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'1. INTRODUCTION 

The ~adarache specialists'meeting on control rod 

measurement techniques was one of the first meetings 

of this kind recommended by the NEA Committee on Reactor 

Physics.The main objectives were, both for fast and ' 

thermal plants : 

- to review the design,safety, and operation requested 
accuracies for control rods worths and power distri- 

butions for various rod insertions. 

- to present the current techniques available and the 
accuracies obtained in the present status of the art 

- ko define the improvements and the developments of 
the techniques needed to reach the power plants' 

requests. 

A total of 18 papers was tabled at the meeting 
which was attended by 22 participants from 7 NEA 

countries. Japanese papers could not be presented but 

will be included in the Proceedings. 

The outstanding feature of the meeting was the opportunity 
it afforded for a meeting between specialists from different 

design and operational. disciplines, concerned with both thermal 
and fast reactors, and with interests extending from physics to 
electricity supply. These discussions proved extremely valuable, 
and the-most important points arising in the formal presentations 
and during discussions are briefly presented below. 



2 .  POWER REACTOR REQUESTED ACCURACIES AND CURRENT T E C H N I Q U E S .  

2.1. Requests 

- Measurements of con t ro l  rod worths on power r e a c t o r s  

a r e  needed f o r  s a f e t y  design and ope ra t i on  purposes.  

- The knowledge o f  t h e  o v e r a l l  s a f e t y  marnin f o r  shut-  
+ .down is reques ted  t o  - 10% i n  a l l  con f igu ra t i ons  , 

t ak ing  i n to '  account  i n t e r a c t i o n  problems and t h e  

hypothes i s  of one rod blocked. 

'- For t h e  des ign  op t imisa t ion ,  it is  u s e f u l  t o  know 
+ 

c o n t r o l  rod r e a c t i v i t y  worths t o  - 5% due t o  poss i -  

ble s t r o n g  i n t e r a c t i o n s  and consequences on power 

d i s t r i b u t i o n s -  The eventual  aim is t o  decrease  t h e  

number of rods.  

- For t h e  normal ope ra t i on  of t h e  p l a n t ,  a con t i -  

nuous a n a l y s i s  of t h e  r e a c t i v i t y  l e v e l  t o  d e t e c t  

any f a i l u r e  ( r e a c t i v i t y  comparator ) o r  t o  fo l low 

t h e  r e a c t i v i t y  a f t e r  shut-down (Xenon problem) 

. . needs t h e  knowledge o f  con t ro l  rod r e a c t i v i t y  worth 

g r ad i en t  wi th  an  accuracy even b e t t e r  than 5% during 

t h e  whole r e a c t o r  l i f e  ( problem of absorber  burn- 

up ) .  

- Furthermore, monitoring of shut-down r e a c t i v i t y  

dur ing r e f u e l l i n g  of a r e a c t o r  i s  reques ted  
+ 

i n  s e v e r a l  c o u n t r i e s  ( accuracy - 10% ) f o r  s a f e t y  

reasons  ( p o s s i b l e  l a r g e  e r r o r s  i n  load ing  1 .  

- A s  f a r  a s  power d i s t r i b u t i o n s  a r e  concerned, very  

few comments on reque&&d accurac ies  were made 

from o p e r a t i n g  o r  design people.  F o r . f a s t  r e a c t o r s ,  
+ accu rac i e s  of - 3% on maximum l o c a l  power and of 

+ - 2% on i n t e g r a t e d  a x i a l  power per  subassembly . 

f o r  a l l  c o n t r o l  p a t t e r m  were mentioned. 



C r i t e r i a  : The experimental techniques  t o  be used on , -------- 
pow& r e a c t b r s  must a l s o  f u l f i l  t h e  fol lowin? q u a l i -  

t a t i v e  c r i t e r i a  : 

- t o  use  s t andard  intrumentat iof i  of t h e  p l a n t  

- t o  be simple 

- t o  be quick  

- Co avoid supplementary c a l c u l a t i o n s  t o  g e t  t h e  

r e s u l t s .  

2 .2 .  Current  kechnigues used on power r e a c t o r s .  

- Measurement techniques i n  thermal  power r e a c t o r s  

seem l a r g e l y  based on point.  k i n e t i c s  fo l lowing rod 

movements, with r e a c t i v i t y  balanced by in te rchange  

wi th  boron ( f o r  PWR's ) o r  a i r  ( f o r  AGR ) .  For 

low power measurements, t h e  techniques  seem t o  

g i v e  s a t i s f a c t i o n  a l though only  few comments were 

made on t h e  important  a spec t s  o f  d e t a i l e d  s p a t i a l  

a n a l y s i s  and r e l a t i v e  p o s i t i o n s  of c o n t r o l  rods  

measured and d e t e c t o r s .  Measurements o f  rod worths 

under power cond i t ions  involve  problems of non 

a l i n e a r  feed  back e f f e c t s  ( f u e l  and coo l an t  tempe- 

r a t u r e s ) a n d  no technique t ak ing  t h e s e  e f f e c t s  i n t o  

account  was presented .  Fur the r  work i s  needed on 

t h i s  po in t .  

- For f a s t  r e a c t o r s ,  po in t -k ine t i c s  are a l s o  used to- 
I- 

gether w i t h  rcd shuffle technique.  Furthermore s imple 

p e r t u r b a t i o n  techniques have a l s o  been developed 

t o  p r e d i c t  t h e  worths of c o n t r o l  rods  i n  300 Ime 

power l e v e l  f a s t  r e a c t o r s ,  s u i t a b l e  f o r  o p e r a t i o n a l  

use. Extension and improvements o f  t h e s e  t echn iques  

f o r  commercial s i z e  f a s t  r e a c t o r s  wi th  s t r o n g  rod 

i n t e r a c t i o n s  a r e  now requ.ired and b e t t e r  a c c u r a c i e s  

are needed. 



- No measurements o f  r e a c t i v i t y  d u r i n g  r e f u e l l i n g  

I were prc ' scnted.  Three  main problems a r e  t o  be  

s o l v e d  : 

. d e t e c t o r s  f a r  from t h e  c o r e  

s t r o n g  s p a t i a l  e f f e c t s  t o  c o r r e c t  by c a l c u l a t i o n  

. v a r i a t i o n  o f  t h e  i n h e r e n t  spontaneous  f i s s i o n  

neu t ron  s o u r c e  a s  t h e  f u e l  i s  changed ( problem 

~f  curium . i so topes  f o r  example ) . 
The s o u r c e  m u l t i p l i c a t i o n  t e c h n i q u e  can  

be c o n s i d e r e d  f o r  t h i s  problem b u t  improvements 

have t o  b e  made. 

= Nq measurements o f  t h e  e f f e c t s  o f  c o n t r o l  r o d s  on 

pqwer d i s t r i b u t i o n s  i n  o p e r a t i n g  power r e a c t o r '  were  

p r e s e n t e d ,  a lkhough t h i s  i s  a  r e a l l y  i m p o r t a n t  

problem. B e t t e r  measurements might  a l l o w  o p e r a t i n g  

marg ins  t o  be  reduced ,  l e a d i n g  t o  a n  o v e r a l l  impro- 

Wment i n  p l a n t  e f f i c i e n c y ,  a l t h o u g h  t h e  p r a c t i c a l  

l i m i t a t i o n s  due t o  d i f f i c u l t y  o f  access f o r  d e t e c t o r s  

w a s  r ecogn ized .  

2.3. General  recommendation : 
.- 

, The impor tance  o f  d e f i n i n g  t h e  a c c u r a c y  

r e q u i r e m e n t s  f o r  measurements.of  c o n t r o l  r o d s  wor ths  

$nd power d i s t r i b u t i o n s  i n  o p e r a t i n g  power r e a c t o r s  

was r ecogn ized .  Without such  gu idance ,  it is  d i f f i -  

cult t o  f i n d  . t h e  j u s t i f i c a t i o n  f o r  e x p e n d i t u r e  

~ f '  Eur the r  e f f o r t  i n  deve lop ing  c o r r e s 9 o n d i n ~  experirnen- 

: . eal tec tmiques ,  



DEVELOPMENT OF EXPERIMENTAL TECHiVIQUES AND RELATED 
I 
1 

PROBLEXS i i l  REACTOR P H Y S I C S .  

3.1. Reec t i v i t y  worth : 

Methods of measuring c o n t r o l  rod worth and 

s u b c i i t i c a l i t y  i n  zero power r e a c t o r s  a r e  we l l  e s t a -  

b l i shed  but  i n  many ca se s  r e q u i r e  cons iderab le  theore-  

t i c a l  back-up f o r  i n t e r p r e t a t i o n .  

. -  Two main approches a r e  followed : 

1. Control  rod vo r th s  measured between two c r i t i c a l  

con f igu ra t i ons .  The c o n t r o l  rod i n s e r t i o n  is  
compensated by i nc r ea s ing  t h e  c o r e  r a d i u s  or on 

o t h e r  c o n t r o l  rods p rev ious ly  measured. 

2.  va r ious  s u b c r i t i c a l  techniques  : 

Among t h e s e  techniques ,  t h e  b a s i c  source  mul t i -  

p l i c a t i o n  method with a p p r o p r i a t e  c o r r e c t i o n s  

f o r  s p a t i a l  dependence appears  t o  be t h e  most 

in t ' e res t ing  and i s  a p p l i c a b l e  over  a  wide range of 

r e a c t i v i t y  v a r i a t i o n .  

. - A ex tens ive  and comprehensive s tudy  o f  t h e s e  tech-  

n iques ,  (  resented by S. J.  CARPEIJTER (ANL) ) conclu- 

ded t o  recommend t h e  s u b c r i t i c a l  source  m u l t i p l i -  

c a t i o n  technique  f o r  r e la t ivemeasurements  up t o  
E 50 $ . The abso lu t e  c a l i b r a t i o n  o f  t h i s  r e l a t i v e  

technique  has  t o  be made by improved rod-drop . 
technique  f o r  r e a c t i v i t y  worths up t o  =3$ . Then t h e  

accurac ies  -obtained, independently of t h e  uncertaint ies  - 
+ + 

in 6 e f f ,  a r e  - - 2% up t o  5 $ and = - 55 up t o  50 $. 
However important  c a l c u l a t e d  c o r r e c t i o n s  a r e  needed. 

- These comparisons of techniques  w e p e r f o r m e d  and 

- a r e , s t i l l  now being performed on var ious  f a c i l i t i e s .  



If the accuracies previously q~oted are'confirmed, 
. , 

I the core radius variation technique which is time 
consuming but independent of 6e•’f value and the 

most accurate way of checking calculations could be 

partly replaced by subcritical techniques. Reactor 

physics cequirements very clearly support further work 

on this quoation. 

- Noise techniques a r e  applicable to critical faci- 

lities when in-core detectors are used. They do not 

seem to be useful for power reactors. 

- The usefulness of measurements on critical facilities 
to study and improve experimental methods for power 

reactor was clearly recognized. 

3.2.Reactivity scale : 

- Needs for improvements of Beff uncertainties appear 
to be variously commented. Some requests were expres- 

+ sed to decrease the current - 5% uncertainty, in 
particular to improve howledge of isotopic yields, 

..decay constants and neutron energy spectra. The 

reasons given were transpositions of the results 

from critical experiments to power reactors and 

expression of the results in. fi units. However k 
these arguments were not unanimously supported. 

- Agreement between reactivity scales based on period 
calibrations and control and distributed fuel worths 

was demonstrated using the most recent delayed- 

neutron data. The long standing " central worth 
discrepancy " in zero power fast reactors shows 
signs of being resolved as a result of better data 

( adjusted cross sections set ) ,  improved experi- 

mental and analytical techniques. 



5 .  3.. Power distributions : 
Measurements of fission distributions in zero 

power reactors are well established and accuracies of 
+ - 1% in core and of a few percent in blankets on relative 
distribution are obtained. Improvements are needed in 

the normalization of the experimental power distritu- 

bution to the total core power for comparison with 

0 calculation; this is specially true for complex 

control rod configurations, due to the necessarily 

limited number of points measured, even in multi- 

scanning techniques. 

This specialist meeting appears to be really 

fruitful both for designers, operating people and phy- 

sicists. Its interest was due, partly, to the limited 

number of participants, allowing free discussions, and 

to the attendance of the main specialists on the field.. 

Such meetings on experimental techniques can 

be recommended by NEACRP in the future. It is important to 

ensure that as many power reactor operating staff as possible 

For control rod measurement techniques, theori- 

tical and experimental programs are now launched in various 
. .- .-. - - 

countries. The direction of these studies is likely to be 
affected by the trends and conclusions resulting from the 
Cadarache meeting. It seems worthwhile to plan a second 
comparison of the improvements obtained on these topics when 

these programs are completed, perhaps early in 1979. 
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