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AB STIWCT 

The ORNL f i s s i o n  c o u n t e r  FC-3 was developed as t h e  f i r s t  s t e p  

towards an advanced n e u t r o n  d e t e c t i o n  sys t em f o r  u s e  i n  LMFBRs. Th i s  

c o u n t e r  h a s  a n e u t r o n  s e n s i t i v i t y  OF 0 . 7 7  count  s e c  [ n v ( t h ) ] - l  when 

o p e r a t e d  a t  400°C (750°F)  i n  a lo6  R/hr gamma background. 

e l e c t r o n i c s  f o r  s i g n a l  p r o c e s s i n g  w e r e  des igned  such  t h a t  t h e  o v e r a l l  

performance of t h e  e n t i r e  d e t e c t i o n  system is  n e a r  optimum. T h i s  docu- 

ment d e s c r i b e s  t h e  development of t h e  FC-3 a t  ORNL and q u a l i f i c a t i o n  

tes ts  a t  I\NL and g i v e s  p r e l i m i n a r y  r e s u l t s  from i r r a d i a t i o n  tes ts  i n  

the EBR-11. Th i s  i n f o r m a t i o n  i s  g iven  i n  compliance w i t h  t h e  r e q u i r e -  

ments of t h e  ORNI, q u a l i t y  a s s u r a n c e  program. 

-1 

The p u l s e  
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PREFACE 

The ORNI, Fiss ion Counter FC-3 Quality Assurance R e p o r t  c o n s i s t s  of  

two volumes : 

Vol.  I :  Fission Counter Deuelopment, ORNL/TM-5725 

Vol .  2: Fission Counter Spec i f i ca t ions  and Assembly/Tes&ing 

Pz?ocedures, ORNL/TM-5726. 

Volume 1 is a g e n e r a l  d e s c r i p t i o n  o f  t h e  e n t i r e  development program. 

Volume 2 c o n t a i n s  s p e c i f i c  i n f o r m a t i o n  such  as s p e c i f i c a t i o n s ,  assembly 

p r o c e d u r e s ,  and t e s t i n g  p rocedures  t h a t  were developed as p a r t  o f  t h i s  

program and would b e  e s s e n t i a l  fo r  f a b r i c a t i o n  of a n o t h e r  c o u n t e r .  

In t h e s e  two documents, mention of a p roduc t  brand n e i t h e r  endor ses  

t h e  p roduc t  n o r  i m p l i e s  a p r e f e r e n c e  o v e r  o t h e r  p r o d u c t s  f o r  t h e  same 

purpose.  
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INTRODUCTION 

The a u t h o r s  p repa red  t h i s  and a companion document (Vol.  2 ,  r e f .  1) 

t o  r eco rd  t h e  development of a f i s s i o n  c o u n t e r  (FC-3) f o r  r e a c t o r  i n -co re  

s e r v i c e  so t h a t  i t s  f a i t h f u l  r e p r o d u c t i o n  i n  any subsequen t  f a b r i c a t i o n  

w i l l  be ensu red  and t h a t  i t s  expec ted  performance w i l l  b e  d u p l i c a t e d .  

The p r i n c i p a l  o b j e c t i v e  of t h i s  work w a s  t o  develop a neu t ron  sensor t h a t  

would o p e r a t e  as a low-level  f l u x  mon i to r  (LLFM) d u r i n g  r e a c t o r  s t a r t u p  

and as a s u b c r i t i c a l i t y  mon i to r  a t  ex t r eme ly  h i g h  t e m p e r a t u r e s  and i n  h igh  

gamma backgrounds expe r i enced  in-core i n  a l i q u i d - m e t a l  f a s t  b r e e d e r  reac- 

t o r  (LMFRR). Th i s  document and i t s  companion Volume 2 were p repa red  i n  

r e sponse  t o  t h e  q u a l i t y  a s s u r a n c e  program a t  Oak Ridge N a t i o n a l  Labora to ry  

( O W L ) .  The p r i n c i p a l  o b j e c t i v e  of t h i s  program i s  t h a t  i t  s h a l l  p rov ide  

a means f o r  t h e  e s t a b l i s h m e n t ,  c o n t r o l ,  and v e r i f i c a t i o n  of t h e  r e q u i r e d  

q u a l i t y  of  d e s i g n ,  development,  procurement ,  f a b r i c a t i o n ,  c o n s t r u c t i o n ,  

i n s p e c t i o n ,  i n s t a l l a t i o n ,  o p e r a t i o n ,  and maintenance of a l l  e x p e r i m e n t a l  

o r  c o n v e n t i o n a l  o p e r a t i o n a l  and t e s t  f a c i l i t i e s  and s y s t e m s .  

2 .  DESIGN GOALS 

The o v e r a l l  goa l  of t h e  ORNL n e u t r o n  s e n s o r  development program i s  

t o  deve lop  advanced n e u t r o n  d e t e c t i o n  systems f o r  u s e  by t h e  n u c l e a r  

power i n d u s t r y .  The i n i t i a l .  g o a l  i s  t o  deve lop  a f i s s i o n  c o u n t e r  w i t h  

a neu t ron  s e n s i t i v i t y  of 1 .0  coun t  see 

a t  400°C (750°F) and lo6  R/hr.  

c o u n t e r  f o r  s e r v i c e  a t  590°C (1100°F) and 10 R/hr i n  t h e  second c o r e  

of t h e  F a s t  Flux T e s t  Reactor  (FFTF) and i n  f u t u r e  LMFBRs. Commerc.Lal 

f i s s i o n  c o u n t e r s  c u r r e n t l y  a v a i l a b l e  f o r  u s e  as LLFMs i n  t h e  FFTF have 

been q u a l i f i e d  f o r  o p e r a t i o n  a t  o n l y  150°C (300°F) ,  and ,  hence ,  t hey  

r e q u i r e  coo led  th imbles .  I f  ORNL s u c c e s s E u l l y  deve lops  a c o u n t e r  f o r  

o p e r a t i o n  a t  59O0C, coo led  t h i m b l e s  would n o t  b e  needed; t h i s  would 

r e s u l t  i n  a s u b s t a n t i a l  s a v i n g s  i n  p l a n t  c o s t  and improved e f f i c i e n c y  

of p l a n t  o p e r a t i o n .  

-1 [nv ( th ) ] - '  f o r  i n -co re  s e r v i c e  

The u l t i m a t e  g o a l  i s  t o  deve lop  a f i s s i o n  
6 
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To b e  q u a l i f i e d  f o r  r e a c t o r  s e r v i c e ,  t h e  f i s q i o n  c o u n t e r  must w i th -  

s t a n d  an i n t e g r a t e d  dose co r re spond ing  t o  a 1 -yea r  l i f e t i m e ,  which i s  a 

f a s t - n e u t r o n  dose of 3 x 1017 n v t .  

For such demanding t empera tu re  and gamma r e j e c t i o n  performances,  t h e  

f a c t o r s  t h a t  a f f e c t  d e t e c t o r  o p t i m i z a t i o n  must b e  tho rough ly  ana lyzed  and 

understood.  A l s o  , t h e  p u l s e  e l e c t r o n i c s  f o r  s i g n a l  p r o c e s s i n g  must be 

designed such t h a t  t h e  o v e r a l l  performance of t h e  e n t i r e  d e t e c t i o n  s y s t e m  

is  n e a r  optimum. 

3 .  DESCRIPTION OF FISSION COUNTER FC-3 

F i s s i o n  c o u n t e r  FC-3 (ORNL drawing Q-5419) i s  c o n t a i n e d  i n  a n  all .-  

welded,  s t a i n l e s s  s teel  c a n .  The h igh  v o l t a g e  a p p l i e d  t o  t h e  c o u n t e r  

i s  sp1.i . t  even ly  (+ and -) between t w o  m i n e r a l - i n s u l a t e d  ( M I )  c a b l e s  i o  

g r e a t l y  r educe  t h e  p r o b a b i l i t y  of  high-woliage breakdown p u l s e  n o i s e ,  

Three c o n c e n t r  i.c c y l i n d r i c a l  e l e c t r o d e s  e l e c t r o p l a t e d  w i t h  35U308 

are r i g i d l y  h e l d  by twelve ( s i x  each of  two t y p e s )  a lumina s t e p  i n s u l a -  

t o r s  (F ig .  1). Th i s  arrangement makes assembly easier  and p r o v i d e s  a 

guard r i n g  throughout. t h e  coun te r - cab le  assembly. 

S ince  t h e  c o u n t e r  i s  self-compensat ing f o r  ax ia l  and r a d i a l  t he rma l  

expans ion ,  no s p r i n g s  are r e q u i r e d  f o r  i t s  c o n s L r u c t i o n .  

The e n t i r e  can i s  e n c l o s e d  by a z i r con ium s h i e l d ,  which does n o t  

exceed t h e  p e r m i t t e d  maximum 7 . 6  c m  ( 3  i n . )  OD. The s h i e l d  r e d u c e s  t h e  

gamma re sponse  of the. c o u n t e r  by a t t e n u a t i n g  t h e  low-energy g a m a  back- 

ground. 

Pi.ckup of e l e c t r o m a g n e t i c  i n t e r f e r e n c e ,  which i s  conmion n e a r  reac- 

t o r s ,  i s  minimized by a low-noise ,  current--pul .se  f l o a t i n g  d i f f e r e n t i a l  

p r e a m p l i f i e r .  The i n s t r u m e n t a t i o n  from t h e  o u t p u t  of  t h e  p r e a m p l i f i e r  

cons i . s t s  of t h r e e  l i n e a r  p u l s e  a m p l i f i e r s  w i th  v a r i a b l e  g a i n ,  a d i s -  

c r i m i n a t o r  w i t h  a v a r i a b l e  t h r e s h o l d ,  3 s c a l e r - t i m e r ,  a c o u n t - r a t e  m e t e r ,  

and two power s u p p l i e s ,  A l l  of t h e s e  i n s t r u m e n t s  were c a l i b r a t e d  and 

e v a l u a t e d  f o r  long--term l a b o r a t o r y  o p e r a t i o n .  The pu l se - shap ing  t i m e -  

c o n s t a n t s ,  which are p a r t  of t h e  t h r e e - a m p l i f i e r  network,  a re  optimimum 

t o  a c h i e v e  t h e  b e s t  ganuna r e j e c t i o n  performance. 



4mm OD MI  CABLES 

FISSION COUNTER 
WITH Zr SHIELD 
(7.62 crn OD) 

W 

Fig .  1. ORNL f i s s i o n  counter FC-3. 
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3.1 F i s s i o n  Counter S p e c i f i c a t i o n s  

The g e n e r a l  s p e c i f i c a t i o n s  f o r  the FC-3 f i s s i o n  c o u n t e r  assembly 

are  a s  f o l l o w s :  

Opera t ing  t empera tu re :  

Gas p r e s s u r e  : 

Gas f i l l i n g :  

S e n s i t i v e  a r e a :  

E l e c t r o d e  s p a c i n g :  

S e n s i t i v e  volume : 

Opera t ing  v o l t a g e  : 

C o l l e c t  i o n  t imc : 

P u l s e  r i s e  t i m e  I 

P u l s e  f a l l  t i m e :  

E l e c t r o d e  c o a t i n g :  

Coat ing mater ia l :  

23sU enrichment  : 

T o t a l  2 3 5 ~ :  

S h i e l d i n g :  

Diameter : 

Counter l e n g t h :  

E l e c t r o d e  material: 

I n s u l a t o r  material: 

Cable l e n g t h  : 

Cable d i ame te r :  

Cable i n s u l a t o r :  

S e n s i t i v e  l e n g t h  : 

Neutron sens i t i v i t y :  

400" c 
1900 t o r r  (2 .5  atxn) 

90% A r  - 10% N 2  
2 1063 em 

0.15 e m  (0.060 i n . )  

8 4 . 1  em 

S p l i t  v o l t a g e ,  AV = 400 V 

3 

(+200 and -200 V)  

' ~ 5 0  n s c c  

%50 n s e c  

~ 1 7 0  n s e c  

2 mg/cm2 

'3'8 
> 9 9 . 9 %  

1 . 9 0  g 

Zr, 0.584 cm (0.230 i n . )  

6 .35 em ( 2 , 5  i n " ) ;  7.62 cm 
( 3  i n . )  w i t h  s h i e l d  

26.4 c m  (10.4 i n . ) ;  3 3 . 3  c m  
(13.1 i n . )  w i t h  s h i e l d  

t y p e  3042 s t a i n l e s s  s t e e l  

A 1 2 0 3  (99.5% pure )  

9 .75 m (32 ft) 

4 mm (0 .158 i n . )  

MgO 
17.8 cm (7 .0  i n . )  

-1 0.92  coun t  sec [nv ( th ) ] - '  a t  

-1 0 . 7 7  count  s e c  [ n v ( t h ) l - l  a t  

0 . 2 1  count  s e c  [ n v ( t h ) l  a t  

0 R/hr 

1 x 106 R/hr 
-1 -1 

6 x 106 R/hr  
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Gamma s e n s i t i v i t y  ( 6 0 C o )  : 3 . 3 8  x A-hr ( w i t h  Zr 
s h i e l d )  

-10 A Alpha c u r r e n t :  6 . 4  x LO 

3.2 C o n f i g u r a t i o n  and Dimensions 

The i n t e r n a l  c o n s t r u c t i o n ,  e x t e r n a l  appea rance ,  and p e r t i n e n t  physi-  

c a l  dimensions i)f t h e  f i s s i o n  c o u n t e r  assembly w i t h  c a b l e s  and gamma 

s h i e l d  are i l l u s t r a t e d  i n  F i g s .  1-4.  

3 . 3  I d e n t i f i c a t i o n  

The f o l l o w i n g  i d e n t i f i c a t i o n  i s  e t c h e d  on t h e  o u t s i d e  can of  t h e  

f i s s i o n  c o u n t e r :  

O W L  I & c 
FC-3 

3 . 4  Weight of Materials 

The w e i g h t s  of  t h e  materials used t o  f a b r i c a t e  t h e  f i s s i o n  c o u n t e r  

assembly are as fo l lows:  

F i s s i o n  Counter :  

S t a i n l e s s  s tee l  ( 3 0 4 L )  

A 1 2 0 3  (99.5%) 

EX-42 ( 4 2 %  N i  - 58% Fe) 

u 0 p 99.9% 235U) 3 8  
Nicke l  

Argon - Nitrogen 

Cab l e  : 

Copper  

S t a i n l e s s  s t ee l  ( 3 0 4 L )  

MgO ( 6 3 %  packing d e n s i t y )  

S h i e l d  : 

Z i r c o n ium 

1.77 kg 

1 6 . 4  g 

0 . 4 2 0  g 

2.126 g 

36 g 

1900 t o r r  (2 .5  atm) 

65.0 g/m of c a b l e  l e n g t h  

57.5 g/m of c a b l e  l e n g t h  

5.59 g/m o f  c a b l e  l e n g t h  

2.90 kg 
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SODERN MI CABLE 
(ONE O F T W O )  \ 

d CABLE WELDING FLANGE 

/EVACUATION TUBE 

Fig. 3 .  ONfL f i s s i o n  counter FC-3 w i t h  cables and gama s h i e l d .  



PHOTO 0632-73 

A 
J 

Fig .  4 .  ORNL f i s s i o n  c o u n t e r  FC-3 w i t h  c a b l e s ;  gamma s h i e l d  n o t  
i n s t a l l e d ,  
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4 .  PERSONNEL CERTIFICATION 

The FC-3 f i s s i o n  c o u n t e r  w a s  f a b r i c a t e d  and t e s t e d  by a t e c h n i c i a n  

w i t h  t h e  f o l l o w i n g  minimum q u a l i f i c a t i o n s :  

1. High s c h o o l  g r a d u a t e  and 3 y e a r s  of  e x p e r i e n c e  i n  f a b r i c a t i n g  

and t e s t i n g  r a d i a t i o n  d e t e c t o r s .  

2 .  Knowledge of t h e  c h a r a c t e r i s t i c s  o f  and a b i l i t y  t o  u s e  a l l  

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

3. Knowledge of  t h e  c h a r a c t e r i s t i c s  of  and a b i l i t y  t o  use  t h e  

f o l l o w i n g  equipment f o r  f a b r i c a t i o n :  he l ium l e a k  d e t e c t o r ,  

s p o t  w e l d e r ,  and semiautomat ic  T I G  weld ing  machine.  

The P r o j e c t  Engineer  s u p e r v i s e d  t h e  t e c h n i c i a n  as  h e  f a b r i c a t e d  and 

t e s t e d  t h e  f i s s i o n  c o u n t e r .  The e n g i n e e r  a l s o  reviewed a l l  t es t  d a t a .  

Most of t h e  welds  i n  t h e  f i s s i o n  c o u n t e r  assembly were made by t h e  

t e c h n i c i a n  i n  accordance  w i t h  t h e  weld ing  procedure  d e s c r i b e d  i n  Vol.  2 ,  

S e c t .  11 ( r e f .  1 ) .  A l l  o t h e r  welds  were made i n  accordance  w i t h  ORNL- 

WPS-307 Welding P rocedures .  The welder  w a s  c e r t i f i e d  t o  make welds  

a c c o r d i n g  t o  t h i s  p rocedure .  S p e c i f i c  i n f o r m a t i o n  concern ing  each  weld 

i s  g iven  i n  t h e  assembly p rocedures  d e s c r i b e d  i n  Vol.  2 ,  Sec ts .  3 and 

5 ( r e f .  1). 

5.  M I  CABLE ASSEMBLY AND TESTING 

The assembly and t e s t i n g  o f  t h e  two M I  c a b l e s  were t h e  most c r i t i c a l  

and t i m e  consuming s t e p s ,  s i n c e  t h i s  work had t o  b e  execu ted  i n  a c a r e f u l  

way a t  b o t h  t h e  coun te r  end ( h o t  end)  and t h e  in s t rumen t  end ( c o l d  end) 

of bo th  c a b l e s .  [Complete assembly p rocedures  a re  g i v e n  i n  Vol. 2 ,  

S e c t .  3 ( r e f .  l ) . ]  Vol tage  w a s  a p p l i e d  t o  t h e  c a b l e  assembly a t  a l l  times 

d u r i n g  t h e  t e s t i n g  p e r i o d .  When a s p e c i f i c  test  w a s  n o t  i n  p r o g r e s s ,  a 

s t andby  v o l t a g e  w a s  a p p l i e d  t o  t h e  c a b l e s .  [ D e t a i l s  are g iven  i n  Vol. 2 ,  

Sec t .  4 ,  Fig .  8 ( r e f .  l ) . ]  

Before  they  w e r e  i n s t a l l e d  i n  t h e  f i s s i o n  c o u n t e r ,  t h e  two c a b l e s  

w e r e  p r e t e s t e d  a t  t empera tu re  and w i t h  200 V a p p l i e d  a c c o r d i n g  t o  t h e  
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schedu le  i n  F ig .  5 .  Vol tage  breakdown n o i s e  d a t a ,  t aken  n e a r l y  eve ry  

day a t  two p u l s e  h e i g h t  s e l e c t o r  (PHS) s e t t i n g s ,  gave ,  r e s p e c t i v e l y ,  

%l count / lO sec and %lo0  coun t s / lO  s e c  due t o  e l e c t r o n i c  n o i s e .  No 

s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  n o i s e  count  rates were observed  

d u r i n g  t h e  tests. The d o t s  on t h e  graph  i n d i c a t e  t h e  day and t empera tu re  

a t  which t h e  i n s u l a t i o n  r e s i s t a n c e  measurements were made. The i n s u l a t i o n  

r e s i s t a n c e  remained above 10 fi a t  450°C (850°F) and above lo8 R a t  566°C 

(1050°F).  

9 

I n s t r u m e n t a t i o n  b lock  diagrams are  g iven  i n  F i g s .  1-8 i n  Vol. 2 

( r e f .  1 )  t o  show t h e  e l ec t r i ca l  c o n n e c t i o n s  f o r  t h e  cable tests. 

6 .  FISSION COUNTER ASSEMBLY AND PRELIMINARY TESTING 

FC-3 was f a b r i c a t e d  i n  s t r i c t  accordance  w i t h  t h e  drawings (4-5419) 

and assembly procedures  con ta ined  i n  Vol.  2 ,  Sec t .  5 ( r e f .  1 ) .  The pro- 

cedures  cover  p r o c e s s i n g  of  components, assembly,  and  p r e l i m i n a r y  t e s t i n g .  

The c o u n t e r  w a s  vacuum pumped a t  t empera tu re  f o r  Q146 h r ,  of which %30 h r  

w a s  a t  480°C (900'F). It w a s  e s s e n t i a l  t h a t  t h i s  t empera tu re  b e  above 

t h e  c o u n t e r  t e s t i n g  t empera tu re .  Due t o  t h e  p o t e n t i a l  n i t r i d i n g  problem, 

t h e  c o u n t e r  w a s  t e s t e d  a t  450°C max a t  ORNL and a t  4OO0C max a t  t h e  E B R - I 1  

For t h i s  r e a s o n ,  480°C w a s  chosen as t h e  vacuum pumping t empera tu re  

i n s t e a d  of 590°C. 

7. FISSION COUNTER TESTING AT ORNL 

S i n c e  it  w a s  e s s e n t i a l  t h a t  FC-3 undergo e x t e n s i v e  t e s t i n g  a t  ORNL 

p r i o r  t o  f i n a l  t e s t i n g  a t  t h e  EBR-11, t h e  c h a r a c t e r i s t i c s  of t h e  f i s s i o n  

c o u n t e r  were determined and documented a t  ORNL f o r  f u t u r e  r e f e r e n c e .  

During t h e  ORNL t e s t s ,  a l l  ma l func t ions  n o t e d  were r e p a i r e d .  

Vol tage  w a s  a p p l i e d  t o  t h e  c o u n t e r  a t  a l l  t i m e s  d u r i n g  t h e  t e s t  

When a s p e c i f i c  test w a s  n o t  i n  p r o g r e s s ,  a s t andby  v o l t a g e  p e r i o d .  

w a s  a p p l i e d  t o  t h e  coun te r .  [Details are  g iven  i n  Vol. 2 ,  F ig .  8 

( r e f .  l ) . ]  
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F i g .  5 .  Cab le  temperature testing s c h e d u l e .  



7 . 1  I n t e g r a l  P u l s e  Height D i s t r i b u t i o n  Test 

H i s t o r i c a l l y ,  i n t e g r a l  p u l s e  h e i g h t  d i s t r i b u t i o n  (PHD) cu rves  have 

been used t o  compare t h e  m e r i t s  o f  a f i s s i o n  c o u n t e r  and iis a s s o c i a t e d  

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

PHD cu rves  were t aken  b e f o r e  and a f t e r  a l l  o t h e r  t e s t s  a t  O W L .  

There were no measurable  d i f f e r e n c e s ,  which would i n d i c a t e  c o u n t e r  degra-  

d a t i o n  d u r i n g  t e s t i n g ,  between t h e  two c u r v e s .  Deta i l s  conce rn ing  t h e  PHD 

t e s t s  are given i n  Vol. 2 ( r e f .  1):  e l e c t r o n i c  b l o c k  diagram, S e c t .  4 ;  

e l e c t r o n i c  c a l i b r a t i o n ,  S e c t .  1 2 ;  and PHLl cu rve  i n t e r c o m p a r i s o n ,  S e c t .  13.  

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

and f o r  a gamma d o s e  r a t e  of 1 x l o 6  Kfhr a r e  g i v e n  i n  F i g .  6 .  

F i g s .  7 and 8, neu t ron  and n o i s e  c h a r a c t e r i s t i c s  o b t a i n e d  b e f o r e  and 

a f t e r  t h e  720-hr f u r n a c e  t e s t  a t  450°C are  p l o t t e d .  No measurable  deg ra -  

d a t i o n  of i t s  performance was observed d u r i n g  t h e s e  t e s t s .  

I n  

7 . 2  Count ing Loss Test  

Counting l o s s  w a s  e v a l u a t e d  by u s i n g  t h e  ORNL TSF-SNAP r e a c t o r  as 

a v a r i a b l e  s o u r c e  of  n e u t r o n s .  Observed coun t  rates were t a k e n  a t  l - s e c  

i n t e r v a l s  w h i l e  t h e  r e a c t o r  w a s  on a s t a b l e  p o s i t i v e  p e r i o d  of  $9 s e c .  

As shown i n  F i g .  9 ,  t h e  coun t s  l o s t  i n  t h e  r e a c t o r  power r ange ,  where 

a n  a p p r e c i a b l e  loss  o c c u r r e d ,  w a s  e s t i m a t e d  by d e t e r m i n i n g  t h e  " t r u e "  

count r a t e ;  t h a t  i s ,  t h e  coun t ing  d a t a  from t h e  f i r s t  two decades  of 

r e a c t o r  power i n c r e a s e  (where t h e  coun t ing  loss  w a s  n e g l i g i b l e )  were 

e x t r a p o l a t e d .  The t r u e  count r a t e  minus t h e  observed count  rate equa led  

t h e  coun t ing  l o s s .  The c o u n t s  l o s t  w e r e  8% a t  a t r u e  count  r a t e  o f  
6 1 x l o6  c o u n t s f s e c  and 22% a t  2 x 10 

t h i s  test are i l l u s t r a t e d  i n  F i g s .  2 and 3 o f  Vol. 2 ( r e € .  1 ) .  

c o u n t s l s e c .  The e l e c t r o n i c s  f o r  

Although t h i s  tes t  w a s  n o t  e s s e n t i a l  t o  t h e  development of t h e  FC-3 

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

d e t e c t i o n  system was no t  e x c e s s i v e  a t  1 x I O 6  c o u n t s f s e c .  
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Fig. 9 .  Counting l o s s  t e s t  r e s u l t s .  
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7 .3  Count Rate and DC C u r r e n t  Tes ts  

7 .3 .1 Count Kate v s  Voltage 

The n e u t r o n  count  ra te  v e r s u s  c o u n t e r  v o l t a g e  i s  shown i n  F i g .  10 

f o r  b o t h  room tempera tu re  and 400°C. The r e a s o n  f o r  t h e  d i f f e r e n c e  i n  

t h e  t w o  cu rves  is tliat t h e  n e u t r o n  moderator  assembly used when t h e  

c o u n t e r  w a s  i n  t h e  f u r n a c e  w a s  less  e f f i c i e n t  t han  t h e  l a b o r a t o r y  assembly.  

A b l o c k  diagram of t h e  e l e c t r o n i c s  f o r  t h i s  t e s t  a r e  shown i n  F i g s .  2 and 

3 of Vol. 2 ( r e f .  1 ) .  

7.3.2 Leakage Cur ren t  Test  

The d c  l eakage  c u r r e n t  v s  t e m p e r a t u r e  f o r  t h e  FC-3 f i s s i o n  c o u n t e r  

w a s  measured ( F i g .  11) i n  t h e  absence  of n e u t r o n  and gamma r a d i a t i o n s .  

The n o n l i n e a r i t y  of t h e  cu rve  a t  lower t e m p e r a t u r e s  i s  a t t r i b u t a b l e  t o  

a l p h a  c u r r e n t .  The e l e c t r o n i c  b l o c k  diagram f o r  t h i s  t e s t  i s  shown i n  

F i g .  5 of Vol. 2 ( r e f .  1). 

7 . 4  Temperature T e s t  

FC-3 w a s  t e s t e d  a t  4 5 0 ° C  f o r  30 d a y s .  Also,  t h e  c o u n t e r  t e m p e r a t u r e  

w a s  cyc led  f i v e  times from room t e m p e r a t u r e  t o  450OC. P e r i o d i c a l l y ,  t h e  

c o u n t e r  i n s u l a t i o n  r e s i s t a n c e ,  breakdown p u l s e  n o i s e ,  and n e u t r o n  count- 

i n g  performance were de te rmined  w h i l e  i t  w a s  a t  t e m p e r a t u r e .  No measur- 

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

Complete d e t a i l s  f o r  t h i s  t e s t  are g i v e n  i n  Vol. 2 ,  S e c t .  14  ( r e f .  1). 

8. GAMMA SHIELD DESCRIPTION 

To improve i ts  performance,  t h e  f i s s i o n  c o u n t e r  w a s  equipped w i t h  

a 0.584-cm-thick zirconium gamma s h i e l d ,  d e s i g n e d  as a n  i n t e g r a l  p a r t  

of t h e  assembly.  All commercially a v a i l a b l e  materials hav ing  a Z 2 26 

were consi-dered f o r  t h i s  pu rpose ,  based  on t h e i r  gamma a t t e n u a t i o n ,  

n e u t r o n  a b s o r p t i o n ,  and system c o m p a t i b i l i t y .  

After a l l  o u t - o f - r e a c t o r  tests of t h e  f i s s i o n  c o u n t e r  were completed,  

t h e  z i r con ium s h i e l d  w a s  i n s t a l l e d  o v e r  t h e  c o u n t e r  and t a c k  welded i n  
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Fig. 10. Voltage effects on counting rate .  
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F i g .  11. Temperature e f f e c t s  on leakage current. 
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t w o  p l a c e s  (180" a p a r t ) .  (Cau t ion .  Welding of z ipeonim must- be done 

in an i ner t  atmosphere .) 

9 .  ANL PRELIMINARY TESTING 

P r i o r  t o  f i n a l  q u a l i f i - c a t i o n  of t h e  f i s s i o n  c o u n t e r  f o r  i n s e r t i o n  i.n 

t h e  E B R - I 1  r e a c t o r ,  i n  which t h e  environment is t y p i c a l  of  l i q u i d - m e t a l  

f a s t  b r e e d e r  r e a c t o r s ,  t h e  c o u n t e r  w a s  r e q u i r e d  t o  p a s s  p r e l i m i n a r y  t es t s  

a t  ANL.2 

c o u n t e r  t h a t  could cause  a n  e a r l y  shutdown d u r i n g  t h e  EBR-I1 i r r a d i a t i o n .  

The purpose of t h e s e  tests was t o  r e v e a l  d e s i g n  f l a w s  i n  t h e  

I n  t h e s e  p r e l i m i n a r y  tests t h e  f o l l o w i n g  d a t a  w e r e  r eco rded  a t  room 

t empera tu re ,  t o  e s t a b l i s h  a r e f e r e n c e ,  and a t  v a r i o u s  t e m p e r a t u r e s  t o  

400°C: e l e c t r o d e  c a p a c i t a n c e ;  i n s u l a t i o n  r e s i s t a n c e ;  dc alpha-plus- leakage 

s a t u r a t i o n  c h a r a c t e r i s t i c s  (with and w i t h o u t  a g a m  background);  no i se -  

p lus -a lpha ,  mean-square v o l t a g e  c h a r a c t e r i s t i c s ;  n e u t r o n  c o u n t i n g  s a t u r a -  

t i o n  c h a r a c t e r i s t i c s ;  c o l l e c t i o n  times; and noise-plus-alpha and n e u t r o n  

i n t e g r a l  b i a s  cu rves .  I n  a d d i t i o n ,  n e u t r o n  i n t e g r a l  b i a s  c u r v e s  were 

p l o t t e d  w i t h  t h e  c o u n t e r  i n  a gamma background a t  room t e m p e r a t u r e .  For  

a l l  t e s t s ,  t h e  f i s s i o n  c o u n t e r  and i t s  two high-temperature  c a b l e s  w e r e  

enc losed  i n  t h e  assembly as shown i n  F i g .  1 2 .  

The d e s c r i p t i o n  of a l l  tes t  s e t - u p s ,  tes t  i n s t r u m e n t s ,  and t e s t  

r e s u l t s  are g i v e n  i n  S e c t .  12, Appendix. 

1 0 .  EBR-I1 TESTS 

The f i n a l  q u a l i f i c a t i o n  f o r  t h e  developmental  h i g h  t empera tu re  

c o u n t e r  FC-3 w a s  i n  t h e  5-2 t h imble  of t h e  E B R - I I  r e a c t o r  w i t h  t h e  c o u n t e r  

a t  399°C. The p r i n c i p a l  purpose of t h i s  r e a c t o r  test w a s  t o  e v a l u a t e  t h e  

e f f e c t s  of r a d i a t i o n  damage caused mainly by f a s t  n e u t r o n s .  In a c y p i c a l  

l o w  l e v e l  f l u x  monitor  a p p l i c a t i o n  of t h e  c o u n t e r ,  v i r t u a l l y  a l l  t h e  

n e u t r o n  dose is s u s t a i n e d  w h i l e  t h e  c o u n t e r  is i n  t h e  r e t r a c t e d  p o s i t i o n  

w i t h  t h e  r e a c t o r  a t  f u l l  power. It is a n t i c i p a t e d  t h a t  under t h e s e  con- 

d i t i o n s ,  t h e  neu t ron  f l u x  w i l l  be  -1 x lo1' nv w i t h  a gamma dose ra te  

of %lo6 R/hr .  
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If t h e  d e t e c t o r  is t o  be  q u a l i f i e d  f o r  use i n  a r e a c t o r ,  i t  must be 

c a p a b l e  of w i t h s t a n d i n g  an i n t e g r a t e d  dose co r re spond ing  t o  a 1-year 

l i f e t ime .  T y p i c a l l y  t h i s  is a f a s t  n e u t r o n  dose of 3 x n v t .  The 
10 tes t  environment i n  t h e  5-2 t h imble  i s  c a l c u l a t e d 3  t o  be  ~ 5 . 4  x 10 nv 

of  f a s t  n e u t r o n s  and %3.5 x 10 R/hr o f  gamma dose r a t e ,  and i t  r e q u i r e d  

%1400 h r  of  o p e r a t i o n  t o  a c h i e v e  t h e  l - y e a r  dose .  

5 

The i n - r e a c t o r  t e s t i n g  s t a r t e d  n e a r  t h e  f i r s t  o f  May 1975,  and h a s  

proceeded u n t i l  t h e  p r e s e n t  t i m e .  The t o t a l  accumulated n e u t r o n  f l u e n c e  

r e p r e s e n t s  o v e r  4 years of o p e r a t i o n  i n  a t y p i c a l  l i q u i d - m e t a l  f a s t  

b r e e d e r  r e a c t o r  environment.  F igu re  1 3  r e p r e s e n t s  t h e  i n t e g r a l  b i a s  

cu rves  o b t a i n e d  b e f o r e  and a f t e r  t h i s  p e r i o d  of o p e r a t i o n  i n  t h e  EBR 11. 

F i g u r e s  1 4  and 15 show t h e  dc c u r r e n t  and coun t  r a t e  s a t u r a t i o n  cha rac -  

ter is t ics ,  r e s p e c t i v e l y ,  b e f o r e  and a f t e r  t h i s  p e r i o d  o f  t i m e .  Opera t ion  

of t h e  c o u n t e r  has not  been a d v e r s e l y  a f f e c t e d  by t h e  i r r a d i a t i o n  and any 

d i f f e r e n c e s  i n  t h e  cu rves  can be a t t r i b u t e d  t o  d i f f e r e n t  r e a c t o r  power 

l e v e l s .  

The d e s c r i p t i o n  o f  t h e  d a t a  c o l l e c t i o n  s y s t e m  f o r  t h e  E B R - I 1  t es t s  

i s  g i v e n  i n  S e c t .  1 2 ,  Appendix. 
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12. APPENDIX 

1 2 . 1  Test Set-Up 

Block dlagrams of the tes t  conf igu ra t i . on  are  shown i n  F i g s .  16-18. 

A l i s t  and d e s c r i p t i o n  of t h e  t e s t  i n s t r u m e n t s  and a c c e s s o r i e s  i s  g iven  

i n  Tab le  1. The T e k t r o n i x  7902 o s c i l l o s c o p e  w i t h  a 7 A 1 2  plug-in w a s  

used f o r  t h e  measurement of e l e c t r o n  c o l l e c t i o n  times. A T e k t r o n i x  

7A13 d i f f e r e n t i a l  comparator  w a s  used w i t h  a T e k t r o n i x  7904 o s c i l l o s c o p e  

t o  measure the ampl i tude  of t h e  t es t  p u l s e  from t h e  p u l s e  g e n e r a t o r  

(Hewlett-Packard 8002A) i n  F i g .  18. The s i g n i f i c a n t  m o d i f i c a t i o n s  t o  

t h e  c u r r e n t - s e n s i t i v e  p r e a m p l i f i e r  (Gulf E l e c t r o n i c  System, model E L J  

296-000) c o n s i s t e d  (1) of r e d u c i n g  t h e  v a l u e s  o f  t h e  r e s i s t o r s  i n  t h e  

h i g h  v o l t a g e  f i l t e r  and of t h e  s i g n a l  decoup l ing  r e s i s t o r  t o  minimize 

v o l t a g e  d rops  from t h e  d i r e c t  component of  t h e  c o u n t e r  c u r r e n t  a t  h i g h  

gamma dose ra tes ,  and ( 2 )  of i n c r e a s i n g  t h e  v a l u e  of t h e  summing r e s i s t o r  

f o r  t h e  test  p u l s e  t o  p r e v e n t  an i n c r e a s e  of e l e c t r o n i c  n o i s e  by t h e  test  

p u l s e  system. 

A d d i t i o n a l l y ,  t o  accommodate t h e  s p l i t - v o l t a g e  o p e r a t i o n  of  t h e  

c o u n t e r ,  t h e  dc measurement w a s  o b t a i n e d  by c o n n e c t i n g  a picoammeter 

between t h e  r e t u r n  l e a d  of t h e  n e g a t i v e  h i g h  v o l t a g e  s u p p l y  and t h e  

ground. The n e g a t i v e  h i g h  v o l t a g e  s u p p l y  w a s  mod i f i ed  t o  p r o v i d e  a n  

i s o l a t e d  r e t u r n  connec to r .  (AI though t h e  l e a k a g e  r e s i s t a n c e  of t h e  

" f l o a t i n g "  supp ly  l i m i t e d  t h e  u s e f u l  r ange  of t h e  pi.coarnmeter, good 

measurements of c u r r e n t s  A were o b t a i n e d . )  

The l i n e a r  a m p l i f i e r  c o a r s e  g a i n  w a s  se t  a t  ~ 6 4  and t h e  f i n e  g a i n  

a t  ~ 2 . 9 0 .  As shown i n  Fi.g. 18, a 5 1 4  t e r m i n a t i o n  w a s  used a t  t h e  i n p u t  

t o  t h e  a m p l i f i e r .  The a m p l i f i e r  w a s  used i n  t h e  i n v e r t i n g  mode w i t h  

20 -nsec - in t eg ra t ion  and 2 0 - n s e c - d i f f e r e n t i a t i o n  t i m e  c o n s t a n t s .  The 

s i n g l e - c h a n n e l  anal-yzer  w a s  used i n  t h e  d u a l  i n t e g r a l  mode w i t h  a 9142  

t e r m i n a t i o n  on i t s  i n p u t .  

1 2 : 2  T e s t  R e s u l t s  

A summary of t h e  measured d a t a  a t  room t e m p e r a t u r e  is  g i v e n  i n  

Tab le  2 .  No mean-square v o l t a g e  s e n s i t i v i t y  is r e p o r t e d  because  of t h e  

l a c k  of  a c a l i b r a t e d  h igh  n e u t r o n  f l u x .  A summary of  t h e  e l e v a t e d  tem- 

p e r a t u r e  e f f e c t s  on a l p h a  d c  c u r r e n t  and i n s u l a t i o n  r e s i s t a n c e  is g i v e n  

i n  Tab le  3 .  
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Table 1. List of test instruments 
_I_̂ - 

Instrument Manufacturer Model No. -- 
Auto-ranging picoammeter EG&G ME-9 20A 
High voltage power supply (+> John Fluke 4150A 

High voltage power supply (-1 John Fluke 4150A 

N I M  power supply Hewlett-Packard 558QB 

Dual-output dc power supply Power/biate Corp. PT-15A 

Gulf E1ectroni.c ELJ 296-000a Current-pulse preamplifier 

Amplifier Hewle t t-Packard 5 5 8 2 8  

Single-channel analyzer Hewlett-Packard 5583A 

Log count-rate meter Gulf Electronic LCR-2 

Auto-ranging true rms voltmeter Hewlett-Packard 3403Ca 

Pulse generator Hewlett-Packard 800 2A 

Multimeter-counter 

Automatic capacitance bridge 

Megohm bridge 

P icoame t er 

Oscilloscope 
h Differential amplifier 

Hewlett-Packard 5306A 

Hewlett-Packard 4270A 

General Radio 1644A 

Keith ley 410 

Tek t ronix 54 7 

Tekt ronix 1A5 

Oscilloscope Tektronix 7940 

Tekt ronix 7B9 2 

Tek t ronix 7A12 

Tekt ronix 7A1.3 

b Dual time base 

Dual trace amplifier 

Differential comparator 

b 

h 

Modified by ANL. a 

Component of oscilloscope. b 
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Table 2 .  Summary of  FC-3 d a t a  measured a t  room tempera tu re  
- I..___̂  

M e  as u r  e d 
V a r i a b l e  V a  1 ue 

~. 

Alpha c u r r e n t ,  A 6 . 5  x lo-'' 
(2 Neutron c u r r e n t  s e n s i t i v i t y ,  A/nv 

Counting s e n s i t i v i t y ,  coun t s  s e c  nv 
-1 - l a d  

1 . 6  10 - l~  

0 . 8 3  
Gamma c u r r e n t  s e n s i t i v i t y ,  A R - l  hr -  1 C  

at %l. 7 x l o 5  R/hr 

a t  $1.7 x 10 R/hr 

3.15 x lo-'' 
3.38 x 

6 

D e t e c t o r  c a b l e  c a p a c i t a n c e  a t  1 kHz, pF 

S i g n a l  1880 

E x c i t a t i o n  20 30 

I n s u l a t i o n  r e s i s t a n c e ,  R 

a t  100 V 
a t  500 V 

11 1 . 9  x 10 
1.6 x 10" 

C o l l e c f i o n  t i m e ,  n sec  %200 

aUsing t h e  n e u t r o n  s o u r c e  b a r r e l  f a c i l i t y  d e s c r i b e d  by G. E.  
Y i n g l i n g ,  A. L. Taboas,  and F. G. Zayas, Neutron Source Barrel 
Fac i l i t y ,  ANL CT-74-45824-0010 (December 1 9 7 4 ) .  

a gamma r a d i a t i o n  dose of 1 . 7  x lo6 R/hr i s  %1 c o u n t / s e c .  
A t  a d i s c r i m i n a t o r  d i a l  s e t t i n g  where t h e  count  r a t e  due t o  

I r r a d i a t e d  by 6oCo. 

b 

C 

Table 3 .  E f f e c t  of i n c r e a s e d  f u r n a c e  t empera tu re  on 
FC-3 a l p h a  c u r r e n t  and i n s u l a t i o n  r e s i s t a n c e  

- 

Alpha Cur ren t  I n s u l a t i o n  R e s i s t a n c e  
Temperature a t  4 0 0  V dc a t  100 V a t  500 V 

[ O C ( W  1 (A) ( a )  (Q) 

11 

11 

11 

10  

1 . 6  x 10 

1 . 7  x 10 

11 

11 
2 1  (70)a 6.5  x 10-l' 1 . 9  x 10 

149 ( 3 0 0 )  6 .8  x 1O-I '  2 . 1  x 1.0 

232 ( 4 5 0 )  6.2 x 10-l' 1 . 9  x 10 11 1 . 5  x 10 

5.8 x 10 11 6 . 0  x 10 -10 316 ( 6 0 0 )  1 .5  x 1.0 
9 

4 .4  x 10 11 
2.5 x loe1' 4 . 5  x 10 

._.__.I_._ ~ 

399 (750) 
I-_.. 

a Room t empera tu re  
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F i g u r e  19  s h o w s  t h e  e f f e c t  of  t empera tu re  011 t h e  e l e c t r o d e  c a p a c i -  

t a n c e s  a t  a test frequency of 1 kHz. 

F i g u r e  20 s h o w s  t h e  dc s a t u r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  c o u n t e r  
5 ( a t  room t e m p e r a t u r e )  f o r  t h r e e  l e v e l s  of  gamma background: 0 ,  1 . 7  x 10 

and 1 . 7  x 10 R/hr .  6 

Figure  2 1  s h o w s  t h e  s a t u r a t i o n  c h a r a c t e r i s t i c s  of  t h e  mean-square 

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

t empera tu re .  The n e u t r o n  s o u r c e  w a s  o u t s i d e  t h e  f u r n a c e  f o r  t h i s  

m e  as u r e  men t . 
F i g u r e  2 2  shows t h e  n e u t r o n  c o u n t i n g  c h a r a c t e r i s t i c s  of t h e  c o u n t e r  

f o r  two a r r angemen t s .  The d a t a  a t  2 5 O C  were o b t a i n e d  w i t h  t h e  c o u n t e r  

i n  t h e  ANL l a b  geometry w i t h  a 1 4 - C i  Pu-Be s o u r c e  ( s e e  f o o t n o t e  a ,  Tab le  

1). The d a t a  f o r  F ig .  2 2  w e r e  o b t a i n e d  w i t h  t h e  c o u n t e r  i n  a f u r n a c e  

w i t h  t h e  n e u t r o n  s o u r c e  p o s i t i o r i t d  e x t e r n a l l y ,  and t h e  d a t a  a l s o  a p p l y  

t o  f i v e  t empera tu re  va lues  as i n d i c a t e d .  

F i g u r e  23  shows t h e  n o i s e  and i n t e g r a l  b i a s  c u r v e s  f o r  t h e  c o u n t e r  

i n  t h e  ANI. l a b  geometry a t  25OC and f o r  a r e p e a t e d  test w i t h  t h e  c o u n t e r  

i n  t h e  f u r n a c e  and t h e  n e u t r o n  s o u r c e  e x t e r n a l  t o  t h e  f u r n a c e  f o r  two 

t e m p e r a t u r e s ,  25 and 399°C. The c o u n t i n g  r a t e  d a t a  were o b t a i n e d  from 

f r o n t  panel r e a d i n g s  of a f ive-decade,  l o g  count  r a t e  meter. ( G r e a t e r  

accu racy  can b e  o b t a i n e d  w i t h  a scaler-timer i n s t r u m e n t . )  

I n t e g r a l  b i a s  c u r v e s  a t  room t e m p e r a t u r e  w i t h  a n e u t r o n  s o u r c e  and 

R/hr) are g iven  6 two l e v e l s  of gamma background ( 1 . 7  x l o 5  and 1 . 7  x 10 

i n  F i g s .  2 4 ,  and 25,  r e s p e c t i v e l y .  

1 2 . 3  Data C o l l e c t i o n  f o r  E R R - I I  Tests 

Data f o r  a l l  E R R - I 1  tests were r e c o r d e d  w i t h  t h r e e  sys t ems :  (1) the 

Data A c q u i s i t i o n  System (DAS), ( 2 )  t h e  Automatic  Data R e t r i e v a l  System 

(ADRS) and ( 3 )  manual ly .  

Data r eco rded  by t h e  DAS i n c l u d e d  c o u n t e r  e x c i t a t i o n  v o l t a g e s  

( p o s i t i v e  and n e g a t i v e  f o r  t h e  s p l  i t  v o l t a g e  o p e r a t i o n ) ,  p r e a m p l i f i e r  

ac o u t p u t  v o l t a g e s ,  c o u n t e r  dc c u r r e n t s ,  d i s c r i m i n a t o r  v o l t a g e s ,  count  

ra tes ,  and c e r t a i n  s i g n a l s  from t h e  p l a n t  i n s t r u m e n t s  m o n i t o r i n g  t h e  

o p e r a t i o n  of  t h e  r e a c t o r .  All d a t a  p o i n t s  w e r e  r eco rded  e v e r y  10 min, 

g i v i n g  a con t inuous  o b s e r v a t i o n  a t  t h e s e  key d a t a  p o i n t s .  
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Fig. 20. Fission counter  dc saturation characteristic as a function 
of gamma background. 
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F i g .  2 1 .  Mean-square saturation character is t ic  a t  the preamplifier 
o u t p u t .  
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Fig. 2 2 .  F i s s i o n  counter count - ra te  s a t u r a t i o n  charac te r i s t ic .  
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39 

A NOISE + ALPHA 

0 NOISE + ALPHA + NEUTRO 
+ GAMMA 

2 4 6 8 10 

DlSCRlMlNATOR THRESHOLD (V)  

Fig. 2 4 .  Neutron  i n t e g r a l  b i a s  with 1.7 x l o5  R/hr  gamma background. 
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. 25. Neutron integral bias with 1.7 x 10 6 R/hr gamma background,  



Data r eco rded  by t h e  ADRS were t a k e n  a t  less f r e q u e n t  i n t e r v a l s  

(once a day d u r i n g  f u l l  power o p e r a t i o n  o r  on s p e c i a l  o c c a s i o n s  as 

d e s c r i b e d  below) and inc luded  c o u n t e r  e x c i t a t i o n  v o l t a g e s ,  f o u r  key 

t empera tu re  r e a d i n g s ,  ac o u t p u t  v o l t a g e  of  t h e  p r e a m p l i f i e r ,  c o u n t e r  dc  

c u r r e n t s ,  d i s c r i m i n a t o r  v o l t a g e ,  and count  ra tes .  The ADRS automat i -  

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

b i a s  cu rve  and a u t o m a t i c a l l y  a d j u s t e d  t h e  c o u n t e r  e x c i t a t i o n  v o l t a g e  t o  

y i e l d  n o i s e  i n t e g r a l  b i a s  c u r v e s  p l u s  dc  c u r r e n t  and count  ra te  s a t u r a -  

t i o n  c u r v e s .  

Manual d a t a  were t a k e n  once a day d u r i n g  fu l l -power  r u n s  ( o r  a t  

s p e c i a l  o c c a s i o n s  d e s c r i b e d  below) t o  i n c l u d e  count  ra te ,  dc  c u r r e n t ,  

and ac v o l t a g e .  These were r eco rded  as a f u n c t i o n  of  t h e  c o u n t e r  excita- 

t i o n  v o l t a g e  from which both  dc and count  rate s a t u r a t i o n  c h a r a c t e r i s t i c s  

cou ld  be  o b t a i n e d .  

The manual d a t a  s h e e t s  were s e n t  t o  t h e  expe r imen te r  a t  least  once 

a week. The ADRS d a t a  were sent t o  t h e  expe r imen te r  a t  least d a i l y .  The 

DAS d a t a  w a s  s e n t  a t  t h e  end of each  r e a c t o r  c y c l e .  

The s c h e d u l e  f o r  t h e  a c q u i s i t i o n  of a l l  d a t a  i s  summarized as f o l l o w s :  

Scheduled Shutdown--Full Power. One hour  b e f o r e  a schedu led  

shutdown, d a t a  s h a l l  b e  r eco rded  by t h e  ADRS. T h i s  d a t a  r e c o r d  s h a l l  be 

a p a r t  of t h e  shutdown checkshee t .  

50-500-kW--Midrun and End of Run Shutdowns. A f t e r  a power leve l  

of 50-500 kW is reached  and has  been s t e a d y  f o r  a t  l eas t  10 min, data 

s h a l l  b e  r eco rded  by t h e  ADRS. Th i s  d a t a  r e c o r d  s h a l l  b e  a p a r t  of t h e  

shutdown checkshee t .  

Shutdown A f t e r  A l l  Rods are Down.  Wi th in  one hour  a f t e r  al l ,  r o d s  

are down, d a t a  s h a l l  be r eco rded  by t h e  ADRS. The DAS s h a l l  b e  pro-  

grammed, u s i n g  ze ro  power as a s i g n a l ,  t o  s tart  d a t a  a c q u i s i t i o n .  

Extended Shutdown. ._I_ Data shal l  b e  r eco rded  by t h e  ADRS once eve ry  

8 h r  f o r  t h e  f i r s t  3 days a f t e r  a l l  r o d s  are  down. The DAS s h a l l  b e  

programmed t o  c o n t i n u e  d a t a  a c q u i s i t i o n  f o r  t h e  3 days .  T h e r e a f t e r ,  

d a t a  s h a l l  be  r eco rded  manual ly  once each  day d u r i n g  t h e  rest of  t h e  

shutdown. 
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- Unscheduled Shutdown. A s  soon as p o s s i b l e  a f t e r  t h e  shutdown,  

d a t a  s h a l l  b e  r eco rded  by t h e  ADRS. The DAS s h a l l  be  progrnmmed, u s i n g  

z e r o  power as a s i g n a l ,  t o  s ta r t  d a t a  a c q u i s i t i o n  1 h r  a f t e r  z e r o  power 

i s  r eached .  Data s h a l l  be  r eco rded  manual ly  once  d a i l y  d u r i n g  t h e  re- 

mainder  of t h e  shutdown p e r i o d .  

P r e s t a r t u p .  Approximately 2 h r  p r i o r  t o  t h e  approach t o  c r i t i c a l ,  

d a t a  sha1.l be  r eco rded  by  t h e  ADRS. The DAS sample i n t e r v a l  s h a l l  be  

1 min excep t  when dat.a a r e  r eco rded  by t h e  ADRS. T h i s  d a t a  r e c o r d  shal.1- 

b e  a p a r t  of  t h e  s t a r t u p  checkshee t .  

50-500-kW Powzr L e v e l - - I n i t i a l  and Midrun S t a r t u p s .  A f t e r  a power 

l eve l  o f  50-500 kW is  reached  and h a s  been s t e a d y  f o r  a t  least. 10 min, 

d a t a  s h a l l  b e  r eco rded  by t h e  ADRS. T h i s  d a t a  r e c o r d  s h a l l  be  a p a r t  of 

t h e  approach to power checkshee t .  

Ful l -Power--Star tup,  Wi th in  1 h r  a f t e r  f u l l  power i s  r eached ,  

d a t a  s h a l l  b e  r eco rded  by t h e  ADRS. T h i s  d a t a  r e c o r d  s h a l l  b e  a p a r t  

of  t h e  approach to  power checkshee t .  

Full-Power Opera t ion .  Once each  day d u r i n g  fu l l -power  o p e r a t i o n ,  

d a t a  s h a l l  be r eco rded  bo th  by t h e  ADRS and manual ly .  
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