by dwmy rods.  
Po& i r r a d i a t i o n  er.m?inat.ion i s  plantled f o r  1971t, 

The Pu-proto.Lype-assembly was shu f f l ed ,  f o r  ' the  second 
per iod of  exposure, t o  a c o n t r o l  rod pos i t i on .  Thus it 
was pos s ib l e  t o  measure t h e  c o n t r o l  rod worth a s  a 
functior.  of moderator temperature.  T h i s  s i n g l e  rod vo r th  
was' coinpared wi th  t h e  worth 02 a homolog~ze rod i n  a once 
burnt  U-assembly. The exper inents  v e r i f y  t h e  theore-t . ical 
r e s u l t s  which i n d i c a t e  t h a t  t h e r e  i s  nea r ly  no l o s s  of  rod 
worth by once burnt-Pu-assemblies i n  colriparison t o  
U-assen;bl.ies a t  opera-Lion moderator teluperature. The 
n~asu remen t s  i n  add i t i on  show a. h igher  rod worth a t  
reduced tempesature i n  t h e  Pu-assembly t han  i n  t h e  
U-assembly. 

A s e r i e s  of ICRITZ measurements were perTormed i n  summer 
1971 a t  Studsvik a s  a j o i n t  KWJ - C-E program. Power 
d i s t r i b u t i o n ,  boron worth and c o n t r o l  sod worth 
measwements were performed a t  a s e r i e s  of  moderator 
temperatures i n  l a t t i c e s  conta in ing c e n t r a l  mixed-oxide 
and UO -regions surrounded by '3.1 W/o U02 f u e l .  The 

2 
c e n t r a l  r eg ion  contained, i n  t h e  PU-cases, a zoned 
mixed-oxide KV!O-Tme assembly having enrichments of 



3.2 and 2.0 "/o f i s s i l - e  p lu toniun.  Both t h e  mixed-oxide 
and w a n i m  f u e l  rods  were p a r t  of  t h e  1973 Obrigheii:~ 
re load ,  mentioned e a r l i e r .  These e .qxr i~?en ts  provide,  
comb.in-.c! wi th  cal.cula"Lons, a unique b a s i s  f o r  demorl- 
s t r a t i n g  t h e  l e v e l  o.f agreenicnt v~hicli can now be 
a t t a i n e d  i n  r e a c t o r  des ign f o r  plutouium recycl ing.  

111. Heasurements i n  Operating Power Reactors 

I n  o rder  t o  determine t h e  r e a c t i v i t y  difference be-twxn 
f u l l  power and. zero p o w r  a s e r i e s  of  measurements 
were performed l a s t  year  a t  t h e  Stade P'tR (KKs). The 
eva lua t ion  of  t h e  measurements tnok i n t o  a c c o u t  transient 

Xenon and t h e  decrease of  t h e  average coolant  temperature 
by going from ful l  t o  ze ro  power. The r e s u l t  i s  a 
t tcorrectedt t  i n t e g r a l  power r e a c t i v i t y  which conta.i.ns 
Doppler r e a c t i v i t y  and t h e  r eac - t i v i t y  e f f e c t  apper ta in ing 
t o  f l u x  r e d i s t r i b u t i o n .  

The measurements confirmed t h e  a s s w p t i o n s  made f o r  t h e  
ahutdovm r e a c t i v i t y  balance. The r e s u l t s  w i l l  be 
p b l i s h e d  l a t e r .  



I. Tcs t  of 3.-dic~cnsional.  - reactol-  s i m u l a t o r  

C a l c u l a t i o n  of 13WR r e a c t o r  ~ o r - o s  .i.s b c i ~ ? ~  done by 3-dimen-. 
sione:l models. D U I - i n s  t h e  l a s t  y e a r s ,  a  c o n s i d c r a h l c  alnount 
o f  e s p e r i m c ~ l t n l  m a t e r i a l  h a s  been accumulntccl - galnrra scam,  
evill.uation of i n c o r e  r e a d i n g s ,  i s o t o p i c  a n a l y s i s  of spcnt  
fuel. ,  - and t h i s  m a t e r i a l  ha s  bocn compared t o  t h e  c a l c u l a -  
t i o n a l  r e s u l t s  of  t h e  r e a c t o r  modcl. 

P 

Gamma scanning i n  t h e  f i rs t  c y c l e  of  Lingen (end of c y c l e )  
r e v e a l e d  t h a t  t h e  relative pohxr o f  f u e l  e lements  r-as under- 
es t i rnatcd a t  t h e  r e a c t o r  edge by npprox. 0.07 and corresporid- 
i n g l y  ove re s t ima ted  i n  t h e  r e a c t o r  c c n t c r  by 0.02. 1.e.  
t h e  c a l c u l a t e d  power d i s t r i b u t i o n  came ou-L s t e e p c r  t han  t h e  
measurements. The d i f f ' e rence  a t  t h e  h o t  spo t  was 5 %. 

Inco re  r ead ings  a r e  e v a l u a t e d  dur ing  o p e r a t i o n  of CWR's  a s  
a r o u t i n e  procedure .  A c o n s i s t c n t  e v a l u a t i o n  of t h e  r e s u l t s  
f o r  K R D ,  Lingen,  Wurgassen and comparison t o  r e a c t o r  co re  
ca l . cu l a t i ons  r e s u l t e d  i n  s i m i l a r  conc ius ions  a s  ganuna 
scann ing  a t  end of cyc le .  Again, t h e  c e n t r a l  r e g i o n  of t h e  
r e a c t o r  c o r e  was ove re s t ima ted  i n  power and t h e  s t anda rd  de- 
v i a t i o n  was 4 9;. 

I s o t o p i c  a n a l y s i s  of some f u e l  p i n s  o f  spen t  f u e l  of Guncl- 
renmingen p o ~ r e r  s t a t i o n  was performed i n  ho t  c e l l  examiriations. 
A colnporison t o  cor responding  burn-up c a l c u l a t i o n s  showed 
t h a t  t h e  aerecment was w i t h i n  10 56. t a k i n g  i n t o  account l o c a l  f l u x  - - 
shape,  g r o s s  power d i s t r i b u t i o n  and bunl-up h i s t o r y  of t h e  
f u e l  element. 

2. Check o f  l a t t i c e  c a l c u l a t i o n s >  use  of c r i t i c a l  exper iments  
7. .- 

.Fuel  e lements  f o r  b o i l i n g  wa te r  r e a c t o r s  have been s t anda rd i zed  
, s i n c e  a couple  of y e a r s .  New devel-opments. r e s u l t e d  i n .  
mod i f i ca t ions  of s t a n d a r d s  i n  2 r e s p e c t s :  

a )  use  of Gadol in ia  c o n t a i n i n g  r o d s  f o r  burn-up 
compensations of r c a c t j - v i t y ,  lnostly f o r  r e l o a d  
e lements  and t o  some degree  i n  f irst  c o r e  
e lcments  a s  w e l l ,  and 

b )  ,.,,bre holnogeneous f u e l  d i s t r i b u t i o n  by t h e  usc  of an 
8 x 8 fue l .  r o d  a r r a y  h s t e a d  of t h e  e a r l i e r 7  x 7  a r r a y .  

* Provided by P. Kil ian  



A s u f f i c i e n t  number o f  such cler!lents were a v a i l a b l e  f o r  
l a t e r  u s e  i n  lT i i r~assen .  and Drcnsb i i t t e l  power s t a t i o n s ,  and 
i n  t h e  rneantirre a program of p h y s i c s  esper i rnents  \<as 
p e r f o r ~ e d  i n  t h e  Grofiwelzheinl c r i t i c a l  f a c i l i t y .  

The exper iments  provider! t h e  fol lorz ing d a t a :  

R e a c t i v i t y  of d l f f e r c n t  arrangements  of f u e l  e lements  i n  
an  e x p e r i ~ n e n t a l  r e a c t o r  co re ,  

Local  payer d i s t r i b u t i o n  i n  t h e  f u e l  assenibly and t h e  e f f e c t  
o f  ~ a d o l j h i a  poisoning.  

. 
r9 

Power r a t i o  bet\\-een f u e l  a s sembl i e s  of d i f f e r e n t  enr ichment ,  
i . e .  mismatch f a c t o r .  

<. 

E f f e c t  o f  a x i a l  v a r i a t i o n  of Gadol in ia  c o n t e n t  on f l u x  and 
power d i s t r i b u t i o n .  

The c x ~ a r i m e n t a l .  mismatch f a c t o r .  confirmed t h e  calcu1.ated 
v a l u e  of-12 3'1 v e r y  w e l l ,  w i t h i n  exper-imental e r r o r .  C r i t i -  
c a l i t y  of t h e  arrangements  was i n  t h e  normal range of 0.5 
when t h e  a c t u a l  c o n f i g u r a t i o n  wi th  l o c a l  v a r i a t i o n s  was 
c a l c u l a t e d  i n  d e t a i l .   proxi xi mat ions i n  t h e  c a l c u l a t i o n s  
by u s i n g  s o - c a l l e d  second homogenized group c o n s t a n t s  gave 
r e a c t i v i t y  values which were t oo  l a r g e  by 1.55.The l o c a l  power 
dis t r ibut i0n,sh0. ,ued starldard d e v i a t i o n s  o f  3 %. The f u e l  e1.ernents 

,,%ich d&sj:gncd f o r  asymmetric l a t t i c e  were ' a r r anged  
s y m n e t r ~ . c a l l y  which provided  a  more s t r i n g e n t  t e s t  of t h e  
ca lcu la t j .on  r e s u l t s  because of t h e  pu rposc iy  h i g h  peaking 
f a c t o r s .  The a ~ r e e m % n t  i n  power of Gadol in ia  c o n t a i n i n g  
r o d s  was v e r y  good. 

3.  I s o t o p i c  a n a l y s i s  of Gadol in ia  burn-up 

Some Gadol in ia  c o n t a i n i n g  r o d s  have been i r r a d i a t e d  i n  t h e  Kahl 
power s t a t i o n  i n  some e a r l i e r  c y c l e s  and have been d i scharged  
s i n c e  t h e n ,  awai t ing  liot c e l l  a n a l y s i s .  P r e l i m i n a r y  r e s u l t s  
of out-of - p i l e  exax~linatio?ls l i k e  ga!nna sca::ning have been 
r e p o r t e d  e a r l i e r .  An i s o t o p i c  ana l -ys i s ,  main ly  f o r  t h e  
remaining Gadol inia  c o n t e n t ,  i s  underway p r e s e n t l y .  Th i s  w i l l  
p rov ide  d a t a f o r  l o c a l  d i s t r i b u t i o n  of Gadol in ia  i n  t h e  f u e l  
p i n  a f t e r  burn-up, w i t h  average  burn-up as a  parameter  because 
of t h e  a x i a l  burn-up v a r i a t i o n .  I n t e g r a t i o n  of t h e  experi.rnenta1- 
d i f f e r e n t i a l  ' va lues  r e s u l t s  i n  an o v e r a l l  check o f  Gadol inia  
exposure  va lues .  



, , i h e  u s e  of G n d o l i n i n  in r c l o n d  b u n d 1 . o ~  i n t r o d u c e s  a  n c ~ -  
pxra~notc l :  5-11 t h e  d c s i g n  o f  r e l o a d  c h a r g e s .  The well-lcnowrl 
s c i i i t c ~ - - 3 o a d i n g  can  b e  rnodif:ied i n  saxe r e s p c c t  t o  z o n n l -  
loac!inc;. Z o n a l - l o a d i n g  i t s e 1 . i  i s  s u i t a b l e  on1.y f o r  v e r y  
smal l 13!iR co:-r;s a s  % h e  e x p e r i e n c e  f r o x  Kahl  p o v e r  s t a t i o n  h a s  
shown. Ti><? Eresl i  G a i l o l i n i a  containin!; f u e l  a s s e m b l i e s  \v.i.th 
].ow 1-cac' t ivi-l ;y c a n  b e  u s e d  f o r .  a  z o n a l  a r r a n g e m e n t  w i t h  h i g h  
r e a c t i v i t y  ;it t h e  c o r e  c e n t e r  and low r e a c t i v i t y  ai; t h e  
edge .  Seve ra l .  s t r a t c ? g i e s  were  cv r i lun ted  i n  a  p a r a m e t r i c  
way. The resu1. t  war; t h a t t h e r e  i s  ::owe i n c e n t i v e  f o r  t h e  
n i o d i ~ ~ : , i c a t i o n  o f  t h e  s c a t t e r - l o a d i n g  b y  z o n a l  arrangement 
w i t h  low r e a c t i v i t y  a t  t h e  c o r e  edge .  

P r e s e n t  a c t i v i t i e s  i n  Pl.utonium r e c y c l i n g  a r c  i n  t r a n s i s i o n  
f r o m  o rpe i - imen ta l  i r r a d i a t i o n  of s inz3 .c  b u n d l e s  t o  u s e  o f  
compl.ete,Plutorliutii r c l o n d  ba'cches. The 1974 r e l o a d  o f  Gund- 
reni:ningen w i . l l  c o n t a i n  16 P l u t o n i u m  a s s e ~ n b l i e s  w h i c h  i s  1/5 
o f  t h e  n o r r i d  r e l o a d  h a t c h .  The e l -ements  were  d e s i g n e d  &s 
a l l - c o n t a i n i n g  P l u t o n i u m  e l .cmcnts ,  m o s t l y  b y  cons idera t : j .on  
o f  c o n v c n i c n t  f a b r i c a t i o n  a s  t o  concentrate t h e  P lu toniun!  
i n  f e w  f u e l  p i n s  and a s s e m b l i e s .  Power f l a t t e n i n g  was 
a c h i e v e d  b y  u s i n g  t h r e e  d i f f e r e n t  P l u t o n i u m  c o n c e n t r a t i o n s  
( 0 , 8 1 ,  1 , 7 3  a n d  3 , 7 7  E b )  . T h e  a v e r a g e  c o n c e n t r a t i o n  o f  
phys i ca l .  I ' l u t o n i . ~ ~ ; ~  i s  1.94. The r e s u l - t i n s  power p e a k i n g  
f a c t o r  ( f o r  z e r o  bu rn -up  a n d  60  % v o i d  c o n t e n t )  was 1.19 - w e l l  w i t h i n  t h e  d e s i g n  v a l u e  of 1.26. 

, 

R e a c t i v i t y  v a l u e s  were  checlced. Because  t h e  P l u t  o~ l ium 
e l c n i c n t s  a r e  5-nsertecl  i n  t h e  normal  f o u r  b u n d l e  a r r a n g e -  
m e n t s ,  t h e  i n f l u e n c e  o f  c o n t r o l  r o d  s t r e n g t h ,  e .g .  i s  o n l y  
minor .  Shiit-down r c a c t 5 . v i t y  d e c r e a s e s  f rom C . I 3 6  t o  0.3.34 
( f u l l  power,  normal. v o i d  c o n t e n t ) .  I n  the y e a r s  t o  come, 
24 e l e m e n t s  o f . . t h e  same. d e s i g n  v i l l  b e  l o a d e d  t o g e t h e r  w i t h  t h e  
r e g u l a r  u ran ium r e l o a d .  . 



Zero power n o i s e  nensn resen f s  havc been c a r r i e d  o u t  w i t h  t h e  

coupled c o r e s  of t ho  i"p,;Ej.: ~imin:; a t  t h e  a s s e s s e n n t  of r e a c t o r  
parc.ac t c r s  and r e a c t o r  3077cr. Inf orr:iation.s abou t  t h e  dyn~ni ic  

behev.ior a:; WCXL a.s about  coxpouen'i; mal func t ions  of power 

r e a c t o r s  can be ob ta incd  by n o i s e  meascrements a t  a h ighe r  goaer  
l e v e l .  S ince  nore  o r  l e s s  conpled zones can e x i s t  i u  l a r g e  r e a c t o r  

c o r e s ,  t h e  FKEB ce.n be regarded  as model. F u r t h e r  invest igat io: ls  
s h a l l  l e a d  t o  a t h e o r e t i c a l  d e s c r i p t i o n  of t h e  power n o i s e  a,* 

FXRB, induced by t h e  c o o l a n t  f l o v  and t e z p e r a t u r e  fluctu.a'tj.ons 
of t h e  c o o l a a t .  

The 
235 U burn-up 2n KCR-fuzl e lements  was de te rmined  by r eec t j . v i t y  

measurements. The r e a c t i v i t y  chances were c a l i b r a t e d  f o r  nu-clear 
f u e l  burn-up by observing t h e  reactivity cbanees  produced by 

cadmiu.3 abso rbe r s .  The u n c e r t a i m i t y  i n  t h e  burn-up de t e rmina t ion  
tu rned  o u t  t o  be cons ide rab le .  To inprove'  t h i s ,  t h e  r e a c t i y i t y  

change produced by a known mass of n u c l e a r  2 3 T ~ - - f u e l  should be 
measured. 

C r i t i c a l . i t y  of  Nuclear T ranspor t s  - 
H - .  Schweer 

The Monte Car lo  Program NOXSE-K used f o r  e u a l u a t i n g  t h e  c r i t i c a l i t y  

of n u c l e a r  t r a n s p o r t s  was modified.. Although t h e  g e n e r a l  GEOM pack:-..e a 

i s  v e r y  v e r s a t i l e  t h e  d e s c r i p t i o n  of t h r e e  dimensional  a r r a y s  i s  
expensive.  To f a c i l i t a t e  t h e  i n p u t  f o r  a r r a y s  of c o n t a i n e r s  loaded 
+ i i t h  f i s s i l e  i n a t e r i a l ,  cousequences of t h e  periodicity of such a r m y s  

a r e  considered.  Thereby t h e  d i s c r e p a n c i e s  between c a l c u l a t i o n s  and 
experiments about  t h e  i n f l u e n c e  of n i a t e r i a l s  u sed  i n  n u c l e a r  

t r a n s p o r t  on t h e  r e a c t i v i t y  of s i n g l e  2nd coupled IrZTR-cores (A?!KE, 

Bd. 21/1973) should be reduced.  



TEE CFITICAL P E ~ L  BED ZERO ENERGY FACILITY KiltiTER .: 

An E x p e r i : : e n t a l  Assemb1.y t o  t e s t .  t h e  V a l i d i t y  o f  C a l c u l a t i o n s  

f o r  M i c h  T e m p e r z t u r e  R e a c t c r  S c u t r o n  P h y s i c s  

H .  G c r u i n ,  L'. S c h e r c r  

D c e  t o  t h e  f a c t ,  t h n t  e c o n o z i c a l  a n d  s a f e t y  q u e s t i o n s  b e c o n e  n o r e  

a n d  n o r e  i n p o r t a n t  i n  t h e  f i e l d  o f  n u c l e a r  r e a c t o r  c o n c e p t s  i t  i s  

n e c e s s a r y  t o  e n s u r e  a  h i g h  a m o u u t  o f  p r e c a l c u l a t e d  i . n f o r m a c i . o n  

o n  n e u t r o n i c  b e h a v i o u r  f o r  f u t u r e  p r o j e c t s  a n d  d e s i g n s .  

T e d i o u s  r a r k  h a s  b e e n  d o n e  i n  many  c . o u n t r i e s  t o  e s t a b l i s h  l a r g e  

c o m p u t c r  c o d e  s y s t e m s  f o r  l a y o u t  a n d  d e s i g n  o f  p o w e r  p l a n t s  a s  

w e l l  a s  f o r  i n v e s t i g a t i o n  o f  t h e  d e p l e t i o n  h i s t o r y  o f  n u c l s a r  

r e a c t o r s .  . A t  KFA J i i l i c h  n o s t  o f  t h e s e  a c t i v i t i e s  c o n c e n t r a t e  o n  

t h e  p e b b l e  b e d  h i g h - t e n p e r a t u r e  r e a c t o r .  T h e r e  a r e  s e v e r a l  c o d e  

s y s t e u s  t o  c o v e r  t h e  l a r g e  f i e l d  f r o m  r o u g h  a n d  g l o b a l .  i n f o r a a t i o n  

o v e r  l o n g  t i m e  b u r n  u p  c a l c u l a t i o n s  u p  t o  d e t a i l e d  s t u d i e s  o n  

s p e c i a l  e f f e c t s  l , i k e  x e n o n  o s c i l l . a t i o n s  o r e  3 - D - f l u x  d e f o r m a t i o n  

by inserting c o n t r o l  r o d s  / 1 , 2 , 3 , 4 / .  

A d d i t i . o n : l l . l y  d i f f e r c n t  n u c l e a r  d a t a  libraries w e r e  u s e d  showin( :  

t h n t  c h e r c  o r e  s t i l l  d i s c r e p a n c i e s  i n  c r o s s e c t i o n - v a l u e s ,  w h i c h  

i n l l u e r ~ c c  t h e  r e s u l t s  s o m e t i n e s  s t r o n g e r  t h a n  d o  d i f f e r e n t  

m e t h o d s  i n  t h e  c a . l c u l a t i . o n a 1  m o d e l .  

To p r o v e  t h e  p r a c t i c a b i l i t y ,  t h e  w o r t h  a n d  t h e  t r u t h  o f  t h e s e  

c a l c u l a t i o n a l  m o d e l s ,  c o d e s  a n d  l i b r a r i e s  i t  i s  n e c e s s a r y  t o  p e r -  

f o r m  t r s t s  u s i n g  w e l l  d e f i n c d  e x p c r i n e n t a l  s y s t e m s .  Among t h c s c  

t h c  c r i t i c a l  a s s c ~ i b l i e s .  g i v e  n a x i n u n  i n f o r m a t i o n  o n  t h e  n e u t r o n  

p l i y ~ i i c s  o f  a n o p c r a t i ~ ~ g  ~ n u l t i p l y i n g  s y s t e m  w i t h o u t  i n v o l v i n g  t l i c  

r r o u b l c s  o f  e x p c r i n c n t s  w i t h  c o m n f r c i a l  p o w e r  p l a n t s .  

U n d e r  c h e s e  a s p e c t s  i n  1 3 7 1 - 1 9 7 2  K Y A  J i i l i c h  p e r f o r m e d  a  f i r s t  

c r i t i c a l .  e s p e r i n e n t  o n  p e b b l e  b e d  f u e l  e l e m e n t s  i n  c o l l a b o r a t i o n  

w i t h  C E A  F r a n c e  u s i n g  t h e  c r i t i c a l  f a c i l i t y  C E S A R  a t  CEN C a d a r a c h c  

( F x a n c r : )  5 .  H c s i d c s  t h e  g e n e r a l  e x p e r i ! : l c n c a l  "know-hob"'  t h i s  

e x p e r i m e n t  l e d  t o  some i m p o r t a n t  m o d i f i c a t i o n s  o f  b o t h  c a l c u l a -  

t i o n n l  n o d e 1  a n d  e o d c s ,  e s p e c i a l l y  c o n c e r n i n g  r e s o n a n c e  n b s n r p t i o n  

A n  c h c r c  n r e  : ionc restrictions i n  flexibility d u e  t o  t h e  c x p u r i -  

1 1 1 c n t a 1  c o n c c p t  o i  t h e  CLSAI: f a c i l i t y  b u r - o n  t h e  o t h e r  h a n d -  d u e  L O  

"Provided .by L. Volff 
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t h e  new c o n c e p t  o f  t h e  ' O T T O ' - l o a d i n g  s c h e m e  1 6 1  q u e s t i o n s  a r o s e  

i n  c o n n e c t i o n  v i t h  t h e  c o n t r o l - r o d  e f f i c i e n c y  o f  s u c h  a  r e a c t o r  

i t  w a s  n e c e s s a r y  t o  b b i l t  up  a  n e w  c r i t i c a l  f a c i l i t y  f o r  p e b b l e  

b e d  f u e l .  a t  KFA J t i l i c h .  T h i s  f a c i l i t y  named  K A R T E R  ( K r i t i s c h e  - 
A n l a g e  - - t l o c ! i ~ c i p e r ? . t u r  - R e a k t o r )  w a s  d e s i g n e d  f o r  d e t a i l e d  i n -  

v e s t i g s c i o n  o f  c r i t i c a l  m a s s ,  r e a c t i o n  r a e c s  t h r o u g h o u t  t h e  

w h o l e  r e a c t o r  a n d  e s p e c i a l l y  o f  r e a c t i v i t y  e f f e c t s  o f  = o n t r o l  r o d s  

a n d  c o m p a r i s o n  b e t u e e n  t h e o r y  a n d  d i f f e r e n t  c x p e r i a e n t a l  m e t h o d s .  

2 .  D e s c r a r i o n  of- t h e  F a c i l i t y  -- a n d  E:perir.ent:s .- d o n e  u n t i l  r.ow 

KAHTER c o n s i s t s  o f  a h o l l o w  g r a p h i t e  c y l i n d e r  w h i c h  f o r m s  t h e  c o n -  

t a i n n e n t  o f  t h e  f u e l  b a l l s  1 7 1 .  I t  h a s  a n  o u t e r  d i a n e t e - r  o f  2 . 9 6  m ,. 

a n d  a  h e i g h t o f  3 . 0 0  m. T h e  t h i c k n e s s  o f  t h e  r a d i a l  r e f l e c t o r  i s  

4 0  c n .  T h e  b o t t o m  r e f l e c t o r  h a s  a n  o u t e r  h e i g h t  o f  6 0  cm, i t  i n 1 l . s  
0 b y  1 0  t o  a  c e n t r a l  h o l e  o f  4 0  crn d i a n c t e r  f o r  d i s l o a d i n g  t h e  

f u e l  b a l l s .  No t o p  r e f l e c t o r  i s  u s e d  ' f o r  t h e  e x p e r i n e n t s  d o n e  u n -  

t i l  n o v .  

T h e  f a c i l i t y  h a s  9 a b s o r b e r  r o d s  f o r  c o n t r o l  a n d '  e x p e r i r i : c n t n l  

cquipncnt. One i s  p l a c e d  i n  t h e  c e n t r e ,  g u i d e d  by a n  A l - t u b e  o f  

1 0  c m  o u t e r  d i a m e t e r .  T h e  o t h e r s  o p e r a t e  i n  b a r e  h o l e s  i n s i d c  

c h c  r u d i n l  r e f l e c t o r  ( r  = 1 . 1 5  u1):Thc r o d s  h i v e  n n  a c t i v e  l e n ~ t h  

o i  2 m a n d  a r e  f i l l e d  w i t h  E C - r i n g s  o f  5 . 6  ca o u t e r  d i a m e t e r  
4  

a n d  I c m  t h i c k n e s s  ( c e n t r a l  r o d :  0 . 5  cm t h i c k n e s s )  c o n t a i n e d  i n  

s t a i n l e s s  s c e e l  t u b e s .  E a c h  r o d  may b e  moved s e p a r a t e l y  b u t  i t  

i s  p o s s i b l e  t o  move b a n k s  o f  4  s y m m e t r i c a l  o r  a l l  8 r e f l e c t o r  

r o d s  s i u ~ u l t a n e o u s l y .  

A l l  t h c  f u c l  h a n d l i n g  nay  b c  d o n e  a u t o m a t i c a l l y  b y  n  n p e c i i x l  10a1di11fi  

e q u i y n ~ e u t .  

T h e  EAWTER f a c i l i t y  a l l o w s  a  l o t  o f  v a r i o u s  l o a d i n g s .  By v a r i i n y  

t h e  r a t i o  o f  f u e l  b a l l s  t o  dummy g r a p h i t e  b a l l s  t h e  m o d e r a t i o n  

r a t i o  nay b e  a l t e r e d .  An i n h o m o g e n c o u s  l o a d i n g  i s  p o s s i b l e  a n d  a  

t o p  r e f l e c e o r  may b e  p l a c e d  u p o n  t h e  f u e l .  I t  i s  f u r t h e r  p o s s i b l e  
. . 

t o  s i n u l a t e  a n  u p p c r  c a v i t y  b y  i n s e r t i n g  A l - b o x e s  b e t w e e n  t h e  f u e l  



b a l 1 . s  a n d  c h c  t o p  r e f l e c t o r .  

The  2nd  J u l y  1 9 7 3 ,  KAETEX b e c a m e  f i r s t  c r i t i c a l .  I t  w a s  l o a d i d  

w i t h  A V S  f u e l  e l e n c c t s  / 6 / ,  p a r t  o f  t h c n  w c r e  u s e d  i n  t h e  AYX-rsac-  

t o r  a f t e r  t h e  e s p c r i c e n t .  T h e s e  f u e l  b a l l s  o f  6 c i d : ' . a c l e t e r  c o n -  

t s i n e d  1 g U235 a n d  5 g Th i n  t h e  f o r m  o f  c o a t e d  p a r t i c l e s .  T h e  

f i r s t  c o r s  c o n s i , s c e Z  o f  a  homogeneous m i x t u r e  o f  1 g r a p h i t e  b a l l  

a n d  3 f u e l  b r . l l s  (X := 0 . 2 5 ) .  D u r i n g  t h e  l a s t  y e a r  two f u r r h e r  

c o r e s  w i t h  'i< = 0 . 5  ( 2  g r a p h i t e  b a l l s  t o  2 f u e l  b a l l s )  a n d  v i t h  

X = 0 . 7 5  ( 3  g r a p h i c e  b a l l s  t o  1 f u e l  b a l l )  w e r e  o p e r a t e d .  

T h c  e x p e r i n e n c a l  p r o g r e m  c o v e r e d  t h e  d e t e r m i n a t i o n  o f  

1 . t h e  c r i t i c a l  n a s s e s  o f  t h e  c o r e  

a .  w i t h o u r  r o d s  

b .  w i t h  t h e  c e n t r a l  r o d  

c .  w i t h  t h e  c e n t r a l  a n d  4 r e f l e c t o r  r o d s  

d .  w i t h  4 r e f l e c t o r  r o d s  ( o n l y  8 = 0 . 5 )  

2 .  t h e  r o d  r c a c t i v i t i e s  f o r  s e v e r a l  c o m b i n a t i o n s  o f  r o d s  

u s i n g  t h e  

n ,  i n v c r s c - k i n e t i c  m e t h o d  

I t .  d o u b l i n g - t i n e  m e t h o d  

c .  p u l c c d  s o u r c e  e x p c r i n ~ c n t s  

3 .  r e a c t i o n  r a t e s  o f  s e v e r a l  d e t e c t o r  m a t e r i a l s  

P r e s e n t  R e s u l t s  a n d  C o n c l u s i o n s  c o n c e r n i n p ;  t h e  C & l c u l a : i o n  ? l c . ~ l ; , > < l  . 3 -  ---- - - - -.. - 

Tho c a l c u l a t i o n  n a t h o d  u s e d  i s  t h e  f o l l o w i n g :  

I .  C n l c u l a c i o n  o f  c r o s s  s e c r i o n s  i n  t h e  r c s o n a n c e  r e g i o n  f o r  T h ? 3 ?  

a n d  C236 w i r h  t h c  h ' o r d ! ~ c i t ; ~  1 a e t h o d  u s i n g  t i le c o d e  ZUT-DCL 

I 9 1 .  

2 .  C o n d e n s i n a  o f  c r o s s  s e c t i o n s  w i t h  a  m u l t i g r o u p  s p e c t r a l  c o d c  s u c i ~  a ;  

GA?:-THERXOS / l o /  o r  b!UPO 1111 t o  f e w  g r o u p s  f o r  v a r i o u s  s p e c t r a l  

z o n e s .  F o r  t h e  r e f l e c t o r  z o n e s  :WPO i s  u s e d  b c c a u s c  o f  n c a r l y  

i d e n t i c a l  r r s u l ~ s  a n d  s i g n i f i c a n t  c o m p u t e r  t i n e  r e d u c t i o n  

c o n ~ p a r e d  w i t h  C,AN-Ti!i:R?IOS: 



3 .  F o r  c a l c u l a t i n g  r o d  c o n s t a n t s  AKISX 1 1 2 1  i s  u s e d  w i t h  a  40 f i n e  

g r o u p  l i b r a r y  made b y  c o n d e n s i n g  t h e  G A X - l i b r a r y  t o  10 g r o u p s  

e n d  a d d i n g  t h e  30 -g roup  THERXOS-library 1 1 3 1 .  D e t a i l s  c o n c e r n i r . ~  

t h e  r o d  c a l c u l a t i o n s  a r e  g i v e n  b e l o w .  

4 .  K i t h  t h e s e  c r o s s  s e c t i o n s  and  r o d  c o n s t a n t s  2-D o r  3-D d i f f u s i o 2  

c a l c u ? a t i o n s  w i t h  EXTER>!IYATOR-2 1 1 4 1  o r  CITATIOS 1151 a r e  p e r -  

f o r z e d .  

5 .  Tha r e s u l t i n g  b u c k l i n g s  a r e  u s e d  t o  r e c y c l e  t h e  s p e c t r a l  c a l c u -  

l a t i o n s .  I t  i s  a s s u n e d  t h a t  t h e  b r o a d  g r o u p  b u c k l i n g  i s  r e -  

p r e s e n t a t i v e  f o r  a l l  f i n e  g r o u p s  t o  b e  c o n d e n s e d  t o  i t .  

The  r e c y c l i n g  was s t o p p e d ,  when two s u b s e q u e n t  s t e p s  d i f f e r 2 d  

by a  f e w  n  n i l e  i n  k  
eff' 

t h a t  i s  a  f e w  p e r c e n t  i n  t h e  b u c k l i n g s .  

T h i s  r e c y c l i n g  p r o c e d u r e  r e s u l t s  i n  a  c h a n g e  i n  k o f  a b o u t  
e f f  

o n c  h a l f  n i l e  b e t w e e n  b u c k l i n g s  g u e s s e d  a s  z e r o  and  t h e  con-  

verged v a i u e s . . I t  s eems  t o  b e  n e a r l y  n e g l i g i b l e  f o r  c a l c u l o t j n g  

c r i t i c a l  m a s s e s ,  b u t  i t  i s  v e r y  i m p o r t a n t  when c a l c u l a t j n z  

d i f t c r e n c c s  i n  k  
eff 

s u c h  a s  r o d  r e a c t i v i t i e s .  

C a l c u l a t i o n s  w i t h  t h i s  method r e s u l t  i n  a - k  e f f  f o r  a  g i v e n  

c o n f i g u r a t i o n .  By v a r i i n g  t h e  h e i g h t  o f  t h e  c o n f i g u r a t i o n  and  

i n t e r p o l a t . i n g ,  c r i t i c a l  m a s s e s  c o u l d  b e  d e t e r m i n e d .  I n s e r t i n g  

r o d s  i n  a c o n f i g u r a t i o t l  g i v e s  the -  r e a c t i v i t y  o f .  t h e  r o d s  a s  

i n  p c r c l ' n t .  A s  c x p e r i m e n t n l i s t s  m e a s u r e  9 i n  8 o n e  hnn t o  know - 
( < e l f  w h i c h  may b c  f o u n d  f rom nn a d j o i n t  c a l c u l a t i o n .  

Thc c a l c u l a r i o n s  a r e  done  w i t h  4  b r o a d  g r o u p s  u n t i l  now. E s p e -  

c i a l l y  f o r  a  more e x a c t  d e t e r m i n a t i o n  o f  B 
e f f  a n  a d j o i n t  c a l -  

c u l a t i o n  b i c h  more b r o a d  g r o u p s  will b e  n e c e s s a r y .  

B e f o r e  t h e  d x p e r i m e n t  was s t a r t e d  c a l c u l a t i o n s  w c r e  d o n e  f o r  

X -  0 . 2 5  and  8.- 0 . 5 0 .  F o r  tt = 0 . 2 5  w i t h o u t  a n y  rod  t h e  c r i r i . c : : l  

moss f a i l e d  by - 0 . 9  t o n l y ,  b u t  f o r  8 - 0 . 5 0  t h e  f a i l u r e  was 

- 7 . 4  % ,  i n d i c a t i n g  d i f f i c u l t i e s  i n  t h e  c a l c u l a t i o n  m o d e l .  B e s i d e s  

t h i s  r o d  r e a c t i . v i t i e s  w e r e  o v e r e s t i r . ~ a t e d  b y  more  t h e ~ l . l , Q . - X .  A - l o t  



o f  i n v e ~ t i g a t i o n s  a n d  c o r r c c t i o n s  w e r e  d o n e ,  s o  t h a t  t h e o r e t i c a l  

r e s u 1 . t ~  f o r  ::'. = 0 . 7 5  w e r e  n o t  a v o i l . a b l e  b e f o r e  c r i t i  c & l . i t y .  Car- 

1 : c c t i n g  o n e  p o i n t  o f t e n  r c s u i t e d  i n  a  b e t t e r  a g r e c i n e n t  c o n c e r n i i i g  

o n e  i t e m  b u t  i n  a  g r c a i e r  f a i l u r e  i n  a n o t h e r .  

. . l h e  n o s t  i m ; > o r t e n t  p o i c t s  w e r e :  

1 .  C o n c c n t r a . i o n  o f  i m p u r i t i e s  i s  n o t  known e x a c t l y ,  e s p e c i z l i y  

t h e  c o n t e n t s  o f  n i t r o g c n  a n d  h y d r o g e n  i n  g r a p h i t e  i s  n o t  

k n o ~ ; n .  B e s t  r e s u l t s  w e r e  o b t a i n e d  b y  u s i n g  t h e  v a l u e s  k n c v a  

i r o a  t h e  C E S k X - e x p c r i n e n t  151. 

2 .  F i r s t  c a l c u l a t i o n s  u s e d  n o  s t r e a m i n g  c o r r e c t i o n s  i n  t h e  h o l e s  

b e t w e e n  t h e  b a l l s .  U s i n g  t h e  v e l l  known B e h r e n s - c o r r e c t i o n  / I 6 1  

w a s  n o t  v e r y  s a t i s f y i n g ,  t o o .  A f t e r  a  d e t a i l e d  s t u d y  o f  c h c  

H e h r e n g  p a ~ e r  we b e l i e v e  t h a t  o f  t h e  3 f o r m u l a  g i v e n  b y  hi7.1, 

t h e  ' g e n e r a l '  o n e  i s  w r o n g ,  o n e  o f  h i s  s p e c i a l  c a s e s ,  h i s  

s e c o n d  o n e ,  i s  t h e  g e n e r a l  a n d  h i s  f i r s t  o n e  i s  a  s p e c i a l  c ~ s e  

o f  t h e  s e c o n d .  

A v c r y  i o p o r t a n t  p a r t  o f  t h e  s r r c a r n i n g  e f f e c t s  i s  d u e  t o  r h c  

n t r e a a i n g  t h r o u g h  t h e  g u i d i n g  t u b c s  f o r . t h e  r o d s .  X t  c a u s c d  
. ~ 

o b o u e  0 . 6  n i l c  i n  k  c f f .  

3 .  A c o r r e c t i o n  h a d  t o  b e  made  i n  t h e  m u l t i g r o u p  c o d e  G A ? I  / l o / ,  

Cir w a s  f l u x - c o n d e n s e d  l i k e  o t h e r  c r o s s  s e c t i o n s .  C o r r e c t i n g  

i t  i n t o  a  c u r r e n t - c o n d e n s a t i o n  a l t e r e d  t h e  f i r s t  g r o u p  c o e f f i -  
* 

c i c i i t  b y  12 4 ,  r e s u l t i n g  i n  a b o u t  0 . 4  n i l c  i n  k e f f .  

A .  A d i f f i c u l t y  i n  t h e  c c l l c u l a t i o n s  f o r  K A H T E R  r d s u l t s  f r o m  Lhc 

f a c l :  L h n t  t h c  " p o t "  f o r m e d  b y  t l ~ c  g r n p l i i t c  b o t t o m  a n d  s i d c  

r c f l c c t o r  i s  n o t  c o ~ n p l . e t r l y  f i l l e d  w i c h  b n l l s .  So  i t  i s  nor. 

2 c o n v e x  s y s t e z  a n d  c a l c u l a t i o n  w i t h  a d i f f u s i o n  c o d e  c a n  b c  

m a d e  o n l y  w i t h . c e r t a i n  a p p r o x i r 3 t i o n s .  F i r s t  we described 

t h e  " c h i m n e y "  b y  v a c u u m  b o u n d a r y  c o n d i t i o n s  ( n o t  r e e n t r a n t ) .  

T h i s  h a d  t o  g i v c  a t o o  l o w  k  We c d r r c c t e d  i t  w i t h  n " r c n c -  e f f '  
t i v i t y "  o f  t h e  c h i i a n ~ y  t e k c n  f r o m  two d i m e n s i o n a l  t r a n s p o r t  

c : i l c u ! . ; ~ t i . o i , s  / 1 7 / .  LTilZorcurrnte ly  i t  w ; ~ s  n o t  p o s s i b l c  t o  r c -  



c y c l e  t h c  c r o s s  s e c t i o n s  f o r  t h e s e  c a l c u l a t i o n s ,  s o  t h e y  a r e  

n o t  e x t r c n e l y  r e l i a b l e .  

S z i p u l a t e d  b y  t h e  r e s u l t s  o f  p r e l i m i n a r y  c a l c u l a t i o n s  i n v o l v i n g  

t h e  n u m e r i c a l .  t r e z t m e n t  o f  A l - b o x e s  f o r  t h e  KAHTSR-OTTO c s n -  

f i g u r a t i o n  ( s e e  p a r t  4 o f  t h i s  p a p e r ) ,  we p r o d u c e d  m a c r o s c c p i c  

c r o s s - s e c t i o n s  i n  t h e . ' f o l l o w i n g  m a n n e r :  n e g l i g i b l e  m o d e r a t i o n ,  
1 a b s o r p t i o n  s m a l l  (2--) a g a i n s t  a b s o r p t i o n  + o u t s c a t t e r  o f  t h e  I 0  1 

s u r r o u n d i n g  a n d  a  d i f f u s i o n  c o e f f i c i e n t  o f  a b o u t  - . d i z e n s j . o n  3 
o f  t h e  c ' h i n n e y  c a v i t y .  W i t h  t h i s  c r o s s  s e c t i o n  s e t  calculation 

w a s . c o n v e r g e n t  a n d  c r a n $ p o r t  c a l c u l a t i o n  r e s u l t s  were r e p r o d u c e d .  

5 .  C a l c u l a t i n g  r o d  c o n s t a n t s  ( D / X - v a l u e s )  h a d  t o  b e  m o d i f i e d  
. . 

b y  u s i n g  a c o r r e c t i o n  c o n c e r n i n g  t h e  f s c t  t h a t  t h e  f l u x  a t  

t h e  r o d  b o u n d a r y  c a l c u l a t e d  w i t h  a t r a n s p o r t  c o d e  (ASISS) i s  

n o t  t h e  s a m e  a s  . w i t h  a  d i f f u s i o n  c o d e .  T h e  f o r m a l i s m  o f  

K u s h n e r i u l c  1 1 8 1  h a s  b e e n  u s c d .  I n  t h i s  way g o o d  a g r e e m e n t '  

i n  k e ~ f  f o r  a l l  c o r e s  w i t h  a n d  w i t h o u t  t h e  c e n t r a l  r o d  was  

f o u n d .  T h e  a g r e e m e n t  b e t w e e n  r o d  r e a c t i v i t i e s  r c n a i n e d  b a d .  

A t e d i o u s  i n v e s t i g a t i o n  o f  t h e  p o i n t k i n e t i c s  t h e o r y  

s h o w e d ,  t h a c  t h e  s i g n a l  f r o n  t h e  d e t e c t o r  i s  n o t  e q u a l  t o  t h c  

f u n c t i o n  p ( c )  i n  p o i n t k i n e t i c s .  T h e  m o s t  i m p o r t a n t  c o r r e c ~ i n y ,  

f n c r o r  i s  d u e  t o  t h e  f a c t ,  c h a t  t h e  s h a p e  f u n c t i o n  o f  t h e  

c y s t c n ~  v a r i e s  when t h e  a b s o r b e r  r o d  i s  d r o p p e d  i n t o  t h e  c o r c .  

E s p e c i a l l y  f o r  u s e  i n  CITATION, b o u n d a r y  c o n d i t i o n s  f o r  a  

r o d  r e g i o n  a r e  u n s u i t e d .  T h e  r o d  r e g i o n  a n d  a  p a r t  o f  i t s  

s u r r o u n d i n g s  h a s  t o  b e  r e p r e s e n t e d  b y  h o m o g e n i . s e d  c r o s s -  

s e c t i o n s .  By d o i n g  t h i s  o n e  h a s  t o  r c n c a b e r  t h a t  c o n t i n u i : y  

i n  f l u s  m e a n s  c o n t i n u i t y  i n  f l u x  a t  t h e  b o u n d a r y  o f  t h e  cells 

a n d  t h i s  m e a n s  t h a t  r e a c t i o n  r a t e  i n  c c l l  c a l c u l a t i o n  i s  t o  

b e  d i v i d e d  b y  t h e  b o u n d a r y  f l u x  i n s t e a d  o f  mean  f l u x  t o  g i v e  
. . 

t h e  s n n ~ c  r e a c t i o n  r a t e  i n  d i f f u s i o n  c o l c u l n t i o n . ,  T h i n  511ou1d be  

d o n e  i n  a l l  c e l l  c n l c u l a t i o c s  b u t  i t  i s  s i g n i f i c a n t  o n l y  i f  [ l u x  

is  d e v i a t i n e  e s s e n t i a l l y  f r o m  m e a n ' f l u x  i n  t h e  c e l l  a n d  c f l l s  o f  

d i f f e r e n t  t y p e  a r e  a d j a c e n t .  

W i t h  t h e s e  m o d i f i c a t i o n s  i n  c o d e s  a n d  m o d e l ,  a l l  XAHTER-config"- 

r a t i o n s  w e r e  c a l c u l a t e d  c r i t i c a l  w i t h i n  0 . 4  n i  l e  a n d ,  i f  e x p e r ; - -  

m e n t a l  r o d  r e a c t i v i t i e s  a r c  m o d i f i e d  i n  t h c  m a n n e r  described, r o d  

r c n c t i v i t i e s  a g r c e  w i t h i n  5 2 . '  



A f t e r  t h e  cxpcrii>ei::s, ~ r i t h  h o n l o ~ e n e o u s  l o a d i n s  h a v e  b e e n  co:::ple:c< 

i t .  i s  f o r e s e e n  :o s i c u l a t e  i n  KAIITER a  t y p i c a l  OTTO-core .  Tbe  

n a i n  O T T O - l o a d i n g  : c - L u r e s  e r e  1 : ~ o n o t o u i c  d e c r e a s i n f i  o f  t h e  c o n -  

c c n c r a t i o n  o f  f i s s i o n ~ b l e  i n a t e r i a l  f r o m  t o p  t o .  t h e  b o t r o m ,  a h i g h  

n e u t r o n  f L u x  p e a k  n s a r  t h e  t o ; ) ,  a  r e L e t i v e  h i g h  f l u x  l e v e l  i n  t h e  

c a v i t i y  b e t v c e n  c o r e  a n d  t o p  r e f l e c t o r  a n d  t h e r e f o r e  t h e  p ~ s s i b i l i t y  

c o  c o n t r o l  t h e  r e a c t o r  b y  i n s e r t i n g  a b s o ~ : b e r  r o d s  i n t o  t h e  c s v i t y .  

F o r  a  c o r r e c t  s i m u l a t i o n  if i s  n e c e s s a r y  t o  p o i s o n  t h e  b o c c o n  

r e f l e c t o r  2nd  t h e  l o v e r  p a r t  o f  t h e  c o r e . .  T h i s  i s  d o n e  u s i n g  b c r o -  

n a t e d  g r a p h i t e  b a l l s .  T h i s  p o i s o n i . n g  s i n u l a t e s  t h e  i n c r e a s i n g  

c o n t e n t s  o f  f i s s i o n  p r o d u c t s  t o w a r d s  t h e  b o t t o m  o f  t h e  O T T O - r e a c -  

t o r  d u e  t o  b u r n  u p .  A g r a p h i L e  t o p  r e f l e c t o r  i s  s t i l l  u n d e r  c o n -  

s t r u c t i o n  a n d  s p e c i a l .  t o p  a b s o r b e r  r o d s  wi l . ?  b e  a v a i l a b l e  t o ' i n -  

v e s t i g a t r  t h e  c a v i t y  e f f e c t .  T h e  h e i g h t  o f  t h e  t o p  r e f l e c t o r  w i l l  

b c  v n r i a h l e  a n d  o  s p e c i a l  c o n s ; t r u c t i o n  o f  A l - b o x e s  w i l l  a l l o v  t o  

v a r y  t h c  h e i g h t  o f  t h e  c a v i t y ,  t o o .  T h i s  ~ s s c m b l y  w i l l  p c x m i t  a  

d e t a i l e d  i n v e s t i g p t i o n  o f  t h e  s p e c i a l  O T T O - p r o b l e m s  a s  f a r  a s  

t h e y  a r e  r e l a t e d  t o  z e r o  e n e r g y  n c u t r o n i c s .  

T h c o r e t i c o l  w o r k  i s  u n d e r  way c o n c e r n i n f ' l o ' a d i n g  p r o b l e m s  o f  t h a t  

p a r t  o f  KAHTEK e x p e r i m e n t s .  A d d i t i o n a l l y  c o n t r o l  r o d  d e s i g n  i s  

b e i n g  o p t i m i z e d  b y  t h c o r c t i c a l  c a l c u l a t i o n s .  A s  u s u a l  d u r i n g  t h e  

f i r s t  p o r t  o f  KAllTER e x p e r i m e n t s  i t  i s  f o r e s e c n  t o  p r e c n l c u l n c c  

c n c h  o f  t h e  s c h e d u l e d  l o a d i n s  s c h c n e s  f o r  c l e a r  c o m p a r i s c n  b c t w c c n  

o x p c r i . r : i c n t  a n d  u n i ~ ~ o d i f  i .cd t h c o r y .  

T h e  OTTO cai ! ipagnc w i i l  s : a r t  i n  summer 1 9 7 4  a n d  i s  E o r c s c e n  t o  

c o v e r  a b o u t  o n e  y e a r .  

5.  F i n a l  R e n a r k s  -- 
i i f r e r  i n t r o d u c i n g  t h e  m o d i f i c a t i o n s  d e s c r i b e d  i n  p a r t  3 o f  t h i s  

p n p c r  t h e  t h c o r e t i c n l  description 01 t h c  K A N T l ~ ~ - ~ i x p e r i ~ : ! ~ : n t ! :  - a:; 

f a r  n s  t l ~ c y  h a v c  b c e n  ' o n ~ p l c t c d  u n t i l  now - i s  v c r y  s a t i ! ; f y i i i ~ .  

To a n s w e r  t h e  q u f s t i o n  o f  t h e  s i ~ n i f i c a t i o n  o f  K A H T E K - r e s u l t s  f o r  

l a r g e  p e b b l e b e d  r e a c t o r s  a t t e n t i o n  s h o u l d  b e  d r a w n  t o  s o i i ~ c  s p e c i a l  

f e a t u r e s  o f  t h e  c r i t i c a l  assembly: ,.. 



1 .  Tha EAHTER c  o r e  i s  r a l l  and  t h e  r e f o r e  l .eal;ags i s  v e r y  

h i g h  ( a b o u t  35 % )  and  much morc  i m p o r t a n t  t h a n  i n  l z r g e  R T R .  

2 .  The c h i n n e y  e f f e c t  i s  a n  a d d i t i o n a l  d i f f i c u l t y  f o r  t h e  t h e o r e -  

t i c a l .  t r e a t m c i u t .  

3 .  F o r  t h e  c o l d  KABTEX-core e v e n  s m a l l  e r r o r s  i n  t h e  t h e r m a l  

s c a t t e r i n g  l a w  h a v e  a  h i g h  i n f l u e n c e  o n  t h e o r e t i c a l  r e s u l t s .  

4 .  E r r o r s  i n  r e s o n a n c e  c a l c u l a t i o n  n a y  b e  o f  o t h e r  t y p e  t h a n  i n  

h o t  r e a c t o r s .  

E x e p t  f o r  t h e  l a s t  p o i n t  c a l c u l . a t i o n s  f a r  RAHTER ha.vc t o  b e  n o r c  

e s o p h i s t i c a t e d  t h a n  f o r  l a r g e  3TR. The m o d i f i c a t i o n s  n e n t i o n e d  z b o v c  

w i l l  m o s t l y  b e  l e s s  s i g n i f i c a n t  f o r  g r e a t  powcr  p l a n t s .  T h e r e f o r e '  

we c o n e  t o  t h e  c o n c l u s i o n  t h a t  t h e  modified n u m e r i c a l  n o d e l  and  

c o u p u t e r  c o d e  s y s t e m s ,  w h i c h  w e r e  u s e d  f o r  t h e  K A B T E R - c s l c u l a t i o n s  

a r e  a p p l i c a b l e  t o  t h e  t h e o r e t i c a l  t r e a t n e n t  o f  HT-pover r e a c t o r  

n c u t r o n  p h y s i c s .  



R e f e r e n c e s  - . . - -- 

E .  T e u c h e r t ,  V .  Maly,  K . - A .  H a a s  

JOL-858-RG ( : h i  1 9 7 2 )  

V .  Maly 

,JOi,-92?-!<C (N:!rz 197  2 )  

E .  T e u c h e r t ,  11. Maly,  K . - A .  i ? m s  

JUL-1059-RG ( A p r i l  2.974) 

E. T c u c h e r t  e r  a l .  

JOL-1070-RG 1 9 7 4 )  

S i c h e r k e i t s b e r i c h t  f a r  d a s  k r i r i s c h c  E x p e r i n c n ~  nit 

13rerl:1clcmcntkur,cln i n  d e r  w a r n c n  H a 1 . l ~  d c s  I n s t i t u t : ;  
f Ur Rcak' iorc:ntwickli :ng d e r  K e r n f o r s c l : u n ~ s o n l a g c  Jill i cIi 

G.%. b. t l .  

3 e a r b e i t a n g :  F. % r i n g s  (Oktobcr 1971) 

F .  K r i n g s  et a1. 

GPCM--17/KFA 2 (Oktober 1973) 



R .  E r e 5  t b a r t h  , E . T e u c h e r t  

JOL-551-XG (Se?tc::be? 1 9 6 3 )  

X. T e u c h c r l  , K .  -A. Xaas 

i n t e r n a l  r c p o r t  IBE-70-1 (1970)  

6.D. Jouanou ,  J . S .  Dudek 

GA-1850 (1961 )  

H . C .  Hsneck 

31.1, 5826 (1961 )  

J .  Darvac - ~ 

i n t e r n a l  r e p o r t  IRE-69-2 (1969)  

H. -J. Nee f ,  W .  S c h e r e r  

i n t e r n a l  r e p o r t  IRZ-IS-26/72 ( 1 9 7 2 )  

J.: S c h l B s s e r  

Dragon r e p o r t  1 7 2  ( 1 9 6 3 )  

1 i . W .  E n g l e  

A.E.C. R e s e a r c h  and Development R e p o r t  K 1693  

W. S c h e r e r  

i n t e r n a l .  r e p o r t  IKE-15-27/72 ( 1 9 7 2 )  

T.B. Fowler ,  M.L. T o b i a s ,  D.R. Vondy 

OWL 4078 

T.B. Fowler ,  9 . 2 .  Vondy, G . W .  Cunningham 

OBNL-TPI-2496, Rev. 2 ( 1 9 7 1 )  

D .  J . B e l ~ r c n s  

P r o c .  Phys .  Soc .  62A, 607 (194'9) 

V .  Maly 

p r iva t . :  cor ; iunicat ion (197  3 )  

S.A. KushnerLuk 

CRT-712 ( 1 9 5 9 )  
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REACTOR FEYSICS ACTIVITIES I!? CSCECE 

N.G. Cbrysochoides 

I .  Research Reactor Frogram 

The GIIR-1  5 :W s~rinrr . in~-pool.  type  Research Rcactor i s  used,  

bes ides  t h e  ex tens ive  nroduct jon c f  radioisotoy.es ,  f o r  r e a c t o r  dynar:!cs 

and neutron nhysics  ex?eriments - /-I -. 7 ,  ( n , y )  spect rosccpy,  neutrcn d i f -  

f r a c t i o n  hy magnetic m a t e r i a l s  -. /-1 7, r a d i a t i o n  danace s t u d i e s  i 3 , 4 , 5 7  

a c t i v a t i o n  a n a l y s i s  and i 3 i o l o ~ i c a l  s t u d i e s  .- /--5-7. 

11. Xuclear rover  3eac to r  Program LT7,e-T 

The whole problem of in t roduciny !Iuclear Power i n t o  t h e  e l e c t r i c a l  

energy s y s t e n  of Greece, is s tud icd  by t h e  Publrc  Pcwer Cor ro ra t ion  (P.P.C.) .  

So f a r  i c v e s t i g a t i o n s  were conducted on t h e  a v a i l a b i l i t y  and u t j l j z a t i o n  

of t h e  f u t u r e  nuc lea r  ~ l a n t s ,  ? r e s e l e c t i o n  cf s t a t i o n  s i t e s ,  determination 

of t h e  u n i t  s i z e  and t ime t a b l e  of jn t roduc t ion  of v a r i c u s  r e a c t o r  u n i t s .  

~ b ' e  GAEC, whjch is t h e  au thor ized  body f o r  t h e  e s t a b l i s h n w t  of 

s a f e t y  c r i t e r i a ,  s a f e t y  eva lua t ion  and t h e  l i c e n s i n g  of  t h e  pcver r e a c t o r s ,  

i s  working on nuc lea r  l e g i s l a t i o n  a s  w e l l  a s  on p r e l i m i n a r ~ ,  s t u d i e s  on:  

a .  C o l l e c t i o n  and c l a s s j f i c a t . i o n  of informat icn  on conyuter Codes f o r  

Reactor S a f e t y  Analys is .  

b.  Study of comruter methods f o r  u t i l i t y ,  Peactor  Physics  P n a l y s l s  a r d  

c .  T e s t s  of  Corputer P r o g r a m  f o r  Po:aer Seac to r  ?Aanapemert and s i t i n g  

eva lua t ion  f o r  Nuclear Power P l a n t s .  . 

111. Space and Time dependent Reactor Dynanics 

The eva lua t ion  of t h e  k i n e t i c s  and coupl ing parameters of a  r e -  

f l e c t e d  coupled-core Nuclear Research Reactor (UTR-100 a t  Q.M.C. of Lcnlon 

U n i v e r s i t y )  through c o r r e l a t i o n  and s p e c t r a l - d e n s i t y  f u n c t i o n s  neasurements 

was completed by a  ?ember of our s t a f f  ~:9-7. 



A d e t a i l e d  two-point c r i t i c a l  r e a c t o r  model l ead ing  t o  e x p l i c i t  

formulat ion f o r  t h e  b a s i c  s t a t i c  and dynamic parameters of t h e  two coupled 

s u b c r i t i c a l  c o r e s  has been developed and new w e l l  de f ined  parameters have 

been jntroduced.  

The concept of  t h e  d e n s i t y  func t ion  f o r  t h e  t ime d e l a y s  was reviewed 

and a one-parameter d i s t r i b u t i o n  func t ion  has  been in t roduced u ~ . i f y i n g  

some continuous models s tud ied  elsewhere a s  separa ted c a s e s .  From 

t h i s  a n a l y s i s  it has heen found t h a t  t h e  b a s i c  parameters a r e  l i t t l e  

e f fec ted  by t h e  d i f f e r e n t  l i m i t i n g  c a s e s  of t h e  d i s t r i b u t i o n  f o r  t h e  same 

mean t ime de lay  (7). 
An e l e c t r o n i c  system has been c a r e f u l l y  designed and cons t ruc ted  

f o r  t h e s e  measurements and a s p e c j a l  technique has  been devised f o r  t h e  

e 
i n c r e a s e  of t h e  dynami.~ range of t h e  analysed c o r r e l a t i o n  func t ion  by 

a d i g i t a l  c o r r e l a t o r  . 
The rneasured optimum va lues  of t h e  pronpt neutron decay c o n s t a n t  of 

-1 t h e  coupled-reactor ,  b ' 46.7 - + 0.6 sec  , t h e  z e r o  c r o s s j n g  frequency,  

U I ~  = 756 - t 28 sec-' and t h e  coupl ing r e a c t i v i t y ,  n/R = 5.10 - + 0.13 $ 

a r e  i n  good agreement wi th  e s t i m a t e s  obta ined by d i f f e r e n t  methods. The 

quoted va lue  of 7 5 '7.55 - + 0.04 msec f o r  t h e  mean t i n e  d e l a y  seems more 

reasonab le  i n  comparison wi th  r e c e n t l y  presented va lues .  The new narameters 

in t roduced,  namely, t h e  p r o w t  'neutron decay cons tan t  of each c c r e  , a = 
-1 R / A  = 53.5 -. + 0.8 s e c  , t h e  correct iny:  f a c t o r  r e l a t i n g  t h e  two c c r s t a n t s ,  

-1 CS = 0(/t, - 1.146 t 0.09 , t h e  h j ~ h e r  mcde decay c o n s t a c t ,  a  - 73F.2+13.7sec - - 

and t h e  decay c o n s t a n t  due t o  t h e  ccup l jng  r e a c t i v i t " ,  a/h 273.u+5.6 - sec - I  

a r e  c l e a r l y  def ined and evaluated.  
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SUXXARY DF RZACTOR PEYSICS ACTIVITIPS I 3  I ? A A Y  12 T95 PXRIOD 
JULY 1 9 7 3  - JU!JZ i 9 7 h  

( b y  Ugo F a r i n e i l i )  

1. THEORETICAL. 

1.1 A n i s o t r o ~ i c  d i f f u s i o n  me thod  (CSNC) 
A g e n e r a l i z e d  f o r m u l a t i o n  o f  t h e  a n i s o t r o p i c  d i f f u s i o n  m e t h o d  
i n v o l v e s  t h e  c a l c u l a t i o n  o f  p o i n t - d e p e n d e n t  d i f f u s i o n  c o e f f i c i e n t s  
i n  e a c h  d i r e c t i o n  b y  means  o f  a d i f f e r e n t i a l  e q u a t i o n  f o r m a l l y  
i d e n t i c a l  t o  a  d i f f u s i o n  e q u a t i o n .  Two s u c c e s s i v e  r u n s  o f  a  
s t a n d a r d  d i f f u s i o n  c o d e ,  w i t h  a p p r o p r i a t e  p a r a m e t e r s ,  t h u s  a l l o w  
t h e  c a l c u l a t i o n  o f  f l u x e s  and  e i g e n v a i u e s  i n  t h i s  a p p r o x i m a t i o n  
/I/. C o m p a r i s o n s  w i t h  t h e  r e s u l t s  o f  d i f f u s i o n  and  t r a n s p o r t  
c a l c u l a t i o n s  f o r  t w o - d i m e n s i o n a l  p r o b l e m s  show t h a t  t h e  a n i s o -  
t r o p i c  d i f f u s i o n  m e t h o d  y i e l d s  r e s u l t s  much c l o s e r  t o  t h e  t r a n -  
s p o r t  t h a n  t o  t h e  d i f f u s i o n  s o l u t i o n .  An a u t o m a t e d  c o d e  f o r  t h e s e  
c a l c u l a t i o n s  w i l l ' b e  d e v e l o p e d ;  some i m p r o v e m e n t  i s  e n v i s a g e d  t o  
d e a l  w i t h  n o n - u n i f o r m  f i s s i o n  s o u r c e s .  
A c o d e  t o  c a l c u l a t e  a d j o i n t  f l u x e s  i n  t h e  p r e v i o u s  f o r m u l a t i o n  
o f  t h e  a n i s o t r o p i c  d i f f u s i o n  m e t h o d  / 2 /  h a s  b e e n  d e v e l o p e d ,  a s  
a b a s i s  f o r  a  g e n e r a l i z e d  p e r t u r b a t i o n  c o d e .  

1 . 2  N e u t r o n  t r a n s ~ o r t  (CEC) 
I n  t h e  f r a m e w o r k  o f  t h e  s t u d y  o f  h e t e r o g e n e i t y  e f f e c t s  i n  p l a n e  
and  s p h e r i c a l  g e o m e t r i e s  a p r e v i o u s  r e s e a r c h  / 3 /  h a s  b e e n  e x t e n d e d  
t o  a r b i t r a r i l y  i n h o m o g e n e o u s  s y s t e m s  / 4 /  f o r  g i v i n g  r i g o r o u s  
f o u n d a t i o n s  t o  s u b s e q u e n t  n u m e r i c a l  n e u t r o n  t r a n s p o r t  m e t h o d s .  
A s  a n  a l t e r n a t i v e  t o  t h e  F o u r i e r  t r a n s f o r m a t i o n  t e c h n i q n e ,  r e c e n t l y  
a d o p t e d  e v e n  i n  c o n n e c t i o n  w i t h  a  m u l t i - g r o u p  n e u t r o n  t r a n s p o r t  
s cheme  1 5 1 ,  a  d i r e . c t  d e c o m p o s i t i o n  o f  t h e  k e r n e l  o f  t h e  n e u t r o n  
t r a n s p o r t  i n t e g r a l  e q u a t i o n  was p r o p o s e d  i n  161 f o r  y i e l d i n g  
p r a c t i c a l  s o l u t i o n s  f o r  t h r e e - d i m e n s i o n a l  s u b c r i t i c a l  s y s t e m s .  
The e x t e n s i o n  o f  s u c h  a t e c h n i q u e  t o  c r i t i c a i i t y  p r o b i e m s  a n d  
t h e  improvemen t  o f  i t s  c o n v e r g e n c e  r a t e  f o r  l a r g e  c r i t i c a l  a s s e m -  
b l i e s  t h r o u g h  a c o m p l e x  e x p o n e n t i a l  t r a n s f o r m a t i o n  a r e  now i n  
p r o g r e s s .  

1 . 3  M o n t e c a r i o  m e t h o d s  (CEC) 
1 .3 .1  N u m e r i c a l  e x p e r i m e n t s  h a v e  b e e n  s t a r t e d  f o r  t h e  s o l u t i o n  
b y  a  M o n t e c a r l o  m e t h o d  o f  t h e  a d j o i n t  t r a n s p o r t  e q u a t i o n ,  f o r  
t h e  c a l c u l a t i o n  o f  f l u x e s  and  r e a c t i o n  r a t e s  i n  s m a l l  r e g i o n s .  
Such  c a l c u l a t i o n s  d i s p l a y  v a r i a n c e s ,  some o f  t hem " w i i d "  o n e s ,  
and  a p p r o p r i a t e  t e c h n i q u e s  f o r  v a r i a n c e  r e d u c t i o n  a r e  b e i n g  
t e s t e d .  

1 . 3 . 2  The p r e p a r a t i o n  o f  a  t h e r m a l  l i b r a r y  f o r  p o l i s t e r e n e  h a s  
b e e n  c a r r i e d  o n  f o r  u s e  i n  t e s t i n g  t h e  ? 4 o n t e c a r I o  KIX c o d e  
w i t h  e x p e r i m e n t a l  r e s u l t s .  To t h i s  p u r p o s e ,  a p r o g r a m  t h a t  



c a l c u l a t e s  t h e  a t o m i c  v i b r a t i o n  s p e c t r u m  f o r  h i g h  p o l y m e r s  of 
t h e  h e l i c o i d a l  t y p e s  h a s  been  w r i t t e n .  

i . 3 . 3  A M o n t e c a r l o  code  f o r  t i m e - d e p e n d e n t  t h e r m a i i z a t i o n  c a l c u i a -  
t i o n s  (MCT) h a s  b e e n  w r i t t e n .  The c o d e  u s e s  a  n e u t r o n  s p i i t t i n g  
t e c h n i q u e  a t  f i x e d  t i m e  i n t e r v a l s ,  t h a t  a l l o w s  f o i i o w i n g  t h e  
n e u t r o n s  f o r  a  s u f f i c i e n t i y  l u n g  t i m e .  - 



2 . 1  N u c l e a r  R e ~ c t o r  S t o c h a s t i c s  a n d  X o i s e  A n a l y s i s  

2 . i . l  P r o g r e s s  i n  r e a c t o r - n o i s e  a n a i y s i s  a n d  s t o c h a s t i c  n e u -  
t r o n i c s  a t  CSN C a s a c c i a  h a s  b e e n  s u m m a r i z e d ,  c o v e r i n g  t h e  p e r i o d  
f rom i 9 7 0  t o  1 9 7 2 .  P a r t  o f  t h e  t h e o r e t i e a i  a c t i v i t y  h a s  b e e n  
r e a l i z e d  i n  c o o p e r a t i o n  a n d  u n d e r  t h e  a u s p i c e s  o f  t h e  U n i t e d  
S t a t e s  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  t h e  U n i v e r s i t y  o f  C a i i f o r n i a  
a t  B e r k e l e y  and  t h e  U n i v e r s i t y  o f  W i s c o n s i n  / 7 /  (CSNC).  

2 . 1 . 2  I n p o r t a n t  r e c e n t  i n v e s t i g a t i o n s  by R o u t t i ,  S z e l e s s  a n d  
Ruby a l l o w e d  a v a s t  and  s y s t e m a t i c  s t u d y  t o  b e  p e r f o r m e d  on t h e  
n a t u r e  o f  t h e  PMZBB (Pal-Mogi;ner-Zolotukhin-Bell-Babala) p r o f i l e  
The f i r s t  p a r t  o f  ' t h i s  work d e a l t  e s s e n t i a i l y  w i t h  t h e  c a i c u l a -  
t i o n  o f  t h e  n - t h  o r d e r  d e r i v a t i v e  o f  a  c o n p o s i t e  f u n c t i o n  a n d ,  
i n  p a r t i c u l a r ,  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  p r o f i l e  f r o m  t h e  
PMZBB g e n e r a t i n g  f u n c t i o n .  An e x t e n s i v e  s e t  of  n u m e r i c a i  r e s u l t s  
h a s  b e e n  a c h i e v e d  i n  e x p l o r i n g  t h e  c o m p u t a t i o n a i .  m e t h o d s  181 
(CSNC) .  

2 . 1 . 3  I n  s e a r c h  o f  a new p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n  a p p r o x -  
i m a t i n g  t h e  PMZBB p r o f i l e ,  f o u r  g e n e r a t i n g  f u n c t i o n s  w e r e  i n t r o -  
d u c e d ,  a n a i y z e d  a n d  m u t u a l l y  c o m p a r e d .  They l e a d  t o :  ( 1 )  t h e  
L o g a r i t h m i c  d i s t r i b u t i o n ,  ( 2 )  t h e  R a d i c a i  d i s t r i b u t i o n ,  ( 3 )  t h e  
P o i s s o n - L o g a r i t h m i c  d i s t r i b u t i o n  a n d  (4) t h e  P o i s s o n - R a d i c a l  d i -  
s t r i b u t i o n .  D i s t r i b u t i o n  ( 3 )  i s  a l s o  known a s  P a s c a l ' s  o r  P o l y a ' s  
o r  N e g a t i v e  Binomia! d i s t r i b u t i o n .  D i s t r i b u t i o n s  ( 2 )  and  (4) a r e  
a n  a b s o l u t e  n o v e l t y  i n  t h e  f i e l d  o f  p r o b a b i i i t y  t h e o r y  a n d  e n n l i e a -  
t i o n s .  D i s t r i b u t i o n s  ( 3 )  and  ( 4 )  b e l o n g  t o  t h e  c l a s s  o f  " q e n e r a l i z e d  
P o i s s o n  d i s t r i b u t i o n s "  1 9 1 .  ' 

2 . 1 . 4  The Hinz  a n d  G u r i a n d  i n d i c a t o r s  a r e  h i g h i y  e f f e c t i v e  p a r a -  
m e t e r s  f o r  d e s c r i b i n g  t h e  n a t u r e  o f  a  d i s t r i b u t i o n  u n d e r  a n a i y s i s :  
a g r a p h i c a l  p r o c e d u r e  b a s e d  on t h e s e  p a r a m e t e r s  h e l p s  c h o o s i n ~  
t h e  b e s t - f i t t i n g  d i s t r i b u t i o n  e n o n g  t h o s e  known i n  t h e  s t a t i s t i c a l  
i i t e r a t u r e .  An e x t e n s i v e  s e t  o f  PNZYB ( P a i - ! . ! o c i i n e r - Z o i . o t ) ~ k h i n -  
B e i l - B a b a i a )  d i s t r i b u t i o n s  h a s  b e e n  a n a l y z e d  i n  c o r r e l a t i o n  con-  
d i t i o n s  wh ich  r a n g e  f rom v e r y  s m a l l  t o  v e r y  l e r g e .  The  l a t t e r  
s i t u a t i o n  i s  s t r o n g l y  o u t s i d e  t h e  N e g a t i v e  B i n o m i a l  d i s t r i b u t i o n  
a p p r o x i m a t i o n  b u t '  f e a t u r e s  i n t e r e s t i n g  r e g u i a r i t i e s .  They  c o u l d  
mean t h a t  t h e  PMZBB d i s t r i b u t i o n  rn i eh t  b e  a p p r o x i m a t e d  b y  a s i m p l e r  
and  more compac t  p r o b a b i l i t y  p r o f i l e  / l o /  (CSHC). 

2 . i . 5  A S p e c i a l i s t  i l e e t i n g  On R e a c t o r  N o i s e  (S!<ORM-i) s p o n s o r e d  
by EACRP i s  o r g a n i z e d  by N E A  i n  c o o p e r a t i o n  w i t h  CYEN a n d  h o s t e d  
b y  C e n t r o  S t u d i  N u c i e a r i  d e i l a  C a s a c c i a ,  t h e  coming  O c t o b e r  2 1 - 2 5 ,  
1 9 7 4 .  The t o t a l  number  o f  p a r t i c i p a n t s  e n v i s a g e d  i s  a b o u t  s i x t y  
o f  wh ich  t e n  f r o m  non-OECD c o u n t r i e s  (CXSC). 



2 . 1 . 6  S t a b i l i t y  p r o b l e m s  i n  s t o c h a s t i c  t e r n s  and  t h e  mean ing  o f  
e r g o d i c i t y  h a v e  b e e n  s t u d i e d .  An i n t r o d u c t i o n  t o  t h e  t h e o r y  o f  
dynamic  s y s t e m s  i s  f i r s t  g i v e n  s i n c e  f o r  i n c r e a s i n g  c o m p l e x i t y  
o f  mode l s  a  p r e l i m i n a r y  a n a l y s i s  o f  s t a b i l i t y  becomes m a n d a t o r y .  
The Lyapunov d i r e c t  method h a s  been u s e d  f o r  s t u d y i n g  n u c l e a r  
r e a c t o r  s t a b i l i t y  p r o b l e m s .  The t e m p e r a t u r e  f e e d b a c k  on power 
was a n a l y z e d .  F i n a l l y ,  t h e  Lyapunov a p p r o a c h  and i t s  m e c h a n i c a l  
a n a l o g  h a s  been  d i s c u s s e d  i n  d e t a i l  and  i n t e r p r e t e d  / I l l  ( c s N C ) .  

2 . 1 . 7  A d i r e c t  c o m p a r i s o n  h a s  been t r i e d  among p r o f i l e s  o f  
P o i s s o n - L o g a r i t h m i c ;  PMZBB end P o i s s o n - R a d i c a l  d i s t r i b u t i o n s .  
A l i k e l i h o o d  t e s t  was a p p l i e d  upon a  wide  e n s e m b l e  o f  PMZBB 
d i s t r i b u t i o n s  whose c o r r e i a t i o n  c o n d i t i o n s  r a n g e d  f r o m  v e r y  s m a l l  
t o  v e r y  l a r g e .  
T h e r e  was e v i d e n c e  t h a t  t h e  PMZBB d i s t r i b u t i o n  may w e l l  be  ap -  
p r o x i m a t e d ,  i n  n o t  v e r y  s t r i n g e n t  s i t u a t i o n s ,  by P o i s s o n - L o g a r i t m i c  
and  P o i s s o n - R a d i c a l  p r o f i l e s .  The s t r u c t u r e  o f  t h e  PMZBB d i s t r i b u -  
t i o n  a s  " g e n e r a l i z e d  P o i s s o n  d i s t r i b u t i o n "  h a s  t h e n  been  s t u d i e d :  
t h e  P o i s s o n - L o g a r i t m i c  and  P o i s s o n - R a d i c a l  p r o f i l e s  b e l o n g  i n d e e d  
t o  t h a t  c l a s s ,  i n t r o d u c e d  i n  t h e  f i e l d  o f  a p p l i e d  s t a t i s t i c s  by 
G u r l a n d ,  some y e a r s  ago  / I 2 1  (CSNC). 

2 . 3  .8 F i n a l l y ,  a  new f a m i l y  of  g e n e r a l i z e d  P o i s s o n  d i s t r i b u t i o n s  
i s  p r e s e n t e d :  t h e  P o i s s o n - A l g e b r a i c  d i s t r i b u t i o n .  The P o i s s o n -  
R a d i c a l  d i s t r i b u t i o n ,  previously i n t r o d u c e d ,  b e l o n g s  t o  t h i s  f a m i l y .  
T h i s  i n i t i a t i v e  o f f e r s  a  f u r t h e r  s t e p  f o r  s e e k i n g  compact  g e n e r a t -  
i n g  f u n c t i o n s  t h a t  m i g h t  a p p r o x i m a t e  t h e  g e n e r a t i n g  f u n c t i o n  o f  
t h e  PMZBB d i s t r i b u t i o n  1 1 3 1  (CSDC). 

2 . 1 . 9  The a c t i v i t y  on r e a c t o r  n o i s e  a t  CNEN-Bologna, o r i e n t e d  

0 
t o w a r a s  t h e  p r o b l e m s  o f  c o r r e l a t i n g  c o u n t s  i n  s e p a r a t e d  t i m e  
i n t e r v a l s  h a s  b e e n  c o n t i n u e d .  The backward  'Lolno3orov e q u a t i o n  
f o r m a l i s m  i n  wh ich  t h e  d e l a y e d  n e u t r o n s  a r e  e x p l i c i t l y  t a k e n  i n t o  
a c c o u n t ,  was a p p l i e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  v a r i a n c e  o f  t h e  
number of  c o u n t s  i n  a  s i n g l e  t i m e  i n t e r v a l  and  f o r  t h e  c o v a r i a n c e  
i n  two non i n t e r s e c t i n g  i n t e r v a l s  1 1 4 ,  1 5 / .  E x t e n s i o n  t o  non 
s t a t i o n a r y  c a s e s  i s  i n  p r o e r e s s  (CEC). 

2 . 2  Maqne t i c  scatter in^ i n  R e a c t o r  (CSAC) 
The i n v e s t i s a t i o n  on r e a c t i v i t y  e f f e c t s  c a u s e d  by n a g n e t i c  
s c a t t e r i n g  o f  t h e r m a i  n e u t r o n s  by m a g n e t i z e d  i r o n  h a s  been  r e f i n e d  
b o t h  c a l c u l  a t i o n a i  l y  and  e x p e r i m e n t a l l y  1 1 5 ,  1 7 ,  i 8 / .  THERVOS 
and CITATION c o d e s ,  r e s p e c t i v e l y  u s e d  f o r  c e i i  and  r e a c t o r  c a l c u -  
l a t i o n s ,  g a v e  a  n e g a t i v e  e f f e c t  of  a b o u t  -2xi0-li  ~ K / K .  By r e a c t -  
i v i t y  measuremen t s  p e r f o r m e d  i n  r e a c t o r  w i t h  two d i f f e r e n t  i r o n  
y o k e s ,  n e g a t i v e  e f f e c t s  o f  a b o u t  - 1 . 3 x 1 0 - ~  ~ K / K  and  - 0 . 3 ~ 1 0 - ~  6 K / K  



w e r e  o b s e r v e d .  It i s  b e l i e v e d  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e s e  
t w o  v a l u e s  may b e  a s c r i b e d  t o  d i f f e r e n t  s t a t e s  o f  m a g n e t i z c t i o n  
o f  t h e  i r o n  y o k e s .  I Y a g n e t i c  m e a s u r e m e n t s  a r e  u n d e r  way w i t h  t h e  
p u r p o s e  o f  i n t e r p r e t i n g  o b s e r v e d  r e a c t i v i t y  e f f e c t s .  

2 . 3  Fast N e u t r o n  S ~ e c t r o n c t r v  a n d  R e a c t o r  D o s i ~ e t r y  

2 . 3 . 1  A p r e l i m i n a r y  m e a s u r e m e n t  o f  t h e  s l o w i n g  down n e u t r o n  
s p e c t r u m  i n  l i g h t  w a t e r  w s s  c a r r i e d  o u t  by m e a n s  o f  t h e  B e n n e t t -  
t y p e  c o u n t e r s  w i t h  2 j - d i s c r i m i n a t i o n  i n  t h e  20-130  KeV r a n s t . .  A 
s e c o n d  s e r i e s  o f  p r o t o n  r e c o i l  c o u n t e r s ,  w i t h  h i g h e r  g a s  p r e s s u r e ,  
i s  b e i n g  c a L i b r a t e d  w i t h  t h e r m a l .  n e u t r o n s o f  t h e  R B I  r e a c t i o n  i n  
Bolocna. .  The  e x p e r i m e n t e l  d a t a  a r e  u n f o l d e d  w i t h  t h e  F E R ~ ~ R  c o d e  
whose'  r e s p o n s e  f u n c t i o a s  a r e  o b t a i n e d  w i t h  t h e  S n i d o w - W a r r e n  
m e t h o d  / 1 9 / .  I n  a d d i t i o n  a : ; i o n t e c a r l o  c o d e  i s  b e i n : ?  p r e ? a . r a t e d  
f o r  t h e  s i m u l a t i o n  o f  t h e  c y l i n d r i c a l  c o u n t e r s  ( C S C ) .  

2 . 3 . 2  I n  t h e  f r a m e  of  a  s y s t e m a t i c  i n v e s t i g e t i o n  o f  a c t i v a t i o n  
d e t e c t o r  c r o s s  s e c t i o n s ,  a  f i r s t  s e t  o f  m e a s u r e m e n t s  h a s  b e e n  
c o m p i e t e d  o n  t h e  TAP130 r e a c t o r .  R e s u l t s  h a v e  b e e n  p r e s e n t e d  a t  
t h e  S p e c i a l i s t s '  V e e t i n g  o n  S h i e l d i n g  E x p e r i n e n t s  / 2 0 /  (cS:IC).  

2 . 3 . 3  The p r o b l e m  o f  t h e  r e q u i r e d  a c c u r a c i e s  f o r  d e t e c t o r  c r o s s  
s e c t i o n s  i n  r e l a t i o n  t o  t h e  g e n e r a i  o b j e c t i v e s  o f  r e a c t o r  d o s i m e t r y  
h a s  b e e n  i n v e s t i g a t e d .  The  r e s u l t s  h a v e  b e e n  p r e s e n t e d  a t  t h e  
IAEA C o n s u l t a ~ t s '  M e e t i n g  o n  D e t e c t o r  C r o s s  S e c t i o n s  / P I /  (CSXC) .  

2 . 3 . 4  N e n t r o n  s p e c t r a  a b o v e  60 KeV h a v e  b e e n  a n a l y z e d  a t  t h e  
LENA L a b o r a t o r y  o f  P a v i a  U n i v e r s i t y  b y  means  o f  a  c o l l i a a t e d  
p r o t o n  r e c o i l  s p e c t r o n e t e r ;  t h e  p r o t o n  i s  p r o d u c e d  i n  a h y d r o ~ e -  
n e o u s  r a d i a t o r ,  a n d  e l e c t r o n s ' a n d  o t h e r  p a r t i c i e s  a r e  d i s c r i q i n a t e c l  
b y  means  3 f  a t h i n  s e ~ . i c o n d u c z o r  3 e t e c t o r  c r i e i d i n g  a  Z?/dx s t ~ n a i ;  
t h e  e n e r g y  o f  t h e  p r o t o n  ( i t 1  c o i n c i d e n c e  w i c h  a n  a p p r o p r i a t e  
s i g n a l  f r o m  t h e . t h i n  d e t e c t c r )  i s  m e a s u r e d  i n  a " t h i c k "  s e m i -  
c o n d u c t o r  (LENA). 

2 . 3 . 5  A t  CES;di:F, b l i i a n o ,  a d e v i c e  t o  g e n e r a t e  a  f a s t - r e a c t o r  
t y p e  n e u t r o n  r e f e r e n c e  s p e c t r u m  i s  b e i n s  b u i 3 . t .  I t  i s  b a s e d  o n  
t h e  u s e  o f  b o r o n  c a r b i d e  f i l t e r s  i n s t a i j e d  a t  t h e  p e r i o h e r y  o r  
t h e  h o m o g e n e o u s  c o r e  o f  t h e  CESNEF r e e - c t o r .  A h i g h  d e n s i t y  
( -2 .4  g / c m 3 )  b o r o n  c a r b i d e  c a p s u l e  c a n  b e  o b t a i n e d  by f u s i o n  a t  
a r e a s o n a b l e  c o s t  ( ,v2000 $ ) .  I t  i s  t h u s  p o s s i b l e  t o  b u i l d  i n  a n  
e x p e r i m e n t a l  c h a n n e l .  a n  i r r a d i a t i o n  f a c i l i t y  w i t h  f l u x e s  h i g h e r  

2  t h a n  l 0 l 0  n/cm s .  The c a p s u l e  i s  u n d e r  c o n s t r u c t i o n ;  t h e  s n e c ' . r u n '  
i n  t h e  f a c i l i t y  h a s  b e e n  p r e d i c t e d  b y  means  o f  c a l c u l a t i o n s  ( i n  
c o o p e r a t i o n  w i t h  D i e r c k x  a t  E u r a t o n  I s n r a )  u s i n s  G G C ,  ABISS a n d  
DOT.  M e a s u r e m n e t s  s h o u l d  s t a r t  i n  S e p t e m b e r  (CESNSF).  



2 . 3 . 6  C r o s s  s e c t i o n  l i b r a r i e s  f o r  t h e  SAND-2 c o d e  a r e  b e i n g  up- 
d a t e d  and  e x t e n d e d .  Cod.es t o  g e n e r a t e  on c a r d s  o r  tap 'es  t h e  
620 g r o u p  c r o s s  s e c t i o n s  s t a r t i n g  f rom t h e  most r e c e n t  d a t a  f rom 
C C D N  and  CNEN Bologna  a r e  b e i n g  implemen ted  (CESTEF). 

2.1, A n a l . y s i s  of F i s s i l e  M a t e r i a l s  (CESNEF) 
N u c l e a r  t e c h n i q u e ;  f o r  t h e  a n n l y s i s  of m i x t u r e s  o f  f i s s i l e  
m a t e r i a l s  a r e  b e i n g  s t u d i e d  a t  CESNEF, M i l a n o .  Methods o f  a n a i y s i s  
o f  U-Th m i x t u r e s  and  e n r i c h e d  u r a n i u m  h a v e  been  d e v e l o p e d  and 
t e s t e d .  The t e c h n i q u e s  employed i n c l u d e  gamma s p e c t r o m e t r y  w i t h  
Ge-Li d e t e c t o r s  and  d e l a y e d  n e u t r o n  c o u n t i n g .  Methods t o  a n a l y z e  
p l u t o n i u m  i s o t o p i c  c o m p o s i t i o n  i n  s p e n t  f u e l  a r e  b e i n g  d e v e l o p e d .  

e They a r e  summarized  i n  T a b l e  i. 

TABLE 1 

Methods f o r  i s o t o p i c  a n a l y s i s  o f  Pu i n  s p e n t  f u e l  i n v e s t i g a t e d  
a t  CESNEF, M i l  ano 

T e c h n i q u e  

Gamma c o u n t i n g  by Ge-Li 

C o i n c i d e n c e  c o u n t i n g  o f  
n e u t r o n s  f r o m  s p o n t a n e o u s  
f i s s i o n  

Long c o u n t e r  d e t e r m i n a t i o r  
o f  n e u t r o n s  f rom ( a l p h a , n :  
r e a c t i o n  on oxygen ( f o r  
,Pu02 f u e l )  

C o i n c i d e n c e  c o u n t i n g  o f  
pFGnpt n e u t r o n s  f r o m  
r e s o n a n c e  f i s s i o n  i n  
v a r i o u s  i s o t o p e s  ( u s i n g  
c r y s t a l  monocromato r )  

C o u n t i n g  ( b y  l o n g  c o u n t e r )  
o f  d e l a y e d  n e u t r o n s  f r o n  
t h e r m a l  o r  epi-cadmium 
f i s s i o n  

R e s p o n s e  S t a t u s  

A i l  Pu i s o t o p e s  
e x c e p t  242 

I 
O p e r a t i o n a l  

M i x t u r e s  of 2 3 8 ,  
240 and  242 

B e i n g  
imp1 emen ted  

23-9+241 ( t h e r m a l  ) 
2?8+2&3+242 
(ep icadmiurn )  

2 3 9 ,  240  and I n  p r o j e c t  
241  s e p a r a t e l y  

B e i n g  
i m p l e n e n t e *  

M a i n l y  f r o m  238  I n  p r o j e c t  



3 .  LIGHT WATER REACTORS 

3 . 1  A n a L y s i s  o f  Power  D i s t r i b u t i o n  ! , !easurements  i n  t h e  TRIKO 
R e a c t o r  a t  t h e  End o f  t h e  T h i r d  C y c l e  ( O )  

3 . i . l  C r o s s  gamma s c a n s  h a v e  b e e n  p e r f o r m e d  on f o r t y - t w o  T r i n o  
f u e l  a s s e m b l i e s  d u r i n g  t h e s h u t d o w n  a t  t h e  e n d  o f  t h e  t h i r d  
c y c l e  w i t h  a n  a i m  a t  e v a l u a t i n g  t h e  e n d - o f - c y c l e  (EOC) r e d i a i  
power  d i s t r i b u t i o n  i n  a c o r e  c o n t a i n i n g  f u e i  a s s e m b i i e s  t h a t  h a d  
b e e n  i r r a d i a t e d  t o  a b o u t  2 9 . 0 0 0  MWd/tonne. The t o t a l  gamxa a c t i v -  
i t y  of  t h e  f u e l .  w a s  m e a s u r e d  by  means  o f  i o n i z a t i o n  c h a m b e r  
d e s i g n e d  a n d  b u t i t  by  W e s t i n ~ h o u s e  f o r  t h i s  p u r p o s e .  By t a k i n g  
a d v a n t a g e  o f  t h e  s y m m e t r y  o f  c h a r a c t e r i s t i c s  o f  t h e  c o r e  q u a d r a n t s  
i t  was p o s s i b i e  t o  o b t a i n  s u f f i c i e n t  i n f o r m a t i o n  f o r  a  m e a n i n g f u l  
v e r i f i c a t i o n  o f  t h e  power  d i s t r i b u t i o n  b a s e d  on g r o s s  galnna 
s c a n n i n e  o f  o n l y  p a r t  o f  t h e  f u e i  a s s e m b ; i e s .  The n e a s u r e n e n t s  

e 
w e r e  c a r r i e d  o u t  o n  a l l .  t h e  a s s e m b l i e s  o f  a q u a d r a n t  a n d  on  f o u r  
o r  f i v e  a s s e m b i i e s .  i n  e a c h  o f  t h e  o t h e r  t h r e e  q u a d r a n t s ,  s e l e c t e d  
s o  a s  t o  r e v e a l  a n y  power  t i i t  i n  t h e  c o r e .  

3 . 1 . 2  Rea . sons  f o r  s e i e e t i n g  g r o s s  ganmo s c a n n i n g :  a f t e r  r e n o v a l  
o f  t h e  i n - c o r e  i n s t r u m e n t a t i o n  f r o m  t h e  T r i n o  V e r c e l l e s e  R e a c t o r ,  
power  d i s t r i b u t i o n  m e a s u r e m e n t s  by means  o f  g r o s s  gamma s c a n n i n g  
h a v e  become o f  p a r a m o u n t  i m p o r t a n c e  t o  v a l i d a t e  t h e  d e s i f i n  o f  t h e  
l o a d i n g  map o f  e a c h  o p e r a t i o n  c y c l e ,  a n d  t h e y  a i s o  a l l o w  t h e ,  un-  
c e r t a i n t i e s  a r i s i n g  f r o m  t h e  p o s s i b i e  b u i l d u p  o f  e r r o r s  i n  s u c c e s -  
s i v e  c y c l e s  t o  b e  m i n i m i z e d  i n  t h e  c a i c u i a t i o n  o f  t h e  h o t  c h a n n e l  
f a c t o r s .  The m e a s u r e m e n t  o f  t h e  c o r e  power  d e n s i t y  d i s t r i b u t i o n  
b a s e d  o n  g r o s s  gamma s c a n n i n g  i s  j u s t i f i e d  b y  t h e  a s s u n g t i o n  t h a t ,  
s h o r t l y  a f t e r  s h u t d o w n ,  t h e  a c t i v i t y  of  f i s s i o n  p r o d u c t s  v h o s e  
h a i f - t i m e  i s  v e r y  s h o r t  as  compared  w i t h  t h e  p e r i o d  o v e r  w h i c h  
t h e  f u e i  was  i r r a d i a t e d  c a n b e  c o n s i d e r e d  3 r o c o r f i o n a l  t o  t h e  
power  d e n s i t y .  T h i s  a s s u m p t i o n  was v e r i f i e d  e x p e r i m e n t a i i y  a t  
Trine a t  t h e  e n d  o f  t h e  s e c o n d  c y c l e  b y  c o m p a r i n g  t h e  a s s e m b l y v i s e  
g r o s s  gamma a c t i v i t y  m e a s u r e d  i m m e d i a t e l y  a f t e r  t h e  r e f u e l l i n g  
shct?o,,;:: : ; i th  t k c  ex ; ' e r i !?en t? ;  n o w e r  d i s t r i h n t , j . o n s  o h t z i n e r l  t h r o u o l l  - 
t h e  s c a n n i n ~  o f  t h e  1 . 6  t!eV a c t i v i t y  o f  i n  t h e  same a s s e m -  
b l i e s  / 2 2 / .  The s t a n d a r d  d e v i a t i o n  b e t w e e n  t h e t w o  m e a s u r e m e n t s  
was 2 . 8 % ;  a h i g h e r  d e v i a t i o n  was o b s e r v e d  i n  t h e  p e r i p h e r d i  
a s s e m b l i e s .  G r o s s  eamma a c t i v i t y  m e a s u r e m e n t s  w e r e  p r e f e r r e d  f o r  
o p e r a t i o n a l .  r o u t i n e  b e c a u s e  o f  t h e  s i m p l i c i t y  a n d  r u g g e d n e s s  o f  
d e t e c t o r  d e s i g n ,  minimum e i e c t r o n i c  r e q u i r e m e n t s ,  t h e  f e w  m e c h a n i c a l .  
c o m p o n e n t s  r e q u i r e d ,  t h e  r a p i d  c o i . l e c t i o n ,  r e d u c t i o n  a n d  a n a l y s i s  
o f  t h e  t e s t  d a t a ,  a n d  f o r  t h e  l i m i t e d  i n t e r f @ P e n c e  w i t h  r e f u e l l i n g  

o p e r a t i o n s .  The l a s t  o f  t h e s e  a s p e c t s  e n a b l e s  t h e  n u c l e a r  d e s i g n e r  

( O )  by  M . P a o i e t t i  G u a l a n d i  , S . F e i  i c i  , R . G u i d o t t i  , P . P e r o n i  (ENTL-DCO) 



t o  t a k e  t i m e l y  a c t i o n ,  if n e c e s s a r y ,  w i t h o u t  d e l a y i n g  t h e  b e g i n n -  
i n g  o f  t h e  n e x t  c y c l e .  

3 .1 .2  Measuremznt  Method.  F o r  t h e  gamna s c a n s ,  t h e  g r o s s  ganma - 
a c t i v i t y  of  s e l e c t e d  f u e i  a s s e m b l i e s  i s  d e t e r m i n e d  by f o u r  
m i n i a t u r e ,  c y l i n d r i c a l .  i o n i z a t i o n  chambers  l o c a t e d  i n  a  h o l d i n g  
f i x t u r e  s u c h  t h a t  e a c h  d e t e c t o r  i s  p e r p e n d i c u l a r  t o  t h e  a s s e m b i . ~  
a x i s  and n e a r  t h e  c e n t e r  o f  e a c h  o f  t h e  f o u r  ma jo r  a s s e m b l i e s  
f a c e s .  The i o n i z a t i o n  c u r r e n t  i n  e a c h  d e t e c t o r  i s  measured  con- 
t i n u o u s l y  a s  t h e  a s s e m b l y  i s  i n s e r t e d  i n t o  and wi thdrawn  f rom t h e  
d e t e c t o r  h o l d e r .  TEe r e l a t i v e  s e n s i t i v i t y  o f  e a c h  d e t e c t o r  and  
t h e  d e c a y  f a c t o r  i s  d e t e r m i n e d  by m e a s u r i n g  t h e  c u r r e n t  f rom e a c h  
d e t e c t o r  when a d j a c e n t  t o  e a c h  of t h e  f a c e s  o f  t h e  s t a n d a r d  o r  
r e f e r e n c e  a s s e n b i y .  S i n c e  i t  it i m p r a c t i c a l  t o  r o t a t e  t h e  fue l .  
a s s e m b l y ,  t h e  d e t e c t o r  p o s i t i o n i n g  d e v i c e  i s  r o t a t e d  360•‹ i n  90' 
s t e p s ,  w i t h  an i n s e r t i o n  and w i t h d r a w a l  o f  t h e  r e f e r e n c e  a s s e m b i y  
b e i n g  p e r f o r m e d  a f t e r  e a c h  s t e p .  The d e t e c t o r  s i g n a l s  o f  e a c h  
o f  t h e  s e l e c t e d  f u e l .  a s s e m b i i c s  t h u s  o b t a i n e d ,  c o r r e c t e d  f o r  t h e  
r e l a t i v e  s e n s i t i v i t y  o f  e a c h  d e t e c t o r ,  i s  a v e r a g e d  o v e r  f o u r  
f a c e s  and n i u l . t i p i i e d  by t h e  d e c a y  c o r r e c t i o n  f a c t o r  t o  o b t a i n  
t h e  a c t i v i t y  n o r n a l i z e d  t o  t h e  b e g i n n i n g  o f  t h e  t e s t .  

3 . 1 . 3  C a l c u l a t i o n  Method:  On t h e  b a s i s  o f  t h e  i n f o r m a t i o n  f rom 
t h e  month ly  o p e r a t i o n  r e p o r t s  ! e . g . ,  p o w e r ,  e n e r g y  o u t p u t ,  w a t e r  
t e m p e r a t u r e ,  b o r o n  c o n c e n t r a t i o n  r e q u i r e d  t o  c o n t r o l  t h e  r e a c t o r )  
and  by adequate1 .y  r e p r e s e n t i n g  t h e  g e o m e t r y  o f  t h e  s q u a r e  and  
c r u c i f o r m  f u e l .  a s s e m b l i e s  p r e s e n t  i n  t h e  c o r e ,  c o r e  f o l l o w - u p  
c a l . c u l a t i o n s  w e r e , p e r f o r m e d  by BURSQUID code  / 2 3 /  i n  o r d e r  t o  t a k e  
i n t o  a c c o u n t  t h e  i m p a c t  on t h e  EOC-3 i r r a d i a t i o n d i s t r i b u t i o n  

0 
r e l a t e d  t o  t h e  r e a l  o p e r a t i n g  c o n d i t i o n s  i n  which  t h e  r e a c o t r  , . 
had o p e r a t e d  d u r i n g  C y c l e s  1, 2 and 3 .  The BURSQUID code  u s e d  
f o r  t h e  c a i c u i a t i o n s  was a  t h r e e - n e u t r o n - g r o u p  ( t w o  t h e r m a l  and 
one  f a s t )  v e r s i o n .  
The g e o m e t r i c a l  mode' r e p r e s e n t i n g  C y c l e  1 ( a b o u t  3800 mesh p o i n t s ,  . 1 3 0  c o m p o s i t i o n s ,  t h r e e  s u p e r c o m p o s i t i o n s )  was l i m i t e d  t o  o n e  

q u n r t c r  of  t h e  r e z c t o r  n i n c e  t h -  f u e i  3 c s e x t l i e s  had  been  l o a d e d  
i n  q u a d r a n t  symmetry .  I n s t e a d ,  f o r  C y c l e s  2 and 3 ( a b o u t  i 4 . 7 0 0  
mesh p o i n t s ,  448 c o m p o s i t i o n s ,  t h r e e  s u p e r c o m p o s i t i o n s ) ,  t h e  c a l -  
c u l a t i o n  had t o  b e  e x t e n d e d  t o  t h e  e n t i r e  r e a c t o r e ,  a s  t h e  
a f o r e s a i d  s y n m e t r y  d i d  n o t  e x i s t .  The e f f e c t  of  non-un i fo rm 
a x i a l  b u r n u p  d i s t r i b u t i o n  i n  t h e  c o r e  on n e u t r o n  l e a k a g e  was 
t a k e n  i n t o  a c c o u n t  by u s i n g  a  r e g i o n w i s e  b u c k l i n g  t h a t  v a r i e d  
w i t h  t h e  i r r a d i a t i o n  o f  e a c h  r e g i o n .  

3 . 1 . 4  Comparison o f  measured  and  c a l c b l a t e d  v a l u e s :  The the rma;  
power d i s t r i b u t i o n  o f  t h e  f o r t y - t w o  s c a n n e d  a s s e m b l i e s ,  c a l c u l a t e d  



w i t h  t h e  BURSQUID c o d e ,  was cornoared  w i t h  t h e  m e a s u r e d  v a i u e  
n o r m a l i z e d  t o  t h e  mean v a i u e  o f  t h e  c a l c u l a t e d  v a l u e s .  The 
s t a n d a r d  d e v i a t i o n  b e t w e e n  t h e  e x p e r i m e n t a i  a n d  c a i c u i a t e d  v a l u e s  
was 3 . 1 % .  The s c a t t e r i n g  o f  t h e  p e r c e n t a l  d e v i a t i o n s  

E m e a s u r e d - c a i c u i  a t e d  
---%) r e v e a l e d :  

c a i c u i  a t e d  
- a n  u n d e r e s t i m a t e  o f  t h e  c a i c u i a t e d  v a l u e s  t h a t  i n c r e a s e s  w i t h  

t h e  b u r n u p  o f  t h e  a s s e n b i i e s  p r e s e n t  i n  t h e  c e n t r a l  r e g i o n  o f  
t h e  c o r e  t o  a nsximum o f  a b o u t  5 % ;  

- a n  o v e r e s t i n a t e  oP  t h e  c a i c u l a t e d  v a l u e s  f o r  t h e  p e r i p h e r a l  
a s s e m b i i e s  u p  t o  n maximum o f  a b o u t  5 % .  

3 . 1 . 5  C o n c l u s i o n s .  T h e . t r e n d  i n d i c a t e d  a b o v e  c o u i d  b e  t h e  r e s u l t  
o f  e i t h e r  t h e  u n c e r t a i c t i e s  i n  t h e  c a i c u ; a t i o n s  o r  o f  b i a s e s  
c h a r a c t e r i s t i c  o f ' t h e  e x p e r i m e n t a l  m e t h o d .  T h i s  c o m p a r i s o n  con -  
t r i b u t e d  t o w a r d s  t h e  t r i n n i n g  u p  o f  t h e  BURSQUID c o d e  on  t h e  T r i n o  
V e r c e i i e s e  c o r e .  The v a i i d i t y  o f  t h e  c a i c u i a t i o n  m e t h o d  h a d  b e e n  
a s c e r t a i n e d  a t  t h e  e n d  o f  C y c l e  1. by  c o m p a r j n 2  t h e  c a i c u i a t e d  a n d  
e x p e r i n e n t a i .  r e s u i t s  r e l a t i n g  t o  t h c  55x11 a c t i v i t y  a n d  t h e  burnu.;, 
d i s t r i b u t i o n .  A s t a n d a r d  d e v i a t i o n  o f  i . . 4 %  was f o u n d  f o r  t h e  
5 5 ~ n  a c t i v i t y ;  t h e  s t a n d a r d  d e v i a t i o n  f o r  t h e  b u r n u p  d i s t r i b u t i o n  
was i . 5 %  1 2 2 1 .  

A f u r t h e r  c o n f i r m a t i o n  was o b t a i n e d  a t  t h e  end  o f  C y c l e  2  b y  
c o n p a r i n g  t h e  r e s u l t s  o f  t h e  power  d i s t r i b u t i o n  o b t a i n e d  w i t h  
g r o s s  ga:nr.la s c a n n i n ~ ,  and  t h e  c a j c u i a t e d  v a l u e s ;  t h e  r e s u i t i n c  
s t a n d a r d  d e v i a t i o n  w a s  2 . 5 % .  I n  a d d i t i o n ,  t h e -  K e f f  o f  t h e  c o r e ,  
o b t a i n e d  by  f o l l o w - u p  c a i c u l a t i o n s ,  was  p r a c t i c a i i y  c o n s t a n t  
t h r o u z h o u t  C y c l e s  . i ,  2  and  3 ( X e f f  = 1 . 0 0 0 0 0  + 0 . 0 0 5 0 0 )  a n d  'o 
b i a s  was f o u n d  i n  t h e  c o r e  w i t h  t h e  a c c u m u i a t e d  b u r n u p .  

3 . 2  A n a l y s i s  o f  3?"-3y-Bci ? 3 v e r  3 i s t : i b u ' i o n s  ' 4 e a s n r e i  3 -- 1x3 

I r r e d i a t e d  F ' r o t o t v n e  I r l _ i u t o n i u ~  Assenb;  i e s  i n  t h e  G a r i r : i e n o  - 
P o u e r  R e a c t o r  ( O )  

3 . 2 . 0  W i t h i n  ENEL'S p r o g r a m  f o r  t h e  r e c y c l e  o f  t h e  plutonium 
o b t ? i . ? o i  fri-2 i t s  n ! : c l e ? r  n2:rer - I ? - f s ,  T3?.!?L i n  ? ? n l ? - = ? t i ? -  ?- . 
r e s e a r c h  p r o g r a n  b n s e d  on  t h e  p e r f o r n a n c e  0.f t h e  p r o t o t y n e  p l u t o -  
n ium a s s e m b i i e s  t h a t  w e r e  l o a d e d  i n t o  t h e  C a r i g i i a n o  b o i i i n ~  
w a t e r  r e a c t o r  i n  i960 a n d  1 9 7 0 .  T h i s  a c t i v i t y  a i m e d  a t  d e v e i o p i n g  
c a l c u i a t i o n  m e t h o d s  f o r  t h e  n u c i e a r  d e s i t ~ n  o f  p i u t o n i u r n  a s s e n b i i e s ,  
a t  e x p e r i m e n t a l l y  v e r i f y i n g  t h e  c z p a b i i i t y  of  t h e s e  m e t h o d s  o f  
p r e d i c t i n g  f u e l  c e r f o r n s n c e ,  a n d  a t  d e f i n i n f i  t h e  t e c h n i c a i  a n d  
e c o n o n i c  c o ? d i t i o n s  s u i t a b i e  f o r  t h e  u t i l i z a t i o n  o f  p i u t o n i u n  a s ,  
a r e c y c l e  f i s s i l e  m a t c r i a i .  

( O )  by : " l . P a o i e t t i  Gua l  a n d i  , S . F e i  i c i  , R . G u i d o t t i  , P . P e r o n i  (I:!iSL-DCO) 



3 . 2 . 1  Rod-by-Rod Power D i s t r i b u t i o n  M e a s u r e m e n t s .  W i t h i n  t h e  
s c o p e  o f  t h i s  a c t i v i t y ,  m e a s u r e m e n t s  o f  rod -by- rod  I 4 ' O ~ a  gamma 
a c t i v i t y  were  t a k e n  on two i r r a d i a t e d  p r o t o t y p e  p l u t o n i u m  a s -  
s e m b l i e s ,  r e s p e c t i v e l y  a f t e r  one  and  two c y c l e s  o f  r e s i d e n c e  i n  
t h e  G a r i g l i a n o  power r e a c t o r ,  by u s i n g  a  Ge-Li d e t e c t o r  and  t h e  
a s s o c i a t e d  e q u i p m e n t  i n s t a l l e d  o u t s i d e  t h e  s p e n t  f u e l .  poo l  1 2 4 1 .  
These  m e a s u r e m e n t s  gave  t h e  l o c a l  power d i s t r i b u t i o n s  i n  t h e  
p l u t o n i u m  a s s e m b l i e s  a t  d i f f e r e n t  v o i d  c o n t e n t s .  
The a c t i v i t  m e a s u r e d  was t h a t  o f  1 . 6  MeV gamma r a y s  e m i t t e d  i n  
t h e  i40Ba-lE0La d e c a y .  The e x p e r i m e n t a l .  a c t i v i t y  d a t a ,  m u l t i p l i e d  
by t h e  d e c a y  c o r r e c t i o n  f a c t o r s ,  were  c o n v e r t e d  i n t o ' r e i a t i v e  
power v a l u e s  b y  u s i n g  a p p r o p r i a t e  p o w e r - t o - a c t i v i t y  c o n v e r s i o n  
f a c t o r s  o b t a i n e d  f o r  e a c h  r o d  f rom t h e  a s s e c i b i y w i s e  c a l . c u l a t i o n s  
p e r f o r m e d  w i t h  t h e  BURSQUID c o d e  d e s c r i b e d  be low.  

3 . 2 . 2  C a l c u l a t i o n  Method. D u r i n g  t h e  r e a c t o r  l i f e ,  t h e  p o w e r ,  
bu rn -up  and v o i d  d i s t r i b u t i o n s  a r e  p e r i o d i c a l l y  c a i c u l a t e d  f o r  
e a c h  a s s e m b l y  a t  e i g h t  a x i a l  l e v e l s  by means o f  t h e  ENEL v e r s i o n  
o f  t h e  t h r e e - d i m e n s i o n  d i f f u s i o n  code  FLARE, i n  t h e  f r a m e -  
work o f  t h e  f u e l  a c c o u n t a b i l i t y  p r o z r a m .  With t h e s e  d a t a ,  a  
f o l l o w - u p  c a l c u l a t i o n  was c a r r i e d  o u t  f o r  e a c h  a s s e m b l y  by means 
o f  t h e  BURSQUID code  s o  a s  t o  s i m u l a t e  t h e  i r r a d i a t i o n  h i s t o r y  
a t  t h e  l e v e l s  a t  wh ich  t h e  a s s e m b l i e s  were  s c a n n e d .  For  t h i s  
p u r p o s e ,  c a l c u l a t i o n s  i n  x , y  g e o m e t r y  were  c a r r i e d  o u t  b y  u s i n g  
f i v e  n e u t r o n  e n e r g y  g r o u p s ,  two o f  which  a r e  t h e r m a l .  The n e u t r o n  
c u r r e n t  a r o u n d  t h e  a s s e m b l y  was assumed t o  b e  n i l  ( s y m m e t r i c a l  
c o n d i t i o n s  on e a c h  s i d e )  a s  i f  t h e  a s s e n b i y  were  i s o l a t e d  f r o m  
t h e  r e s t  o f  t h e  c o r e .  E q u i v a l e n t  a b s o r p t i o n  c r o s s - s e c t i o n s  .were 
u s e d  t o  s i m u l a t e  t h e  i n s e r t i o n  of  a c o n t r o l  r o d .  To s i m p l i f y  t h e  
c a i c u i . a t i o n s ,  i t  was a i s o  asgumed t h a t  a d i a g o n a l  s y n m e t r y  e x i s t e d  
d u r i n g  i r r a d i a t i o n ,  b u t  t h i s  n e a c t  n e g i e c t i n q  t h e  e f f e c t  o f  t h e  

1 
p r e s e n c e  o f  t h e  i n - c o r e  i n s t r u m e n t a t i o n  g u i d e  t u b e  n e a r  o n e  e d g e  
o f  t h e  a s s e m b l y .  

3 . 2 . 3  Compar ison  o f  Ca ' cu la t ed  and  Measured  V a l u e s .  The t h e o r e t i c a l  . 
r o d - b y - r o d  power d i s t r i b u t i o n s  o f  t n e  two p r o t o t y p e  p i u t o n i u m  
a s s e m b l i e s  show good a s r e e n e n t  b e t v e e n  t h e  c a l c u l a t e d  and  n e a s u r e d  
v a i u e s  o f  t h e  l e v e l s  a t  . low v o i d  c o n t e n t ,  w i t h  a  s t a n d a r d  d e v i a -  
t i o n  be tween  25 and 3 % .  For  h i g h e r  v o i d  c o n t e n t s ,  t h e  s t a n d a r d  
d e v i a t i o n  i n c r e a s e s  t o  4 . 4 5 .  The power d e n s i t i e s  o f  t h e  f u e i  r o d s  
n e a r  t h e  a s s e m b i y  c o r n e r s  t h a t  were  a f f e c t e d  by t h e  i n t e r m i t t e n t  
p r e s e n c e  o f  a d j a c e n t  c o n t r o l  r o d s  d u r i n s  i r r a d i a t i o n  were  f o u n d  
t o  b e  s i g n i f i c i n t l y  h i s h e r  t h a n  t h o s e  o f  t h e  r o d s  n e a r  t h e  o t h e r  
c o r n e r s .  T h i s  e f f e c t  i s  d u e  t o  t h e  l o v e r  bu rn -up  a c c u m u l a t e d  i n  
t h e  r o d s  n e a r  t h e  i n s e r t e d  c o n t r o l  r o d s ,  wh ich  c a u s e s  t h e  power 
d e n s i t y  t o  i n c r e a s e  s h a r p l y  a s  soon a s . t h e  c o n t r o l  r o d s  a r e .  



wi thdrawn .  T h i s  e f f e c t  i s  o f f s e t  a s  burn-up p r o c e e d s ;  however ,  
f o r  t h e  a s s e m b l i e s  s c a n n e d  u n d e r  t h i s  p r o g r a m ,  i t  wa i  s t i l l  
h i g h  a f t e r  a b o u t  4000 MWdItonne. I n  t h e  c a s e  of t h e  p l u t o n i u m -  
i s l a n d  a s s e m b l y ,  a  more p ronounced  power p e a k i n g  i n  o n e  c o r n e r  
was found  b e c a u s e  t h e  a d j a c e n t  c o n t r o l  r o d  had been  i n s e r t e d  f o r  
a  l o n g  t i m e .  The - c a l c u l a t i o n s  p e r f o r m e d  f o r  t h e  same two p r o t o -  
t y p e  a s s e m b l i e s  r e v e a l e d  t h e  same e f f e c t s ,  b u t  l e s s  p r o n o u n c e d .  
The a x i a l  power s h a p e s  measured  on a  few r o d s  o f  t h e  two p l u t o n i u m  
a s s e m b l i e s  a p p e a r  t o  b e  more p ronounced  when p a s s i n g  from t h e  
p e r i p h e r a l  r o d s  t o  t h e  i n n e r  o n e s .  T h i s  phenomenon m i g h t  b e  
e x p l a i n e d  by t h e  i n f l u e n c e  o f  t h e  v o i d s  on t h e  power s h a r i n g  
be tween  r o d s  d i f f e r i n g  i n  p l u t o n i u m  c o n t e n t  and by  t h e  a t t e n u a -  
t i o n  e f f e c t  of  t h e  w a t e r  gap  on  t h e  a x i a l  p e r t u r b a t i o n  c a u s e d  
by t h e  v o i d s  i n  t h e  o u t e r m o s t  r o d s .  

3 . 3  process in^ o f  E x p e r i m e n t a l  D a t a  O b t a i n e d  From Gamma S c a n n i n ~ ,  ( O )  

I n  t h e  f i e l d  of  c o r e  p e r f o r m a n c e  e v a l u a t i o n ,  t h e  d a t a  m e a s u r e d  
r e q u i r e  i n  g e n e r a l  f u r t h e r  p r o c e s s i n g  i n  o r d e r  t o  o b t a i n  d a t a  
t h a t  a r e  m e a n i n g f u l  o r  c o m p a r a b l e  t o  t h e  v a l u e s  o b t a i n e d  f r o m  t h e  
c a l c u l a t i o n  c o d e s .  I n  t h e  c a s e  o f  a s s e m b l y w i s e  gamma s c a n n i n g ,  
it i s  n e c e s s a r y  t o  c o r r e c t  t h e  gamma a c t i v i t y  o f  t h e  r a d i o i s o t o p e  
b e i n g  measured  t o  a c c o u n t  f o r  t h e  r o d - s h i e l d i n g  e f f e c t  / 2 5 / ,  i n  
a d d i t i o n  t o  t h e  o t h e r  o p e r a t i o n s  s u c h  a s  gamma-ray s p e c t r a  p r o c e s s -  - 

i n g ,  d e c a y  c o r r e c t i o n ,  e t c .  
The r o d - s h i e l d i n g  e f f e c t  i s  d u e  t o  t h e  a t t e n u a t i o n  u n d e r g o n e  by 
t h e  gamma r a y s  when t h e y  c r o s s  t h e  f u e l  a s s e m b l y  r e g i o n s  l y i n g  
on t h e  p a t h  t o w a r d s  t h e  d e t e c t o r .  The a t t e n u a t i o n  i s  n e g l i b i l e  
o r  a l m o s t  t o t a l ,  d e p e n d i n g  on w h e t h e r  t h e  gamma r a y s  come f rom 
p e r i p h e r a l  o r  i n n e r m o s t  r o d s , i n  t h e  a s s e m b l y .  It i s  t h u s  t h e  
p e r i p h e r a l  r o d s  t h a t  most  c o n t r i b u t e  t o  t h e  m e a s u r e m e n t ,  s o  t h a t  
d i f f e r e n t  a c t i v i t y  d i s t r i b u t i o n s  i n  an  a s s e m b i y  g i v e  r , i s e  t o  
d i f f e r e n t  r e a d i n g s  f o r  t h e  same a v e r a g e  a c t i v i t y  e m i s s i o n .  T h e r e -  
f o r e ,  t h e  d i s t r i b u t i o n  of t h e  a c t i v i t y  o f  t h e  m e a s u r e d  r a d i o -  
i s o t o p e  i n s i d e  t h e  a s s e m b l y  must  b e  f a c t o r e d  i n .  
F o r  t h i s  p u r p o s e ,  ZiiEL d e v e l o p e d  t h e  AT'iEXUA and ATTIVA c o d e s ,  
w h i c h ,  l i n k e d  w i t h  t h e  BURSQUID c o d e ,  a l l o w  t h e  c a l c u l a t i o n  o f  
t h e  c o r r e c t i o n  f a c t o r  t h a t  g i v e s  t h e  r a t i o  be tween  t h e  a c t u a l  
and m e a s u r e d  a c t i v i t y  f o r  any  i s o t o p e  g e n e r a t e d  by  f i s s i o n .  The 
ATTIVA code  p i c k s  up  t h e  f i s s i o n  c r o s s - s e c t i o n s  o f  t h e  f i s s i l e  
i s o t o p e s  and  t h e  a b s o l u t e  f i u x e s  f o r  e a c h  f u e l  r o d  and  b u r n - u p  
i n t e r v a l  f rom a  BURSQUID c a l c u l a t i o n s ,  and c a l c u i a t e s  t h e  f i s s i o c  
p r o d u c t  b u i l d - u p  i n  e a c h  r o d .  The r cd -by- rod  a c t i v i t y  d i s t r i b u t i o n  
o f  a  g i v e n  f i s s i o n  p r o d u c t  i s o t o p e  i s  t h e n  f e d  i n t o  t h e  ATTENUA 
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c o d e ,  which  c a l c u l a t e s  t h e  gamma a c t i v i t y  f o r  t h e  gamma r a y  e n e r g y  
of t h e  s e l e c t e d  i s o t o p e ,  as m e a s u r e d  by t h e  d e t e c t o r ;  T h i s  v a l u e ,  
d i v i d e d  by  t h e  t o t a l  a c t i v i t y  i n s i d e  t h e  a s s e m b l y ,  g i v e s  t h e  t h e o -  
r e t i c a l  c o r r e c t i o n  f a c t o r .  

3 .4  I s o t o p i c  C o r r e j a t i o n s  ( O )  

Over t h e  s e v e r a l  y e a r s  of  o p e r a t i n g  e x p e r i e n c e ,  ENEL h a s  c o l l e c t e d  
a  h o s t  o f  d a t a  r e l a t i n g  t o  t h e  i s o t o p i c  c o n c e n t r a t i o h n s  p r e s e n t  
i n  t h e  i r r a d i a t e d  f u e l  o f  l i g h t  w a t e r  r e a c t o r s .  The s o u r c e s  o f  
t h i s  i n f o r m a t i o n  ar.e e s s e n t i a l l y  t h r e e :  
a .  I s o t o p i c  a n a l y s e s  o f  U ,  P u ,  A m ,  C m ,  148Nd, 1 3 7 ~ s  on s p e c i m e n s  

t a k e n  f rom f u e l  r o d s ,  w i t h i n  t h e  f ramework of  r e s e a r c h  campaigns 
b .  I s o t o p i c  a n a l y s e s  o f  s a m p l e  s o l u t i o n s  t a k e n  d u r i n g  t h e  r e p r o -  

c e s s i n g  o f  i n d i v i d u a l  b a t c h e s  o f  s p e n t  f u e l .  (1t s h o u l d  be  
p o i n t e d  o u t ,  however ,  t h a t  d e p e n d i n g  on t h e  r e p r o c e s s i n g  p r o -  
c e d u r e ,  t h e  s a m p l e s  may n o t  c o r r e c t l y  r e p r e s e n t  t h e  c h a r a c t e -  
r i s t i c s  of  t h e  who le  b a t c h ) .  

c .  Gamma a c t i v i t y  s p e c t r u m  measurement s  on i n d i v i d u a l  r o d s  o r  on 
t h e  whole a s s e m b l y  a f t e r  a  d e c a y  p e r i o d  o f  s e v e r a l  months  
o u t s i d e  t h e  c o r e .  T h e s e  measurement s  a l l o w  t h e  a c t i v i t y  d i s t r i -  
b u t i o n ,  and t h u s  t h e  c o n c e n t r a t i o n s  of  some o f  t h e  f i s s i o n  
p r o d u c t s ,  t o  b e  d e r i v e d .  

The c o l l e c t i o n  o f  d a t a  f rom t h e  a n a l y s e s  u n d e r  ( a )  and  ( b )  e n a b l e d  
ENEL t o  d e v e l o p  and  c h e c k  a  number o f  h e a v y  i s o t o p e  c o r r e l a t i o n s ,  
some o f  which  a r e  v e r y  p r o m i s i n g .  T h i s  s t u d y  i s  o f  p a r t i c u l a r  
s i g n i f i c a n c e  b e c a u s e  i t  i s  p e r f o r m e d  on f u e l  i r r a d i a t e d  i n  d i f -  
f e r e n t  r e a c t o r  sys , tems (BWR and  PWR), f o r  d i f f e r e n t  e n r i c h m e n t s ,  
v o i d  c o n t e n t s  a n d  power l e v e l s .  

- 

A n o t h e r  s t u d y  u n d e r  way a i m s , a t  e s t a b l i s h i n g  c o r r e l a t i o n s  be tween  
heavy  i s o t o p e  c o n c e n t r a t i o n s  d e t e r m i n e d  by means o f  d e s t r u c t i v e  
t e s t s  and t h e  a c t i v i t y  of  c e r t a i n  f i s s i o n  p r o d u c t s  o b t a i n e d  by 
means o f  n o n - d e s t r u c t i v e  m e a s u r e m e n t s .  With t h e s e  c o r r e l a t i o n s ,  
it would b e  p o s s i b l e  t o  know t h e  amount o f  f i s s i l e  i s o t o p e s  r e -  
c o v e r e d  f rom r e p r o c e s s i n g  s i m p l y  by u s i n g  t h e  gamma s c a n n i n g  d a t a  
o b t a i n e d  b e f o r e  s e n d i n g  t h e  i r r a d i a t e d  f u e i  t o  t h e  r e p r o c e s s i n g  
p l a n t .  
So f a r ,  t h e s e  s t u d i e s  h a v e  b e e n  b a s e d  on e x p e r i m e n t a l  d a t a  and  
h a v e  somet imes  g i v e n  r i s e  t o  d i f f i c u l t i e s  i n  i n t e r p r e t a t i o n  
b e c a u s e  o f  t h e  s c a n t y  number o f  measurement s  a v a i l a b l e .  I t  t h e n  
a p p e a r e d  d e s i r a b l e  t o  p e r f o r m  q u a l i t a t i v e  and q u a n t i t a t i v e  ana -  
l y s e s  o f  t h e  c o r r e l a t i o n s  on t h e  b a s i s  o f  i s o t o p i c  c o n c e n t r a t i o n s  
o b t a i n e d  by means o f  t h e  burn -up  c o d e s ,  i n  o r d e r  t o  s i n g l e  o u t  
t h e  p a r a m e t e r s  t h a t  most  a f f e c t  t h e s e  c o r r e l a t i o n s .  I n  p a r t i c u l a r ,  
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ENEL d e v e l o p e d  t h e  ATTIVA c o d e ,  wh ich  p r o v i d e s  t h e  a c t i v i t i e s  
o f  t h e  v a r i o u s  f i s s i o n  p r o d u c t s ,  t o  be  l i n k e d  t o  t h e  BURSQUID 
code  t h a t  c a l c u l a t e d  t h e  e v o l u t i o n  o f  t h e  heavy  i s o t o p e  concen-  
t r a t i o n s .  I n  t h i s  manner i t  h a s  been  p o s s i b l e  t o  s i n g l e  o u t  t h e  
p r o m i s i n g  c o r r e l a t i o n s  be tween  burn-up  o r  heavy  i s o t o p e  concen-  
t r a t i o n s  and  f i s s i o n  p r o d u c t  a c t i v i t i e s ,  and  t o  d i s c a r d  o t h e r  
t h a t  were  b a s e d  on e x p e r i m e n t a l  d a t a  and  had i n i t i a l l y  a p p e a r e d  
t o  be  o f  i n t e r e s t .  

3.5 A u t o m a t i c  C a l c u l a t i o n  Sys tems  F o r  t h e  Assessmen t  Of LWR 

Core  C r i t i c a l i t y  ( ' )  - 
I n  c o n n e c t i o n  w i t h  t h e  o p e r a t i c n  o f  i t s  l i g h t  w a t e r  r e a c t o r s ,  
ENEL d e v e l o p e d  a  method t o  a s s e s s  c o r e  c r i t i c a l i t y ,  p a r t i c u l a r l y  
f o r  t h e  p u r p o s e  o f  v e r i f y i n g  t h e  shutdown m a r g i n .  T h i s  p a r a m e t e r  
i s  one  o f  t h e  mos t  i m p o r t a n t  r e q u i r e m e n t s  t o  be  s a t i s f i e d  i n  t h e  
r e f u e l l i n g  o f  b o i l i n g  w a t e r  r e a c t c r s  and  i n  t h e  c o n d i t i o n s  
f o l l o w i n g  a  " c r e d i b l e "  s t e a m  p i p e  b r e a k  i n  p r e s s u r i z e d  w a t e r  
r e a c t o r s ;  t h e r e f o r e ,  i t  must  be  v e r i f i e d  s e v e r a l  t i m e s  i n  t h e  
c o u r s e  o f  e a c h  o p e r a t i n g  c y c l e .  
The method c o n s i s t s  i n  u t i l i z i n g  t h e  a x i a l  c o n d e n s a t i o n  o f  t h e  
l a t t i c e  p a r a m e t e r s  r e l a t i n g  t o  t h e  i n d i v i d u a l  a s s e m b l i e s  and  i s  
t h u s  b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  i n f l u e n c e  o f  a d j a c e n t  
a s s e m b l i e s  on t h e  a x i a l  f l u x  d i s t r i b u t i o n  o f  t h e  a s s e m b l y  u n d e r  
c o n s i d e r a t i o n  i s  v e r y  s m a l l .  T h u s ,  i t  a l l o w s  t h e  c o r e  r e a c t i v i t y  
t o  be  c a l c u l a t e d  c o r r e c t l y  o n l y  when e v e r y  c o n t r o l  r o d  i s  
c o m p l e t e l y  i n  o r  c o m p l e t e l y  o u t ,  a s  i s  t h e  c a s e  i n  mos t  s u b -  
c r i t i c a l i t y  a s s e s s m e n t s .  I n  t h e  r e p r e s e n t a t i o n ,  t h e  e f f e c t  o f  
t h e  c o n t r o l  r o d s  i s  t a k e n  i n t o  a c c o u n t  by h o m o g e n e i z i n g  n e u t r o n  
a b s o r p t i o n  o v e r  h a l f  t h e  a r e a  o f  t h e  f o u r  a d j s c e n t a s s e m b i i e s  - - 
The c a l c u l a t i o n  method / 2 6 /  b r e a k s  dovn e s s e n t i a l l y  i n t o  t h e  
f o l l o w i n g  s t e p s :  
a .  D e t e r m i n a t i o n ,  f o r  e a c h  a s s e m b l y  o r  g r o u p  o f  a s s e m b l i e s ,  o f  

t h e  a x i a l  d i s t r i b u t i o n s  of t h e  burn-up  and of t h e  v o i d  c o n t e n t  
a v e r a g e d  o v e r  t h e  a s s e m b l y  l i f e  ( " i n t e g r a l ' v o i d  c o n t e n t " ) ,  

v 

by means o f  a  t h r c e - d i m e n s i o n  c o r e  f o l l o w - u p  c o d e .  
b .  D e t e r m i n a t i o n  o f  t h e  c r o s s - s e c t i o n s  o f  t h e  m a t e r i a l s  o t h e r  

t h a n  t h o s e  o f  t h e  f u e l  c e l l s ,  s u c h  a s  t h e  s h e a t h  and w a t e r  
g a p ,  by means o f  n e u t r o n  s p e c t r u m  c a l c u l a t i o n  c o d e s .  

c .  D e t e r m i n a t i o n  o f  t h e  p a r a m e t e r s  r e p r e s e n t , a t i v e  o f  t h e  c o n t r o l  
r o d s ,  t h a t  i s ,  t h e  c r o s s  s e c t i o n s  i n  r e s p e c t  o f  f a s t  o r  e p i -  
t h e r m a l  n e u t r o n s ,  and  o f  t h e  e x t r a p o l a t i o n  l e n g t h s  f o r  t h e r m a l  

- 
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n e u t r o n s ,  by means of  a  t r a n s p o r t  c o d e .  
d .  D e t e r m i n a t i o n  o f  a  s e t  o f  rod-by-rod i s o t o p i c  c o n c e n t r a t i o n s  

a s  a  f u n c t i o n  o f  bu rn -up  and  o f  t h e  v o i d  c o n d i t i o n s  t y p i c a l  
o f  t h e  a x i a l  r e g i o n s  i n t o  which  t h e  c o r e  i s  c o n v e n t i o n a l l y  
d i v i d e d ,  by means of  a  b i d i m e n s i o n a l  burn-up c o d e .  

e .  C a l c u l a t i o n  of  t h e  a s s e m b l y  l a t t i c e  c o n s t a n t s  f rom t h e  f o r e -  
g o i n g  rod-by- rod  i s o t o p i c  c o n c e n t r a t i o n s  i n  t h e  c o n d i t i o n s  
f o r  which  c r i t i c a l i t y  i s  t o  be v e r i f i e d ,  by means o f  a  b i d i -  
m e n s i o n a l  d i f f u s i o n  c o d e  i n  x , y  g e o m e t r y .  

f .  G r o u p i n g  o f  t h e  a s s e m b l i e s  by burn-up l e v e l ,  a x i a l  burn-up 
d i s t r i b u t i o n  and  " i n t e g r a l  v o i d  c o n t e n t " .  

@ 
g.  A x i a l  c o n d e n s a t i o n  of  t h e  a s s e m b l y  l a t t i c e  c o n s t a n t s ,  f o r  

e a c h  g r o u p  o f  a s s e m b l i e s ,  by means o f  a  u n i d i m e n s i o n a l  d i f -  
f u s i o n  c o d e .  F o r  e a c h  a x i a l  r e g i o n ,  t h e  i n p u t s  t o  t h e  compute r  
a r e  t h e  a s s e m b l y  l a t t i c e  c o n s t a n t s  ( i t e m  e )  r e f e r r e d  t o  t h e  
r e l a t e d  b u r n - u p  l e v e l  and i n t e g r a l  v o i d  c o n t e n t .  

h .  D e t e r m i n a t i o n  o f  c o r e  c r i t i c a l i t y ,  by means o f  a  b i d i n e n s i o n a l  
d i f f u s i o n  c o d e ,  e x t e n d e d  t o  t h e  whole  c o r e  i n  x , y  g e o m e t r y .  

T h i s  method c a l l e d  f o r  t h e  u t i l i z a t i o n  o f  a  g r e a t  number o f  
c o d e s  and  c o n s i d e r a b l e  manua l  work t o  s e t  u p ,  p r e p a r e  and  p r o c e s s  
t h e  d a t a  f o r  t h e  v a r i o u s  c a l c u l a t i o n  s t e p s .  To r e d u c e  t h e  p a i n s -  
t a k i n g  manual  work ,  t h e  a t t e n d a n t  e r r o r s ,  and l o n g  mach ine  t i m e s ,  
ENEL c o n c e i v e d  a  compute r  s y s t e m  t o  p e r f o r m  t h e  c a l c u l a t i o n s  
a u t o m a t i c a l l y ,  which  i s  now b e i n g  implemented  by CISE. I n  v i e w  
of t h e  c h a r a c t e r i s t i c s  of  t h e  c a l c u l a t i o n  m e t h o d ,  i t  was c o n s i -  
d e r e d  d e s i r a b l e  t o  d i v i d e  t h e  s y s t e m  i n t o  t h e  f o l l o w i n g  two 
s u b s y s t e m s .  - 
a .  P r e p a r a t i o n  of  t h e  l i b r a r y  o f  t h e  a s s e m b l y  l a t t i c e  p a r a m e t e r s  

a s  a  f u n c t i o n  o f  burn-up and m o d e r a t o r  v o i d  c o n t e n t ,  f o r  t h e  
c o n d i t i o n s  i n  which  t h e  c r i t i c a l i t y  i s  t o  b e  a s s e s s e d .  T h i s  
s u b s y s t e m  c o n t a i n s  two subroutines t h a t  r e s p e c t i v e l y  d e t e r m i n e  
t h e  n u c l e a r  p a r a n e t e r s  o f  t h e  m a t e r i a l s  o t h e r  t h a n  t h e  f u e l  
c e l l s  a n d  o f  t h e  c o n t r o l  r o d s ,  by  means of s i m p l i f i e d  c o r r e l a -  
t i o n s .  

b .  C a l c u l a t i o n  o f  t n e  c o r e  r e a c t i v i t y  f o r  t n e  c a s e  u n d e r  c o n s i -  
d e r a t i o n .  T h i s  s u b s y s t e m  c o n t a i n s  a  s u b r o u t i n e  t h a t  g r o u p s  
s i m i l a r  a s s e m b l i e s  i n t o  d i s t i n c t  c l a s s e s ,  a  s u b r o u t i n e  t h a t  
r e a d s  and t h e n  i n t e r p o l a t e s  t h e  d a t a  c o n t a i n e d  i n  t h e  l i b r a r y  
p r e p a r e d  by t h e  f i r s t  s u b s y s t e m ,  t h e  u n i d i m e n s i o n a l  c o d e  t h a t  
p e r f o r m s  a x i a l  c o n d e n s a t i o n ,  and t h e  b i d i m e n s i o n a l  d i f f u s i o n  
code  t h a t  c a i c u l a t e d  t h e  r e a c t i v i t y  o f  t h e  whole c o r e .  



3.6 -work a t  
A t  PMN ( P r o g e t t a z i o n i  Meccan iche  N u c l e a r i ,  Genova)  e f f o r t s  i n  
t h i s  f i e l d  have  f o c u s e d  on t h e  deve lopmen t  of a  code  f o r  c a l c u l a t -  
i n g  power d i s t r i b u t i o n s  o f  a  BWR, i n  3 - d i m e n s i o n a l  g e o m e t r y  and  
n e u t r o n i c s - t h e r m o h y d r a u l i c s  c o u p l i n g .  An a c c u r a t e  a n a l y s i s  of 
v a r i o u s  " c o a r s e  mesh" c a l c u l a t i o n a l  methods  f o r  n e u t r o n  f l u x e s  
h a s  been  c a r r i e d  o u t  f o r  t h i s  p u r p o s e .  A s  a  Y e s u l t ,  t h e  MARPLE 
code  h a s  been  d e v e l o p e d  ( t h i s  code  i s  n o t  f r e e l y  a v a i l a b l e ) .  
R e s u l t s  f rom MARPLE h a v e  been  compared ,  w i t h  v e r y  good a g r e e m e n t ,  
w i t h  t h o s e  f rom t h e ' b e n c h m a r k  i n  EACRP-U-47. 

3 . 7  C r i t i c a l  e x u e r i m e n t s  ( C S N C )  
Measurements  o f  t e m p e r a t u r e  c o e f f i c i e n t s  and k i n e t i c  p a r a m e t e r s  
have  been  p e r f o r m e d  i n  t h e  c r i t i c a l  f a c i l i t y  ROSPO, b o t h  i n  
s m a l l  c l e a n  and l a r g e  r o d d e d  c o r e s .  A few r e a c t i v i t y  and  power 
d i s t r i b u t i o n  m e a s u r e m e n t s  have  been  made i n  c o r e s  i n c o r p o r a t i n g  

3  UO (dep1)-Gd 0  ( 2 5 0 2 0 0  mg/cm ) r o d s  i n  t h e  c e n t r a l  e l e m e n t .  
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3 . 8  B u r n a b l e  POLS- ( C S S C ,  PFU) 
E x p e r i m e n t s  on i r r a d i a t i o n  of b u r n a b l e  p o i s o n  s a m p l e s  were  c a r r i e d  
o u t .  R e a c t i s i t y  m e a s u r e m e n t s  a r e  i n  p r o g r e s s .  A d e s c r i p t i o n  o f  
t h e  s a n p l e o  and  o f  t h e  i r r a d i a t i o n  c o n d i t i o n s  i s  g i v e n  i n  1271 .  

3 . 9  A c t i v i t y  on code  d e v e l o u m e n t  a t  CMEN ( P P u )  
The a c t i v i t i e s  i n  t h e  p h y s i c s  a r e a  f o r  LWR's p r e v i o u s l y  p e r f o r m -  
ed  a t  L a b o r a t o r i o  F i s i c a  e  C a l c o l o  R e a t t o r i ,  have  been  t a k e n  u p  
by Programma P l u t o n i o ,  which  a ima  a t  a s s e s s i n g  d e s i g n  c a p a b i l i t i e s  
f o r  LWR's. These  new a c t i v i t i e s  a r e  i n  c o o p e r a t i o n  w i t h  I t a l i a n  
i n d u s t r y ,  m a i n l y ,  i n  t h e  p h y ~ i c s  a r e a ,  w i t h  ENEL. The c o n p u t a t i o n a l  
t o o i s  c o n s i s t  b a s i c a i i y  o f  a  x ,y  c o d e  f o r  f u e l  e l e z e n t  a - s l y s i s  
a t  d i f f e r e n t  w a t e r  d e n s i t i e s  BURNY-BEVE, and o f  a  t r i d i n e n s i o n a l  
c o r e  s i m u l a t o r  named BACOXE w i t h  c o u p l e d  n e u t r o n i c s  and  the rmo-  
h y i d r a u l i c s  f o r  c o r e  a n a l y s i s ;  u monod imens iona l  code  DANTE i s  u s e d  
f o r  s u r v e y  c a l c u l a t i o n s  o f  a x i a l  power d i s t r i b u t i o n .  - 
3 . 9 . 1  I m p r o v e n e n t s  i n  t h e  c o d e s .  
An advanced  v e r s i o n  h a s  b e e n  s e t - u p  of t h e  BEVE code  which  i s  
u s e d  i n  t h e  BURNY c h a i n  t o  e v a l u a t e  t h e  n e u t r o n i c  b o h a v i o u r  of 
Gd p o i s o n e d  c e l l s ,  t a k i n g  i n t o  a c c o u n t  t h e  i n t e r r e l a t e d  s p a c e  
and  e n e r g y  s e l f s h i e l d i n g .  The new v e r s i o n  which  i s  u s e d  f o r  Pu 
f u e l  e l e m e n t s  s u p p l i e s  c e l l  c o n s t a n t s  f o r  an e n e r g y  scheme employ- 
i n g  two g r o a p s  i n  t h e  t h e r m a l  r a n g e ;  t h e  n e c e s s a r y  l i b r a r i e s  
h a v e  a l s o  b e e n  s e t  u p ,  i n c l u d i n g  u p  and d o ~ n s c ' a t t e r i n ~  p r o p e r t i e s .  
The f o l l o w i n g  new c a l c u l a t i o n  f e a t u r e s  have  been  i n t r o d u c e d  i n t o  
B U R N Y :  



d e s c r i p t i o n  o f  c o n t r o l  s y s t e m s  f o r  p r e s e n t  g e n e r a t i o n  PWR's 
( R C C  o f  Ag-In-Cd o r  B4C); 
d e s c r i p t i o n  by a  t r a n s p o r t  method (P-I  a p p r o x i m a t i o n )  of  c o n t r o l  
r o d s  f o r  B W R ' s ;  
t r e a t m e n t  o f  c o r e s  w i t h  p e r i o d i c  l a y - o u t  o f  f u e l  e l e m e n t s ;  
g e o m e t r i c a l  a v e r a g i n g  o f  c r o s s  s e c t i o n s  o v e r  t h e  m a c r o - c e l l  t o  
b e  u s e d  f o r  t r i d i m e n s i o n a l  o r  a x i a l  c o d e s ;  
m u l t i g r o u p  t r e a t m e n t  of  Gd a b s o r p t i o n  i n  t h e  e p i t h e r m a l  r a n e e .  

3 .9 .2  I m p l e m e n t a t i o n  of  new c o d e s  
U s i n g  t h e  same f o r m a l i s m  a s  i n  t h e  dynamic code  A L A D I N O ,  an  a x i a l  
code  named DANTE w i t h  c o u p l e d  n e u t r o n i c s  and t h e r m o h y d r a u l i c s  h a s  
b e e n  implemented  which  c a l c u l a t e s  u s i n g  two e n e r g y  g r o u p s  r e a c t i -  
v i t y  and  a x i a l  power d i s t r i b u t i o n  v e r s u s  i r r a d i a t i o n .  D i f f e r e n t  
c o m p o s i t i o n s  c a n  b e  u s e d  a l o n g  t h e  a x i s  s o  a s  t o  u s e  t h e  c o d e  t o  
o p t i m i z e  t h e  a x i a l  d i s t r i b u t i o n  o f  b u r n s b i e  p o i s o n s .  
Both BACONE and DANTE employ t h e  d e s c r i p t i o n  of  t h e  n u c l e a r  be-  
h a v i o r  of  t h e  e l e m e n t s  i n  t e r m s  of  a n a l y t i c  f i t t i n g  of  t h e  c r o s s  
s e c t i o n  v a l u e s  p e r a m e t r i c a l l y  c a l c u l a t e d  f o r  d i s c r e t e  s e t s  of  
w a t e r  d e n s i t i e s  a n d  i r r a d i a t i o n  l e v e l s  by BURNY-BEVE:  a  c a l c u l a -  
t i o n  c o d e ,  named B U B A ,  h a s  been  d e v e l o p e d  t o  h a n d l e  a l l  t h i s  
f i t t i n g  p r o c e d u r e s  i n  an  a u t o m a t i c  manner .  

3 .10  V e r i f i c a t i o n  c f  t h e  c o d e s  by compar i son  w i t h  e x p e r i n e n t a l .  
r e s u l t s  and a ~ p l i c a t i o n s  (PPU) 

3 . 1 0 . 1  Use o f  b u r n a b i e  p o i s o n s  i n  L W R ' s .  
A l a r g e  program is. on t h e  way t o  i n v e s t i g a t e  i n  d e t a i l  t h e  be-  
h a v i o r  o f  Gd a s  a  p o i s o n  f o r  b o t h  U and Pu LWR f u e l .  ~ r r a d i a t i o n  
i n  o p e r a t i n g  c o n d i t i o n s  (BWR,capsules) a r e  i n  p r o g r e s s  i n  t h e  
SILOE' r e a c t o r  ( C . E . A .  - F r a n c e ) .  A f i r s t  s e t  of  e x p e r i m e n t s  
employ ing  XaK c o o l e d  c a p s u l e s  h a s  been r e c e n t l y  c o m p l e t e d :  t h e  
e v o l u t i o n  o f  power g e n e r a t e d  i n  t h e  p o i s o n e d  p i n  v s .  i r r a d i a t i o n  
was measured  and t h e  a g r e e m e n t  w i t h  t h e  r e s u l t s  c a l c u l a t e d  by  
BURNY-BEVE i s  more t h a n  s a t i s f a c t o r y .  

3 . 1 0 . 2  Use of  R C C  s y s t e m s  i n  PWR's. 
The r e s u l t s  o f  measurement s  i n  c r i t i c a l  e x p e r i m e n t s  i n  PWR geo- 
m e t r y  empioy ing  e i t h e r  B q C  o r  Ag-In-Cd c l u s t e r  c o n t r o l  o r  s p i k e  
a b s o r b e r s ,  b o t h  i n  U f u e l e d  and  i n  Zn f u e l e d  l a t t i c e s  h a v e  b e e n  
employed t o  v e r i f y  t h e  r e l i s b i l i t y  of t h e  BURNY-BEVE c o d e .  
The r e s u l t s  have  b e e n  q u i t e  s a t i s f a c t o r y  / 2 8 ,  2 9 / .  

3 . 1 0 . 3  Compar ison w i t h  t h e  r e s u l t s  of d i f f e r e n t  m e t h o d s .  
F o r  p a r t i c u l a r  p r o b l e m s ,  s u c h  a s  m u l t i z o n e  h e a v i l y  Pu l o a d e d  
f u e l  e l e m e n t s ,  c e n t r a l .  w a t e r  r o d s ,  and  s o  on t h e  e f f e c t s  c o n n e c t -  
ed  w i t h  u s i n g  more t h a n  o n e  g r o u p  i n  t h e  the rmal .  e n e r g y  r a n g e  
and w i t h  u s i n g  t r . a n s p o r t  a p p r o x i m a t i o n s  (Sn me thod)  have .  been  
evaluated. ., I .; , ,. 4 : .  

, . 

, . 



The r e s u l t s  by BURNY-BEVE h a v e  a l s o  been  c o m p a r e d ,  wifh  v e r y  good 
a g r e e m e n t ,  w i t h  t h e  r e s u l t s ,  a v a i l a b l e  i n  t h e  l i t e r a t u r e  o r  s u p p l i e d  
by u t i l i t i e s  and  r e a c t o r  v e n d o r s .  
Fo r  i n s t a n c e  a  c o m p a r i s o n  i s  c a r r i e d  o u t  by Badenwerk A . G .  tc) 

which  BURNY-EEVE was s u p p l i e d  u n d e r  t h e  p r o v i s i o n s  o f  a c o u i ~ , a c t  
w i t h  C N E N .  

3.1.0.4 E v a l u a t i o n  o f  economic  i n c e n t i v e s  i n  r e p l a c i n g  I n c o n e : -  
S t a i n l e s s - S t e e l  s p a c e r  g r i d s  w i t h  new d e s i g n  Z i r c a l l o y - I n c o n e l  
g r i d s .  
I t  was e v a l u a t e d  by BURNY-BEVE and DANTE, which  was t h e  r e a c t i v i -  
t y  and  h e n c e  e n r i c h m e n t  o r  l i f e t i m e  g a i n e d  by r e d u c i n g  t h e  n n o u n t  
o f  a b s o r b i n g  n a t e r i a l s  i n  t h e  s p z c e r  g r i d s .  C o n s e q u e n t l y  t , h c  
maximum a d d i t i o n a l  c o s t s  was e v a l u a t e d  f o r  t h e  new g r i d s  wh ich  
was c o m p a t i b l e  w i t h  a n  economic  i n c e n t i v e .  

3.1.0.5 J n  t h e  f r a m e  o f  t h e  b i l a t e r a l  a g r e e m e n t  b e t w e e n  CCEN 
and  t h e  Rumanian AEC, some of  t h e  CNEN LWR c o d e s  have  been  n o -  
d i f i e d  and  a p p l i e d  t o  r e s e a r c h  r e a c t o r s  o f  t h e  w a t e r - w a t e r  t y p e  

/ 3 @ / .  



4 .  HEAVY WATER REACTORS 

4 . 1  Measurements  i n  R B l  (CEC) 
I n  t h e  f r ame  of  t h e  R . & D .  programme i n  s u p p o r t  o f  t h e  CIRENE 
r e a c t o r s  i n v e s t i g a t i o n s  have, been  c a r r i e d  on c o n c e r n i n g  t h e  
a p p l i c a b i l i t y  o f  t h e  " p o i s o n e d "  and " u n p o i s o n e d "  t e c h n i q u e  f o r  
PCTR t y p e  m e a s u r e m e n t s .  The compar i son  be tween  t h e  r e s u l t s  o f  
t h e  d i f f e r e n t  t e c h n i q u e s  a r e  u n d e r  i n v e s t i g a t i o n .  

4 .2  Measurements  i n  RBZ ( C E C )  
I n  RB3 t h e  e f f e c t  o f  t h e  dumping of D20, i n  t h e  CIRENE r e a c t o r ,  
on t h e  c o n t r o l  i n s t r u n e n t a t i o n . h a s  b e e n  s i m u l a t e d .  The measure -  
m e n t s  h a v e  shown t h a t  t h e  i n s t r u m e n t a t i o n  b l i n d i n g  e f f e c t  
d e p e n d s  s t r o n g l y  on t h e  t h i c k n e s s  o f  t h e  D 0  s h e l l  which  con-  
s t i t u t e s  t h e  dumping r i n g .  The experiments: d a t a  h a v e  b e e n  compared  
w i t h  t h e  f l u x e s  i n f e r r e d  by t h e  DOT c o d e .  The ag reement  i s  q u i t e  
b a d .  Some measurement s  h a v e  b e e n  done  t o  t e s t  some i n t e r p r e t a t i o n  
methods  r e l a t e d  t o  s t r o n g  n e g a t i v e  r e a c t i v i t i e s  i n  D 0 r e a c t o r s  

2  

4 . 3  R e a c t o r  c o d e s  

4 . 3 . 1  H e t e r o g e n e o u s  c o d e s  (CEC) 

The HEFREM code  h a s  b e e n  w r i t t e n  which i s  a b l e  t o  combine t h e  
" h e t e r o g e n e o u s "  c o d e s  HETROIS and  SOS w i t h  BUCFIT t o  e v a l u a t e  
t h e  B~ o b t a i n e d  by s u b s t i t u t i o n  method and f l u x  d i s t r i b u t i o n s .  
T h i s  c h a i n  h a s  b e e n  u s e d  f o r :  
1) i n t e r p r e t i n g  s u b s t i t u t i o n  e x p e r i m e n t s ;  
2 )  c a l c u l a t i n g  t h e  RB3 l i q u i d  r o d s  e f f i c i e n c y  i n  r e l a t i o n s h i p  

t o  t h e i r  p o s i t i o n  i n  t h e  r & a c t o r  and  t o  t h e  amount o f  Boron ;  
3 )  c s i c u l a t i n g  t h e  b u c k i i n g  o f  l a t t i c e s  i n  r e l a t i o n s h i p  t o  t h e  

number o f  - f u e l  e l e m e n t s .  
These  s t u d i e s  a r e  a l m o s t  f i n i s h e d ,  and we a r e  a l r e a d y  g a t h e r i n g  
t h e i r  r e s u l t s .  

4 . 3 . 2  M o n t e c a r l o  code  (CEC) 

I n t o  t h e  M o n t e c a r l o  K I M  code  ( k - i n f i n i t e  M . C . )  which  c a l c u l a t e s  
t h e  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r  and  c e l l  p a r a m e t e r s  i n  
C a n a d i a n - t y p e  c l u s t e r  c e l l s  by s i m u l a t i n g  n e u t r o n  l i v e s  f rom 
f i s s i o n  t o  t h e r m a l i z a t i o n ,  a  g roup  c r o s s  s e c t i o n  d e s c r i p t i o n  h a s  
b e e n  i n t r o d u c e d  i n  t h e  e p i t h e r m a l  r e g i o n  f o r  n u c l i d e s  o t h e r  t h a n  
U-238, f o r  which  t h e  r e s o n a n t  s t r u c t u r e  i s  a c c o u n t e d  f o r  by 
means o f  a n a l y t i c a l  f o r m u l a s .  The r e s u l t s  o b t a i n e d  f o r  t h e  
C I R E N E  r e a c t o r  c e l l  f o r  v a r i o u s  c o o l a n t  d e n s i t i e s  a r e  i n  v e r y  
good a g r e e m e n t  w i t h  e x p e r i m e n t a l  r e s u l t s .  More c o m p a r i s o n s  a r e  
u n d e r  way. 



4.3 .3  R e a c t o r  c o d e s  ( C I S E )  - 

W i t h i n  t h e  CIRENE P r o g r a m ,  d e v e l o p m e n t  work h a s  been  c o n t i n u e d  
a t  CISE a s  f a r  a s  h e t e r o g e n e o u s  methods  and  homogenized l a t t i c e  
t h e o r y  a r e  c o n c e r n e d .  I n  t h e  h e t e r o g e n e o u s  methods  f i e l d ,  B e r n a ' s  
f o r m a l i s m  f o r  t h e  c a l c u l a t i o n  o f .  h e t e r o g e n e o u s  p a r a m e t e r s  h a s  
been  f u l l y  a c q u i r e d  and  p a r t l y  s i m p l i f i e d .  N u m e r i c a l  s t u d i e s  
have  been  c a r r i e d  o u t  t o  s p o t  t h e  b e s t  way f o r  c a l c u l a t i n g  t h e  
d i p o l e  e x t r a p o l a t i o n  l e n g t h  o f  a  channe l . :  t h e  most v i a b l e  p r o -  
c e d u r e  h a s  been  d e m o n s t r a t e d  t o  c o n s i s t  i n  f i r s t  e v a l u a t i n g  
B e r n a 1 s , 8  , t o  be  s u b s e q u e n t l y  u s e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  
e x t r a p o l a g i o n  l e n g t h  on t h e  b a s i s  o f  t h e  t h e o r y  o u t l i n e d  i n  / 3 1 / .  
Such a  method i s  s i m p l e  and  y i e l d s  v a l u e s  f o r  B e r n a ' s  p a r a n e t e r  - 9 i n  v e r y  c l o s e  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  by u s i n g  B e r n a ' s  
more c o m p l i c a t e d  f o r m a l i s m .  As f a r  a s  t h e  homogenized  l a t t i c e  
t h e o r y  g o e s ,  t h r e e  main a r e a s  have  been  i n v e s t i g a t e d .  
a )  R e v i s e d  e p i t h e r m a l  l i b r a r y  f o r  PROCELLA: t h e  p r e l i m i n a r y  work 

r e p o r t e d  on l a s t  y e a r  h a s  been  complemented  by f u r t h e r  c a l c u l a -  
t i o n s ,  which ha-re shown t h a t  t h e  v e r y  s t r u c t u r e  of t h e  l i b r a r y  
s h o u l d  b e  m o d i f i e d  t o  i n c l u d e  r e s o n a n c e  a b s o r p t i o n  r e l a t e d  
p a r a m e t e r s .  A n  i n v e s t i g a t i o n  i s  now underway t o  s u p p l y  G A M  
w i t h  t h e  c a p a , b i l i t y  o f  s e l f - g e n e r a t i n g  t h e  a p p r o p r i a t e  Dancof f  
c o r r e c t i o n  f o r  a  f u e l  b u n d l e .  

b )  Homogenized c e l l  t h e o r y .  The t h e o r y  i s  d e v e l o p e d  i n  / 3 1 / ,  
where  some b a s i c  d i s c r e p a n c i e s  be tween  d i f f e r e n t  c a l c u l a t i o n s  
of d i f f u s i o n  c o e f f i c i e n t s  h a v e  been  r e s o l v e d .  Among o t h e r  
t h i n g s ,  i s  h a s  been  p r o v e d  t h a t ,  i n  a  h e t e r o g e n e o u s  l a t t i c e ,  
t h e  d i f f u s i o n  a i e a  f o r  a  g i v e n  e n e r g y  g r o u p  i s  not t h e  r a t i o  
be tween  d i f f u s i o n  c o e f f i c i e n t  and  homogenized  a b s o r p t i o n  c r o s s  
s e c t i o n .  

, 

c )  Use o f  r e f e r e n c e  c o d e s .  Two c o d e s  a r e  now b e i n g  t h o r o u g h l y  
e x a m i n e d ,  namely  DOT (2-D SN t r a n s p o r t )  and  GAM ( m u l t i g r o u p  BN 
s l o w i n g - d o w n ) .  M o d i f i c a t i o n s  u n d e r  s t u d y  f o r  GAM a r e  m e n t i o n e d  
u n d e r  i t e m  ( a ) .  A s  f a r  a s  DOT i s  c o n c e r n e d ,  s i n c e  t h e  code  i s  
p l a n n e d  t o  be  f i r s t  u s e d  f o r  d e t e r m i n i n g  e x t r a p o l a t i o n  l e n g t h s  
of t h e  f u e l  e l e m e n t s  t o  be  t e s t e d  on t h e  ESSOR r e a c t o r  a t  C C R  

I s p r a ,  and  s u c h  e l e m e n t s  c a n n o t  b e  p y o p e r l y  e v a l u a t e d  t h r o u g h  
t h e  TROCELLA-type d e s i g n  c o d e  i d e a l i z a t i o n s ,  a n  i n v e s t i g a t i o n  
on t h e  ( r , @ )  o p t i o n  o f  DOT h a s  been  i n c e p t e d  w i t h  t h e  main 
p u r p o s e  o f  g e n e r a t i n g  c o r r e c t  d i p o l e  e x t r a p o l a t i o n  l e n g t h s .  
A s  a  r e s u l t ,  t h e  DOT b o u n d a r y  c o n d i t i o n  s e t  a t  r = 0  h a s  been  
s u p p l e m e n t e d  w i t h  a new o p t i o n  (now o p e r a t i n g )  which  a l l o w s  
c a l c u l a t i n g  t i t l e d  f l u x e s  p r o p e r l y  when t h e ' " p o i n t "  r = 0  
h a s  no  " s p e c i a l "  ( r e f l e c t i v e  o r  s i n k - t y p e )  p r o p e r t i e s .  



4 . 4  Thorium-D20 s y s t e m s  (CSNC) 
The s e c o n d  p a r t  o f  t h e  m e a s u r e m e n t s  on Tho2-U03 heavy  w a t e r  - - 
l a t t i c e s  h a s  bc!en c a r r i e d  o u t  i n  c o o p e r a . t i o n  w i t h  Eura tom on 
t h e  E C O  r e a c t o r  a t  I s p r a  j u s t  p r i o r  t o  i t s  d e c o m m i s s i o n i n g .  
S t a t i c  r e a c t i v i t y  m e a s u r e m e n t s  have  b e e n  c a r r i e d  o u t  on 37 
e l e m e n t  c l u s t e r s  w i t h  t h e  f o l l o w i n g  e n r i c h m e n t s  i n  U-235: 2 . 2 8 ,  
2 . 4 % ,  2 .6% and 2 . 8 % .  Two p i t c h e s  h a v e  b e e n  s t u d i e d  ( 2 2 . 3  a n d  
2 8 . 0 5  c m ) ;  t h e  c o o l a n t  i n s i d e  t h e  f u e l  e l e m e n t  was e i t h e r  a i r  
o r  a m i x t u r e  o f  7 0 %  D20 and 30% H20. R e s u l t s  a r e  shown i n  F i g .  1 
where  r e a c t i v i t y  v a r i a t i o n s  a r e  e x p r e s s e d  i n  t e r m s  of  t h e  c r i t i c a l  
heavy w a t e r  l e v e l .  The i n t e r p r e t a t i o n  of t h e  r e s u l t s  i s  u n d e r  
way,  i n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  e n r i c h m e n t  on b u c k l i n g .  
D i s c r e p a n c i e s  o b s e r v e d  i n  t h e  b u c k l i n g  measurement s  c a r r i e d  o u t  
on E C O  i n  1970  h a v e  b e e n  t r a c e d  b a c k  t o  i n h o m o g e n e i t i e s  i n  en-  
r i c h m e n t  of  t h e  U02-Tho2 p e l l e t s .  A r e - i n t e r p r e t a t i o n  o f  t h e  
r e s u l t s  by means o f  a h e t e r o g e n e o u s  n:ethod and  w i t h  t h e  a c t u a l  
v a l u e s  o f  e n r i c h m e n t  i s  u n d e r  way. Measurements  o f  Koc by t h e  
PCTR method and  o f  t h e  c e l l  p a r a m e t e r s  on 2 . 4 %  and 2 . 8 %  e n r i c h e d  
37 r o d  c l u s t e r s  a r e  s c h e d u l e d  f o r  t h e  s e c o n d  h a l f  of 1.974 on 
t h e  RB1 r e a c t o r  a t  CNEN Bo logna .  
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5 .  FAST REACTORS 

5 . 1  N e u t r o n i c  d e s i g n  o f  t h e  PEC R e a c t o r  (PRV, CSNC) 

5 . 1 . 1  The n e u t r o n i c  d e s i g n  of  t h e  PEC r e a c t o r  h a s  been  c a r r i e d  
o u t  on t h e  new r e f e r e n c e  c o r e  w i t h  mixed p l u t o n i u m - u r a n i u m  o x i d e  
f u e l  / 3 2 , 3 3 / .  A 27  g r o u p  l i b r a r y  h a s  b e e n  p r e p a r e d  by t h e  M C ~  
code  f o r  t h e  PEC c o r e  c o m p o s i t i o n  u s i n g  ENDFIB-111 d a t a .  

5 . 1 . 2  An e x t e n s i v e  e v a l u a t i o n  h a s  b e e n  c a r r i e d  o u t  f o r  t h e  c o n t r o l  
r o d  w o r t h s  on t h e  m a j o r  p a r t  o f  t h e  p o s s i b l e  c o n f i g u r a t i o n s  t h e y  
can  assume d u r i n g  t h e  r i s e  t o  power ,  t h e  r e a c t o r  l i f e  and a s  a  
c o n s e q u e n c e  o f  shut-down i n t e r v e n t i o n s .  R e a c t i v i t y  v a r i a t i o n s  of  
a b o u t  1 0 %  on t h e  w o r t h  o f  a  s ine1 .e  c o m p e n s a t i o n  r o d  h a v e  b e e n  
found  when c o n s i d e ' r i n E  t h e  r i s e - t o - p o w e r  o r  shut-down c o n d i t i o n s  
r e s p e c t i v e l y ,  w i t h  t h e  c o r r e s p o n d i n g  c o n d i t , i o n s  o f  e x t r a c t i o n  
o r  i n s e r t i o n  of t h e  two shim r o d s .  S i m i l a r  r e s u l t s  h a v e  b e e n  
found  f o r  t h e  s a f e t y  r o d s .  R e a c t i v i t i e s  i n t r o d u c e d  by a  r e d u c e d  
number o f  s a f e t y  r o d s  h a v e  a l s o  been  e v a l u a t e d  a s  a  f u n c t i o n  of 
t h e  i n s e r t i o n  p a t t e r n .  

5 . 1 . 3  A t h r e e - d i m e n s i o n a l  i n v e s t i g a t i o n  i n  hexagonal .  ( x , y ) + a x i a l  
~ e o m e t r y  h a s  been  p e r f o r m e d  by means o f  t h e  CITATION d i f f u s i o n  
c o d e ,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  p r o g r e s s i v e  i n s e r t i o n  of 
c o n t r o l  a n d  s a f e t y  r o d s  i n t o  t h e  r e a c t o r .  C a l c u l a t i o n  w i t h  
2 3 ~ 2 3 ~ 1 . 5  mesh p o i n t s  h a s  s a t u r a t e d  t h e  1 Mbyte f a s t  s t o r a g e  of  
t h e  IBM 360 /75  c o m p u t e r .  I n  t h e  h o r i z o n t a l  c r o s s  s e c t i o n  one  had 
t o  u s e  o n l y  one mesh-po in t  p e r  s u b a s s e m b l y .  For  c o n t r o l .  r o d s  it 
had  been  previous1 .y  sho.wn t h a t  t h e  r e p r e s e n t a t i o n  of  4 m e s h - p o i n t s  
p e r  subassembi .y  yie1.ded t h e  same r e s u l t s  a s  t r a n s p o r t  c a l c u l . a -  
t i o n s ;  t h e  b o r o n  c o n t e n t  i n  t h e  c a s e  of t h e  1 n e s h - p o i n t  h e x a g o n a l  
r e p r e s e n t a t i o n  h a s  5een  n o r c a i i z e d  s o  a s  t o  o b t a i n  t h e  s a z e  r o d  
w o r t h  8s i n  t h e  4 mesh-po in t  xy r e p r e s e n t a t i o n .  With t h i s  e q u i -  

. v a l e n t  bo ron  c o n t e n t ,  t h r e e  d i m e n s i o n a l  c a l c u l a t i o n s  h a v e  been  

c a r r i e d  o u t  t o  o b t a i n  t h e  r e a c t i v i t y  v e r s u s  r o d  p o s i t i o n  c u r v e s .  
~ c z ~ e r i z o n  of C,!Izse r e ~ . u l t s  -:it!: t h o s e  o f  t h e  2-D c z l . c u l o t i o n s  . 
shows t h a t ,  a l l  o t h e r  c o n d i t i o n s  b e i n g  t h e  s a n e ,  t h e  r e a c t i v i t y  
w o r t h  o f  t h e  r o d s  i s  s m a l l e r  when t h e  t h i r d  d i m e n s i o n  i s  t a k e n  
i n t o  a c c o u n t :  t h e  d i f f e r e n c e  i s  o f  t h e  o r d e r  o f  2-3% i n  t h e  c a s e  
of  3 r o d s  and o f  6-78 i n  t h e  c a s e  of 8 r o d s .  The main c a u s e  o f  
t h i s  d i s c r e p a n c y  i s  p r o b a b l y  t o  b e  found  i n  an  a x i a l  'shadow 
e f f e c t ,  t h e  m a g n i t u d e  o f  which  i n c r e a s e s  w i t h  t h e  number of 
i n s e r t e d  r o d s  / 3 4 , 3 5 / .  



5 . 2  F a s t  r e a c t o r  a c t i v i t i e s  a t  N I R A  

5 . 2 . 1  The r e c e n t l y  fo rmed  S t a t e  I n d u s t r y  f o r  Advanced R e a c t o r s  
h a s  t a k e n  up f rom I R I  and  EN1 t h e  a c t i v i t i e s  on f a s t  r e a c t o r  
d e s i g n  and c o n s t r u c t i o n ,  i n c l u d i n g  PEC. I n  p a r t i c u l a r ,  f a s t  
r e a c t o r  p h y s i c s  a c t i v i t i e s  p r e v i o u s l y  c a r r i e d  o u t  a t  P N N  o f  t h e  
I R I  g r o u p  have  p a s s e d  o v e r  t o  N I R A .  

5 . 2 . 2  The work o f  a n a l . y s i s  of numer ica l .  methods  f o r  t h e  s o l u t i o n  
o f  s p a c e  k i n e t i c  e q u a t i o n s ,  p r e v i o u s l y  r e p o r t e d  and  p r e s e n t e d  a t  
t h e  Tokyo m e e t i n g  / 3 6 /  h a s  been  t e r m i n a t e d  w i t h  t h e  c o n c l u s i o n  
t h a t  s u c h  n u m e r i c a l  s o i u t i o n s  c a n n o t  b e  a p p r e c i a b l y  a c c e l e r z t e d .  
The a c t i v i t y  i n  t h i s  a r e a ,  i n  c o o p e r a t i o n  w i t h  I A C  ( I s t i t u t o  p e r  
l e  A p p l i c a z i o n i  d e l  C a l c o l o ,  Rona)  h a s  s h i f t e d  t o  o t h e r  t y p e s  
o f  a p p r o a c h ,  and  i n  p a r t i c u l a r  t o  t h e  s t u d y  o f  a s y m p t o t i c  so1.u- 
t i o n s  and  t o  t h e  s e a r c h  o f  "bands"  w i t h i n  which  'he s o l u t i o n  i s  
c o n t a i n e d ;  s u c h  b a n d s  can  b e  n a r r o w e d  by i t e r a t i v e  p r o c e d u r e s ,  
s o  a s  t o  be  a b i e  t o  know an o v e r e s t i m a t i o n  o f  power and  t e x p e -  
r a t u r e s  w i t h  t h e  d e s i r e d  a c c u r a c y .  

5 . 2 . 3  The work on n e u t r o n i c  o p t i m i z a t i o n  by means o f  g e n e r a l i z e d  
p e r t u r b a t i o n  t e c h n i q u e s  h a s  been  c a r r i e d  o n .  The r e l a t i v e  c o d e  
c h a i n  i s  now o p e r a t i o n a l  / 3 7 / .  

5 . 2 . 4  An a n a l y s i s  o f  methods  f o r  t h e  r e d u c t i o n  of c r o s s  s e c t i o n  
g r o u p s  i s  u n d e r  way; a d j o i n t  w e i g h t i n g  i s  b e i n g  c o n s i d e r e d .  

5 . 3  E x p e r i m e n t s  on T A P E  (CSNC) 

5 . 3 . 1  The r e s u l t s  o f  t h e  e x p e r i m e n t s  p r e v i o u s l y  c a r r i e d  o u t  on 
t h e  TAPIRO r e a c t o r  h a v e  been  f u r t h e r  a n a l y z e d ,  t o g e t h e r  w i t h  
t h o s e  o f  a  few new p h y s i c s  measuremen t s  / 3 8 / ,  i n  o r d e r  t o  g e t  
i n f o r m a t i o n  on t h e  Cu c r o s s  s e c t i o n s  and  t o  r e s o l v e  t h e  e x i s t i n g  
d i s c r e p a n c i e s  i n  t h e  ENDF/B f i j e s  be tween  t h e  c a p t u r e  c r o s s  
s e c t i o n  f o r  n a t u r a l  c o p p e r  a n d  t h a t  f o r  t h e  Cu i s o t o p e s  / 3 9 , 4 0 / .  

? 

F u r t h e r  i n d i c a t i o n s  on t h e  h i g h  e n e r g y  f i s s i o n  c r o s s  s e c t i o n  o f  
iJ-235 were  a i s o  o b t a i n e d .  .. 
5 . 3 . 2  The s p a c e  d i s t r i b u t i o n  o f  t h e  i m p o r t a n c e  f u n c t i o n  h a s  been  
measured  by means o f  a  Cf-252 s o u r c e  i n  t h e  c o r e  end  t h e  r e f l e c t o r  
o f  TAPIRO / 4 1 / .  S e v e r a l  t e c h n i q u e s  f o r  t h i s  measurement  h a v e  
been  compared .  The r e s u l t s  a r e  i n  good a g r e e m e n t  w i t h  c a i c u l a t i o n s  
i n  t h e  c o r e  and  t h e  i n n e r  p a r t  o f  t h e  r e f l e c t o r ;  some d i s c r e p a n c i e s  
have  been  found i n  t h e  o u t e r  p a r t ,  x h i c h  a r e  b e l i e v e d  t o  d e r i v e  
f rom t h e  s i m p l i f i e d  g e o m e t r y  o r  e n e r g y  r e p r e s e n t a t i o n  u s e d  i n  t h e  
c a l c u l a t i o n s .  Measuremen t s  h a v e  a l s o  been  c a r r i e d  o u t  f o r  t h e  
n o r m a l i z a t i o n  i n t e g r a l  and  f o r  t h e  e n e r g y  d e p e n d e n c e  o f  t h e  
a d j o i n t  f l u x  by means o f  d i f f e r e n t  n e u t r o n  s o u r c e s ;  t h e  r e s u l t s  
f o r  t h i s  l a s t  e x p e r i m e n t  a r e  o f  d i f f i c u l t  i n t e r p r e t a t i o n  due  t o  
u n c e r t a i n t i e s  i n  t h e  s t r e n g t h  and s p e c t r u m  o f  t h e  s o u r c e s .  

<? 7 .-? p PL ,: .... G / . . ; q f , s r ;  
I ,.'i L. ' ,..,. t..: >. =.'s 



5 .4  S e n s i t i v i t y  s t u d i e s  and c r o s s  s e c t i o n  a d j u s t m e n t s  

5 . 4 . 1  A method p r o p o s e d  by M i t a n i  and  Kuro i  h a s  been  i m p r o v e d .  
Such m e t h o d ,  by which  p o s s i b l e  s y s t e m a t i c  e r r o r s  on t h e  c r o s s  
s e c t i o n s  may be  a c c o u n t e d  f o r  1 4 2 , 4 3 1 ,  h a s  been  i n s e r t e d  i n  e 
d i f f e r e n t i a l  d a t a  a d j u s t m e n t  code  1 4 4 1 .  I t s  u s e  r e q u i r e s  a  s m a l l  
m o d i f i c a t i o n  o f  a l r e a d y  e x i s t i n e  c a l c u l a t i o n a l  m e t h o d s ,  p r o v i d e d  
t h e s e  a l l o w  t h e  s t a n d a r d  s o l u t i o n ,  i . e .  t h a t  r e l a t i v e  t o  n o r m a l  
e r r o r s ,  t o  be  o b t a i n e d  a l o n g  w i t h  t h e  method o f  r e d u c t i o n  by 
e l e m e n t s .  I n  c a s e  t h e  method o f  t h e  Lagrange  m u l t i p l i e r s  i s  
a d o p t e d  ( w i c h  r e s u l t s  p r e f e r a b l e  i n  o t h e r  c a s e s )  a  p r o b l e m  of 
s i n g u l a r i t y  o f  t h e  m o d i f i e d  c r o s s  s e c t i o n  d i s p e r s i o n  m a t r i x ,  
o b t a i n e d  f o r  t h o s e  c a s e s ,  would be  e n c o u n t e r e d .  

5 . 4 . 2  A p r e l i m i n a r y  s t u d y  h a s  been p e r f o r m e d  on a  method f o r  t h e  
a d j u s t m e n t  o f  t h e  n u c l e a r  p a r a m e t e r s  t h e m s e l v e s  i n  p l a c e  o f  t h e  
g r o u p  c r o s s  s e c t i o n s  1451 .  T h i s  method h a s  been  c a l l e d  " c o n s i s t e n t " ,  

- s i n c e  t h e  c o n s i s t e n c y  w i t h  t h e  d i r e c t  method a d o p t e d  f o r  t h e  gene -  
r a t i o n  o f  t h e  g r o u p  c r o s s  s e c t i o n s  i s  assumed.  More p r e c i s e l y ,  
t h e  same t h e o r e t i c a l  models  and t h e  same a p p r o x i m a t i o n  s h o u l d  
b e  a d o p t e d  i n  t h e  ( i n v e r s e )  p r o c e d u r e  o f  a d j u s t i n g  t h e  n u c l e a r  
p a r a m e t e r s .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n ,  which  h a s  been  
b a s e d  on  t h e  a l g o r i t h m s  o f  t h e  t y p e  o f  t h o s e  u s e d  i n  ETOX, seems 
t o  a s s e s s  t h e  v a l i d i t y  o f  s u c h  an a p p r o a c h  i n  t e r m s  of  e f f o r t  
and t i m e  r e q u i r e d .  

5 . 4 . 3  S e n s i t i v i t y  s t u d i e s  a p p l i e d  t o  v a r i o u s  p r o b l e m s  have  been  
c a r r i e d  o u t  /46 ,47 . ,48 / .  

5 . 5  M u l t i n r o u ~  c r o s s  s e c t i o n s  d a t a  
2 5 . 5 . 1  The C N E N  r e v i s e d  v e r s i o n  of t h e  R I G E L - E T O E - M C  code  s y s t e m  

was u s e d  t o  g e n e r a t e  c r o s s  s e c t i o n s  f o r  t h e  PEC r e a c t o r  n e u t r o n i c s  
* d e s i g n ,  s t a r t i n g  f rom t h e  ENDFIB v e r s i o n  I11 d a t a .  An i n t e r f a c e  

w i t h  n e u t r o n i c s  c o d e s  was d e v e l o p e d  / k g / .  THe same ENDFIB-111 
d a t a  were  u s e d  t o  g e n e r a t e  a  27 g roup  l i b r a r y  i n  t h e  Bondarenko 
f o r m a t .  The ETOX code  was u s e d ,  a s  implemented  a t  C a s a c c i a .  The 
27 e n e r g y  g r o u p  s t r u c t u r e ,  b a s e d  on h a l f - l e t h a r g y  i n t e r v a l s ,  i s  
t h e  same u s e d  f o r  a l l  t h e  M C ~  c a l c u l a t i o n s .  A l l  t h e  i m p o r t a n t  
i s o t o p e s  were p r o c e s s e d  1501 .  

5 .5 .2  An e x t e n s i v e  a n a l y s i s  o f  methods was c o m p l e t e d  f o r  t h e  
e l a s t i c  m o d e r a t i o n  c r o s s  s e c t i o n s .  The S t a c e y  me thod ,  b a s e d  on 
t h e  c o n t i n u o u s  s lowing-down t h e o r y ,  was found  t o  g i v e  r e s u l t s  
i n  e x c e l l e n t  ag reement  w i t h  t h e  more s o p h i s t i c a t e d  a l g o r i t h m s  
of M C ~ - ~  1 5 1 , 5 2 1 .  A new v e r s i o n  o f  t h e  1 D X  code  was d e v e l o p e d  
t o  i n c l u d e  t h e  S t a c e y  method i n  t h e  Bondarenko f o r m a l i s m .  
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5 . 5 . 3  A d j u s t m e n t s  and  e v a l u a t i o n s  b a s e d  on i n t e g r a l  e x p e r i m e n t s .  
The ZPR-6 a s s e m b l y  7 ,  SNEAK a s s e m b l i e s  7A and 7B i n t k g r a l  expe -  
r i m e n t s  were  u s e d  w i t h i n  t h e  s t a t i s t i c a l  c o r r e l a t i o n  p r o c e d u r e s  
d e s c r i b e d  i n  p o i n t  1, t o  g e n e r a t e  a d j u s t e d  i n f i n i t e  d i l u t i o n  
c r o s s  s e c t i o n s  f o r  U-238 ( d , ,  bin and b f ) ,  Pu-239 ( b  and  be), 

U-235 (S f ) .  The r e s u l t s ,  which  were  r e p o r t e d  a t  t h e  Tokyo m e e t i n g ,  
a r e  r e l a t e d  t o  t h e  ENDF/B-I11 d a t a .  Lower c a p t u r e s ,  h i g h e r  f i s s i o n s  
and  i n e l a s t i c  c r o s s  s e c t i o n s  f o r  U-238 a r e  t h e  h i g h l i g h t s  / 5 3 / .  

5 . 6  Dynamics (CSNC) 
- 

5 . 6 . 1  Development  o f  f a s t  r e a c t o r  dynamics  c o d e s  h a s  bee1 c a r r i e d  
on a t  t h e  LFCR o f  CNEN, C a s a c c i a .  Codes p r o d u c e d  u p  t o  now i n c i u d e :  
a )  NADYP / 5 4 / ,  a  t w o - d i m e n s i o n a l  code  i n  c y l i n d r i c a l  g e o m e t r y  

f o r  t h e  PEC r e a c t o r .  I t  u s e s  t h e  m e t a s t a t i c  method f o r  t h e  
d i f f u s i o n  e q u a t i o n s  and  t h e  method of c h a r a c t e r i s t i c s  f o r  t h e  
t h e r m o - h y d r a u l i c  e q u a t i o n s .  Sodium b o i l i n g  w i l l  be  a d d e d  i e t e r .  

b) NASTAP / 5 5 /  wh ich  p e r f o r m s  t h e  s t a t i o n a r y  c a l c u l a t i o n s  i n  t h e  
same c o n d i t i o n s  a s  t h o s e  o f  NADYP. 

c )  DIFF-2 / 5 6 / ,  a  d i f f u s i o n  s u b - r o u t i n e  u s i n g  t h e  R i t z - G a l e r k i n  
method 

5 .6 .2  Some EACRP Benchmark Dynamics P r o b l e m s  h a v e  b e e n  s o l v e d  
/ 5 7 / ;  some m a t h e m a t i c a l  a s p e c t s  c o n c e r n i n g  n o n - l i n e a r i t i e s  i n  
t h e  d i f f u s i o n  e q u a t i o n s  h a v e  been  s t u d i e d .  



6 .  H I G H  TEEPERATURE GRAPHITE REACTORS (AGIP) 

6 . 1  A t  AGIP NUCLEARE, B o l o g n a ,  t h e  measuremen t s  programmed f o r  
t h e  HTGR l e t t i c e s  u s i n g  t h e  a p p r o p r i a t e l y  n o d i f i e d  RB-2 r e a c t o r  
have  been  c o m p l e t e d ;  p r e l i m i n a r y  r e s u l t s  have  been  p r e s e n t e d  
a t  t h e  1 7 t h  DCP MZet jng  i n  C a d a r a c h e ,  O c t o b e r  3-4 ,  1 9 7 3 .  I n  
p a r t i c u l a r ,  t h e  K - i n f i n i t y  f o r  t h i s  l a t t i c e  was measured  by t h e  
n u l l - r e a c t i v i t y  o s c i l l a t i o n  t e c h n i q u e ,  which  was d e s c r i b e d  i n  
t h e  f o r m e r  EACRP p r o g r e s s  r e p o r t .  The o v e r a l l  i n t e r p r e t a t i o n  o f  
t h e  s e t  o f  r e s u l t , s  o b t a i n e d  i s  b e i n g  c o m p l e t e d .  T e c h n i q u e s  
employed do n o t  s i g n i f i c a n i t y  d i f f e r  f rom t h o s e  p r e v i o u s l y  
r e p o r t e d .  

6 . 2  S i n c e  t h e  b e g i n n i n g  o f  1 9 7 4 ,  i n  t h e  f r a m e  o f  a  c o o p e r a t i o n  - - 
w i t h  E u r a t o m - I s p r a ,  a  s e t  o f  measuremen t s  o f  D o p p l e r  e f f e c t s  h a s  
been  c a r r i e d  o u t  on HTGR l a t t i c e s  f o r  t e m p e r a t u r e s  u p  t o  600•‹C,  
a l w a y s  u s i n g  t h e  n u l l - r e a c t i v i t y  o s c i l l a t i o n  t e c h n i q u e .  The 
o s c i l l a t o r  employed i s  m o d i f i e d  w i t h  r e s p e c t  t o  t h e  one  u s e d  f o r  
t h e  " c o l d "  measuremen t s  and  h a s  now a  s t r o k e  of 2000 m m .  The 
r e s u l t s  of t h e  m e a s u r e m e n t s  a r e  b e i n g  e v a l u a t e d .  



7 .  SHIELDING 

7 . 1  Neu t ron  p r o p a ~ a t i o n  i n  i r o n  and  sodium (CSNC) 
The measuremen t s  p r e v i o u s l y  c a r r i e d  o u t  on an i r o n  b l o c k  1 5 8 ,  
5 9 1  were  u s e d  t o  compare  ENDFIB v e r s i o n  I and I11 d a t a  f o r  i r o n .  
P r e v i o u s  r e s u l t s  i n  t h i s  f i e l d  were  c h e c k e d  1601 .  A f i r s t  s e r i e s  
o f  measuremen t s  was c a r r i e d  o u t  on a sodium b l o c k .  R e s u l t s  a r e  
b e i n g  e v a l u a t e d .  

7 .2  R e m o v a l - D i f f u s i o n  methods  ( C E C )  
A r e m o v a l - d i f f u s i o n  s h i e l d i n g  code  a l l o w i n g  one-  and  two-dimen- 
s i o n a l  c a l c u l a t i o n s  i n  c y l i n d r i c a l  and  ( x , y )  g e o m e t r y  h a s  b e e n  
p r e p a r e d ;  it f e a t u r e s  r e s t a r t  p o s s i b i i i t i e s  a t  a n y  p o i n t  of 
e x e c u t i o n .  T h i s  p o s s i b i l i t y  i s  of c o n s i d e r a b l e  h e l p  when a n a l y z -  
i n g  t h i c k  s h i e l d s  r e q u i r i n g  l o n g  c a l c u l a t i o n  t i m e s .  Compar i sons  
w i t h  o t h e r  c o d e s  h a v e  been  s t a r t e d  on two r e f e r e n c e  p r o b l e m s  o f  
a c t u a l .  i m p o r t a n c e :  o n e  r e l a t i v e  t o  a  PWR s h i e l d ,  t h e  o t h e r  t o  
t h e  PEC r e a c t o r .  



8 .  NUCLEAR DATA EVALUATION AND PROCESSING (CEC) 

13 
8 . 1  I s o s o i n  split tin^ o f t h e  C s i a n t  d i n g l e r e s o n a n c e  i n  t h e  

c o n t i n u u m  s h e l l - n o d c l  
An i n v e s t i g a t i o n  on t h e  i s o . s p i n  components  o f  t h e  13c g i a n t  d i -  
p o l e  r e s o n a n c e  h a s  b e e n  c a r r i e d  o u t  by means o f  t h e  l p  and  2p- 
l h  s h e l l  model. i n c l u d i n g  t h e  o n e - p a r t i c l e  c o n t i n u u m .  The c o n t i -  
nuum p h o t o - r e a c t i o n  c r o s s  s e c t i o n s  and  a n g u l a r  d i s t r i b u t i o n s  h a v e  
bekn compared w i t h  e x p e r i m e n t .  The T and T+j.  d i p o l e  s t r e n ~ t h s  
w i t h  t h e i r  r e l a t e d  sum r u l e s  have  been  i n f e r r e d  f r o m  a  d i s c r e t e  
c a l c u l a t i o n  b a s e d  on t h e  same a s s u m p t i o n s  a s  t h e  c o n t i n u u m  n o d e 1  
1611. 

8 . 2  D i r e c t  and s e m i - d i r e c t  r a d i a t i v e  c a ~ t u r e  
The d e t a i l e d  a n a l y s i s  o f  t h e  r a d i a t i v e  c a n t u r e  c r o s s  s e c t i o n s  
f o r  h e a v y  n u c l e i  i n  t h e  ~ i a n t  r e s a n a n c e  r e g i o n  by t h e  s e m i - d i r e c t  
c a p t u r e  model  w i t h  "volume" i n t e r a c t i o n  h a s  been  c o n t i n u e  
Shape  and m a g n i t u d e  o f  t h e  c r o s s  s e c t i o n s  f o r  2 0 E ~ b  and 

lb 
C e  

n u c l e i  h a v e  b e e n  s a t i s f a c t o r i l y  r e p r o d u c e d .  A good ogreemen t  i s  
a l s o  a c h i e v e d  i n  c o m p a r i n g  t h e  p r e d i c t e d  and  d e t e c t e d  gamma-ray 
s p e c t r a  f o l l o w i n g  t h e  c a p t u r e  o f  2 8 ~ i ,  " ~ r ,  1 4 2 ~ e  and 2 0 D ~ b  
1 6 2 ,  631 .  

8 . 3  C r o s s  s e c t i o n  e v a l u a t i o n  w o r t  
The f o l l o w i n g  s t u d i e s  have  been  c o m p l e t e d ,  c o n c e r n i n g  t h e  e v a l u a -  
t i o n  o f  t h e  l o w  e n e r g y  n u c l e a r  c r o s s  s e c t i o n s :  
a )  A c o m p a r i s o n  be tween  s i n g l e - l e v e l  and  m u l t i i e v e i  c a l c u ~ a t i o n s  

of s c a t t e r i n g  c r o s s  s e c t i o n s  i n  r e s o n a n c e  r e g i o n  f o r  C r ,  N i  

a n d  F e .  A p a p e r  h a s  b e e n - p r e s e n t e d  a t  t h e  n e e t i n g  on s t r u c t u -  
r a l  m a t e r i a i s  h e l d  i n  K s r l s r u h e  8 / 9  May i 9 7 3  / 6 4 / .  

b) The c a l c u l a t i o n s  o f  a v e r a g e  r a d i a t i v e ' w i d s h s  b a s e d  on t h e  d e -  
t a i l e d  b a l a n c e  p r i n c i p l e  end  t h e  f i t  o f  t h e  e x p e r i m e n t a l  p h o t o -  
a b s o r p t i o n  c r o s s  s e c t i o n s .  A code  (LARA) h a s  been  p r e p a r e d  
f o r  s u c h  c a l c u l a t i o n s .  The work h a s  been  p r e s e n t e d  a t  t h e  
" F i s s i o n  P r o d u c t s "  P a n e l  h e i d  i n  i i o i o g u a ,  2 6 / 3 0  iiovember 1973 
1 6 5 / .  

c )  E v a l u a t i o n  o f  n e u t r o n  c r o s s  s e c t i o n s  of n a t u r a l  Cu and 63Cu, 
6 5 ~ u  i s o t o p e s  i n  t h e  r a n g e  0-15 MeV h a s  b e e n  c o m p l e t e d  and  t h e  
f i l e s  i n  UKAEA f o r m a t  have  been  p r e p a r e d .  

d )  A work h a s  b e e n  c o m p l e t e d  on t h e  c a l c u l a t i o n  o f  n u c l e a r  c r o s s  
s e c t i o n s  o f  t y p e  a x ? , ( E )  where  x and a  may be n e u t r o n ,  
p r o t o n  and cL p a r f l c l e s .  A code  (CERBERC)) h a s  been  p r e p a l e d  
f o r  s u c h  c e l c u l a t i o n s .  

e )  Some r e m a r k s  on t h e  U-238 i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n s  
h a v e  b e e n  p r e p a r e d  f o r  I N D C  / 6 6 / .  



9. FUSION REACTORS 

A c t i v a t i o n  o f  c o p p e r  c o i l s ,  t o  be  u s e d  i n  t h e  J .E .T .  ( J o i n t  
European  T o r u s )  machine  f o r  c o n f i n i n g  d e u t e r i u m - t r i t i u m  p l a s m a ,  
has  been  e v a l u a t e d  by t r a n s p o r t  c a l c u l a t i o n s  p e r f o r m e d  by t h e  
ANISN code  w i t h  26  e n e r g y - g r o u p s  i n  S6/Po a p p r o x i m a t i o n .  
Bui lE-up o f  Co-60 w i t h i n  i n n e r  l a y e r s  o f  c o p p c r  c o i l s ,  due  t o  
t h e  ( n , a l p h a )  r e a c t i o n s  c a u s e d  i n  Cu-63 by t h e  1 4 . 1  MeV n e u t r o n s  
f rom t h e  D-T p l a s m a ,  was f o u n d  t o  p r e s e n t  t h e  most  s e v e r e  l i m i -  
t a t i o n  t o  e x t e n d e d  o p e r a t i o n  o f  t h e  mach ine  1671.  S u b s e q u e n t  
c a l c u l a t i o n s  c a r r i e d  o u t  w i t h  1 0 0  e n e r g y - g r o u p s  i n  S6/P3 a p p r o x j -  
m a t i o n  have  shown t h a t  f o r m a t i o n  o f  Co-60 o c c u r s  i n  p r o h i b i t i v e  
amounts  a l s o  w i t h i n  o u t e r  l a y e r s  o f  c o p p e r  c o i l s  and  t h a t  u s e  
of a  m o d e r a t a r  p i a c e d  b e t w e e n  p la sma  and c o p p e r  c o i l s  d o e s  n o t  
a p p e a r  t o  r e d u c e  a s  d e s i r e d  t h e  number o f  n e u t r o n s  e n t e r i n g  
c o p p e r  w i t h  e n e r g i e s  g r e a t e r  t h a n  t h e  t h r e s h o l d  ( a b o u t  6  MeV) 
f o r  Co-60 f o r m a t i o n .  
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Reactor Physics Activities in Japan 

Period June 1973 to May 1974 

by J. Hiroto 

1. Light water lattice experiment 

Critical experiments were carried out on 3.C?/a Pu02-U02 lattices ( the atomic 

number density ratio of H to Pu ; 295, 402, 494, 704 and 922 ) using the zero power 

light water moderated critical assembly TCA in JAERl in cooperation with the Power 

Reactor and Nuclear Fuel Development Corporation ( PNC ). The fuel i s  Pu02-UO;, 

3 
pellet of 6.1 g/cm clad in Zircoloy-2 tube, and the effective size of fuel element i s  

10.7 mm in  diameter and 706 mm in length. The plutonium contents ore 63,22, 7, and 

239 240 241 242 
2% of Pu, Pu, Pu, and Pu, respectively. 

Critical sizes and power distributions were meosured for the cores; 

a) two region cores consisted of 3.0% Pu02-U02 and 2.6% U02 lattices 

b) cores which have woter gaps 

c) cores which have mock-up voided regions 

In the cores o) and b), transversal gold activities and Peff/e were also meosured. 

The moderator temperature coefficients were measured for the lattices of which H/Pu 

were 402,494,704, and 922 over the temperoture range from 2 0 ' ~  to 80'~. 

The codes used in the calculation of three group cross sections ore LASER ond 

UGMG42 ( JAERl revised MUFT code ) - THERMOS. Two dimensional calculations were 

carried out using the PDQ-5 code. The calculated K by LASER-PDQ-5 agreed with 
eff 

the experimental results within the range of -0.2"0.5%"K/K and 0.3-0.6% * K/K 

for the two regional and the water gap cores. The Keff 
by UGMG42-THERMOS-PDQ-5 

agreed within the range of 0.4- 1 .O% A K / K  and 1.7"2.2% 4 K/K respectively. 



It was experimentaly shown that the f 8 eff /[ ) of the two region core was synthesised 

as the linear combination of the {peff/ l  ji and the statistical weight Wi of each region i. , 

For the moderator temperature coefficient of the lattices of which H/Pu was 402, for 

instance, the difference between the calculated and the experimental coefficient 

increases from -0.8 to -1.2 centPC with the temperature from 2 0 ' ~  to 80'~. 

2. BWR power distribution measurement 

A study has been made on the power distribution at the Fukushima-1 plant under 

the joint program between Tokyo Electric Power Company and Toshiba. The measurements 

were performed twice and fuel bundles in  different burnups were used: The fuel bundles 

were gamma-scanned axially with a Ge (Li)  detector and the relative distributions of 

fission product contents-La, Zr, Pr and others were obtained from the analysis of the 

gamma-ray spectra. The measured values were compared with the values obtained from 

the trace calculation by the three dimensional code which followed the reactor history 

from the startup to the shutdown just before the fuel discharge. The agreement between 

the calculation and the measurement i s  fair ly good. 

3. Non-destructive burn-up measurement 

Non-destructive burn-up measurements on 2.5% Pu02-U02 fuel pins have been 

tried by means of the gamma spectrometry at the JPDR fuel storage pool. These fuel pins 

were fabricated by PNC and irradiated up to about 1200 MWD/T i n  maximum at the 

Halden HBWR. The correlation between the activity ratio 1 3 4 ~ s / 1 3 7 ~ s  and the activity 

1 37 
of Cs indicates a very good linear relation at the cooling time of 45 months. The 

proportional constant i s  larger than that previously measured on the JPDR fuel p i s n d e r  

the same experimental condition. It i s  considered that the difference results from 



the difference in  the neutron spectra. 

0 
When the fuel temperoture i s  lower than about 1600 C the migration of Cs con be 

137 
neglected, and the activity of Cs gives a reasonable measure of integral burn-up. 

The above mentioned relation shows that the isotopic correlation of 1 3 4 ~ s  and 1 3 7 ~ s  

also gives a good measure of burnup for the Halden HBWR. Generally, the rotio 

1 3 4 ~ s / 1 3 7 ~ s  is  affected by the shift o f  power distribution during irradiaiion and by 

the change of neutron spectrum i n  the core, because the half l i fe  of 1 3 4 ~ s  i s  not so long 

1 336 
and the epithermal neutron capture of i s  considerably large comparing to the 

thermal neutron copture. In the case of JPDR fuel pins, these effects were apparently 

recognized. The accurate evaluation o f  effective neutron capture by 1 3 3 ~ s  i n  fuel pin 

133 
i s  a interesting problem, because the resonance structure of Cs has some similality to 

137 
that of 2 3 8 ~ ,  then the ratio 1 3 4 ~ s /  Cs might be a good indicator of neutron spectrum 

i n  operating power reactors and also a measure of Pu/U. 

4. Physics study f6r "FUGEN" 

In order to  investigate the core characteristics of the Advanced Thermal Converter 

Prototype Fugen ( heavy water moderated light water cooled 165 MWe ), a wide reactor 

physics parameter survey has been made by using 0.54% and 0.87% enriched Pu02-U02 

fuel lattices i n  the Deuterium Moderated Crit ical Assembly ( DCA ). 

Experimental latt ice conditions are 22.5 cm latt ice pitch and four kinds of coolant 

void fractions (0, 30, 70, 100% voidage ). Reactor physics parameters, which are 

almost the same as those measured for U02 lattices before, are P / P  measured with 

the pulse neutron method, material buckling for small number of fuel clusters by the 

substitution method, ini t ia l  conversion ratio, fission and capture ratios and microscopic 

intra-cell thermal neutron flux distribution by the Foil activation method, and power 



peaking factor in  the cluster and macroscopic power distribution i n  the core by the wire 

octivotion method. These dota have been compared with values calculated by the nuclear 
! 

design code for Fugen ( Cluster- IV and Methuselah- I1 ). 

The results on the neutron flux distribution of the two region core which consists of 

37 (0.54% Pu02-U02 ) and 84 ( 1.2% U 0 2  ) fuel assemblies are summarized as follows: 

(1) The local radial f lux distributions in  the U 0 2  and Pu02-U02 fuel cluster agree 

with the experimental data in  the case of 100% coolant void f ract im.  In the 

case of 0% coolant void fraction, the calculated flux distributions in the 

moderator are rather low compared with the experiment. 

(2) The calculated gross radial f lux distribution in  the position of the cluster center 

agrees well with the experiment within the experimental error in  the case of 036 

coolant void fraction. In the case of 100% coolant void fraction, the colculated 

radial f lux distribution i s  rather f lat  compared with the experiment. 

(3) Concerning the gross radial f lux distributions in  the position of D 2 0  lattices and 

the gross axial f lux distributions, the differences between the experiment and 

calculation are large and i t  seems necessary to make the calculation model more 

detail. 

5. Very high temperature reactor design 

Since 1970, JAERI made three times of VHTR design under the cooperation of the 

atomic industrial groups; the first and the second preliminary designs of the experimental 
- 

VHTR, and the first preliminary design of the large scale VHTR. In addition to these, 

the first pre-conceptual design of the experiment01 VHTR is  now being carried out, and 

its results w i l l  be obtained in  August, this year. After evaluating it, the first conceptual 

design of the experimental VHTR wi l l  be undertaken from this autumn. 



To support the above designs, JAERI has made the Mark-series of the reference 

designs of the experimental VHTR since last August. The main parameters of the 

reference design are as follows: The reactor plant produces 50 Mw thermal power which 

0 
i s  used to heat the primary helium gas to about 1000 C. This high temperature gas i s  

then applied to the steam reformer for obtaining reduction gas. The reactor core, which 

is composed of 85 fuel columns, has 2.9m diameter and 3.0m height, and is surrounded 

by the graphite reflector. 38 control rods ore inserted into the core from the top face in  

pairs. The coolant flows downwards and i t s  flow i s  controled by orifice devices mounted 

on the top of the core. The hexagonal prismatic fuel elements are employed as fuel 

block, of which the across flatness and height are 30 cm and 50 cm, respectively, and 

36'hollow type fuel pins or 18 tubular type pins are inserted into the block. The fuel i s  

loaded uniformly in  radial plane, but in  four different zones in  the axial direction for 

lowering the maximum fuel temperature, and the whole core is refueled at reactor 

shutdown. Average power density, overage fuel burnup and fuel dwelling time are 

2.5 w/crn3, 40 GWD/T and 4 yr respectively. Design l imit  of the maximum fuel tempera- 

ture is 1350'~. 

6. A new experimental method for large fast reactors 

A new experimental method, which gives us more useful informations than the usual 

sector-type or zone-type experiment, has been proposed. 

We consider a system in a fast crit ical facil i ty whose geometrical dimension is the 

same as that of a large fast reactor of interest. The difference between physics parameters 

of the system and the large fast reactor results from the difference between the nuclear 

characteristics of enriched uranium and plutonium or the core combositions. The basic 

idea and procedure of the new experimental method ore as follows: The core of the system 
,. 



i s  divided into certain number of regions and measurements of physics parameters are 

repeated replacing the dummy composition with the real one i n  each region successively. 

From the results, the physics parameters of the large fast reactor can be estimated 

completely within the first order perturbation. The theoretical correction i s  made for the 

higher order which is only the interaction effect between the divided regions. The 

theoretical foundation i s  given by means of the generalized perturbation technique 

developed by L. N. Usachev and others, and also the higher order ~erturbat ion method 

developed by H. Mitani. This experimental method w i l l  be applied to the reactivity 

worth measurement an FCA Assembly VI I - l  . 
0 

7. Theoretical analysis of power reactor noise 

Analytical models for power reactor noise are constructed in  the framework of the 

linear response theory of Markoffian processes. A set of Langevin's equations for nuclea~ 

power, fuel and coolant temperature are derived on a single channel and a single phase 

flow model and are analytically sslved. The procedure has been extensively applied to 

the more practical model. The calculated power spectral densities of fluctuations are 

compared with measured noise patterns and a reasmably well agreement i s  obtained. 

An extensive review and development article on the theory of power react01 noise is  

reported by K. Saito in  the newly appeared journal "Annals of Nuclear Science and 

Engineering ". 

Power spectral density of neutron density i s  important as an aid in  diagnosing faults 

i n  a power reactor. At JAERI, the point reactor kinetic equation with o Gaussian 

stationary and random function of time is  studied without linearizing the equotion. 

The condition for the stable mean neutron density and an integral equation for the power 

spectral density are derived using techniques based on the quatum f ie ld  theory. 



Its solution and the norm of the integral kernel for a noise with simple exponential 

I correlation function are evaluated numerically. As the result, i t  i s  found that the 

correction to the usual power spectral density derived from the linearized kinetic equation 

increases with the correlation time of noise, and if the correlation time i s  less than 

several second, the correction can be neglected. 

8. Integral check of FP group constants 

Group constants of 28 important FP nuclides were produced with the data evaluated 

by the JNDC FP Nuclear Data Working Group. They are compared with those produced 

from the Cook's evaluated data at International Symposium on Physics of Fast Reactor 

held at Tokyo i n  1973. After the symposium, the detailed information of reactivity change 

due to fission products on STEK cores was obtained from RCN. Hence the FP group 

constants have been checked using these integral data for 3 samples ( HFR-101, HFR-102 

and KFK-mock-up sample ). 

The followings are found: 

1) As for HFR-101, the results are of 10% higher than the experimental daia, while 

the RCN results are of 10% lower than the experimental ones. 

2) As for HFR-102, the results agree well with the experimental values, while the 

RCN results are of 15% lower. 

3) As for KFK-sample, the results are of 25% higher for STEK-1000, but agree 

well for STEK-4000, while the RCN results are of several % higher for al l  the 

cores. 

Considering these tendencies, i t  is  concluded that the JNDC group constants may over- 

estimate the capture. This might be caused by neglecting the Porter-Thomas f l k tua t ion  

in  the evaluation. 



9. Energy release from decay of fission products 

The energy release rates of fission products have been calculated by summation of 

the contributions o f  respective fission product nuclides for several fission nuclides and 

exci tat ion energies o t  JAERI. A n  attempt is mode t o  refine the existing values of beta 

or gomma energy release rates for short time after fission by including more informatisns 

o f  fission products, mainly short-l ived ones. In the calculat ion 5G6 radioactive and 125 

stable nuclides are considered. The unknown nuclear data for short-lived nuclides are 

estimated theoretical ly or statistically. The Q values are obtained by using the semi- 

empir ical mass formula of Myers and Swiatechi. Beta decay constant h of  he nucleus 
a 

i s  derived from its Q value by  using the empiricol correlat ion between h and Q . 

Feasibil ity o f  the method i s  evaluated through comparison o f  the calculated results 

235 
wi th  experiment for the thermal neutron fission of - U. The results are in  good 

agreement w i th  the experimental ones of the gamma energy release rates for short time 

after fission. The calculated decoy powers are i n  good agreement w i th  the colorimetric 

measurements by Lott e t  al. .  The present results of decay power also agree wel l  wi th 

the compilations by Shure and by Stehn ond Clancy for the respective cool ing time. 
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10. Integral experiment on a l i th ium metal assembly 

A spheric01 l i th ium metal system was assemblied by p i l i ng  up l i th ium blocks for .. 

investigation o f  neutronics of the fusion reactor blanket a t  JAERI. The effect ive radius 

of the system is 34.1 cm and the volume fraction o f  L i /sus/void is 0.74/0.19/0.07. 

The source neutrons are generated at the center through the D-T reaction by a 300 k v  

Cockcroft-Wolton type accelerator. Measurements of the neutron f lux  distribution were 

carr ied out using micro fission chambers of 232~h, 2 3 8 ~ ,  2 3 7 ~ p  and 2 3 5 ~ .  A 6 ~ i l  

sc in t i l la t ion  counter was used for the measurement of the penetration of 14 M e V  neutrons. 



The analysis was mode using the one dimensional transport code ANISN with the 

approximation of Pg-Sg . The group constants of 42 group were derived from ENDF/B-Ill 

through SUPERTOG. It i s  found that the neutron flux distributions measured by the 

threshold fission chambers and the scintillation counter are well represented by the 

/ 
calculation. Therefore, i t  can be said that the spatial distribution of Li ( n, n ' )  ci , T 

reaction may be properly estimated if the cross section i s  correctly evaluated. 



Reactor Physics  A c t i v i t i e s  i n  Norway - June 1973 - M a d  

J . O .  Berg, S. BZrresen 

The development and eva lua t ion  o f  t h e  modular code system FMS (Fue l  Manage- 

mcnt System) f o r  l i g h t  ~ . a t e r . r e a c t o r s  was continued. The system comprises 

advanced computer programs f o r  f u e l  assembly burnup c a l c u l a t i o n s ,  3-D core  

c a l c u l a t i o n s  and f u e l  cyc1.e survey and opt imizat ion.  

A new d a t a  l i b r a r y ,  based e s s e n t i a l l y  on t h e  ENDFIB-111 f i l e ,  i s  now being 

used f o r  r e ac t&  physics  c a l c u l a t i o n s  wi th  t h e  f u e l  assembly program RECORD. 

A l a r g e  number of UO 111 0  c r i t i c a l  experiments were analysed using t h e  new 2 2 
d a t a  l i b r a r y .  The ca l cu l a t ed  average of  k was 1.0008. Resu l t s  a r e  shown 

e f f  
i n  Fig .  1. Ana1ys:s o f  Pu /U-cr i t i ca l s ,  involving both c lean  l a t t i c e s  and 

t y p i c a l  h e t e r o z e n e i t i e s  (Ref.  1) i s  under way. 

A s u b s t a n t i a l  e f f o r t  has been put oil t h e  development o f  a r e a c t o r  physics  

model f o r  Gd-containing f u e l .  Some r e s u l t s  have already been published 

r e f  2 The method i s  based on a  modified vers ion  of  THERMOS, which pro- 

duces e f f e c t i v e  c ro s s  s ec t i ons  f o r  t h e  Gd-cell and c a l c u l a t e s  t h e  Gd deple- 

t i o n .  The c ro s s  s ec t i ons  a r e  then  f ed  i n t o  RECORD f o r  c a l c u l a t i o n  of the  

f u e l  a s s r ~ b l y  power d i s t r i b u t i o n  and r e a c t i v i t y  versus  burnup. 

A method f o r  3-D core  power d i s t r i b u t i o n  e s t i im t ion  based on PRESTO (Ref .  3) 

i s  under development. Incore  d e t e c t o r  s i g n a l s  may t,hus be used t o  c o r r e c t  

t h e  c a l cu l a t ed  power d i s t r i b u t i o n  when t h e  program i s  used as a core  fol low 

monitor. 

The presen t  vers ion of  Pl7ESTO w i l l  handle problems of  up t o  13200 nodes cor- 

responding t o  a  fu1.1 core  rcprc: ;cnta t ion of a  BWR with  550 f u e l  assemblies 

(000 W e ) .  Previous ca1.culations wi th  PIIESTO have givcn good a.greement wi th  

measured power d i s t r i b u l i o n s  i n  t h e  I)odewno.r~l r e a c t o r .  Comparison with  ex- 



perimental r e s u l t s  from l a r g e r  power reac tors  a r e  under way. 
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REACTOR PHYSICS ACTIVITIES I N  PORTUGAL 

J.COSTA OLIVEIRA 

1. Research Reactor  

A replacement co re  f o r  t h e  1 MW swimming-pool r e sea rch  r e a c t o r  

RPI ra6 'mdered and w i l l  probably by o p e r a t i o n a l  by Summer 1974. The 

a new f t r :  2lements a r e  MTR type wi th  18 s t r a i g h t  p l a t e s  and 9391 e n r i  - 
ched ur::.r.ium . 

From June 11, 1973 t o  November 15 ,  1973 t h e  r e a c t o r  was opera- 

t e d  i n  s e c t i o n  I1 of t h e  pool  i n  o r d e r  t o  refund t h e  pool impervious 

l i n i n g  i n  t h e  v i c i n i t y  of one of t h e  beam t u b e s  (one of t h e  square ce-  

ramic t i l e s  was loose  and had t o  be replaced and f ixed  wi th  a r a l d i t e  

cement) . 

2. Thermal Neutron Di f fus ion  Parameters  

Thermal column could not  be used d u r i n g  t h e  r e f i t t i n g  of t h e  

r e a c t o r  pool l i n i n g  impai r ing  t h e  experimental  program i n  t h i s  f i e l d  . 
Some measurements of thermal  neut ron  d i f f u s i o n  parameters  i n  

cadmium-poisoned aqueous s o l u t i o n s  a t  room temperature have been made. 

Work i n  p rogress  concerns  t h i s  kind of s t u d i e s  and a l s o  t h e  

measurement of thermal  neut ron  d i f f u s i o n  parameters  i n  moderator media 

a t  tempera tures  between 2 0 ' ~  and 1 0 0 ~ ~  . 
3. Reactor  Noise 

The auto-power s p e c t r a l  d e n s i t y  func t ion  was deduced a t  zero  - 
-power from t ime-cor re l a t ion  a n a l y s i s  of t h e  neut ron  popula t ion  . 



The r e a c t o r  n o i s e  s t u d i e s  a r e  now be ing  d i r e c t e d  t o  power r e a c  

t o r  a p p l i c a t i o n s ,  aimed a t  t h e  development of on- l ine  f a i l u r e  de tec  - 
t i o n  and d iagnos i s  methods f o r  power r e a c t o r s .  Some exper iences  a r e  

planned now and p a r t l y  be ing  performed on neu t ron ,  temperature and coo 

l a n t  flow n o i s e  a n a l y s i s  . 
4. Reactor  R a d i o m e t r ~  

Besides work performed i n  r o u t i n e  f o r  i r r a d i a t i o n  experiments  

c a r r i e d  out i n  t h e  RPI, some work was accomplished on improvement of 

i n t e r p r e t a t i o n  o f  f a s t  f l u x  measurements u s i n g  th resho ld  d e t e c t o r s  and 

of gamma dose measurements by c a l o r i m e t r i c  t echn iques  . 

Methods of non-des t ruc t ive  a s say  of t h e  i s o t o p i c  composition 

of spent  f u e l  elements  a r e  under i n v e s t i g a t i o n  . 



Reactor Physics Ac t iv i t i e s  i n  Spain 

R. Ortiz Fornaguera 

Experimental f a s t  Reactor CORAL-I. 

In  the  f i e l d  of the  f a s t  neutron spectroscopy techniques, two proton 

r e c o i l  proport ional  counters f i l l e d  with hydrogen and methane have been 

used t o  measure t h e  scape neutron spectrum of the  reac tor .  The r e s u l t s  

agreed with theo re t i ca l  ca lcula t ion  performed using multigroup methods. 

Using t h e  s o l i d  s t a t e  t rack recorder method, the  absolute e f f ic iency ,  

6 ,  of t h e  counters used i n  the  count-to-count i n t e r v a l  d i s t r ibu t ion  

technique has been measured. A s  we already knew the  values of  dBeff through 

the  count-to-count method, the  value of Beff has been evaluated. The r e s u l t ,  
. - 

'eff = (6 .63+0.17)~10-~ agees with the  calculated one using perturbat ion 

techniques, within the  corresponding e r ro r s .  

JEN-1 reac tor .  

A new logic  uni t  fo r  reac tor  s a fe ty  has been developed and w i l l  be put 

i n  operation i n  t h e  next months. With t h i s  un i t  the  previous r eac to r  i n s t r u  - 
mentation has been up t o  date  modified. 

JEN-2 reac tor .  

A new method has been developed t o  adjust  t h e  experimental p robab i l i t i e s  

p k ( t )  of  obtaining k counts i n  a de tec tor  located i n  the  center  of  t h e  reac- 

t o r .  The experimental values have been adjusted by means of a generating pro- 

bab i l i t y  function. These experimental p robab i l i t i e s  pk(r )  have been f i t t e d  

fo r  each one of the  r i n t e rva l s  of time. By t h i s  method a negative r e a c t i v i t y  

measurement can be completed i n  few minutes. The MINUS and MIGRAD codes have 

been used. 



Reactor des ign and f u e l  management a c t i v i t i e s  dur ing 1973. 

A f u e l  management s tudy  of  t h e  re load  cyc les  f o r  t h e  160 MWe Zor i t a  

PWR r e a c t o r ,  was conducted i n  a s s i s t a n c e  t o  t h e  u t i l i t y .  Neutronic c a l c u  - 
l a t i o n s  us ing d i f f e r e n t  codes and methods were performed f o r  assesment of 

t h e  des ign of a swimming-pool r e sea rch  r e a c t o r  f o r  Chile.  C r i t i c a l i t y  c a l  - 
c u l a t i o n s  of d i f f e r e n t  t r a n s p o r t a t i o n  c o n f i g u r a t i o n s  of f r e s h  LWR's f u e l  

were performed f o r  s a f e t y  purposes.  E f f e c t s  on neu t ron ics  c h a r a c t e r i s t i c s  

of d i scharge  burnup i n c r e a s e  i n  t h e  Vandellos GCR r e a c t o r  were analyzed.  

A number of computer codes  f o r  neu t ron ics ,  thermalhvdraul ics  and t r a n -  0 s i e n t  a n a l y s i s ,  adquired through t h e  CPL o f  NEA-OCDE a t  I s ~ r a  and from o t h e r  

sources ,  were im~lemented  and t e s t e d  on t h e  UNIVAC-1106 computer o f  t h e  JEN. 

D i f f e r e n t  codes and u t i l i t y  r o u t i n e s  were developed and programmed f o r  pro- 

v id ing  l inkage  between d i f f e r e n t  codes and improving c a l c u l a t i o n a l  gaps  i n  

d i f f e r e n t  a r e a s .  S t u d i e s  o f  d i f f e r e n t  r e a c t o r  types  were performed, provi-  

d ing benchamark o f  t h e  d i f f e r e n t  codes and methods and exper ience  i n  i ts  

use. 



Reactor Physics Activities in Sweden, July 1973 - May 1974 

By E Hellstrand 

Theory 

Thermal reactors - - - - - - - - 
The MICBURN-BUXY code system for calculations on BA- 

assemblies has been verified against measurements on a fuel 

assembly which was irradiated in the Oskarshamn BWR. The 

burnup of individual fuel rods was determined by gamma- 

scanning and by use of the Nd148 method, and the isotopic 

composition of gadolinium in the BA-rods was measured. The 

predicted burnup distribution and gadolinium depletion agree 

with the measurements within the experimental uncertainties. 

MICBURN has also been used for calculation of the microscopic 

burnup within fuel rods containing unpoisoned UO or U02-PuO 2 2' 
This investigation shows that in ordinary fuel rods the 

average number densities of heavy nuclides and fission pro- 

ducts is well predicted by use of a homogeneous treatment of 

the depletion. 

Some new options have been added to the fuel assembly burnup 

code BUXY. A modification of the method for burnup calcula- 

tions has made it possible to extend the burnup steps between 

spectrum calculations considerably, especially for fuel 

assemblies containing burnable absorbers. Typical step lengths 

are now 0.25-1 MWd/kg U for BA-assemblies. 

A two-dimensional cell code, CCJXY, for calculation of neutron 

fluxes in xy-geometry has been developed. It is based upon 

the so-called transmission probability method. At the 

boundaries of the meshes, the fluxes are expressed by the 

double P -approximation. The neutron currents obtained from 1 



The code has been t e s t e d  a g a i n s t  programmes based on c o l l i s i o n  

p r o b a b i l i t y  and S approximations. The c a l c u l a t i o n s  have been 
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made on BWR boxes wi th  and wi thout  a  c o n t r o l  rod,  and a l s o  

wi th  rods conta ining uniformly d i s t r i b u t e d  burnable  absorbers .  

The s i z e  of t h e  mesh g r i d  can be a t  l e a s t  a  f a c t o r  two l a r g e r  

i n  COXY than i n  t h e  o t h e r  two methods f o r  t h e  same accuracy.  

The time f o r  computing t ransmiss ion and escape p r o b a b i l i t i e s  

i s  l e s s  than a  t e n t h  of t h e  t o t a l  computing t i m e .  The code 

i s  t h e r e f o r e  an o r d e r  of magnitude f a s t e r  than t h e  c o l l i s i o n  

p r o b a b i l i t y  code used f o r  comparisons. 

A 69-group c ross  s e c t i o n  l i b r a r y  f o r  thermal r e a c t o r  ca lcu la -  

t i o n s  has  been produced from ENDFIB-111. The SPENG l i b r a r y  

f o r  f a s t  r e a c t o r  c a l c u l a t i o n s  has been used f o r  ob ta in ing  

f a s t  and epi thermal  d a t a .  An improved v e r s i o n  of t h e  FLANGE-2 

code has been used f o r  ob ta in ing  thermal da ta .  I n  t h e  o r i g i n a l  

FLANGE-2, t h e  s c a t t e r i n g  mat r ix  i s  c a l c u l a t e d  from point-wise 

d a t a .  I n  the  Studsvik  v e r s i o n ,  i n t e g r a t i o n  over primary and 

secondary groups i s  made us ing a n  appropr ia te  weight ing 

spectrum. The p r e s e n t  l i b r a r y  con ta ins  57 nuc l ides .  

Large-mesh (nodal)  methods a r e  genera l ly  used t o  c a l c u l a t e  

r e a c t o r  c o r e  power d i s t r i b u t i o n s .  Work has  been s t a r t e d  t o  

c r e a t e  a  s o l i d  t h e o r e t i c a l  foundat ion f o r  large-mesh methods 

and concur ren t ly  t o  inc rease  t h e  accuracy of t h e  methods. 

It has  been p o s s i b l e  t o  formulate and i n t e r p r e t e  a  theory 

t h a t  l a r g e l y  p rese rves  t h e  r e l a t i v e l y  small amount of c a l -  

c u l a t i o n a l  work t y p i c a l  f o r  e a r l i e r  nodal  schemes. The new 

methods w i l l  be w e l l  s u i t e d  t o  experimental  comparisons w i t h  

r e s u l t s  from smal l  zero-power r e a c t o r s  as w e l l  a s  l a r g e  

r e a c t o r s .  The work i s  cont inuing.  

them a r e  used a s  sources  f o r  c a l c u l a t i n g  t h e  t ransmiss ion 

of neutron through each mesh. The angular  dependence of t h e  

c u r r e n t s  i s  given by t h r e e  components f o r  each of t h e  out-  

going and t h e  incoming d i r e c t i o n .  The c o n t r i b u t i o n  t r :  t h e  

outgoing c u r r e n t  from the  i n n e r  source ,  which i s  allowed t o  

va ry  l i n e a r l y  w i t h i n  t h e  mesh, i s  given by escape p r o b a b i l i t i e s .  



Fast reactors - ----- 
Integral data calculations have been made on nine uranium- 

loaded critical systems and on ten plutonium-loaded systems. 

The neutron data used have been processed from ENDFIL-111 

and are given in the SPENG library. During the processing, 

some discrepancies in group cross sections have been found 
2 

when comparing with data obtained from MC . Some of these 
discrepancies have been attributed to an error in MC', but 

important discrepancies still remain unexplained. In the 

integral data, large deviations of k from unity have been eff 
obtained for ZPR-111132, ZPR-111155 and zEBRA/~c. 

Breeding performance and fuel costs have been studied for gas- 

cooled and sodium-cooled breeders on a consistent basis using 

the fuel-cycle code EQUICYCLE. Fuel cost parameters estab- 

lished through this code is further used as input to long 

range strategy calculations regarding the role of fast 

breeders in the future power system in Sweden. 

Experiments 

Critical experiments - - - - - - - - - - 
The analysis of the 1972-73 high temperature critical experi- 

ments in the KRITZ facility on lattices with mixed oxide fuel 

containing 1.5 % Pu have been completed. There are no large 

discrepancies between theory and experiments though the 

calculated values of reactivity and temperature coefficient 

seem to be systematically more negative than the experimental 

ones. 

High temperature critical measurements on fuel with two 

different enrichments (about 2 and 3 %) fissile Pu were 

performed during the surmnar 1973 for reactor vendors out- 

side Sweden. Analysis of these experiments have not yet been 

completed. 



Negot ia t ions  about f u r t h e r  KRITZ experiments on Pu-brari ng 

f u e l  a r c  going on.. 'The measuremenLs arc plnnncd f o r  Ll:c 

autumn of t h i s  yea r .  

F i s s i o n  product a c t i v i t i e s  

The time behaviour of t h e  r e s i d u a l  power from f i s s i o n  product 

i n  r e a c t o r  f u e l  s h o r t l y  a f t e r  a  power shut-down i s  not well  

known. We a r e  t h e r e f o r e  planning t o  perform c a l o r i m e t r i c  

measurements on smal l  samples. The i n t e n t i o n  i s  t o  study t h e  

time per iod below 100 seconds a f t e r  shut-down. 

e 

Calcu la t ions  ------  
The f i s s i o n  product a c t i v i t y  program BEGAFIP u t i l i z e s  two 

methods t o  c a l c u l a t e  t h e  t o t a l  b e t a  and gamma powers. A t  s h o r t  

decay times t a b e l l e d  exper imenta l  va lues  of b e t a  and gamma 

product ion a t  d i f f e r e n t  t imes a f t e r  f i s s i o n ,  i n t e g r a t e d  over 

t h e  opera t ing  t ime, g i v e s  t h e  d e s i r e d  va lues  a t  a  c e r t a i n  

decay time. The second method c a l c u l a t e s  t h e  number of atoms 

of each f i s s i o n  product by means of t h e  Bateman equat ion 

whereupon t h e  t o t a l  b e t a  and gamma powers a r e  given by a  simple 

summation. A combination of t h e  two methods i s  necessary  as  

t h e  gamma s p e c t r a  of t h e  n u c l i d e s  wi th  s h o r t  h a l f - l i v e s  a r e  . 
not  w e l l  known. The d a t a  l i b r a r y  f o r  t h e  second method con- 

t a i n s  gamma r a d i a t i o n  energ ies  and i n t e n s i t i e s  f o r  each 

nuc l ide  which means t h a t  i n  a d d i t i o n  t o  t h e  t o t a l  gamma power 

a l s o  t h e  f i s s i o n  product gamma r a d i a t i o n  spectrum may be ca l -  

cu la ted .  

BEGAFIP a l s o  y i e l d s  t h e  concen t ra t ions  of v a r i o u s  t r ans -  

uranium i so topes .  Comparisons between r e s u l t s  from BEGAFIP 

c a l c u l a t i o n s  and those  based on t h e  BUXY program a r e  under 

way. 



R e a c t o r  P h y s i c s  A c t i v i t i e s  i n  S w i t z e r l a n d  

J u n e  1 9 7 3  - May 1 9 7 4  

R .  Richmond 

1 .  P o w e r  R e a c t o r s  

T h e  p r e s e n t  s i t u a t i o n  i s  s u m m a r i z e d  i n  T a b l e  1 .  

T h e  c u r r e n t l y  o p e r a t i n g  n u c l e a r  s t a t i o n s  r e p r e s e n t  a b o u t  1 0  % 

o f  t h e  t o t a l  n a t i o n a l  g e n e r a t i n g  c a p a c i t y .  The  n e x t  f o u r  s t a t i o n s  

a r e  e x p e c t e d  t o  come i n t o  o p e r a t i o n  d u r i n g  1 9 7 8 - 7 9  a t  w h i c h  

s t a g e  t h e  n u c l e a r  c a p a c i t y  w i l l  b e  a b o u t  4 0  % o f  t o t a l  

T a b l e  1 .  P o w e r  ~ e a c t o r s  i n  S w i t z e r l a n d  

S t a t  i o n  R e a c t o r  G e n e r a t i n g  
T y p e  C a p a c i t y  

(MWe) 

M i i h l e b e r g  BWR 300  

Gosgen  PWR 9 0 0  

/ L e i b s t a d t  1 BWR I 9 0 0  

K a i s e r a u g s t  

G r a b e n  

V e r b o i s  

P r e s e n t  S t a t e  I 
I n  o p e r a t i o n  

C o n s t r u c t i o n  
p e r m i t  g r a n t e d  

C o n s t r u c t i o n  

p e r m i t s  

p e n d i n g  

S i t e  a p p r o v e d  



2. E x p e r i m e n t a l  Measurements 

The r e s u l t s  o f  measurements  o f  n e u t r o n  s d e c t r u m  and r e a c t i o n  

r a t e s  made i n  a  t y p i c a l  g a s - c o o l e d  f a s t  r e a c t o r  l a t t i c e  i n  

t h e  f i r s t  c o r e  o f  PROTEUS ( 1 )  have been u s e d  t o  check  t h e  

p r e d i c t i o n s  o f  a  number o f  d a t a  s e t s .  T h i s  was a  c o l l a b o r a t i v e  

e x e r c i s e  i n  w h i c h  c a l c u l a t i o n s  o f  t h e  PROTEUS l a t t i c e  were  

made b y  s e v e r a l  o r g a n i z a t i o n s .  The r e s u l t s  a r e  summar ized  i n  

T a b l e  2. 

T a b l e  2. C/E V a l u e s  f o r  R e a c t i o n  R a t e  R a t i o s  i n  PROTEUS 
C o r e  1  

R a t i o  

The mos t  a c c u r a t e  p r e d i c t i o n s a r e  g i v e n  b y  KFKINR w h i c h  i s  

t h e  s e t  mos t  c l o s e l y a d j u s t e d  t o  t h e  r e s u l t s  o f  i n t e g r a l  
4 

'c8"f 9  

' f8"f  9  

5/'f 9  

e x p e r i m e n t s .  T h i s ,  however ,  i s  n o t  i n  l i n e  w i t h  t h e  n o r m a l  

- 

p e r f o r m a n c e  o f  t h e  s e t  w h i c h  t e n d s  t o  o v e r p r e d i c t  t h e  r a t i o  - 
'ce/'fg b y  a b o u t  7 %. The most  s i g n i f i c a n t  e r r o r  i s  t h e  

o v e r p r e d i c t i o n  o f  ~ ~ ~ / u + . ~  b y  ENDF/B-3. T h i s  a p p e a r s  t o  r e s u l t  

f r o m  a  h i g h  v a l u e  o f  t h e  U238 c a p t u r e  c r o s s - s e c t i o n  i n  t h i s  

E x p e r i m e n t a l  

V a l u e  

0.1320'0.0022 

0.0322'0.0005 

1.022 '0.015 

s e t .  I t  i s  u n d e r s t o o d  t h a t  t h i s  c r o s s - s e c t i o n  w i l l  be l o w e r e d  

f o r  ENDF/B-4. The p o s s i b l e  d i f f e r e n c e s  a r i s i n g  a t  t h e  d a t a  

p r o c e s s i n g  s t a g e  a r e  i n d i c a t e d  by  t h e  2 . 4  % . d i s c r e p a n c y  

be tween t h e  v a l u e s  o f  uc8/ufg g i v e n  by  GGA (GGCSI and S t u d s v i k  

(SPENGI r e s p e c t i v e l y .  

C/E 

I'. - (.. :...,>~< "$ ';* . ' . ., . . 1'. , . .-. i-. 
, . < r  i %J ,.. 

ENOF/B-3  SEA-ATOM 

1.028 

0.983 

0.989 

GGA 

1.042 

0.957 

1 .014 

S t u d s v i k  

1  . 067 

0.971 

1 .026 

KFKINR 
GBRA 

1 .016 

1 .007.  

1 .005  

FGL4 
EIR 

0.975 

0.965 

1.015 



The C / E  v a l u e s  f o r  t h e  n e u t r o n  s p e c t r u m  a r e  g i v e n  g r o u p - w i s e  

i n  F i g u r e  1  f o r  t h e  e n e r g y  r e g i o n  c o v e r e d  by t h e  s p e c t r u m  

measuremen t s .  The KFKINR v a l u e s  a r e  o m i t t e d  b e c a u s e  o f  t h e  

d i f f e r e n t  g r o u p  s t r u c t u r e .  The ASEA-ATOM s e t  g i v e s  t h e  w o r s t  

a g r e e m e n t  w i t h  e x p e r i m e n t  b u t  i t s  v a l u e s  t e n d  t o  o s c i l l a t e  

be tween g r o u p s  s o  t h a t  t h e i r  e f f e c t s  l a r g e l y  c a n c e l .  The 

r e m a i n i n g  t h r e e  c a l c u l a t e d  v a l u e s  l i e  w i t h i n  5 % o f  t h e  

e x p e r i m e n t a l  v a l u e s  e x c e p t  f o r  t h e  h i g h e s t  e n e r g y  g r o u p  where  

a l l  t h r e e  u n d e r p r e d i c t  t h e  measured  v a l u e .  D i f f e r e n c e s  be tween 

t h e  G G A  and  S t u d s v i k  v a l u e s  o c c u r  i n  t h e  l o w e s t  e n e r g y  g r o u p .  

They a p p e a r  t o  be  l i n k e d  t o  t h e  p r e s e n c e  o f  t h e  m a j o r  i r o n  

r e s o n a n c e s  and t h e r e f o r e  t o  r e l a t e  t o  t h e  r e s o n a n c e  t r e a t m e n t .  

T h i s  i s  b e i n g  f u r t h e r  i n v e s t i g a t e d .  

I n  t h e  s e c o n d  c o r e  o f  PROTEUS t h e  f a s t  l a t t i c e  was c o n s t r u c t e d  

by removing one  t h i r d  o f  t h e  Pu02/U02 r o d s  f r o m  t h e  Core  1  

l a t t i c e  and  r e p l a c i n g  t h e m  by r o d s  o f  1 8 / 8  s t a i n l e s s  s t e e l .  T h i s  

r a i s e d  t h e  s t e e l  volume f r a c t i o n  f r o m  11  % t o  27 %. The 

r e s u l t s  o f  t h e  r e a c t i o n  r a t e  r a t i o  measuremen t s  and  t h e  C / E  

v a l u e s  g i v e n  by FGL4 a r e  shown i n  T a b l e  3. The o n l y  s i g n i f i c a n t  

d i f f e r e n c e  f r o m  t h e  Core 1  C / E  v a l u e s  o c c u r s  i n  t h e  c a s e  

O f  'f8/'f9 where  t h e  Core 2  c a l c u l a t e d  v a l u e  shows a  

s i g n i f i c a n t l y  g r e a t e r  e r r o r .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  

s p e c t r u m  measuremen t s  which were  e x t e n d e d  i n  t h e  s e c o n d  Core  

t o  2  MeV and which  i n d i c a t e d  a  C / E  v a l u e  o f  0 .90  i n  t h e  

e n e r g y  r e g i o n  above  1.2 MeV. T h e s e  r e s u l t s  imp ly  t h a t  t h e  s t e e l  

i n e l a s t i c  s c a t t e r i n g  i s  t o o  h i g h  i n  FGL4. They a r e  i n  l i n e  

w i t h  t h e  f a c t  t h a t  i n  t h e  v e r s i o n  o f  FGL4 a d j u s t e d  on t h e  

b a s i s  of i n t e g r a l  m e a s u r e m e n t s ,  t h e  i n e l a s t i c  c r o s s - s e c t i o n  

of  i r o n  i s  r e d u c e d  by 1 2  % .  



T a b l e  3 .  C / E  V a l u e s  f o r  R e a c t i o n  R a t e  R a t i o s  i n  Core 

( R a t i o  I E x p e r i m e n t a l  Va lue  1 C / E  

3. C a l c u l a t i o n  Methods 

A method h a s  been d e v e l o p e d  f o r  o b t a i n i n g  m u l t i g r o u p  c r o s s -  

s e c t i o n s  f r o m  t h e  B a p p r o x i m a t i o n  u s i n g  a  f o r m a l i s m  which is  
n  

s i m i l a r  t o  t h a t  o f  Pn t h e o r y ,  p a r t i c u l a r l y  f rom t h e  programming 

p o i n t  o f  v i ew ( 2 1 .  The new method r e q u i r e s  l e s s  memory and 

comput ing  t i m e  t h a n  t h e  normal  B a p p r o a c h  a l t h o u g h  i t  i s  
n  

m a t h e m a t i c a l l y  e q u i v a l e n t .  

T h e o r e t i c a l  s t u d i e s  o f  s t r e a m i n g  i n  GCFR l a t t i c e s  have now 

been comple ted  ( 3 1 .  Compar i sons  w i l l  b e  made w i t h  t h e  

p r e d i c t i o n s  o f  t h e  method o f  Eisemann and w i t h  t h e  r e s u l t s  of  

PROTEUS e x p e r i m e n t s .  

An improvement  t o  t h e  code  D O I T  i n v o l v e s  t h e  u s e  o f  t h e  

p e r p e n d i c u l a r  a n g u l a r  box boundary  c u r r e n t s  a s  unknowns i n  

p l a c e  o f  t h e  a n g u l a r  f l u x e s  which were  u s e d  i n  t h e  o r i g i n a l  

v e r s i o n .  The p r i n c i p l e  o f  n e u t r o n  c o n s e r v a t i o n  i s  now 

f u l f i l l e d  r i g o r o u s l y  i n  e a c h  box even  a t  low Sn a p p r o x i m a t i o n s .  

The most  r e c e n t  v e r s i o n  i s  known a s  OOIT-4. ,.<, &, ...... 
. .I .,, ,,,, ~ 



A l i n k e d  code  s y s t e m  i s  b e i n g  d e v e l o p e d  f o r  l a t t i c e  c a l c u l a t i o n s  

on l i g h t  w a t e r  r e a c t o r s .  ENDF/B-3 d a t a  w i l l  b e  u s e d  i n  

c o n j u n c t i o n  w i t h  l o c a l l y - d e v e l o p e d  p r o c e s s i n g  c o d e s  and t h e  

c a l c u l a t i o n s  w i l l  c o v e r  p l u t o n i u m  r e c y c l i n g  and t h e  u s e  o f  

g a d o l i n i u m  a s  a  b u r n a b l e  p o i s o n .  The E I R  c o d e s  b e i n g  used  

i n  t h e  scheme a r e  SHADOK ( f o r  t h e  f i n e - g r o u p  c a l c u l a t i o n s  

f o r  t h e  m i c r o c e l l l  and DOIT-4 ( f o r  t h e  b r o a d - g r o u p ,  two- 

d i m e n s i o n  c a l c u l a t i o n s  f o r  t h e  b o x e s ) .  A m o d i f i e d  v e r s i o n  

o f  t h e  FLARE c o d e  i s  b e i n g  used  f o r  t h e  whole  r e a c t o r  

c a l c u l a t i o n .  

4 .  L a s e r  I n d u c e d  F i s s i o n  

R e c e n t l y  i t  h a s  been s u g g e s t e d  t h a t  i t  may be p o s s i b l e  t o  

c o m p r e s s  a  s m a l l  f i s s i o n a b l e  s p h e r e  w i t h  a  d i a m e t e r  o f  t h e  

o r d e r  o f  mm i n t o  a  h i g h l y  s u p e r c r i t i c a l  a s s e m b l y  w i t h  t h e  

a i d  o f  m u l t i p l e  l a s e r  beams o r  i n t e n s e  beams o f  r e l a t i v i s t i c  

e l e c t r o n s .  N e u t r o n i c  s t u d i e s  a t  E I R  have  shown t h a t ,  p r o v i d e d  

t h a t  l a s e r  i n d u c e d  p r e s s u r e s  o f  10'' a t m o s p h e r e s  a r e  a c h i e v e d ,  

t h e  r e s u l t i n g  a tom d e n s i t i e s  ( 2 5 0  t i m e s  normal  d e n s i t i e s )  

e n s u r e  s u p e r - p r o m p t  c r i t i c a l i t y  w i t h  a  k - e f f  o f  t h e  o r d e r  o f  

1 . 2 5  ( 4 1 .  K i n e t i c s  s t u d i e s  have  shown t h a t  t h e  r e s u l t i n g  

m i c r o - e x p l o s i o n  i s  much s h o r t e r  t h a n  t h a t  o f  a  c o n v e n t i o n a l  

a t o m i c  weapon and t h e r e f o r e  t h e  e f f i c i e n c y  i s  b e t t e r .  The 

i n e r t i a l  c o n f i n e m e n t  t i m e  ( 1  n s )  i s  c o n s i d e r a b l y  l a r g e r  t h a n  

t h e  r e c i p r o c a l  i n i t i a l  R o s s i - a l p h a .  The u s e  o f  a  ~i~ D o r  

T - D  r e f l e c t o r  l e a d s  t o  a  l a r g e  r e d u c t i o n  i n  c r i t i c a l  mass  

and a l l o w s  f u s i o n  r e a c t i o n s  t o  o c c u r .  T h i s  d e v i c e  c o n s t i t u t e s  

a  hydrogen bomb on a  m i c r o - s c a l e .  



These s t u d i e s  were  based on  u n c l a s s i f i e d  i n f o r m a t i o n ,  and 

a r e  e n t i r e l y  c o n c e r n e d  w i t h  p e a c e f u l  a p p l i c a t i o n s .  The 

p r o p o s a l  w o u l d  be t o  b u r n  t h e  p e l l e t s  i n  a c o m b u s t i o n  

chamber s i m i l a r  t o  t h a t  p r o p o s e d  f o r  an e l e c t r i c a l  power  

~ l a n t  based on  l a s e r - i n d u c e d  f u s i o n .  
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REACTOR PHYSICS I N  THE UNITD KINGDON 

GAS COOLED GRAPHITE REACTOPS 

1 Fuel  l o a d i n g  of t h e  Hinkley 'E' AGR power s t a t i o n  commenced on '9 Apri l .  
Combined eng ineer ing  t e s t s  a r e  i n  t h e i r  f i n a l  s t a c e s  and power r a i s i n g  is 
expected i n  July/August. 

2 The performance of t h e  Windscale AGR i t s e l f  and i t s  f u e l  have continued t o  
be encouraging. The o b j e c t i v e  of t h i s  programme is t o  confirm i n  WAGR t h e  
behaviour of f u e l  d e s i g n s  t y p i c a l  of  t h e  f i r s t  CAGR. 

j The computational  r o u t e  developed by CRGR f o r  s t o r i n g  and p rocess ing  t h e  
d a t a  a r i s i n g  f ro5  t h e  o p e r a t i o n  of A G R s  h a s  been > ~ s e d  i n  t h e  context  of 
Windscale AGR. R e s u l t s  of r e a c t i v i t y  l e v e l s ,  rod worths,  a x i a l  and r a d i a l  
power d i s t r i b u t i o n  a r e  i n  reasonable  accord wi th  experime-tal  observat ion.  
T h i s  computation system is known a s  ADOS and c o n t a i n s  a  c e n t r a l  module BET 
based on h e t e r o g e n e o u ~  soxrce/sink theory.  Agreement wi th  p a r a l l e l  
computations obta ined from t h e  homogenised d i f f u s i o n  thcorp  code SNA? > a s  
a l s o  been good. The t e s t i n g  of  t h e  system on WAGR i s  providing va?.u?hle 
exper ience  i n  o p e r s t i o n  p r i o r  t o  t h e  commercial A G R s  going on stream. 

4 '  S u c c e s s f d  opera t ion  of  t h e  DRAGON r e a c t o r  h a s  continued. T h i s  h a s  followed. 
t h e  replacement of t h e  i n n e r  r e f l e c t o r  b l o c I ~ s ,  d ~ r i n g  which a l l  f u e l  was 
removed from t h e  core. The r e a c t o r  was re loaded and Charge iV/Core 6 
operz ted from J u l y  197: t o  September 1973. Charge V/Cores 1 and 2 f s l l o u e d  
from ?Jovember 197: t o  January 1974 and January 1974 t o  April. 19:711 ressectivc!y 
and t h e  t h i r d  core  is being i r r a d i a t e d  c u r r e n t l y .  Charge I V  was c h a r a c t e r i s e d  
by i r r a d i a t i o n  exper iments  of t h e  "pin  and block" des igh of pcver r e a c t o r .  
while Charge V s e e s  t h e  g radua l  i n t r o d u c t i o n  of t h e  "integra!. block" des igns  
now i n  favour  f o r  commercial des igns .  I n  a d d i t i o n  t o  t h e s e  e x p e r b e n t s  t h e r e  
are s t a n d a r d  i r r a d i a t i o n s  t o  i n v e s t i g a t e  t h e  behaviour of t h e  i n t r i n s i c  
p r o p e r t i e s  of f u e l  p a r t i c l e s ,  m a t r i x  m a t e r i a l  a r ~ d  s t r u c t u r a l  g raph i t e .  I n  
t h e  new i n n e r  r e f l e c t o r  b locks  t h e  prof ; . les  between t h e  core  and o u t e r  
r e f l e c t o r  b iocks  have been modified t o  a l i o v  bowing t o  t a k e  p lace  withou? 
caus ing  s t r u c t u r a l  in t r - fe rence .  '?'his h a s  l e d  t o  a reduc t ion  i n  Albedo and 
some s i g n i f i c a n t  neutron l o s s e s  by a x i a l  streaming.  Tne n e t  r e s u l t  is a  l o s s  
i n  i ' e a ~ ~ i ~ v i t y  of about IQ: Ak which h a s  t o  be accommodated i n  t h e  f u t u r e '  
co re  loadings .  

5 The work i n  t h e  UK d u r i n g  t h e  p a s t  yea r  h a s  concentra ted  on c o n t r o l  rod 
a s p e c t s .  Recause t h e  c o n t r o l  rod epacil:$ i s  a fundam??i?al f a c t o r  i n  
determin!.ng core  'esign f o r  an  UTH, a  ma11 p r o g r a x e  of experiments ha6 
been mounted i n  t h e  ZENITH I1 r e a c t o r  t o  s tudy shut . iow nar,eir?s i n  s i t u a t i o n s  
with r o d s  miss ing i n  h i g h - r e a c t i v i t y  r e g i o n s  of a  non-uniform core. Both 
symmetric and a s y m e t r i c  c a s e s  a r e  being s t u d i e d ,  F i g  1 skow:ne: a  typ<.cal  
conf igurat ior . .  (Tne l e t t e r s  i n a i c k t i n g  b locks  with c e n t r a l l y  i n s e r t e d  
control .  absorbers.) Ir a d d i t i o n  t o  i e a c t i v i t g  measurements, s p a t i a l  
dis+l.ibutiona of ;-255 rP--': "nL ani: --=7" =.., &; --"-- "; ;J  .,---"" ;;,> - Of zqa:l u>. ,.,>. '. -..>..- .- . 



samples  a r e  measured t o  check p r e d i c t i o n s  of  n o n a i .  and a d j o i n t  f l u x .  It: is 
a n t i c i p a t e d  t h a t  t h e s e  expe r imen t s  w i l l  c o n t r i b u t e  t o  a b e t t e r  d e t e r m i n a t i o n  
of  t h e  components of u n c e r t a i n t y  i n  t h i s  c o n f i g u r a t i o n ,  which were g iven  by 
Johns tone  and S c o t t  i n  AEEK - R 847 ( p r e s e n t e d  a t  J u l i c h  i n  J anua ry  197'), a s  
summarised i n  Table  1. 

6 F u r t h e r  s t u d i e s  on t h e  comparison between low e n r i c h e d  and Thorium c y c l e s  
f o r  t h e  HTR have been made, i n c l u d i n g  a conpa r i son  of  p h y s i c s  c a l c u l a t i o n s  
i n  c o l l a b o r a t i o n  w i t h  t h e  CEA. It h a s  been e s t a b l i s h e d  t h a t  p h y s i c s  methods 
and d a t a  make o n l y  a sma l l  c o n t r i b u t i o n  t o  t h e  d i f f e r e n c e s  between UK and US 
c o n c l u s i o n s  on t h i s  t o p i c .  The major  d i f f e r e n c e  l i e s  i n  t h e  assumed c o s t  of 
f a b r i c a t i n g  t h e  s n a l i .  f i s s i i e  p a r t i c l e s  i n  t h e  ' t c ~ o  p a r t i c l e '  Thorium d e s i g n ,  
a l t h o u g h  c o n s e r v a t i v e  c h o j c e s  o f  l o a d  f a c t o r ,  i n -co re  c o n t r o l  r e q u i r e m e ~ t s  
f o r  Xenon overriOe,n-.d d i f f e r e n t  v a l u e s  a s c r i b e d  t o  Plutonium a1.l make a 
c o n t r i b u t i o n  t o  t k e  d i f f e r e n c e .  

7 Three-dimensional  f u c l  management s t u d i e s  of  o f f - load  b a t c h  r e f c e l l . e d  r e a c t o r  
d e s i g n s  u s i n g  b u r n a b l e  p o i s o n s  have i d e n t i f i e d  compl ica ted  v a r i a t i o n s  of  
a x i a l  form f a c t o r  o v e r  f u e l  l i f e ,  e s p e c i a l l y  i f  c o n t r o l  a b s o r b e r s  a r e  a l lowed 
t o  move t o  f l a t t e n  t h e  r a d i a l  power d i s t r i b u t i o n .  Some s imple  exp l .o ra t ions  
o f  a l t e r n a t i v e  c o n t r o l  s t r a t e g i e s  have been made u s i n g  t h e  th re s -d imens iona l  
code TRIBUNE i n  a g e n e r a l i s e d  s u p e r c e l l  mode of  ope ra t ion .  

8 c o l l a b o r a t i o n  between t h e  Dragon P r o j e c t  and  t h e  UKAEA h a s  con t inued  d u r i n g  
t h e  y e a r  i n  a n a l y s i n g  t h e  z e r o  ene rey  expe r imen t s  t h a t  were pe r fo rned  on 
t h e  DRAGON r e a c t o r  p r i o r  t o  Charge I V .  The a n a l y s i s  u s e s  UKAEA methods 
embodied i n  t h e  WlMS-E scheme of  modular codes.  F i n a l  r e a c t o r  c a l c u l a t i o n s  
will be performed s h o r t l y  t o  p rov ide  d e t a i l e d  power d i s t r i b u t i o n s  f o r  t h e  
exper iment  which had some c o n t r o l  r o d s  o p e r a t i n g  f u l l y  i n s e v t e d  and t h e  
remainder  withdrawn. A g e n e r a l  d e s c r i p t i o n  of t h e  proposed method of  a n a l y s i s  
h a s  been gi.ven i n  two p a p e r s  p r e s e n t e d  a t  t h e  1 7 t h  Dragon C o u n t r i e s  P h y s i c s  
Meeting. 

WATh33 MODERATD REACTORS 

SGHIv?? - 
9 The W i n f r i t h  SGW P r o t o t y p e  Reac to r  h a s  j u s t  completed its Winter  p e r i o d  of  

base  l o a d  g e n e r a t i o n  a c h i e v i n g  a mean l o a d  f a c t o r  of  98% between November 
1973 and A p r i l  1974. ,The f u e l  per formanct  h a s  been e x c e l l e n t  and peak a x i a l  
burnup L e v e l s  of  2100OMWd/teU have now been obta iued .  i n - p i l e  measurements 
of  f u e l  p i n  i n t e r n a l  p r e s s u r e s  have been completed and good agreement w i t h  
p r e d i c t i o n s  obta ined .  

Rout ine  m o n i t o r i n g  of t h e  r e a c t i v i t y  and r a t i n g  d i s t r j h u t i o n s  h a s  con t inued  
and c o n p a r i s o n s  w i t h  ETFJSSLAII-based c o r e  f o l l o w  c n l c u l a t i o c s  r a d e  vhich  
suppor t  t h e  c o n c l u s i o n s  from e a r l i e r  work r e p o r t e d  i n  AEEW - R 808. 
Arrangements a r e  i n  p r o g r e s s  t o  r e p e a t  t h e  c o r e  f o l l o w  c a l c u l a t i o n s  u s i n g  
d a t a  based  on t h e  W I H S l a t t i c e  code. 

10 Measurements h a w  been made on t h e  r e snonse  o f  t h e  r e a c t o r  under  a  r e v i s e d  
coupled  c m t r o i  ( t h e  r e a c t o r  power is coupled  d i r e c t l y  t o  changing  g r i d  
d e ~ a z d ) .  T:le.ce r?eoruremezts  have c o n f i r x e d  independent  p r e d i c t i o x  ,-f -?id 
and power c o e f f i c i e n t s  of r e a c t i v i t y  and have d e n o n s t r a t e d  t h e  f e a s i . b i l i t y  
of  t h i s  method of  c o n t r o l  which r e s u l t s  i n  e r e a t e r  g r i d  s t a b i l i t y .  

I ?  Dur ing  t h e  second h a l f  of  1973 a s h o r t  prosranme of' expe r imen t s  was under taken  
i n  t h e  JUNO r e a c t o r  a t  AEE Winf r i t h .  These expe r imen t s  were in t ended  t o  
a u p e n t  t h e  in fo rma t ion  ob ta ined  i n  t h e  comprehensive s e r i e s  which were 



completed i n  t h e  y e a r s  preceeding 1967.. The f o l l o k n g  t o p i c s  were t ack led  
i n  t h e  JUNO programme:- 

i R e a c t i v i t y  change a s s o c i a t e d  wi th  l o s s  of coo lan t  from p a r t  o r  a l l  of 
t h e  core. Here t h e  o b j e c t i v e  was t o  provide more a c c u r a t e  experimental  
d a t a  on t h e  change of r e a c t i v i t y  with coolant  voiding and t o  complcrnent 
t h i s  by measurement of t h e  change i n  U-238 cap ture  r a t e ,  s i n c e  t h i s  i s  
one of t h e  more d i f f i c u l t  c o n t r i b u t i o n s  t o  r e a c t i v i t y  change. 

ii Var ia t ion  of r e a c t i v i t y  with moderator level.. I n  t h i s  case  two extreme 
c a s e s  were of most i n t e r e s t .  F i r s t l y ,  a check was made on r e a c t i v i t y  
and f l u x  p r o f i l e  changes a s s o c i a t e d  wi th  a  v a r i a b l e  D20 t o p  r e f l e c t o r ,  
and secondly measurements of r e a c t i v i t y  a t  low moderator l e v e l s  were 
made t o  confirm t h e  shutdown margin t o  be expected a t  dump l e v e l  i n  a  
l a r g e  r e a c t o r .  

iii Use of burnable poisons. The use  of p a r t  l e n g t h  burnable  poison i n  a 
number of p i n s  p rov ides  a means of i n c r e a s i n g  t h e  shutdown margin 
a v a i l a b l e  with a f i r s t  core  load ing  and of reducing peak l i n e a r  rat.ing. 
Measurements have been made t o  provide experimental  backing f o r  t h e  
c a l c u l a t i o n a l a s p e c t s  of r e a c t i v i t y  changes and power pe r tu rba t ions .  

i v  Power shaping methods. Current des igns  f o r  a l a r g e  r e a c t o r  envisage 
t h e  use of grey absorbers  f o r  power shaping. Measurements were maae 
i n  JUNO of t h e  r e a c t i v i t y  worth and power p e r t u r b a t i o n  produced by a  
tube  f i l l e d  with p r e s s u r i s e d  Krypton, which is one p o s s i b l e  form of 
v a r i a b l e  absorber  under considerat ion.  

Two exper imental  c o n f i g u r a t i o n s  were employed i n  JUNO. I n  t h e  f i r s t ,  a core  
of 52 channels  surrounded by a D?O r e f l e c t o r  of mean t h i c k n e s s  0 . 2 h  was 
f u e l l e d  on a two-zone b a s i s  with 36-pin c l u s t e r s  i n  %he i n n e r  zone and 74-pin 
c l u s t e r s  i n  t h e  o u t e r  zone. I n  t h e  second c o n f i g u r a t i o n ,  ? + - p i n  c l u s t e r s  
were used i n  a uniform loadlng.  Mixed enrichments were used i n  both c l u s t e r  
t y p e s ,  average enrichments being 2.03% and 1.86% f o r  the  two t y p e s  
r e s p e c t i v e l y .  

12 Two t o p i c s  have been s e l e c t e d  t o  i l l u s t r a t e  t h e  k ind  of r e s u 1 . t ~  obta ined 
from t h e  JUNO experiments. .These a r e  "Loss of Coolant" s n d  "Burnable 
Poison". Measurements were made on both  t y p e s  of JUNO c o r e  of t h e  changes 
i n  c r i - t i c a l  moderator l e v e l  and b u c k l . i n ~  produced by removal of a l l c o o l a n t .  
Ail E20/D20 mixture  was used t o  represen t  reduced d e n s t t y  of water uuder 
normal o p e r a t i n g  condi t ions .  I n  t h e  uniform core  measurements were a l s o  
made wi th  coolant  removed from one h a l f  of t h e  core.  The WIt<S/BASHAN' 
e igcnva lues  f o r  t h e s e  c o r e s  a r e  summarised i n  Table 2,  which i n c l u d e s  bo th  
XY c a l c u l a t i o n s  i n  which t h e  measured a x i a l  buckl ings  a r e  used t o  r e p r e m n t  
a x i a l  leakage,  and a n  XYZ c a l c u l a t i o n  i n  which a x i a l  l.e&age i s  c a i c u i a i e d  
d i r e c t l y .  I n  t h e  burnable  poison experiment one 36-pin c l t i s t e r  w a s  loaded 
wi th  33 p i n s  of t h e  normal type  and 3 p i n s  i n  whi.ch a  0.77m long  s e c t i o n  
conta ined f u e l  of t h e  normal enrichrneni loaded with 2.33wtS4 of gadol iniuq 
oxide. The c l u s t e r  was loaded i n t o  a  c e n t r a l  p o s i t i o n  i n  t h e  i n n e r  zone of 
t h e  two zone core ,  and measurements made of t h e  c r i t i c a l  h e i g h t  c tanze and 
p e r t u r b a t i o n s  i n  t h e  power d i s t r i b u t i o n s .  k three-dimensional WIMS/BiS!!AN 
c a l c u l a t i o ~  of the  poisoned case  gave an  e iaenvalue  almost i d e n t i c a l  with 
t h a t  of t h e  c lean  core.  The change i n  c l u s t e r  power peakine f a c t o r  from 
1.073 t o  1.188 was a l s o  wel l  p red ic ted  by t h e  P I J  opt ion i n  WIMS. Fiw!.ly, 
t h e  p e r t u r b a t i o n  of t h e  macroscopic r a d i a l  power shape was compared w i t h  the  
three-dimensional BASFAN r e s u l t s  a c r o s s t h e  core  c e n t r e  plane.  The l z r s e s t  
change occurred f o r  t h e  poisoned channel, whose f i s s i o n  r a t e  was m e a s u ~ e d  t o  
fal .1 by 73-80;, compared with a c a l c u l a t e d  reduc t ion  of 14.8%. The r e s u l t s  



are i l l u s t r a t e d  i n  F igure  2 f o r  t h e  pe r tu rbed  core', where t h e  rms d e v i a t i o n  
between measured and c a l c u l a t e d  channel powcrs was + 1.6%. 

One of t h e  t h e o r e t i c a l  a s p e c t s  of  a n a l y s i n g  t h e s e  exper iments  invo lves  
e v a l u a t i o n  of  t h e  accuracy of leakage c a l c u l a t i o n s .  Here a Monte Car lo  
program W-MONTE: h a s  been w r i t t e n  and s p e c i f i c a l l y  adapted f o r  numerical. 
s t u d i e s  of l e a k a ~ e  i n  SGHWR cl .us ter  geometrles.  Th i s  Monte Car lo  method 
is a l s o  used a s  a b a s i s  f o r  d e f i n i n g  e f f e c t i v e  d i f f u s i o n  parameters  i n  a 
core  wi th  a dumped moderator. The leakage s t u d i e s  have i n d i c a t e d  t h a t  t h e r e  
a r e  some d e f i c i e n c i e s  i n  t h e  WIMS "three-region" Benois t  e d i t ,  due t o  f i n e  
s t r u c t u r e  e f f e c t s , s n d  r a t h e r  b e t t e r  r e s u l t s  can be obta ined from t h e  mul t i -  
annu la r  f i r s t  o r d e r  op t ion  of t h e  code, r e f e r r e d  t o  as t h e  Ariadne method. 

The l i g h t  water r e a c t o r  l a t t i c e  code LWR-WINS h a s  had some ex tens ion  of i ts  
o p t i o n s  dur ing  t h e  p a s t  twelve months. An improved v e r s i o n  of t h e  t r a n s p o r t  
module TWOTRAN which u s e s  t h e  cen t red  diamond d i f f e r e n c e  scheme with a  
nega t ive  f l l ~ x  fj .xing procedure. h a s  been incorporate&.  A col3.ison p r o b a b i l i t y  
op t ion  known a s  CLUP which can t r e a t  e x p l i c i t l y  t h e  f u l l  h e t e r o g e n e i t y  of a  
d i a ~ o n a l l y  symmetric i?im l a t t i c e  h a s  a l s o  been included.  The CLUP module is 

e 
a modified v e r s i o n  of t h e  Japanese code CLUP77. The t r ea tment  of BWR cruciform 
absorber  r o d s  hab been improved by p rov id ing  an automat ic  method f o r  smearing 
t h e  ends  of b l a d e s  which do no t  t e rmina te  conven ien t ly  a t  a  c a l c u l a t i o n  mesh 
l i n e .  A system h a s  been e s t a b l i s h e d  f o r  s t o r i n g  on a  random a c c e s s  dev ice ,  
s tandard i n p u t  d a t a  b l o c k s  which can be modified by t h e  u s e r  a t  run time. 
Associa ted  wi th  t h i s  f a c i l i t y  is a f i i e  output  system which t r a n s f e r s  s t andard  
b locks  of d a t a  t o  F, l i b r a r y  on a  random a c c e s s  device  f o r  use  i n  whole 
r e a c t o r  c a l c u l a t i o n s .  Useful u s e r  exper ience  wi th  t h e  code h a s  been gained 
at  s e v e r a i  e s t a b l i s h m e n t s  on a wide v a r i e t y  of  problems. I n  p a r t i c u i a r ,  a  
s tudy h a s  been made t o  determine t h e  b e s t  approach t o  be adop t ld  i n  assessment 
c a l c u l a t i o n s  u s i n g  t h e  a v a i l a b l e  two-dimensional t r a n s p o r t  opt ions .  The main 
conclus ion of  t h i s  s t u d y  i s  t h a t  a d i f f u s i o n  theory  s o i u t i o n  wi th  s u i t a b l e  
choice  of  p i n - c e l l  homogenisation and mesh a l l o c a t i o n  can g i v e  good a c c u r a c i e s  
f o r  des ign  requirements.  

JOSHUA 111, t h e  three-dimensional  f u e l  management code, coupled with 
homogenised c r o s s - s e c t i o n s  genera ted from t h e  LWR-WINS 1a t . t i ce  code, h a s  
been used t o  s imula te  t h e  performance of o p e r a t i n g  PWRs and 31;Rs. The 
p r e d i c t i o n  of r e a c t i v i t y  is good, being v i t h i n  t h e  hounds of - + 0.5% Ak. 
C a l c u l a t i o n s  of power d i s t r i b u t i o n  a r e  i n  g e n e r a l  s a t i s f a c t o r y  except  nea r  
t h e  edge of a PWRcore. Th i s  is be l i eved  t o  be due l a r g e l y  t o  t h e  s t r o n g  
l o c a l  absorp t ion  i n  t h e  s t e e l  of  t h e  core  shroud. Th i s  is d i f f i c u l t  t o  
r e p r e s e n t  i n  coarse  mesh d i f f u s i o n  theory  and a l t e r n a t i v e  bounc:lry t r e a t m e n t s  
a r e  be ing  i n v e s t i g a t e d .  

The s imula t ion  s t u d i e s  a r e  i r ;a . ica t ing t h a t  t h e  modif ica t ion t o  U-235 f i s s i o n  
c ross - sec t ion  d a t a  suggested by Chawla on t h e  b a s i s  of  ze ro  energy 
exper in ie t~ts  ( J o u r n a l  of Nuclear Energy, Vol 27, 1973) l e a d s  t o  a m a l l  
p o s i t i v e  r e a c t i v i t y  b ias .  F u r t h e r  work is nteded on i n t e g r a l  p r o p e r t i e s  of 
nuc lea r  da ta .  

A two-dirxnsion%l neutron k i n e t i c s  codr (TilT:V!V? ~ 5 t h  two energ:; g'oups and 
up t o  s i x  d e l a y  groups  h a s  been w r i t t e n  f o r  k i n e t i c s  s t u d i e s  on u a t e r  
r eac to r s .  Th i s  code u s e s  t h e  method of  a l t e r n a t i n e  buckl ing sweeps coupled 
with exponen t i a l  time t ransforma ' i ims.  R e s u l t s  have been submitted f o r  t h e  

.. , EACRP X-Y geometry LWR benchmark prcblem. 
b .' 



FAST REACTOXS 

I? Summary papers  cover ing a l l  a s p e c t s  of t h e  I<OW?T programme were w r i t t e n  
j o i n t l y  with i9P!C, Japan and p resen ted  a t  t h e  Tokyo Syc:posiux i n  October 1973. 
The main conclus ions  of t h e  a n a l y s i s  of t h e  14OZilRT r e s u l t s  u s i n g  t h e  E'GL5 
d a t a  l i b r m y  a r e  a s  follows:- 

The k-values of both 1%A and ElZB a r e  c l o s e l y  p red ic ted ,  
t h e  r a t i o  of calclulnted t o  experimental  va lues  !C/>:) 
being 1.0006 and 1.0010 r e s p e c t i v e l y .  

C e n t r a l  r e a c t i o n - r a t e  r a t i o s  a r e  wel l  p r e d i c t e d  a p a r t  from 
t h e  r a t i o  of U238 f i s s j o n  t o  Pi1239 f i s s i o n  which is 
s i g n i f i c a n t l y  overes t imated,  by about  3;- i n  bo th  k!Z!< 
and NZY. 

C a l c u l a t i o n  t inderestimates the  c e ~ : t r a l  spectrum amplitude 
of MZA both  a t  low e n e r g i e s  and a t  high e n e r g i e s  (above 1 MeV). 
The C/2 value  f a i l s  s t e a d i l y  f ro -  u n i t y  a t  1 KeV t o  about 0.7 
a t  100 eV, t h i s  r eg ion  being r e l e v a n t  t o  t h e  p r e d i c t i o n  of 
Doppler c o e f f i c i e n t .  Coupled with 'hs overpred ic t ion  of t h e  
i n t e g r a l  U238 fissiorJi?u2jg fi:;sion r a t i o  noted above, tine 
evidence from t h e  high energy spectrum s u g ~ e s t ~  t h a t  t h e  
~ 2 3 8  f i s s j o n  cross-sect ion d a t a  i n  FGL5 is t o o  high 

S a t i s f a c t o r y  agreement between c a l c u l z t i o n  a ~ d  e q e r i m n t  is 
found f o r  c e n t r a l  sann le  r e a c t i v i t y  worths i n  MZF. and iiZ3. 
I n  p n r t i c u l o r ,  t h e  use o f  ieproved ex:>erimnnts' teckniques .  
t h e  adopt ion of p l a t e  geoxetry t h r o u ~ h o u t  t h e s e  e x s e ~ . i c a n t s  
and the  r e c e n t  e v a l u a t i o n s  of delayen neutron d a t a  spear 
t o  have removed t h e  'plutoniurn-worth discrepancy'  i n  t h e s e  
s y s t e m .  

The use of nore  r e f i n e d  techniqucs  ( i n  particu1a1- a c t i v a t i o n  
f o i l s  loaded i n t o  f u e l  p l a t e s )  has s h o m  u? s!?ortco:?ings i n  
t h e  c a l c u l a t i o n  of r e a c t i o n - r a t e  d i s t r i b u t i o x  and the  need 
f o r  more d e t a i l e d  t r e a t l e n t  of t h e  c e l l  c a l c u l a t i o r s  a t  the  
co;.e/breeder i n t e r f a c e .  The use of t r a n s p o r t  theory  is 
a l s o  i n d i c a t e d  f o r  such s i t u a t i o n s .  

The non-leakage colponent of Na-void r e a c t i v i t y  is wel l  
predictec! i n  bo th  p l a t e  and p i n  geonetry. The s i t u a t i o n  on 
t h e l e a k a g e  co%gonent i n  ?li:te gec lo t ry  is l e s s  s a t i s f a c t o r y ,  
and t h e  >.?se of anisotro , : ic  .+iffc.sicr c o e f f i c i e n t s  ap>:~a-s 
necessary.  Analysis  of Na-void exger inen t s  wi th  '-ansport 
theory shonld a l s o  be un6.ertaken. 



( h )  The a n a l y s i s  of t h e  e x t e w i v e  c o n t r o l  rod s t u d i e s  i n  
MZC s h a m  cl ,? , l r ly  t h e  inade.jliacy of  t h e  sta9d.x-d d i f f u s i o n  
theory  t r e a t z e x t  f o r  p r e d i c t i n x  t h e  a b s o l u t e  v o r t h s  
a l t h o a c h  i n t e m c t i o -  e f f e c t s  a r e  !.1?1.1 ca lcu la ted .  The 
appl.ic,?tion of  c;ore s o p h j n t i c a t e d  netkods l e a j s  t o  very  
s i e ; n i f i c m t  iz?rovencnts ,  bu t  a  t r e n d  of  i n c r e a o i n a  C/S 
wi th  e n r i c h ~ ~ e n t  f o r  horon ca rb ide  rods  remains asd r e q u i r o s  
f u r t h e r  i n v e s t i g a t i o n .  

( i )  C e n t r a l  c ~ v i t y  and fuel. conp-ction s i t u s t i o n s  a-e c a l c u l a t e d  
t o  accep tnk le  accuracy by zoclified d i f f u s i o n  theory.  This  
method jots !lo'; -?oar ade:luate f o r  p red ic t ine ;  s:;c!i e v e n t s  a t  
t h e  core/breeder boundary and f u r t h e r  vork is needed. 

18 Immediately followin,rr t h e  completio2 of  M O Z A X  a  s h o r t  s e r i e s  of c o n t r o l  
rod  worth exper iae f i t s  was c a r r i e d  o u t  i n  t h e  s a l e  nssecb iy  (E.!ZC = Core 12), 
u s i n g  up t o  f o u r  n a t u m i  boron - c a r b i d e  absorbers of t h e  PFX/CFii r e fe rence  
des ign,  which a r e  s ign i f i can t1 .y  l a r g e r  than t h e  ::ONJU rods .  The ana!.ysis of 
t h e  e x t e n s i v e  i n t e e r a l  d z t a  on co::trol r o d s  ob ta ined  a s  a  r e s u l t  of these  
Zebra s t u d i e s  h a s  l e n d  t o  a  very  s i g n i f i c a n t  i::provemcnt i n  t h e  es t ima ted  
accuracy of  p r e d j c t i o n ,  and us ing  t h e  ae thods  now recomended  t h e  t a r ~ e t  
a c c u r a c i e s  f o r  n a t u r a l  boron ca rb ide  a b s o r b e r s  c a n  be achieved.  

19 The Core 1 3  o p e r a t i o n a l  mock-up of  PFR was aade cr i t icz .1  i n  Zebra i n  l a t e  
October 1973. The o b j e c t i v e s  of t h i s  phase of  t h e  Zebra p r o g r m a e  a r e  twofold:- 

( a )  t o  provide  phys ics  suppor t  f o r  PFR dur ing  woric-up t o  f u l l  power; 

( b )  t o  s e r v e  as  a more g c n e r a l  t e s t  of  c a l c l ? l a t i d n  methods 
a p p l i e d  t o  t h e  noc-unifor?. co re  l o a d i n e s  t k a t  vj.11 a r i s e  
i n  CFR operat ion.  

The exper imenta l  p r o g r a m e  i n c l u d e s  t h e  f o l l o u i n ~  top ics : -  

r e a c t i o n  r a t e s  nea r  c e n t r a l  and o f f - c e n t r a l  s i n g u l a r i t i e s ;  

whole-core f l u x  tilts caused by asymnetric load ings  and 
compensation by c o n t r o l  rod  movement; 

b reeder  r e a c t i o n  r a t e  s c a n s ,  i n c l u d i n e  t h e  e i f e c t s  of  Pu 
build-up; 

a 
sodium vo id  e f f e c t s  i n  a range of  sub-assembly types  and p o s i t i o n s ;  

m a t e r i a l  r e a c t i v i t y  w o r t h  releva!?t t o  c e l i 5 r a t i o n  of t h e  
r e a c t i v i t y  s c a l e  ("233) and t o  q f c i 3 1  PFR sub-assec.blies 
and experiments;  

c o n t r o l  and shut-off  rod  i n t c r a c t i o m ;  

~ r t h  of  2. neck-up Eu2Q3 c o n t r o l  rod  ( r e l a t i v e  t o  3 . C ) ;  
4 

bum-up of  210 i n  a  ,xithdraiir, s h u t - s f f  rod:  

gamaa-ray enerpz depositio:! r e l e v a n t  t o  r i g  hea t ine .  



20 About two-thirds of the  scheduled experimental  prokramme or. Core 1 3  has  
been cosp le ted ,  t h e  main i t ems  y e t  t o  be s t u d i e d  being e n e r u  depos i t ion  
i n  in-core r i g s ,  neutron s t reaming i n  c o n t r o l  r o d  guide tubes ,  and b reeder  
r e a c t i o n  r a t e s  inc lud ing  t h e  i n f l u e n c e  o f  plutoniuc! build-up. 

21 The multi-chamber scanzing system has been brought i n t o  f u l l  opera t ion  
f o r  t h e  Core 1 3  p r o p a m e .  Th is  co:nprises a n  i n s t a l l e d  a r r a y  of i n t e r -  
c a l i b r a t e d  Pu239 f i s s i o n  chanbers of Zebra p l a t e  geometry incorpora ted  i n  
f u e l  elements i n  the  same way as o t h e r  core  components. The chamber 
o u t p u t s  a r e  counted sequer . t i a l ly  under c o n t r o l  o f  the  ARGUS computer. 
k t  p r e s e n t  a t o t a l  of 150 clmnbers a r e  i n  use,  providing 5 a x i a l  scan p o i n t s  
i n  30 f u e l  e l e z c n t  p o s i t i o n s  d i s t r i b u t e d  o v e r ' t h e  i n n e r  and o u t e r  core.  
Adeauate count ing s t a t i s t i c s  a r e  ob ta ined  i n  one hour ' s  opera t ion ,  with f u l l  
p r e s e n t a t i o n  o f  r e s u l t s  a few minutes l a t e r .  

22 Thr exper imental  programme on Core 1 3  o u t l i n e d  above w i l l  be coap le ted  by 
e a r l y  Septexber.  The a n a l y s i s  w i l l ,  of course ,  continue beyond t h i s  d a t e  a but  should  be e s s e n t i a l l y  complete, u s i n g  the  s t andard  methods, by t h e  end 
o f  t h e  year.  

23 Following t h e  coxp le t ion  of t h i s  phase of the  Core 1 3  work, a  p r o g r a m e  of 
i n t e g r a l  d a t a  s t u d i e s  i n  a s i c p l i f i e d  ve rs ion  of t h i s  assembly w i l l  be 
undertaken. Topics i d e n t i f i e d  f o r  s t u d y  inc lude  absorber-moderator 
i n t e r a c t i o n s ,  and measurements of f i s s i o n  products  b e t s  and gamma energy 
r e l e a s e .  

24 The r e a c t o r  c o n t i ~ u e s  t o  be t h e  main support  o f  t h e  UK f a s t  r e a c t c r  f u e l  
and materia1.s development procramme. The main emphasi.s now is i n  gen- ra t ing  
confi4ence i n  t h e  a b i l i t y  t o  Continue opera t ion  of t h e  r e a c t o r  a f t e r  f a i l u r e s  
i f i  experimental  f u e l  p i n s h a v e  bcen detected.  

25 The core  c e n t r e  now c a r r i e s  t h r e e  long  sub-asnemblies of experimental  f u e l  
p ins .  

26 A s e r i e s  of i r r a d i a t i o n  r i g s ,  t h e  f i r s t  o f  which has j u s t  been i n s t a l l e d ,  a a r e  concerned wi th  t h e  cor.tinuous aeasurement o f  i r r a d i a t i o n  creep. 

27 A s  we l l  as c c r r y i n g  out  a very f u l l  p r o g m w e  of experimental  i r r a d i a t i o n s  
the  r e a c t o r  coxt inues  t o  provide e l e c t r i c i t y  both  f o r  use  a t  D ' l E  and f o r  
expor t  t o  t h e  p u b l i c  e l e c t r i c i t y  system. 

28 A s  was r e p c r t e d  a t  t h e  RNX5 Conference t h e  r e a c t o r  beyan o!,eratiog a t  ?.ow 
x c l e a r  power on 3 !"larch 1974 and a  number of ze ro  energy g h y s i c s  experiments 
were c s r r i e d  out. 

23 Good progress  is b e i q  made wi th  t h e  next  s t a g e  of the  programme l e a d i n g  
t o  t h e  genera t ion  of e l e c t r i c i t y  i e  t h e  h o t  dyr.anic t e s t  of the  primary 
c i r c u i t ,  l e a k  t e s t i n g  of t h e  steam genera to rs  p r i o r  t o  f i l l i n g  them with  
water and t h e  r c i a ~ t a t e m e ~ t  of t h e  steam tu rb ine  vhich was o r i g i n a l l j -  
comm.ssioned l a s t  !rear. 



TARJX 1 

UNCERTAINTY 9 1  PREDICTING 'LOCAL CRITICALITY' REACTIVITY FOR IiTRs 

C o n t r i b u t i o n  t o  U n c e r t a i n t y  

i Worth of uniform c o n t r o l  
a r r a y  

ii Cold c o r e  r e a c t i v i t y  

iii Nuclear  d a t a  

i v  C a l c u l a t i o n z l  model 

C l e m ,  Cold 
S t a r t  of  L i f e  w i t h  

Surnnb le  Po i son  

Clean,  Cold Reactor  
a t  F u e l  Cyc le  

Equi l ib r ium 

I T o t a l  e s t i m a t e d  u n c e r t a i n t y  
(one s t a n d a r d  d e v i a t i o n )  I 

'NOTE: I n  b o t h  cases i t  is a n t i c i p a t e d  t h a t  s i m u l a t i o n s  of  r e a l i s t i c  ' l o c a l  
c r i t i c a l j . t y 1  s i t u a t i o n s  i n  l a t e r  z e r o  ene rgy  expe r imen t s  w i l l  l e a d  t o  
s i g n i f i c a n t  r e d u c t i o n s  i n  c o n t r i b u t i o n s  iii and i v ,  whi1.st c o l d  exne r imen t s  
w i th  b u r n a b l e  p o i s o n s  w i l l  r educe  c o n t r i b u t i o n  ii f o r  t h e  start of l i f e  
s i t u a t i o n .  

TABLS 2  

RASHAN EIGENVALUE CHAJVGES WITH REMOVAL OF COOLANT I N  JUNO EXPERII4E:NTS 

Tvo Zone 

One Zo?e 

Cne Zone 

I Coolant  
BASHAN i- I I 

U,0/020 3. ~ix/$ A i r  
I 

K i x t u r e  ! I I lir 

Chenge o f  
Eigenvalue  
(Air-?$ix)  
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Reactor Physics Ac t iv i t i e s  i n  the  U.S. 
A Report t o  the  NEACRP 

Cadarache, France, June 4-7, 1974 
By P. B. Hemmig, R. J .  Neuhold, J. W. Lewellen 

and V.  W. Lowery, USAEC 

I. Introduction 

Major a c t i v i t i e s  i n  t h e  preceding year have focused on design support 

f o r  the Fast Test Reactor (FTR) and the  Clinch River Breeder Reactor (CRBR). 

Of key importance a r e  severa l  c r i t i c a l  experiments t h a t  have been car r ied  

out f o r  both of these pro jec ts .  Planning was i n i t i a t e d  f o r  an addi t ional  

s e r i e s  of gas cooled breeder c r i t i c a l  experiments t o  begin on ZPR-9 i n  l a t e  

calendar year 1974. The Variable Temperature Rodded Zone (VTRZ) assembly 

was t e s t ed  a t  design temperature i n  ZPR-6; however, p r i o r i t i e s  have not ye t  

permitted i ts  use f o r  reac tor  experiments. Planning i s  underway t o  expand 

the  ZPPR matrix so i t  can accommodate 14'X14'X10T assemblies, s u f f i c i e n t  f o r  

mockups of commercial FBRs. The ENDFIB-IV nuclear da ta  f i l e  was completed, 

severa l  cross  sec t ion  and shielding measurements were car r ied  ou t ,  and severa l  

new computer programs a r e  i n  the  process of being t e s t ed  f o r  use on various 

computer systems and f o r  t h e i r  performance on various benchmark problems. 

.II. C r i t i c a l  Experiments 

The ZPR-9 has remained committed t o  the  FTR Engineering Mockup C r i t i c a l  

program. This program is scheduled f o r  completion by December 1974,at which 

time, ZPR-9 w i l l  be used f o r  a s e r i e s  of benchmark experiments i n  support 

of the  Gas Cooled Fast  Reactor (GCFR). 

The V'PRZ was checked out a t  design temperature i n  the  ZPR-6 matrix. The 

VTRZ and ZPR-6 a r e  cur rent ly  i n  standby s t a t u s .  No schedule has been s e t  

f o r  VTRZ measurements due t o  s t a f f  commitments on rhe ZPR-9 program. 



The ZPPR Assembly 3 program was completed in the fall of 1973 and 

Assembly 4 was initiated in December of 1973. m e  Assembly 4 program is 

scheduled for completion in January 1975. 

FTR Mockup 

During the last year, experiments have been conducted to: 

a. Determine europia and boron control rod worths 

b. Characterize test loop environments, e.g., spectra, material worths 

c. Measure heating rates using TLDs in europia and B4C rod simulations 

8 

d. Measure control rod interactions 

The final experiment in FTR-EMC will involve measurements in several zones 

constructed of high 240 content fuel. These experiments will support the 

design of FTR core 5 and beyond which will be fueled with light water reactor 

recycled fuel. 

The EugOg and BqC comparison studies indicated that, for lightly loaded 

rods (e.g., composition 1 of Table I), EuzO3 is worth about 10% more than 

natural BqC and for a heavily loaded control rod (e.g., composition 41, 

Eu20j is worth about 10% less than BqC. For moderately loaded control rods 

(e.g., compositions 2 and 3), the Eu2O3 to EqC with ratio is approximately 1. 

These results may imply smaller losses of control effectiveness due to - 
exposure of europium elements. The gamma heating measurements of europia 

showed that heating rates in europium across a simulated europium rod are 

quite flat and that heating in europium and in stainless steel is about 

40% higher in the rod than in the core. 



ZPPR Programs 

The Assembly 3 program on ZPPR was closed out during the  summer of 

1973 with an extensive s e r i e s  of sodium void measurements. 

Before loading Assembly 4 ,  Assembly 3 was modified t o  more closely 

model the Clinch River Breeder Reactor (CRBR). P a r a l l e l  voiding measure- 

ments were then performed i n  the modified assembly. 

The current  Assembly 4 program is a very close simulation of CRBR and 

i s  oriented toward blanket and blanket e f f ec t s .  The program cons is t s  of 

four phases as  summarized i n  Table 11. 

During Phase 1, measurements were made t o  determine a  breeding r a t i o ,  

an extensive s e r i e s  of TLD heating r a t e  measurements i n  core and blankets  were 

conducted, s tud ie s  of the  e f f e c t s  of loading blankets with f i s s i l e  sp ikes ,  

and measurements i n  high 240 zone have been completed. The task of reducing 

these extensive da ta  i s  not  complete. Currently we a re  i n  phase 2 of the 

measurements program. 

111. Shielding 

The shielding program a t  Tower Shielding F a c i l i t y  included the  following 

experiments: 

a. FTR Stored Fuel Experiment - In  t h i s  experiment a l l  mater ials  out 

t o  the  s tored f u e l  pos i t ion  were mocked up. Fission chamber measure- 

ments a t  s tored  f u e l  posi t ions indicated f i s s i o n  r a t e s  higher by 

f ac to r s  of 2-3 over ca lculer inns ,  R e  nos; prohzb!t.le explenatic;: 

seems t o  be t h a t  f lux  a t  s tored  f u e l  pos i t ion  was not being properly 

calculated.  



b.  Demo Ex-Vessel LLFM Experiment - There were an  e x t e n s i v e  s e r i e s  

of experiments performed i n  suppor t  of t h e  s u b c r i t i c a l  moni tor ing 

system proposed f o r  CRBR. The o b j e c t i v e  of t h e  experiments was 

t o  v e r i f y  t h a t  an ex-vessel  system could monitor t h e  s u b c r i t i c a l  

s t a t u s  of CRBR core .  The experiments included s t a t i c  a t t e n u a t i o n  

measurement and rod drop measurements. The measurements a t  TSF 

i n d i c a t e d  t h a t  t h e  ex-vessel  LLFM approach was f e a s i b l e .  

c .  T o t a l  c r o s s  s e c t i o n  checks were made i n  Pb, Fe,  N i ,  C ,  Na and SS 

and C r .  

d. Experiments were  performed on a s i m u l a t i o n  of a  lower ( d 2  f e e t )  

a x i a l  b l a n k e t  and s h i e l d  c o n f i g u r a t i o n  of t y p i c a l  LMFBR. The 

mockup included a  Na f i l l e d  c o n t r o l  rod channel s i m u l a t i o n  t o  t e s t  

s t reaming c a l c u l a t i o n s .  Resu l t s  from Bonner b a l l s  which provide  g r o s s  

i n t e g r a l  measurements showed no measurable s t reaming.  Resu l t s  from 

Hornyak b u t t o n s  show h igh  energy s t reaming of about 40%. 

A benchmark program us ing  t h e  TSF is  planned t o  provide  measurements i n  

t h e  fo l lowing a r e a s  : 

1. Radia t ion  s t reaming 

2. Rad ia t ion  h e a t i n g  

3. Deep neutron p e n e t r a t i o n  
x 

4. Gamma r a y  p roduc t ion  and t r a n s p o r t  - 
I V .  - Code Development - and - -- Methods A c t i v i t i e s  

E x p o r t a b i l i t y  and in te rchange  of codes and code p ieces  cont inue t o  be  

s t r e s s e d  i n  new r e a c t o r  physics  code developments. ANS s t a n d a r d s  on coding 

p r a c t i c e s  and documentation a r e  imposed. These have been supplerr.ented by 

less widespread s t a n d a r d i z a t i o n  a c t i v i t i e s .  During t h e  p a s t  y e a r ,  s t andard  



in te r faces  between code pieces have been expanded t o  include y production 

da ta ,  l inkage between k i n s t i c s  and sa fe ty  codes and linkage between f u e l  

management and f u e l  cost  codes. A standard card format has been defined 

and a standard input  processor prepared. These pieces,  along with standard 

input-output and da ta  t r ans fe r  subroutines,  a r e  cur rent ly  being t e s t ed .  

Complete updated documentation as  of July 1973 on coding standards work i s  

reported i n  LA-5486-MS 

Multigroup neutron cross sec t ion  processing code development i s  continuing 

on two l eve l s .  A f i r s t  version of the  M C ' - ~  ( ~ 2 0 0 0  groups) code i s  expected 

t o  be ava i lab le  f o r  l imited t e s t i n g  t h i s  year and d i s t r ibu ted  t o  the Argonne 

Code Center ear ly  next year .  A second version w i l l  address problems such 

a s  s e l e c t i v e  use of i n t e g r a l  resonance treatments,  higher order sca t t e r ing  

matr ices ,  hydrogen treatments and s p a t i a l  c ross  sec t ion  e f f ec t s .  A second 

processing code, MINX (r~ '250 groups) with Bondarenko type in terpola t ion  

capabi l i ty  was completed t h i s  spring.  A second ircproved version w i l l  be 

ava i l ab le  next year.  Both codes a r e  expected t o  process ENDFIB I V  c ross  

sec t ions  i n  a recent ly  adopted standard 240 group s t ruc tu re .  The standard 

s t r u c t u r e  is designed t o  be compatible with widely used s t ruc tu res ,  i . e . ,  

cur rent ly  used s t ruc tu res  a r e  subsets  of the  standard l i b ra ry .  Additional 

groups were then superimposed where necessary t o  address known physics 

phenomena. 

h i n t e r f a c ~ d  vers ioz  of 2 new mdtidi-ensional  d i f f z s ion  tkacry c d z ,  

VENTURE, wes completed. The code was developed pr inc ipa l ly  t o  t r e a t  l a rge  

three-dimensional problems. The code is  group independent and e s sen t i a l ly  

has "unlimited" mesh point  capabi l i ty .  The f i r s t  version allows d i r ec t iona l ly  . 



dependent d i f fus ion  coe f f i c i en t s  and opt ional ly solves the consis tent  P-1 

equations (no t ransport  approximation). A second version w i l l  emphasize 

numerical improvements to  reduce running time. T r i a l  implementation of the  

f i n i t e  element method w i l l  be considered t o  fu r the r  reduce running time and 

expand the geometrical capabi l i ty .  

A version of the synthesis  code (SYN3D) with s i n g l e  channel and group 

col lapse capabi l i ty  (3D, XYZ only) is  present ly being used by ANL t o  analyze 

ZPPR experiments. Future plans include the  expansion of the  geometrical 

l imi t a t ion  and the  addit ion of multichannel synthes is  capabi l i ty .  

A d i s c r e t e  ordinates  two-dimensional t ransport  code, TRIPLET, with tri- 

angular mesh capabi l i ty  was developed. This code employs a  f i n i t e  element 

approach i n  the  s p a t i a l  var iab les .  A general  t r iangular  code s t r e s s ing  

improved numerics and removal of ray e f f e c t s  is  under development. 

A new version of t h e  DOT s e r i e s  of codes capable of t r ea t ing  l a rge  

shielding problems on l a rge  o r  small machines i s  a l s o  under development. 

The two-dimensional q u a s i s t a t i c  k ine t i c s  code, EX-2, has been linked 

t o  the  hydrodynamics code VENUS. The package was successful ly tested fo r  

expor tabi l i ty  and w i l l  be released t o  the  Argonne Code Center t h i s  f a l l .  

\ 

Current e f f o r t s  a r e  d i rec ted  toward t r i a l  l inkage with SAS2A. 

The REBUS f u e l  management code was expanded t o  include non-equilibrium - 
capabi l i ty .  Subsequent e f f o r t s  w i l l  s t r e s s  f l u x  and cross  sec t ion  interpo- 

l a t i o n  and linkage t o  the VENTURE code (0, 1, 2 and 3D). 

Future e f f o r t s  w i l l  be d i rec ted  toward providing a  small sample 

capabi l i ty  and cross  sec t ion  generation. 



Additional code work has been i n i t i a t e d  t h i s  year i n  the following 

areas : 

1. Decay heat  ca lcula t ions  

2 .  Coupled n-y l i b r a r y  generation 

3 .  Sens i t iv i ty  analysis  

An expanded benchmark program directed a t  code va l ida t ion  and t e s t ing  

is  a l so  expected t o  be i n i t i a t e d  t h i s  year.  

IV. Other Experiments 

Blanket Studies  

Fast  reac tor  blanket inves t iga t ions  a r e  continuing a t  the  M I T  Blanket 

Test Fac i l i t y .  A thermal column adjacent t o  a heavy water moderated t e s t  

r eac to r  is  used t o  d r ive  a rectangular converter zone of s l i g h t l y  enriched 

uranium f u e l .  Neutrons from f i s s i o n  i n  the converter a r e  ava i lab le  for  

r e s t s  i n  a 6'X6'X6' cavity wiich w i l l  accept blanket-simulating assemblies. 

Current topics  of s tudies  include a simulation of a demonstration 

r eac to r  blanket sec t ion  driven by a converter spectrum resembling t h a t  of 

leakage from a demonstration core, evaluating thorium blanket loadings, and 

graphi te  blanket r e f l ec t ion .  Large discrepancies between calculated and 

measured 2 3 8 ~  f i s s i o n  r a t e s  near blanket-ref lector  i n t e r f aces  p e r s i s t .  

Forthcoming work w i l l  include ref ined energy group s t ruc tu res  near the  

f i s s i o n  threshold,  examination of possible  subthreshold f i s s i o n  e f f e c t s ,  

and inves t iga t ion  of any spurious contr ibut ions from detec tor  contaminat<nn 

(e.g., 2 3 5 ~  i n  2 3 8 ~ ) .  

Emphasis i s  being placed upon obtaining comparative measurements and 

forming r e l a t i v e  assessments of TLD and miniature ior. chambers f o r  gamma 



h e a t i n g  measurements, o b t a i n i n g  s p e c t r a  over t h e  e n t i r e  f a s t  r e a c t o r  energy 

range,  and d e t a i l e d  r e a c t i o n  r a t e  t r a v e r s e s .  

Sodium Assembly S t u d i e s  

Extensive  t i m e  of f l i g h t  measurements of p o s i t i o n  and ang le  dependent 

neutrons  have been completed a t  RPI on a  homogeneous sodium assemb1.y. 

Agreement between measurements and c a l c u l a t i o n s  was g e n e r a l l y  good us ing  

DTF I V ,  49 group ENDFIB-I11 de r ived  c r o s s  s e c t i o n s .  

V. Nuclear Data 

Recent c r o s s  s e c t i o n  measurements a t  RPI inc lude  c a p t u r e  c r o s s  s e c t i o n s  

of Pd-105, Eu-151, Eu-153 and Pu-242. OWL has  completed e x t e n s i v e  s t u d i e s  

of t h e  U-238 c a p t u r e  and U-235 f i s s i o n  c r o s s  s e c t i o n s .  Intelcom Rad Tech 

h a s  completed s t u d i e s  of t h e  (n  a) r e a c t i o n s  i n  ~i~ and B-10. The AKL FNG 

h a s  provided s e v e r a l  neu t ron  s c a t t e r i n g  measurements up t o  4 MeV f o r  X i ,  

Mo, Nb, Z r  and Co; f i s s i o n  r a t i o s  of U-238/U-235 t o  2.0 MeV; delayed neutron 

y i e l d s  of U-235, U-238 and Pu-239; and (n,p) c r o s s  s e c t i o n s  of Co, N i ,  Fe,  

T i  and Zr t o  6 MeV. 

The ENDFIB-IV d a t a  f i l e  is i n  t h e  f i n a l  s t a g e s  of checking and p rocess ing .  

It  i n c l u d e s  a  g e n e r a l  purpose f i l e  of s t r u c t u r a l ,  c o n t r o l ,  moderator and 

f u e l  m a t e r i a l s ;  a  dosimetry f i l e ;  and a  f i s s i o n  product  f i l e .  There a r e  
, 

c r o s s  s e c t i o n s  f o r  90 m a t e r i a l s  i n  t h e  g e n e r a l  purpose f i l e ,  36 r e a c t i o n s  

i n  t h e  dosimetry f i l e  and d a t a  f o r  823 i s o t o p e s  i n  t h e  f i s s i o n  product  f i l e .  

P r e l i ~ i n a r y  t e s t i n g  i ~ d i c c r e s  char ENDF-IV v i l l  provide  inproved ?r"dictrion.? 

over  ENDFIB-I11 f o r  thermal r e a c t o r ,  s h i e l d i n g ,  and dosimetry a p p l i c a t i o n s  

and comparable r e s u l t s  f o r  f a s t  r e a c t o r  a p p l i c a t i o n s .  



TABLE I .  Control Material Atom Dmsi t i e s  (at/cs x 

EupO3 Coinpositions BI,C Compositions 

Notes: Isotopic cornpoisition of  Eu203: lS1Eu (41.2805) w/o, 1 5 3 ~ u  (45.0804) w/o,. 0 (13.6390) w/o. 

Isotopic  composition of &+C: 10~(13.9975)w/o,  "~(63.2525)w/o, C<22.48)w/oe 



-- TDLE 11. LPPR-4 - Scheduls of Asrcmblies and ? r a & n  of Horsurcrcrts 

I n i t i a l  EOC 

I n i t i a l  BOC 

1 n l t i . l  BOC 

I n i t i a l  BoC 

n x  

mc 

EOC 

90C 

nenrener case. con:,sriron v l r h  2b e i v e r  the  
effacrs of C1 chnnge. C o n t r o l  rod t i p  hcatlne 
and calor iaetry  d e ~ c . ~ ~ ~ r n t s l  cenavieecnrr 
included i n  t h i s  step. 

Corparlron v i r h  2b plves rhe d f c c t s  of blanket 
buildup. 

canparison v i r h  Z c  g i v e s  che e f f ec t s  of blanker 
buildup. 


