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EXPERLMENTAL 

A t r a n s p o r t a b l e  T r a v e l l i n g  Flux D e t e c t o r  (TFD) 
sys tem designed f o r  t h e  i n - s i t u  c a l i b r a t i o n  of f ixed  'IR 
self-powered d e t e c t o r s  has been developed and t e s t e d  
a t  Chalk R ive r .  This  paper d e s c r i b e s  t h e  f i r s t  
s u c c e s s f u l  u se  of t h e  computerized TFQ sys tem i n  an 
o p e r a t i n g  CANDU power r e a c t o r  and t h e  r e s u l t s  ob- 
t a i n e d  from t h e  i n - s i t u  c a l i b r a t i o n  of t h e  54 vana- 
dium f l u x  mapping d e t e c t o r s  i n  t h e  Bruce B, Unit  6 
r e a c t o r .  The measured d e t e c t o r  s e n s i t i v i t i e s  ag ree  
w i t h  t h e  power law c o r r e l a t i o n  p rev ious ly  determined 
i n  t h e  ZED-2 z e r o  energy exper imenta l  r e a c t o r  a t  t h e  
Chalk River  Nuclear Labora to r i e s .  

INTRODUCTION 

Self-powered f l u x  d e t e c t o r s  a r e  used e x t e n s i v e l y  
i n  CANDU power r e a c t o r s .  De tec to r s  wi th  vanadium 
e m i t t e r s  a r e  used f o r  f l u x  mapping whi le  those  with 
p l a t inum,  Incone l  o r  Pt-Clad Incone l  e m i t t e r s  a r e  
used f o r  bu lk  and s p a t i a l  f l u x  c o n t r o l  and f o r  over- 
power p r o t e c t i o n  ( 1 , 2 ) .  The d e t e c t o r s  used i n  the  
P i c k e r i n g ,  Bruce A and 600 MWe r e a c t o r s  a r e  c o i l e d  on 
a  Z i r c a l o y  c a r r i e r  tube .  I n  t h i s  d e s i g n ,  some s p a r e  
d e t e c t o r s  a r e  provided on each d e t e c t o r  assembly 
c a r r i e r  t ube ,  a s  i n d i v i d u a l  d e t e c t o r s  cannot  be 
r e p l a c e d .  I n  Bruce B and D a r l i n g t o n ,  t h e  d e t e c t o r s  
a r e  i n s e r t e d  s t r a i g h t  i n t o  i n d i v i d u a l  Z i r ca loy  guide 
t u b e s  s o  t h a t  i n d i v i d u a l  d e t e c t o r s  can be r ep laced  
w i t h  the  r e a c t o r  a t  power. S ince  the  d e t e c t o r s  used 
a r e  S t r a i g h t  and I n d i v i d u a l l y  Replaceable ,  t h e  
acronym SIR has been adopted t o  d e s c r i b e  both t h e  
d e t e c t o r s  and assembly ( 3 ) .  - 

I n  p a r a l l e l  wi th  t h e  development of t h e  SIR de tec -  
t o r s ,  a  t r a n s p o r t a b l e  T r a v e l l i n g  Flux De tec to r  (TFD) 
sys tem,  des igned f o r  t h e  i n - s i t u  c a l i b r a t i o n  of the  
f i x e d  self-powered d e t e c t o r s ,  has a l s o  been developed 
a t  Chalk River.  The i n i t i a l  development program was 
completed i n  1979, and a  p ro to type  TFD system was 
i n s t a l l e d  i n  t h e  NRU r e s e a r c h  r e a c t o r  a t  CRNL f o r  the  
i n - s i t u  c a l i b r a t i o n  of t e s t  d e t e c t o r s  and t o  measure 
t h e i r  dynamic response  ( 4 , s ) .  However, a t  t h i s  s t a g e  
of development,  a l though  t h e  SIR as sembl i e s  i n  Bruce 
B have been des igned t o  accomodate a  TFD system, the  
p r o t o t y p e  TFD system i t s e l f  was no t  f u l l y  developed 
t o  meet a l l  t h e  requirements  f o r  u se  i n  power 
r e a c t o r s .  I n  o r d e r  t o  f a c i l i t a t e  i t s  use  i n  
o p e r a t i n g  CANDU power r e a c t o r s ,  t h e  TFD sys tem was 
conver t ed  t o  computer c o n t r o l .  Computer hardware was 
a c q u i r e d  and powerful so f tware  developed t o  c o n t r o l  
t h e  TFD d r i v e  mechanism. The d a t a  a c q u i s i t i o n  system 
was upgraded by r ep lac ing  the  o r i g i n a l  d a t a  logger  by 
a  much more s o p h i s t i c a t e d  computer system. 

T h i s  paper d e s c r i b e s  the  f i r s t  s u c c e s s f u l  use  of 
t h e  computer ized TFD system i n  an  o p e r a t i n g  CANDU 
power r e a c t o r  and t h e  r e s u l t s  ob ta ined  from the  in -  
s i t u  c a l i b r a t i o n  of t h e  54 vanadium flux-mapping 
d e t e c t o r s  i n  the Bruce B, Unit  6 r e a c t o r .  

F igu re  1 SCHEMATIC REPRESENTATION OF A 
FLUX DETECTOR ASSEMBLY 

F igure  1 shows a  t y p i c a l  SIR f l u x  d e t e c t o r  assem- 
b l y  i n  which a  d r y  helium environment f o r  t h e  de tec -  
t o r s  is  maintained i n s i d e  t h e  20.4 mm OD Z i r c a l o y  
gu ide  tube.  Flux d e t e c t o r s  (3.0 nrm OD) can be i n s e r -  
t e d  i n d i v i d u a l l y  i n t o  the  twelve open-ended Z i r c a l o y  
w e l l  t u b e s ,  (3.4 mm ID x 3.8  mm OD), by pushing t h e  
l e a d  c a b l e s  of t h e  d e t e c t o r s  u n t i l  t he  r e q u i r e d  loca-  
t i o n  i n  the  co re  is  reached. Each lead c a b l e  termin- 
a t e s  i n  i t s  o m  connector  which is  plugged i n t o  the  
a p p r o p r i a t e  r e c e p t a c l e  i n  the  connector  housing a t  
t h e  top of t h e  assembly. The c e n t r a l  we l l  tube is  
r e se rved  t o  accommodate a t r a v e l l i n g  f l u x  d e t e c t o r ,  a 
3.0 mm OD f i s s i o n  chamber, f o r  t h e  i n - s i t u  c a l i b r a -  
t i o n  of t h e  f i x e d  d e t e c t o r s .  The c e n t r a l  t ube  i s  
s e a l e d  a t  t h e  bottom t o  i s o l a t e  i t  from t h e  helium 
atmosphere surrounding t h e  f ixed  d e t e c t o r s .  

I n  t h e  Bruce B, Uni t  6  r e a c t o r ,  t h e r e  a r e  27 
v e r t i c a l  d e t e c t o r  assembl ies .  The l ayou t  of t h e  
d e t e c t o r  a s sembl i e s  is shown i n  Figure  2 .  
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FIGURE 3 THE VANADIUM FLUX MAPPING DETECTOR 

The Vanadium Flux-Mapping D e t e c t o r s  

The in-core  f l u x  d e t e c t o r s  used i n  CANDU r e a c t o r s  
a r e  t h e  self-powered type.  The self-powered d e t e c t o r  
is e s s e n t i a l l y  a co-axia l  c a b l e  c o n s i s t i n g  of an  
i n n e r  emitter e l e c t r o d e ,  and an  o u t e r  c o l l e c t o r  
e l e c t r o d e ,  s epa ra t ed  from each o t h e r  by an annu la r  
i n s u l a t o r .  It is  "self-powered" because it does not  
r e q u i r e  an  a p p l i e d  b i a s  v o l t a g e  t o  s e p a r a t e  and 
c o l l e c t  i o n i z a t i o n  charge  t o  d e r i v e  a s i g n a l .  

F igu re  3 shows a schemat ic  r e p r e s e n t a t i o n  of a 
vanadium in-core  f l u x  d e t e c t o r .  The d e t e c t o r  l e n g t h  
i s  286 mm, i.e. one l a t t i c e  p i t c h .  The l o c a t i o n s  of 
t h e  Bruce B f l u x  mapping d e t e c t o r s  a r e  shown i n  
F igures  4A t o  4C. 

Vanadium d e t e c t o r s  a r e  no t  s u i t a b l e  f o r  use  i n  
s a f e t y  or c o n t r o l  systems because of t h e i r  slow dyna- 
mic response  c h a r a c t e r i s t i c s  ( 6 ) .  However, they a r e  
w e l l  s u i t e d  f o r  f l u x  mapping i n  CANDU r e a c t o r s .  The 
vanadium absorp t ion  c r o s s  s e c t i o n  i s  i n v e r s e l y  
p r o p o r t i o n a l  t o  the  neutron v e l o c i t y  ( v a r i e s  a s  l / v ) ,  
and hence t h e  output  c u r r e n t  from a vanadium d e t e c t o r  
p rov ides  a good measure of t h e  thermal neutron f l u x .  

FIGURE 4A BRUCE B FLUX-MAPPING DETECTOR LOCATIONS, 
OUTER GROUP 

( DETECTOR SlTE 

FIGURE 4B BRUCE B FLUX-MAPPING DETECTOR LOCATIONS, 
MID GROUP 

F lux  mapping ( 7 , 8 )  i s  a s p a t i a l  i n t e r p o l a t i o n  and 
smoothing technique which processes  the  s i g n a l s  from 
54 vanadium in-core  f l u x  d e t e c t o r s  t o  o b t a i n  th ree -  
d imensional  maps of t h e  f l u x  and power d i s t r i b u t i o n  
i n  t h e  r e a c t o r  co re .  I n  Bruce B, t he  f l u x  mapping 
system s u p p l i e s  an e f f e c t i v e  peak-flux s i g n a l  t o  t h e  
au tomat i c  r e a c t o r  r e g u l a t i n g  system f o r  s e t b a c k  
purposes .  The high-local-f  l u x  se tback  used i n  t h e  
Bruce d e s i g n  provides  automat ic  reactor-power 
r e d u c t i o n  whenever t h e  es t imated peak bundle power 
i n c r e a s e s  above pre-se t  l i m i t s .  T h i s  s e t b a c k  
r e p l a c e 8  p re - se t  bulk-reactpr-power l i m i t s  i n  t h e  
e a r l i e r  P i c k e r i n g  cjeaign. While t h e  Bruce s e t b a c k  
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FIGURE 5 BLOCK DIAGRAM OF THE TFD SYSTEM 

a c t i o n  i s  based on e s t ima ted  bundle power, i t  c a r r i e s  
w i t h  i t  i m p l i c i t  l i m i t i n g  of channel  powers and 
p r o v i d e s  a  degree  o f  s e l f - p r o t e c t i o n  w i t h i n  t h e  
r e a c t o r  r e g u l a t i n g  system from slow s p a t i a l  l o s s  of 
r e g u l a t i o n .  

I n  a d d i t i o n  t o  i t s  se tback  r o l e ,  t h e  f l u x  mapping 
sys tem i n  Bruce B  p rov ides ,  on o p e r a t o r  r e q u e s t ,  
d i s p l a y s  of t h e  mapped three-dimensional  f l u x  d i s t r i -  
b u t i o n ,  mapped channel  powers and mapped i n t e g r a t e d  
f l u x  f o r  t h e  r e a c t o r  s p a t i a l - c o n t r o l  zones.  These 
maps a r e  u s e f u l  a i d s  i n  performing day-to-day f u e l  
management t a s k s  and i n  d iagnosing and c o r r e c t i n g  any 
problems encountered with r e a c t o r  s p a t i a l  c o n t r o l .  

The TFD system is  i l l u s t r a t e d  schemat i ca l ly  i n  
F igure  5. It c o n s i s t s  of a  number of i n t e r a c t i n g  
sub-systems t h a t  i nc lude  the  fo l lowing:  

( i )  a  min ia tu re  f i s s i o n  chamber; 
( i i )  a  d r i v e  mechanism f o r  moving t h e  f i s s i o n  

chamber ; 
( i i i )  a  s a t e l l i t e  computer system f o r  c o n t r o l l i n g  

t h e  d r i v e  mechanism and f o r  r e c e i v i n g  raw 
d a t a ;  and 

( i v )  a  d a t a  a c q u i s i t i o n  system f o r  u t i l i z i n g  and 
s t o r i n g  the  da ta .  

The f i s s i o n  chamber is  t h e  Westinghouse WX-33073 
t y p e ,  36 mm i n  l eng th  and 3 .0  mm OD. The chamber is 
c o n s t r u c t e d  of s t a i n l e s s  s t e e l  w i th  h igh -pur i ty  
alumina i n s u l a t i o n  and w i l l  o p e r a t e  a t  ambient tem- 
p e r a t u r e s  up t o  400°C. The d e t e c t o r  i s  connected t o  
a  l ead  c a b l e  wi th  an Incone l  600 j acke t  and magnesium 
ox ide  i n s u l a t i o n .  

The d r i v e  mechanism c o n s i s t s  o f :  a  drum on which 
t h e  mine ra l - in su la t ed  (MI) l e a d  cab le  of t h e  f i s s i o n  
chamber is wound; a  s h a f t  encoder t h a t  d i g i t i z e s  t h e  
a n g u l a r  d isplacement  of t he  drum and t h e r e f o r e  t h e  
p o s i t i o n  of the  f i s s i o n  chamber; and a  s t e p p i n g  motor 
t h a t  moves t h e  drum. Because t h e  f i s s i o n  chamber and 
i ts l e a d  c a b l e  become a c t i v e  du r ing  u s e ,  t h e  d r i v e  
mechanism is housed i n  a  l ead  f l a s k ,  weighing 
approximately  3  Mg. 

The s t epp ing  motor i s  c o n t r o l l e d  by an LSI 11/23 
s a t e l l i t e - c o m p u t e r  system t h a t  sends s i g n a l s  t o  the. 
s t e p p i n g  motor t o  s e l e c t  t h e  d e s i r e d  speed and d i r ec -  
t i o n  of motion of t h e  f i s s i o n  chamber. The s a t e l l i t e  
computer a l s o  c o l l e c t s  p o s i t i o n  d a t a  from t h e  s h a f t  
encoder and t h e  c u r r e n t  s i g n a l  from t h e  f i s s i o n  
chamber v i a  a  gain-programmable a m p l i f i e r  and an 
ana log- to -d ig i t a l  conver t e r  (ADC). The output  of t h e  
ADC i s  used t o  a d j u s t  t he  g a i n  of t he  a m p l i f i e r  t o  
keep i t  from over- o r  under-ranging. 

Q REACTOR 
I BLDG 

Of - F D  FLASK 

FIGURE 6 ELEVATION VIEW OF REACTOR 
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A h o s t  computer a c t s  a s  t h e  d a t a  a c q u i s i t i o n  
sys tem and a s  a  c o n t r o l  console  f o r  t h e  system opera- 
t o r .  It i s  loca ted  remotely from t h e  d r i v e  mechan- 
ism. I n s t r u c t i o n s  fed i n t o  the  master  computer a r e  
t r a n s f e r r e d  t o  t h e  s a t e l l i t e  computer v i a  a  communi- 
c a t i o n  l i n k .  The f i s s i o n  chamber d a t a ,  i . e .  p o s i t i o n  
and c u r r e n t ,  a r e  a l s o  t r a n s f e r r e d  over t h e  communica- 
t i o n  l i n k  t o  t h e  hos t  computer f o r  d a t a  r educ t ion  
and /o r  s t o r a g e .  Opera to r - se l ec t ab le  parameters  
i n c l u d e  t h e  d i r e c t i o n  of motion, speed of t r a v e l ,  and 
d a t a  c o l l e c t i o n  r a t e .  

Manual ope ra t ion  of the  system is a l s o  p o s s i b l e  i n  
t h e  event  t h a t  t h e  computer c o n t r o l s  a r e  e i t h e r  
u n a v a i l a b l e  o r  unwanted. Fur the r  d e t a i l s  on t h e  TFD 
system can be found i n  References 9 and 10. 

Scanning Procedure 

The TFD d r i v e  u n i t  was s e t  bes ide  t h e  r e a c t o r  deck 
and s u i t a b l e  l eng ths  of k inch s t a i n l e s s  s t e e l  tubing 
were used t o  r o u t e  t h e  TFD f i s s i o n  chamber t o  t h e  
a p p r o p r i a t e  f l u x  d e t e c t o r  assembl ies  (See  Fig .  6 )  The 
s a t e l l i t e  computer was loca ted  on t h e  e a s t  s i d e  ca t -  
walk above t h e  r e a c t i v i t y  mechanism deck,  whi le  the  
h o s t  computer which has  a  mass s t o r a g e  device  and a  
sys tem conso le ,  was i n s t a l l e d  i n  an a i r - cond i t ioned  
ins t rumen t  room away from the  high r a d i a t i o n  environ- 
ment. For s i g n a l  and c o n t r o l  c o m u n i c a t i o n ,  two 
s h i e l d e d  twi s t ed  p a i r s  of wire  were i n s t a l l e d  between 
t h e  r e a c t o r  deck and t h e  ins t rument  room. 

I n  o r d e r  t o  c a l i b r a t e  t h e  vanadium f l u x  mapping 
d e t e c t o r s ,  t h e  fo l lowing procedure was used.  The 
r e a c t o r  power of the  885 MWe Bruce B, Unit  6  was held 
c o n s t a n t  f o r  a  few hours  be fo re  measurements were 
taken.  Each of t h e  vanadium d e t e c t o r  s i g n a l s  was 
r ead  i n t o  t h e  s t a t i o n  computer i n  t h e  c o n t r o l  room 
b e f o r e  and a f t e r  each TFD scan.  The TFD f i s s i o n  
chamber was d r iven  i n t o  t h e  d e t e c t o r  assembly i n  t h e  
r e a c t o r  c o r e  a t  a  speed of 50 m / s  and the  output  
c u r r e n t  was monitored a t  20 m i l l i s e c  i n t e r v a l s  t o  
y i e l d  a  d a t a  po in t  a t  every  mi l l ime te r .  Da ta  were 
t aken  on both  in-scan and out-scan of t h e  r e a c t o r .  

Apart  from an  i n i t i a l  unexpected problem with  
e l e c t r i c a l  n o i s e ,  t h e  equipment and t h e  computer 
sys tem performed ve ry  we l l  i n  t h e  ha r sh  environment 
of t h e  power s t a t i o n .  During t h e  f i r s t  t r i a l  s can ,  
t h e  f i s s i o n  chamber read a  s t eady  100 A c u r r e n t .  
The s i g n a l  was t r aced  t o  a  very  sma l l  nega t ive  s i g n a l  
a t  t h e  Analog t o  D i g i t a l  Converter (ADC) and t h e  
n o i s e  s i g n a l  p e r s i s t e d  i n t e r m i t t e n t l y  wi th  new e lec -  
t r i c a l  ground connect ions .  In  the  end,  t h e  e n t i r e  
system was connected t o  a  s i n g l e  ground a t  t he  
r e a c t o r  deck,  and when t h e  t r u e  fission-chamber s ig -  
n a l  exceeded 10-8 A ,  t h e  computer processed s ig -  
n a l  was normal. A t o t a l  of twenty-seven v e r t i c a l  
d e t e c t o r  assembl ies  were scanned over  t h e i r  f u l l  
l e n g t h .  An a d d i t i o n a l  scan on one assembly i n  t h e  
c e n t r a l  r eg ion  of t h e  co re  was performed to  check 
r e p r o d u c i b i l i t y .  

Data  Analys is  

The b a s i c  equa t ion  t o  determine t h e  s e n s i t i v i t y  
( c u r r e n t  per u n i t  f l u x  pe r  u n i t  l e n g t h ) ,  S, of a  f l u x  
mapping d e t e c t o r  is: 

S 5 F l S  I i  I ( x ) d x  
r e f  a  r e f  

[11 

where - Sref i s  t he  abso lu te  s e n s i t i v i t y  of t h e  
TE'D f i s s i o n  chamber, 

- I r e f (x )  i s  the  cu r ren t  from t h e  TFD a t  
e l e v a t i o n  x ,  

- I is  the  c u r r e n t  genera ted by t h e  f l u x  
mapping d e t e c t o r  a t  t he  t ime of c a l i b r a t i o n ,  

- a ,  b a r e  t h e  e l e v a t i o n s  a t  t h e  ends of t h e  
f l u x  mapping d e t e c t o r ,  

- F i s  a  f a c t o r  in t roduced t o  c o r r e c t  f o r  t h e  
f l u x  depres s ion  produced by t h e  d e t e c t o r  
i t s e l f .  It i s  usua l ly  a  small  e f f e c t  and F 
i s  assumed t o  be un i ty .  

The i n t e g r a l  i n  Equation (1) was c a l c u l a t e d  by a  
Ri emann sum technique : 

where - a  < x i ~ x  
i + l  < 

- Ire£ ( i )  is t h e  value  of t he  TFD c u r r e n t  a t  x i ,  and 

- T l  and T2 a r e  c o r r e c t i o n  terms,  based on 
l i n e a r  i n t e r p o l a t i o n ,  t o  a l low f o r  t h e  f a c t  t h a t  
t h e  e l e v a t i o n s  of t he  ends of t h e  d e t e c t o r  do no t  
n e c e s s a r i l y  correspond t o  t h e  e l e v a t i o n s  a t  which 
t h e  TFD r e a d i n g s  were taken. 

F igure  7 shows a  t y p i c a l  c u r r e n t  p r o f i l e  
I r e f ( x )  near  a  d e t e c t o r .  A FORTRAN program has  
been w r i t t e n  t o  perform the  numerical i n t e g r a t i o n  of 
t h e  TFD c u r r e n t  between t h e  d e t e c t o r  end p o i n t s .  

b  
Typ ica l  v a l u e s  f o r  I and 5 I (x)  dx were 

a  r e f  
1 .7~10-6  A and 0 .63~10-4 A.m r e s p e c t i v e l y .  Sref f o r  
t h e  TFD f i s s i o n  chamber has been c a l i b r a t e d  i n  t h e  
thermal  column of t h e  NRU r e a c t o r  a t  Chalk River t o  
be 1 . 2 0 5 ~ 1 0 ' ~ ~  A/ (n  .m-2s-2). The s e n s i t i v i t i e s  of 
t h e  54 vanadium d e t e c t o r s  were then determined us ing 
Eq* (1) .  

DISTANCE, X IN METERS 

FIGURE 7 A TYPICAL CURRENT PROFILE NEAR A DETECTOR 

RESULTS AND DISCUSSION 

Table 1 g i v e s  a summary of the  s e n s i t i v i t i e s  of 
t h e  54 vanadium flux-mapping d e t e c t o r s  i n  the  Bruce 
B ,  Uni t  6  r e a c t o r .  The avera  e  s e n s i t i v i t y  is 
(3 .21 + 0.08) x  10-24 A.m-l/(n.m-fs-l). The sp read  
of  the  d a t a  is  due t o  the  s t a t i s t i c a l  v a r i a t i o n  i n  
l e n g t h  and m a t e r i a l  composition of the  d e t e c t o r s .  
Also ,  d e t e c t o r s  a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  c o r e  
a r e  sub jec t ed  t o  burn up a t  d i f f e r e n t  r a t e s ,  
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- 1 ~  Senai t iv lcy  
Detector hb. (10-24 A.,1,,.;2,s-1 

* krqp value of 13 a d  14, 1986. 

determined by t h e  l o c a l  f l w  t o  which they a r e  
expoeed. Since t h e  Bruce B ,  Uni t  6 r e a c t o r  was a t  
power f o r  on ly  about a y e a r ,  one does not  expect  
l a r g e  v a r i a t i o n  of s e n s i t i v i t i e s  due t o  the  e f f e c t  of 
burnup. However, a f t e r  5 t o  6 y e a r s ,  t h e  spread of 
t h e  d e t e c t o r  s e n s i t i v i t i e s  w i l l  be l a r g e r  due t o  
d i f f e r e n t  d e t e c t o r  burnups. 

It is i n t e r e s t i n g  t o  note  t h a t  s i n c e  each d e t e c t o r  
h 

is  one l a t t i c e  p i t c h  long,  the  i n t e g r a l  j I (r) dx, 
a r e f  

and consequent ly  the  d e t e c t o r  response,  is  r e l a t i v e l y  
i n s e n s i t i v e  t o  t h e  exac t  l o c a t i o n  of t h e  d e t e c t o r .  
It is  es t ima ted  t h a t  even i f  t h e r e  i s  an e r r o r  of a 
few mm i n  t h e  l o c a t i o n s  of d e t e c t o r  ends ,  a or b, t h e  
i n t e g r a l  changes by l e s s  than 0.2%. 

The r e p r o d u c i b i l i t y  of d e t e c t o r  s e n s i t i v i t i e s  was 
checked by performing two TFD scans  on t h e  c e n t r a l  
f l ux -de tec to r  assembly on two consecut ive  days. The 
r e s u l t s  a r e  given i n  Table 2. The change i n  f l w -  
mapping d e t e c t o r  s e n s i t i v i t y  was found t o  be l e s s  
than  1%. 

TABLE 2 
REPRODUCIBILITY OF DETECTOR SENSITIVITIES 

ON 2 CONSECUTIVE DAYS 

I D e t e c t o r s  S e n s i t i v i t y  % Change I 

0.95% 
VFD 14 RE3 0.87% 

3.31 0.70% 
VFD14 RE5 3.22 0.78% 

where D i s  t h e  e m i t t e r  diameter i n  nm. 

The s e n s i t i v i t i e s  of the  vanadium flux-mapping de tec -  
t o r s  i n  t h e  Bruce B, Unit  6 r e a c t o r  a r e  i n  good 
agreement wi th  t h i s  power law c o r r e l a t i o n ,  a s  shown 
i n  Figure  8. 

o P R E S E N T  D A T A  

Z E D - 2  DATA 

The s e n s i t i v i t i e s  of a v a r i e t y  of vanadium s e l f -  
powered d e t e c t o r s  have been determined by C . J .  Allan 
(11) i n  a s imulated CANDU core  i n s t a l l e d  i n  t h e  ZED-2 
r e a c t o r  a t  Chalk River.  It was found t h a t  t h e  detec-  
t o r  s e n s i t i v i t i e s ,  S ,  depend p r i m a r i l y  on e m i t t e r  
d i amete r  f i t t e d  by and means t h a t  of a t h e  power observed law, v a r i a t i o n s  can be I O *  l-‘---- I 10 

D ,  E M I T T E R  DIAMETER ( m m )  

FIGURE 8 VARIATION OF SENSITIVITY WITH EMITTER 
DIAMETER FOR VANADIUM DETECTORS 
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CONCLUSIONS 

The t h r e e  conclus  i o n s  drawn from t h i s  work a r e  a s  
fo l lows  : 

( 1 )  The t r a n s p o r t a b l e  TFD system is  a convenient 
t o o l  f o r  t he  i n - s i t u  c a l i b r a t i o n  of self-powered 
f l u x  d e t e c t o r s  i n  ope ra t ing  CANDU power r e a c t o r s  
t h a t  a r e  equipped with SIR d e t e c t o r  assembl ies .  

( 2 )  De tec to r  s e n s i t i v i t i e s  obta ined through i n - s i t u  
c a l i b r a t i o n  w i l l  improve t h e  accuracy of t h e  on- 
l i n e  f l u x  mapping program i n  c a l c u l a t i n g  t h e  
peak channel power output  and t h e  high-local-  
f l u x  se t -back s i g n a l  t o  t h e  automat ic  r eac to r  
r e g u l a t i n g  system. 

( 3 )  The measured s e n s i t i v i t i e s  of t h e  vanadium f l u x  
mapping d e t e c t o r s  i n  Bruce B ,  Uni t  6 ag ree  with 
t h e  power law c o r r e l a t i o n  p rev ious ly  determined 
i n  t h e  ZED-2 r e a c t o r .  
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