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ABSTRACT r i z e d  i n  Table  1. 

T h e  u s e  of  microcomputers o r  Programmable D i g i t a l  

Comparators (PDCs) i n  domestic CANDU 600 FlWe p l a n t s  is 

t h e  f i r s t  major a p p l i c a t i o n  of d i g i t a l  l o g i c  i n  CANDU 

shutdown sys tems.  These u n i t s  have been i n s t a l l e d  t o  

p rov ide  r e l i a b l e  and f l e x i b l e  cond i t i on ing  l o g i c  f o r  

s i x  p roce s s  t r i p  parameters  i n  each  of t h e  two shut -  

down sys tems which t h e s e  CANDU p l a n t s  employ. 

The PDCs sys tems u s e  commercial o f f - t he - she l f  hard- 

ware which ha s  been modified and q u a l i f i e d  t o  meet t h e  

envi ronmenta l  requi rements  f o r  a  nuc l ea r  power p l a n t  

a p p l i c a t i o n .  S ince  t h e  PDCs have been des igned  t o  

p rov ide  a c c u r a t e  r e l i a b l e  and f a u l t  t o l e r a n t  condi-  

t i o n i n g  l o g i c ,  they  a r e  expec ted  t o  c o n t r i b u t e  s i g n i -  

f i c a n t l y  t o  improved o p e r a t i n g  margins and shutdown 

system a v a i l a b i l i t y .  

INTRODUCTION 

The 600 MWe p l a n t s ,  l i k e  o t h e r  r e c e n t  CiUjDU de- 

s i g n s ,  have two independent  and redundant shutdown 

sys tems.  Both of t h e s e  systems have t r i p l i c a t e d  chan- 

n e l i z e d  i n s t r u m e n t a t i o n  which u se s  g e n e r a l  co inc idence  

two-out-of-three t r i p  l o g i c .  The unique  f e a t u r e  of 

t h e  domes t i c  600 iWe des igns ,  i s  t h a t  t h e  shutdown 

sys tems employ conven t i ona l  ana log  i n s t r u m e n t a t i o n  

and microcomputer based t r i p  l o g i c .  

For l i c e n s i n g  r ea sons ,  two microcomputers have been 

i n s t a l l e d  i n  each  s a f e t y  system channe l ,  and t h e s e  

computers hand l e  t h e  t r i p  d e c i s i o n s  f o r  s i x  of  t h e  

n i n e  shutdown sys tem parameters .  These computers a r e  

des igned  t o  f u n c t i o n  p r i n c i p a l l y  a s  i n t e l l i g e n t  a la rm 

o r  compara tor  u n i t s  and have consequent ly  been c a l l e d  

Programmable D i g i t a l  Comparators (PDC). The t r i p  pa- 

r ame te r s  used i n  t h e  f i r s t  shutdown sys tem (SDS-l) and 

t h e  s i x  parameters  processed  by t h e  PDCs a r e  summa- 

TABLE 1: SHUTDOWN SYSTEM 1 TRIP PARAMETERS 

Parameter Implementation 

Rate  Log Power High Analog 

Neutron Power High Analog 

Reactor Bu i l d ing  P r e s s u r e  High Analog 

Primary Flow Low PDCl 

P r e s s u r i z e r  Level  Low PDCl 

B o i l e r  Level  Low PDC 1 

Primary P r e s s u r e  High 

Primary P r e s s u r e  Low 

Feed l i ne  P r e s s u r e  Low 

The parameters  and implementations used i n  t h e  sec- 

ond shutdown systems (SDS-2) a r e  i d e n t i c a l  t o  t h e  

f i r s t  system excep t  t h a t  t h e  primary f low parameter 

i s  r ep l aced  by a  c o r e  d i f f e r e n t i a l  p r e s s u r e  low t r i p  

parameter .  

DESIGN FLEXIBILITY AND RELIABILITY 

When t h e  de s ign  of t h e  600 f i le  shutdown sys tems 

was a lmost  comple te ,  domestic l i c e n s i n g  requi rements  

became more s t r i n g e n t  and p r e s c r i p t i v e .  A  major new 

l i c e n s i n g  c r i t e r i o n  was app l i ed  t o  t h e  shutdown sys-  

tems which r e q u i r e d  t h a t  each system have two d i v e r s e  

parameters  t o  p rov ide  t r i p  coverage f o r  every  d e s i g n  

b a s i s  a c c i d e n t .  Th i s  new requi rement  r e s u l t e d  i n  t h e  

a d d i t i o n  of s e v e r a l  parameters  t o  t h e  de s ign .  I n  ad- 

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

some of t h e  shutdown system parameters  r e q u i r e d  t r i p  

s e t p o i n t s  which were a  f unc t i on  of r e a c t o r  power and 

of which main c i r c u l a t i n g  pumps were o p e r a t i n g .  The 

p r e c i s e  form of t h e s e  s e t p o i n t  f u n c t i o n s  was uncer-  

t a i n  and expected  t o  be s u b j e c t  t o  t h e  r e s u l t s  of  fu-  

t u r e  a n a l y s i s  and l i c e n s i n g  rev iews .  



Three  p o s s i b l e  ways t o  implement t h e s e  new t r i p  re- 

q u i r e m e n t s  were e v a l u a t e d .  The t r a d i t i o n a l  approach  

of  u s i n g  commercial  a n a l o g  i n s t r u m e n t a t i o n ,  was re -  

j e c t e d  because  i t  was t o o  i n f l e x i b l e  and c o u l d  n o t  

r e a d i l y  h a n d l e  complex s e  t p o i n t  f u n c t i o n s .  Custom de- 

s i g n e d  a n a l o g  c i r c u i t s  were a l s o  c o n s i d e r e d  b u t  a g a i n ,  

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

I t  was d e c i d e d  t h a t  a microcomputer  based  d e s i g n  could  

h a n d l e  s i m p l e  o r  complex s e t p o i n t  f u n c t i o n s ,  and f u r -  

t h e r  t r i p  parameter  changes i f  t h e s e  proved n e c e s s a r y .  

Also  a d i g i t a l  approach  was judged t o  b e  t h e  most re- 

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

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

of  a microcomputer  based d e s i g n ,  is t h a t  i t  c a n  e a s i l y  

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

is r e c o g n i z e d ,  i t  c a n  a l s o  a l a r m  t o  e n s u r e  such  a 

f a u l t  i s  n o t  over looked  and i t  c a n  t a k e  c o r r e c t i v e  ac- 

t i o n  t o  e n s u r e  a  s i n g l e  i n p u t  f a i l u r e  w i l l  n o t  d i s a b l e  

t r i p  p a r a m e t e r s .  The d i g i t a l  approach  a l s o  h a s  t h e  

a d v a n t a g e  t h a t  i t  c a n  r e a d i l y  c a l c u l a t e  t h e  power va l -  

ue  f o r  c o n d i t i o n i n g  s e t p o i n t s  from a weigh ted  a v e r a g e  

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

t h e s e  f e a t u r e s  and is expec ted  t o  i n c r e a s e  t h e  sys tem 

a v a i l a b i l i t y  because  i t  d e t e c t s  and alarms out-of-  

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

t h e y  o c c u r .  

S i n c e  t h e  PDCs r e p r e s e n t  a s i g n i f i c a n t  change Erom 

t h e  t r a d i t i o n a l  d e s i g n  of  shutdown s y s t e m s  and s i n c e  

t h e r e  was no p r e v i o u s  o p e r a t i n g  e x p e r i e n c e  w i t h  such  

a d e s i g n ,  i t  was d e c i d e d  t h a t  t h e  sys tem would be more 

e a s i l y  l i c e n s e d  i f  t r i p  p a r a m e t e r s  were  implemented 

u s i n g  two PDCs i n  each  s a f e t y  c h a n n e l .  The s i x  pro- 

c e s s  t r i p s  which t h e  PDCs h a n d l e  were d i v i d e d  s o  t h a t  

t h e  two p a r a m e t e r s  which p r o t e c t  a g a i n s t  t h e  same ac- 

c i d e n t  a r e  i n  d i f f e r e n t  IIDCs o r  a r e  impl.eniented by 

t r a d i t i o n a l  a n a l o g  l o g i c  and a PDC. T h i s  approach  en- 

s u r e s  t h a t  t h e  f a i l u r e  o f  one  PDC w i l l  n o t  d i s a b l e  a l l  

p r o c e s s  t r i p s  i n  one c h a n n e l .  

SIPfPLE SOFTWARE 

The PIX h a s  a  v e r y  s i m p l e  s o f t w a r e  s t r u c t u r e  which 

u s e s  no i n t e r r u p t s .  The s o f t w a r e  i s  c o n t a i n e d  i n  a- 

bout  3 K  words o r  programmable r e a d  o n l y  memory (PROM) 

and i t  u s e s  a b o u t  100 words o f  random a c c e s s  memory 

(RAM). The program i s  w r i t t e n  i n  assembly language  

and c o n s l s t s  of  a s i n g l e  l o o p  of s i x  s o f t w a r e  modules 

which a r e  s e q u e n t i a l l y  e x e c u t e d .  A s i n g l e  p a s s  of  

t h e  program l o o p  is  completed e v e r y  35 m s .  Each mod- 

u l e  is  d e d i c a t e d  t o  a  s p e c i f i c  f u n c t i o n  o r  t r i p  para -  

m e t e r .  The f i r s t  module computes t h e  r e a c t o r  power 

f o r  c o n d i t i o n i n g  t r i p  s e t p o i n t s .  The n e x t  t h r e e  mod- 

u l e s  t h e n  p r o c e s s  t r i p  p a r a m e t e r s .  I k e  f i f t h  module 

p r o v i d e s  t e s t s  and checks  which e n s u r e  t h a t  t h e  com- 

p u t e r  is f u n c t i o n i n g  p r o p e r l y .  T h i s  module a l s o  

g e n e r a t e s  any o u p u t s  ( e . g .  r e l a y  c o n t a c t  c l o s u r e s )  

which have  been de te rmined  by t h e  p r e v i o u s  f o u r  mod- 

u l e s .  The l a s t  module i n i t i a  I i z e s  t h e  PDC f o r  t h e  

n e x t  program c y c l e .  

The s o f t w a r e  is  des igned  s o  t h a t  i t  a l t e r n a t e s  be- 

tween two t y p e s  of  program p a s s e s .  The f i r s t  o f  t h e s e  

is  c a l l e d  a " r e a l "  p a s s .  I n  t h i s  mode t h e  PDC u s e s  

a c t u a l  f i e l d  s i g n a l  d a t a  a s  i t  e x e c u t e s  e a c h  module. 

At t h e  end of  t h i s  p a s s ,  t h e  PDC w i l l  p r o v i d e  a n  up- 

d a t e  f o r  a n  e x t e r n a l  watchdog and set t r i p  o r  a l a r m  

o u t p u t s ,  depending  upon t h e  s t a t u s  of  t h e  f i e l d  i n p u t s  

which were examined. The second  t y p e  of  p a s s  is 

c a l l e d  t h e  "test" p a s s .  During t h i s  p a s s ,  t h e  PDC 

modules u s e  i n p u t  d a t a  which i s  read  from PROM i n s t e a d  

of  r e a l  f i e l d  s i g n a l s .  At t h e  end of  t h i s  p a s s ,  t h e  

PDC c h e c k s  t o  e n s u r e  a l l  of i t s  r e s u l t s  a g r e e  w i t h  a  

set of  e x p e c t e d  r e s u l t s  which a r e  a l s o  s t o r e d  i n  PROPI. 

If a d i s c r e p a n c y  is d e t e c t e d  between t h e s e  two s e t s  of 

d a t a ,  t h e  computer  f a i l s  s a f e l y  by a l l o w i n g  a n  e x t e r -  

n a l  hardware  watchdog t o  t ime  o u t  and c a u s e  a c h a n n e l  

t r i p .  By u s i n g  t h i s  a l t e r n a t e  p a t h  t e c h n i q u e  and by 

d e f i n i n g  s e v e r a l  "test" p a s s  d a t a  s e t s ,  i t  is p o s s i b l e  

t o  check  t h e  a b i l i t y  of  t h e  computer  t o  make c o r r e c t  

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

computer  is  f u n c t i o n i n g  p r o p e r l y .  

I n  a d d i t i o n  t o  t h e  "test" p a s s ,  t h e  computer  d o e s  a  

" t h r e a d "  check  which v e r i f i e s  t h a t  a l l  s o f t w a r e  mod- 

u l e s  a r e  e x e c u t e d  i n  t h e  c o r r e c t  sequence .  The PDC 

a l s o  checksums a l l  of t h e  PROM memory a t  l e a s t  e v e r y  

350 ms t o  g u a r a n t e e  t h e  i n t e g r i t y  of t h e  s o f t w a r e  

l o g i c  and s e t p o i n t s  which a r e  s t o r e d  i n  t h e  PROM mem- 

o r y .  

As mentioned e a r l i e r ,  t h e  PDC s o f t w a r e  w i l l  d e t e c t  

and a l a r m  out -of - range  s i g n a l s  which might  be i n d i c a -  

t i v e  of component f a i l u r e s .  I n  f a c t  most of  t h e  PDC 

s o f t w a r e  l o g i c  is  a s s o c i a t e d  w i t h  t h e  r a t i o n a l i t y  and 

s p r e a d  c h e c k i n g  of  i n p u t  s i g n a l s .  S i n c e  t h e  PDC d o e s  

r e c o g n i z e  abnormal  s i g n a l  v a l u e s ,  i t  t a k e s  c o r r e c t i v e  

a c t i o n  by u s i n g  d e f a u l t  v a l u e s ,  which e n s u r e  t r i p  cov- 

e r a g e  is n o t  degraded .  The f a u l t  t o l e r a n t  n a t u r e  o f  

t h e  PDC l o g i c  is a major  advantage  of  t h i s  d e s i g n  and 

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



a v a i l a b i l i t y  of  t h e  power cond i t i on ing  of t r i p  para-  

me t e r s .  

HARDWARE AND INTEGRATION 

Each d i g i t a l  comparator i n  both  shutdown sys tems,  

c o n s i s t s  of a Data Genera l  ElP100 microNova computer 

p l u s  a  Data Genera l  Data Acqu i s i t i on  (DG/DAC) subsys- 

tem and power supply .  The MPlOO c o n t a i n s  t h e  c e n t r a l  

p roce s so r  (CPU) , t h e  random acce s s  memory (WY) and 

t h e  PROM. The DG/DAC subsystem c o n t a i n s  a l l  of t h e  

p roce s s  i n p u t s  and o u t p u t s  used by t h e  PDC. Table 2 

summarizes t h e  i n p u t s  and ou tpu t s  f o r  a  t y p i c a l  PDC. 

TABLE 2:  SWlARY OF 1 / 0  FOR PDC-1 

Vol tage  I / O  Type Desc r i p t i on  

0-5V Analog Inpu t s  (AI) 7 Process  T r i p  S i g n a l s  

1  Ion  Chamber Linear  

Power S i g n a l  

1  Ion Chamber Log 

Power S igna l  

3 I nco re  Flux De t ec to r  

S i g n a l s  

2 Power C a l i b r a t i o n  

I n p u t s  

1 DG/DAC Tes t  I npu t  

0-5V Analog Outputs  (AO) 1 Average Power 

1 Log Power 

2 P roce s s  T r i p  Set-  

p o i n t s  

1 DG/DAC Tes t  Output 

48V D i g i t a l  I n p u t s  (Dl) 3 C i r c u l a t i n g  Pump 

Condi t ioning  

1 Watchdog Tes t  

1 DG/DAC Tes t  I npu t  

48V D i g i t a l  Outputs  (DO) 13 Form A  Relay 

24 S o l i d  S t a t e  

1 DG/DAC Tes t  Output 

S i n c e  t h e  PDCs were i n s t a l l e d  ve ry  l a t e  i n  t h e  de- 

s i g n ,  eve ry  e f f o r t  was made t o  f i t  them i n t o  t h e  e x i s t -  

i n g  conven t i ona l  hardware c o n f i g u r a t i o n  d i s t u r b i n g  a s  

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

r o u t i n g ,  e t c .  At t h e  same t ime c e r t a i n  f u n c t i o n a l  re -  

qu i r emen t s  made a d d i t i o n a l  c i r c u i t r y  nece s sa ry .  This  

i n t e g r a t i o n  problem was so lved  i n  t h e  fo l l owing  ways: 

- Analog i n p u t s  from p roces s  v a r i a b l e s  were a l r e a d y  

4-20 mA c u r r e n t  l o o p s ,  s o  a  dropping  r e s i s t o r  was 

conven i en t l y  mounted i n  t h e  t r a n s m i t t e r  power 

supply  c a b i n e t  t o  conve r t  t h e s e  c u r r e n t  s i g n a l s  

t o  v o l t a g e s  f o r  t h e  AIs.  Any new analog  s i g n a l s  r e -  

qu i r ed  were made t o  conform t o  t h e  v o l t a g e  r ange  

produced by t h i s  dropping r e s i s t o r  (approx.  0-5V). 

- Seve ra l  c o n t a c t  i n p u t s  were added t o  p rov ide  l o g i c  

f o r  s e t p o i n t  sw i t ch ing .  These were from new hand- 

sw i t ches  on t h e  main c o n t r o l  pane l  and only  minimal 

a d d i t i o n a l  w i r i ng  was r equ i r ed .  

- The t r i p  c o n t a c t s  (PDC DOs) were i n t e g r a t e d  i n t o  t h e  

e x i s t i n g  c o n f i g u r a t i o n  by simply r ep l ac ing ,  on a  one- 

for-one b a s i s ,  the  t r i p  con t ac t  from t h e  a l a rm  u n i t s  

p r ev ious ly  used t o  ene rg i ze  t he  t r i p  r e l a y ,  w i t h  a  

d i g i t a l  ou tpu t  c o n t a c t  from the  PDC. In  t h e  c a s e  of 

m u l t i p l e  l oops  (eg .  2 b o i l e r  l e v e l s )  on ly  one con- 

t a c t  (DO) was used.  In t he se  c a s e s  t h e r e  was mini- 

mal d i s t u r b a n c e  t o  t h e  t r i p  cha in  l o g i c .  

- Because t h e  s e t p o i n t s  f o r  t h e  p roce s s  v a r i a b l e s  i n  

t h e  PDC's were determined a s  a  f u n c t i o n  of power, 

new meter  d i s p l a y s  ( i d e n t i c a l  t o  those  a l r e a d y  on 

t h e  main c o n t r o l  room panel )  were r equ i r ed  t o  d i s p l a y  

t h e  s e t p o i n t s  and t h e  power s i g n a l s  g e n e r a t i n g  them. 

This  caused l i t t l e  d i s t u r b a n c e  t o  t h e  c i r c u i t r y  a s  

such ,  b u t  caused t h e  e x i s t i n g  panel  arrangement t o  

be t o  t a l l y  u n s u i t a b l e  s i n c e  good des ign  d i c t a t e d  t h a t  

meters  d i s p l a y i n g  s e t p o i n t  be s t r a t e g i c a l l y  l o c a t e d  

b e s i d e  t h e  r e l a t e d  v a r i a b l e .  S ince  t he se  c i r c u i t s  

were a l l  new. t h e  d i s p l a y s  were s t anda rd i zed  a s  a  

0-5 v o l t  o u t p u t .  

Each PDCs p r i n c i p l e  i n p u t s  a r e  t h e  process  t r i p  

measurements and i t s  major ou tpu t s  a r e  t h e  t r i p  con- 

t a c t s  a s s o c i a t e d  w i th  each parameter .  S ince  t h e  PDC 

a c t s  l i k e  an  i n t e l l i g e n t  comparator,  t h e  r e s t  of t h e  

shutdown l o g i c  is a  t r a d i t i o n a l  d e s i g n  and instrumen- 

t a t i o n  on t h e  main c o n t r o l  room pane l  is conven t i ona l .  

Therefore  from the  ope ra to r s  v iewpoin t ,  t h e r e  is  no 

s p e c i a l  i n t e r f a c e  which would i n d i c a t e  t h a t  d i g i t a l  

comparators a r e  used i n  t he  l o g i c .  The on ly  unique  

i n d i c a t i o n s  a s s o c i a t e d  wi th  t h e  PDCs i n  t h e  main con- 

t r o l  room a r e  t h r e e  a la rm windows t o  annunc i a t e  abnor-  

mal i n p u t  s i g n a l s  and watchdog t r i p s .  

J u s t  a s  t h e  PDC so f twa re  t e s t s  i t s  own f u n c t i o n a l  

c a p a b i l i t y ,  t h e  DG/DAC hardware is t e s t e d  by w i r i n g  one 

A0 d i r e c t l y  t o  one A1 and one DO t o  one D I .  The A0 and 

DO o u t p u t s  a r e  changed p e r i o d i c a l l y  by t h e  PDC s o f t w a r e  

and they a l l o w  t h e  computer t o  v e r i f y  t h a t  i t  can  con- 

t r o l  and read  t h e  i n p u t s  and o u t p u t s  of t h e  subsys tem.  



I f  a  d iscrepancy is  d e t e c t e d  between o u t p u t s  s p e c i f i e d  

by t h e  so f twa re  and t h e  i n p u t s  i t  r eads  back,  t h e  PDC 

g e n e r a t e s  an  a la rm.  

Another f e a t u r e  which ensu re s  t h a t  bo th  t h e  i n p u t  

and ou tpu t  subsystem and t h e  CPU f u n c t i o n s  p rope r ly ,  

i s  provided by an  e x t e r n a l  hardware watchdog. This  

watchdog is mounted i n  a small  i n d i c a t i n g  pane l  be s ide  

each PDC. This pane l  c o n t a i n s  a l i g h t  e m i t t i n g  d iode  

d i s p l a y  which is i l l umina t ed  Lo i n d i c a t e  t r i p s  o r  ab- 

normal c o n d i t i o n s  d e t e c t e d  by t he  comparator.  The 

watchdog i t s e l f  must be  updated eve ry  100 m s  o r  i t  

w i l l  f a i l  s a f e  and t r i p  t h e  channel .  I t  ha s  a ve ry  

s imp le  de s ign  and i t  is updated when t h e  PDC a l t e r s  

t h e  s t a t e  of a s p e c i a l  DO a t  t h e  end of each  " r ea l "  

so f twa re  pa s s .  

HARDWARE QUALIFICATION 

I n  t h e  600 r e a c t o r  s a f e t y  system, a l l  components 

were r equ i r ed  t o  be s e i s m i c a l l y  q u a l i f i e d  t o  t h e  l e v e l  

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

t h e  PDC's, s i n c e  t h i s  was a new d e v i c e  o p e r a t i n g  i n  an 

i n d u s t r i a l  environment,  i t  was f e l t  t h a t  some measure 

of conf idence  should  be ga ined  a s  t o  i t s  e l e c t r i c a l  

n o i s e  immunity and i t s  a b i l i t y  t o  o p e r a t e  a t  e l e v a t e d  

tempera tures  f o r  pe r i od  r e p r e s e n t a t i v e  of a l o s s  of 

C l a s s  IV Power i n c i d e n t .  The magnitude of t h e  s e i smic  

e x c i t a t i o n  l e v e l s  f o r  t h e  PDC's was de termined  by u s ing  

a s e i s m i c  a n a l y s i s  f o r  SDS i n s t r u m e n t a t i o n  c a b i n e t s  

which p r e d i c t e d  t h e  magnitude of t h e  s i n u s o i d a l  i n p u t  

t o  t h e  dev i ce  over  t h e  f requency r ange  1-33HZ f o r  t h e  

PDC l o c a t i o n  i n  t h e  c a b i n e t .  The amount of  e x c i t a t i o n  

t o  which t h e  SDS c a b i n e t  is  s u b j e c t e d  is based on t h e  

F loo r  Response Spec t r a  (FRS) of t h e  Design Bas i s  Earth- 

quake (DBE f o r  each  p a r t i c u l a r  600 MWe s i t e ) .  

Th i s  a n a l y s i s  al lowed a ve ry  s t r a i g h t  forward b i -  

d i r e c t i o n a l  s i n u s o i d a l  t a b l e  e x c i t a t i o n  t o  be  app l i ed  

t o  the PDC's over  t h e  s e i smic  f requency r ange  of 

1-33HZ. 

The computer was t e s t e d  on a shake r  t a b l e  which pro- 

v ided  h o r i z o n t a l  and v e r t i c a l  motion.  The r e sonan t  

f r equenc i e s  of t he  pane l  and FRS, t o g e t h e r  w i t h  t h e  

p a n e l ' s  damping f a c t o r ,  d i c t a t e d  a n  a c c e l e r a t i o n  

b u i l d i n g  t o  a maximum of 2.2g over  t h e  r ange  7-16HZ, 

and t a p e r i n g  o f f  a t  t h e  h igh  and low f requency ends t o  

about  0.25g.  

Commercial g r ade  microcomputer systems a r e  normally 

n o t  c o n s t r u c t e d  w i t h  s e i smic  q u a l i f i c a t i o n  i n  mind. 

None t h e  l e s s ,  by suppo r t i ng  l a r g e r  masses and by 

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

each  PDC was accomplished.  Some of t h e  m o d i f i c a t i o n s  

r equ i r ed  were:  

- The CPU had its ca rd  cage  s t i f f e n e d  by weld ing  i t s  

i n n e r  c a rd  cage  t o  t he  o u t e r  s h e l l .  

- The c i r c u i t  board Eor t h e  CPU's power supply  had a l l  

heavy board mounted components glued t o  t h e  board .  

The power supp ly  was a l s o  he ld  i n  p l a c e  by suppo r t  

wedges and a c a rd  r e t a i n e r .  

- The DG/DAC power supply  r equ i r ed  t h e  most e x t e n s i v e  

mod i f i c a t i ons  because  i t  was t h e  most massive com- 

ponent i n  t h e  system. To q u a l i f y  t h e  power supp ly ,  

i t  was mounted on a s p e c i a l  heavy duty  b r acke t  which 

al lowed t h e  supply  t o  be  suppor ted  w i thou t  r e s t i n g  

on o r  c o n t a c t i n g  t h e  DG/DAC c h a s s i s .  

- A l l  c a r d s  i n  t h e  DG/DAG a l s o  had card  r e t a i n e r s  

f i t t e d ,  t o  immo1)il.ize them du r ing  a s e i smic  e v e n t .  

The s e i s m i c  q u a l i f . l c a t i o n  of t h e  PDC was i n t e r e s t -  

i n g  from two p o i n t s  of  view. I t  showed t h a t  w i thou t  

too  much d i f f i c u l t y ,  and apply ing  a l i t t l e  common s e n s e  

(mechanica l ly  speak ing ) ,  a  commercial-grade microcom- 

p u t e r  could  b e  made robus t  enough t o  pass  a shake  t e s t  

of  t h e  magnitude r equ i r ed  f o r  most l o c a t i o n s .  It a l s o  

demonstrated t h e  ex t r ao rd ina ry  punishment such  a rug- 

gedized  d e v i c e  can  s t r u c t u r a l l y  wi ths tand  and c o n t i n u e  

o p e r a t i n g  w i thou t  a s i n g l e  f a i l u r e .  

TRANSIENT INTERFERENCE 

The purpose  of  t h e  t r a n s i e n t  i n t e r f e r e n c e  t e s t  was 

t o  demonst ra te  t h a t  t h e  PDC's l o c a t e d  i n  t h e  c o n t r o l  

equipment room or  i n  t h e  secondary c o n t r o l  a r e a  (SCA) 

would b e  immune t o  conducted t r a n s i e n t  i n t e r f e r e n c e  

(caused by sw i t ch ing  nearby) i n  t h e i r  i n p u t l o u t p u t  

c i r c u i t s  and AC power l i n e s .  

By immune, i t  i s  meant t h a t  t h e  PDC w i l l  no t  : (1) 

behave i n  a manner t h a t  would r ende r  a shutdown system 

unsa f e ,  and (2) behave i n  such  a manner a s  t o  c ause  

spu r ious  shutdowns of  t h a t  channel  and hence of t h e  

s t a t i o n  i f  a  second channel  is under t e s t  a t  t h e  t ime 

of a s p u r i o u s  t r i p .  



The f i r s t  c o n d i t i o n  i s  mandatory w h i l e  t h e  second 

c o n d i t i o n  i s  h igh ly  d e s i r a b l e  and would on ly  be  waived 

i f  t h e  occu r r ence  of t h i s  type  of miss -opera t ion  could  

be shown t o  be of  ex t remely  low f requency.  

The IEEE s t anda rd  472-1974 I1(:uide f o r  Surge With- 

s t a n d  C a p a b i l i t y  Tes t s "  and On ta r i o  Hydro s p e c i f i c a -  

t i o n  C-5403-78 " S p e c i f i c a t i o n  f o r  T r a n s i e n t  I n t e r f e r -  

ence  Immunity T e s t s  on E l e c t r i c a l  Equipment" have been 

used as t h e  gu ide s  f o r  t h e s e  t e s t s .  

S p e c i f i c a l l y ,  t h e  On ta r i o  Hydro S p e c i f i c a t i o n  a t  

Level  D (500 V) ha s  been used as t h e  t e s t  s t and a rd .  

Level  D was chosen a s  t h e  a p p r o p r i a t e  v o l t a g e  l e v e l  

s i n c e  SDSl and SDS2 s i g n a l s  a l l  run  i n  i s o l a t e d  chan- 

n e l i z e d  c a b l e  t r a y s  and condu i t s  and t h e  equipment i t -  

s e l f  i s  i n  a n  environment where minimum h igh  v o l t a g e  

sw i t ch ing  t a k e s  p l ace .  

The On ta r i o  Hydro t e s t  c o n s i s t s  of i n j e c t i n g  n o i s e  

on a  s e l e c t e d  i n p u t ,  o u t p u t ,  o r  power l i n e ,  i n  both  

t he  common mode and d i f f e r e n t i a l  mode a t  each of t h e  

s i x  f r e q u e n c i e s  (130 IdIz, 220 kHz, 360 kHz, 600 kHz, 

1 MHz, 1 . 6  MHz) a t  t h e  Level  D v o l t a g e  (500V) w i t h  

t e s t  s o f t w a r e  e x e r c i s i n g  t h e  system. 

Some m o d i f i c a t i o n s  were nece s sa ry  t o  en su re  system 

immunity. The changes r equ i r ed  t h e  s h i e l d i n g  of 

c a b l e s  and some 1/0 board mod i f i c a t i ons  where i n j e c t e d  

n o i s e  was caus ing  l o g i c  problems on t h e  board i t s e l f  

( no t ab ly  t h e  D i g i t a l  Output  r e l a y  board and Analog 

Output boa rds ) .  When a l l  such  s o l u t i o n s  were imple- 

mented, t h e  PDC would r u n  cont inuous ly  wh i l e  be ing  

s u b j e c t e d  t o  a l l  f r equenc i e s  of t r a n s i e n t  n o i s e  a t  

Level  D .  

ELEVATED TEMPERATURE 

The concern  ove r  t h e  performance of t h e  PDCs under 

c o n d i t i o n s  of a  l o s s  of C l a s s  I V  Power r e s u l t i n g  i n  a  

l o s s  of  a i r  c o n d i t i o n i n g  prompted an  i n v e s t i g a t i o n  of 

the  a b i l i t y  of the PDCs t o  o p e r a t e  under e l e v a t e d  

t empe ra tu r e  c o n d i t i o n s  f o r  p e r i o d s  of t ime r ep re sen t a -  

t i v e  of  t h i s  s i t u a t i o n .  

1 hour a t  5 5 O ~ .  

The t e s t i n g  showed t h a t  t h e  PDC w i l l  o p e r a t e  com- 

p l e t e l y  s a t i s f a c t o r i l y  a t  t h e  tempera tures  i t  exper-  

ienced .  There is  every  conf idence  t h a t  t h e  system 

could run  f o r  extended pe r i ods  a t  t h e s e  t empe ra tu r e s .  

CONCLUSION 

The PDCs a r e  a  s i g n i f i c a n t  s t e p  i n  t h e  u se  of d i g i -  

t a l  computers i n  CANDU shutdown systems.  The u se  of 

d i g i t a l  l o g i c  ha s  proven t o  be very  f l e x i b l e  i n  accom- 

modating l a t e  de s ign  changes and t h e  PDC development 

has  demonstrated t h a t  commercial computer hardware can 

be adapted  f o r  nuc l ea r  power p l a n t  a p p l i c a t i o n s .  

These computers a r e  t h e  f i r s t  major s t e p  i n  t h e  u se  of 

computer technology,  r a t h e r  than  t r a d i t i o n  r e l a y  l o g i c  

i n  CANDU s a f e t y  sys tems.  I t  is  expected  t h a t  t h e  

f u r t h e r  a p p l i c a t i o n  of d i g i t a l  technology w i l l  enhance 

t he  o p e r a b i l i t y  and a v a i l a b i l i t y  of s a f e t y  sys tems i n  

t h e  f u t u r e .  

To per form t h i s  t e s t ,  t h e  complete PDC i n c l u d i n g  

t h e  CPU, 1 / 0  c h a s s i s ,  and i t s  power supp ly ,  was p laced  

i n  a  t empe ra tu r e - con t ro l l ed  oven,  The t e s t  was run  

such  t h a t  t empe ra tu r e  was r a i s e d  from 3 0 ' ~  i n  3 s t e p s  

as fo l l ows :  2  hou r s  a t  40°c, 2 hours a t  5 0 ' ~  and 




