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Procedures  used t o  m a i n t a i n  t h e  i n t e g r i t y  
of computer based b a t c h  chemical p r o c e s s  
c o n t r o l  systems a r e  d e s c r i b e d .  The 
importance of s o f t w a r e  q u a l i t y  and 
s o f t w a r e  change c o n t r o l  i s  i d e n t i f i e d ;  
a  change c o n t r o l  p r o t o c o l  des igned  
f o r  s o f t w a r e ,  hardware, p l a n t ,  and 
p r o c e s s  changes i s  p r e s e n t e d .  
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I n t r o d u c t i o n  

During p l a n t  and c o n t r o l  system des ign ,  v a r i o u s  s a f e t y  and 
o p e r a t i o n a l  r equ i rements  may be i d e n t i f i e d ,  f o r  example by 
HAZOP s t u d i e s ,  by e x p e r i e n c e  from prev ious  des ign ,  and i n  o r d e r  
t o  e n s u r e  compliance w i t h  s t a t u t o r y  r e g u l a t i o n s .  Exper ience  of 
u s i n g  computer p rocess  c o n t r o l  sys tem w i t h i n  The Boots Company 
s u g g e s t s  t h a t  s a f e t y  f e a t u r e s  a r e  r a r e l y  implemented a s  
s e p a r a t e  packages,  bu t  r a t h e r  t h a t  t h e y  a r e  a l l  p a r t  of good 
d e s i g n  and c o n t r o l  phi losophy.  Thus, t h e  v a l i d a t i o n  of s a f e t y  
f e a t u r e s  becomes p a r t  of t h e  p l a n t  commissioning exercise. 

To e n s u r e  t h a t  t h e  i n t e g r i t y  of such systems i s  main ta ined ,  
p a r t i c u l a r  a t t e n t i o n  must be g i v e n  t o  change c o n t r o l  
p r o c e d u r e s ,  i n  a d d i t i o n  t o  e f f e c t i v e  breakdown and p lanned  
maintenance.  

Many of  t h e  p o i n t s  t o  be r a i s e d  i n  t h i s  paper ,  t h e r e f o r e ,  a p p l y  
e q u a l l y  t o  s a f e t y  f e a t u r e s  and t o  normal p l a n t  o p e r a t i o n  - 
e s s e n t i a l l y  we have found t h a t  f o r  t h e  t y p e  of  p r o c e s s  we 
o p e r a t e ,  i f  o u r  p l a n t  i s  p r o p e r l y  des igned  w i t h  r e s p e c t  t o  t h e  
m a t e r i a l s  and r e a c t i o n s  t o  be handled, and a d e q u a t e l y  
c o n t r o l l e d ,  p r e f e r a b l y  u s i n g  a  u n i t  o p e r a t i o n s  approach,  t h e n  
s e p a r a t e  s a f e t y  systems a r e  no t  g e n e r a l l y  r e q u i r e d .  

S a f e t y  f a c t o r s  o r i g i n a t i n g  w i t h i n  computer c o n t r o l  sys tem 
s o f t w a r e  and hardware on ly  w i l l  be cons ide red  i n  t h i s  paper ,  
a l t h o u g h  many of t h e  p o i n t s  could be r e l e v a n t  when a p p l i e d  t o  
t h e  mechanical  a s p e c t s  of t h e  p l a n t .  

* The Boots Company, Nottingham 
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The b a s i s  f o r  a  s a t i s f a c t o r v  svs t em 

The i n i t i a l  r e q u i r e m e n t s  s h o u l d  be  i d e n t i f i e d ,  making u s e  of  
a s  much a s  p o s s i b l e  of  t h e  computer manufac tu re r s  s t a n d a r d  
f a c i l i t i e s ,  s u c h  a s  a l a r m  hand l ing ,  and i n c l u d i n g  a  c l e a r  
d e f i n i t i o n  of t h e  p r o c e s s  needs .  The c r i t i c a l  c o n t r o l  
p a r a m e t e r s ,  o p e r a t i n g  c o n d i t i o n s ,  and a l a rm s e t t i n g s  must be 
d e f i n e d  f o r  e a c h  s t a g e  of t h e  p r o c e s s ;  a l l o w a b l e  v a r i a t i o n s  
and r a n g e s  must be i d e n t i f i e d .  

The s y s t e m  s h o u l d  be t e s t e d  t o  d e m o n s t r a t e  t h a t  i t  s a t i s f i e s  
t h e  i n i t i a l  r e q u i r e m e n t s .  This  would normal ly  be incorporated 
i n  t h e  p l a n t  commissioning programme, a l t h o u g h  some f e a t u r e s  
may be  t e s t e d  b e f o r e  t h e  p l a n t  i s  connec ted  t o  t h e  sys tem.  
Remember t h a t  t e s t i n g  does  n o t  i n j e c t  q u a l i t y  i n t o  a  sys tem,  
i t  mere ly  conf i rms  t h a t  what we d e c i d e  t o  t e s t  works 
c o r r e c t l y .  Any a l t e r a t i o n s  t o  t h e  sys t em d u r i n g  commiss ioning
must be p r o p e r l  y  r ecorded .  

When t h e  s y s t e m  i s  e s t a b l i s h e d ,  a l l  m o d i f i c a t i o n s  must be 
c o n t r o l l e d ,  t h a t  i s ,  t h e y  must be s u i t a b l y  a u t h o r i s e d ,  
p r o p e r l  y  c a r r i e d  o u t ,  and f u l l y  documented. P a r t i c u l a r  c a r e  
s h o u l d  be t a k e n  t o  e n s u r e  t h a t  m o d i f i c a t i o n s  do n o t  d e g r a d e  
t h e  f u n c t i o n  of  t h e  sys tem.  

W r i  ti n s  good a u a l  i t v  s o f t w a r e  

I t  has  become w e l l  e s t a b l i s h e d  t h a t  c a r e f u l  s o f t w a r e  d e s i g n  
w i l l  r e s u l t  i n  code which can more e a s i l y  be t e s t e d  and 
modi f l ed  and i s  l e s s  l i k e l y  t o  e x h i b i t  unexpec ted  o r  
u n d e t e c t e d  f a u l t s .  Even though t h e  d e s i g n  s t a g e  t a k e s  l o n g e r ,  
t h e  o v e r a l l  s o f t w a r e  e f f o r t  o v e r  t h e  l i f e  of t h e  sys t em w i l l  
be g r e a t l y  reduced.  

Ve would s u g g e s t  t h a t  t h e  f o l l o w i n g  p o i n t s  s h o u l d  be 
c o n s i d e r e d .  

( a )  Unders tand e x a c t l y  what i s  r e q u i r e d  of a  program b e f o r e  
s t a r t i n g  t o  w r i t e  code.  I t  always t a k e s  much l o n g e r  t o  
c o r r e c t  d e s i g n  e r r o r s  t h a n  t o  a v o i d  them i n  t h e  f i r s t  
p l a c e ,  c o r r e c t i n g  e r r o r s  may i n t r o d u c e  o t h e r  e r r o r s ,  and 
t h e  t i m e  t a k e n  up i n  t e s t i n g  i s  i n c r e a s e d .  

( b )  Div ide  programs up i n t o  s u b r o u t i n e s  o r  f u n c t i o n a l  modules 
t h a t  can  be t e s t e d  i n  i s o l a t i o n .  Main ta in  a n  e a s i l y  
a c c e s s i b l e  l i s t  of modules, s o  t h a t  subsequen t  u s e r s  know 
what has  been w r i t t e n .  Think c a r e f u l l y  a b o u t  e r r o r  
h a n d l i n g  w i t h i n  modules, and make e v e r y  e f f o r t  t o  d e t e c t  
when i n v a l i d  d a t a  i s  b e i n g  s u p p l i e d  t o  a  module. 

( C )  I f  t h e  sys t em a l l o w s  i t ,  u s e  remarks w i t h i n  t h e  program 
t o  a i d  u n d e r s t a n d i n g .  Put  i n  t h e  remarks w h i l e  t h e  
program i s  b e i n g  w r i t t e n ,  n o t  a f t e r w a r d s .  
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( d )  Be aware of t h e  t r a d e - o f f  between u n d e r s t a n d a b l e  code anc 
f a s t  o r  memory-eff ic ient  code. I t  may be  b e t t e r  t o  
s a c r i f i c e  e x e c u t i o n  speed o r  memory usage t o  make t h e  
program e a s i e r  t o  unders tand ,  p a r t i c u l a r 1  y  i f  t h e  prograr  
i s  l i k e l y  t o  be modif ied l a t e r .  A l t e r a t i o n s  a r e  much mol 
r i s k y  i f  t h e  o r i g i n a l  working of  t h e  code i s  n o t  c l e a r .  

( e )  L i m i t  t h e  s i z e  of t h e  s o f t w a r e  team. The l a r g e r  t h e  tear  
t h e  g r e a t e r  t h e  communications d i f f i c u l t y ,  t h e  h a r d e r  it 
i s  t o  ach ieve  c o n s i s t e n c y ,  and t h e  more management i s  
needed t o  keep t r a c k  of p r o g r e s s .  I f  t h e  s i z e  of t h e  
p r o j e c t  r e q u i r e s  a  l a r g e  team, l i m i t  t h e  number of p e o p l ~
a c t u a l l y  w r i t i n g  code. 

The q u e s t i o n  of v a l i d a t i o n  of s o f t w a r e  and hardware i s  under  
d i s c u s s i o n  and development, and i s  t o o  l a r g e  a  s u b j e c t  t o  be 
d e a l t  w i t h  i n  t h i s  paper .  Our main concern i s  t h a t  t h e r e  
a r e  g u i d e l i n e s  and r e g u l a t i o n s  i n  e x i s t e n c e ,  b u t  t h e s e  a r e  
w r i t t e n  i n  such a  way t h a t  it i s  up t o  t h e  u s e r  t o  d e f i n e  
and j u s t i f y  t h e  a c t u a l  p rocedures  he  d e c i d e s  t o  adop t .  We 
p a r t i c u l a r l y  need t o  be a b l e  t o  s a t i s f y  t h e  Food and Drug 
A d m i n i s t r a t i o n  requ i rements ,  b u t  t h e r e  i s  some d i sagreement  
between t h e  F.D.A. and i n d u s t r y  o v e r  t h e  a p p l i c a b i l i t y  and 
i n t e r p r e t a t i o n  of t h e i r  g u i d e l i n e s .  

Reference t o  o u r  s o f t w a r e  v a l i d a t i o n  r e c o r d  s h e e t  (Appendix 
A )  g i v e s  an i n d i c a t i o n  of t h e  t y p e s  of t e s t i n g  we have found 
t o  be necessa ry .  

We would emphasize t h e  e f f e c t i v e n e s s  of v i s u a l  i n s p e c t i o n  of 
program code. There a r e  many ways of  w r i t i n g  programs which 
work, b u t  t o  produce u n d e r s t a n d a b l e  and m a i n t a i n a b l e  
programs r e q u i r e s  adherence t o  a  common s t a n d a r d .  
Fur thermore,  it i s  f a r  e a s i e r  t o  i n t e r c e p t  and c o r r e c t  
e r r o r s  b e f o r e  t h e  p h y s i c a l  t e s t i n g  s t a g e .  I d e a l l y  t h i s  
v i s u a l  checking shou ld  n o t  be done by t h e  same person  who 
has w r i t t e n  t h e  program. 

T e s t i n g  and i n s p e c t i o n  shou ld  address  two i s s u e s :  - 

( a )  Does t h e  program do what i s  wanted? 

( b )  Does it o n l y  do what i s  wanted, o r  a r e  t h e r e  u n d e s i r a b l e  
s i d e - e f  f e c t s ?  

The f i r s t  i s s u e  i s  f a i r l y  e a s i l y  d e a l t  wi th .  There a r e  
g e n e r a l l y  expressed  concerns  o v e r  t h e  d i f f i c u l t y  of t e s t i n g  
programs w i t h  more t h a n  a  few p o s s i b l e  code r o u t e s ,  b u t  i n  
o u r  exper ience ,  p r o p e r l y  w r i t t e n  p r o c e s s  c o n t r o l  code 
c o n t a i n s  ve ry  few c o n d i t i o n a l  branches ,  and i s  t h e r e f o r e  
e a s y  t o  t e s t  s t a t e m e n t  by s t a t e m e n t .  This  t y p e  of t e s t i n g  
i s  normal ly  done by t h e  program w r i t e r ,  s i n c e  we f e e l  he  i s  
i n  t h e  b e s t  p o s i t i o n  t o  know what t e s t s  t o  apply.  
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The second  i s s u e  i s  p o t e n t i a l l y  more d i f f i c u l t ,  and i s  where 
good d e s i g n  and c a r e f u l  v i s u a l  i n s p e c t i o n  c a n  p r o v e  i t s  
wor th .  A s  a l r e a d y  mentioned,  t h e  r i s k  of e r r o r s  o c c u r r i n g  
i s  g r e a t l y  reduced by h i g h l y  modular code,  and by a d e q u a t e  
c o n s i d e r a t i o n  b e i n g  g i v e n  t o  check ing  t h e  v a l i d i t y  o f  d a t a  
w i t h i n  modules. 

Whenever p o s s i b l e ,  i n i t i a l  t e s t i n g  i s  c a r r i e d  o u t  on  a  
s p a r e ,  o f f  - l i n e ,  computer,  u s i n g  s i m u l a t e d  p l a n t  
measurements.  O p e r a t i o n  of  t h e  program can  be c o n f i r m e d  
u s l n g  t h e  same d i s p l a y s  a s  a r e  used f o r  t h e  o n - l i n e  sys t em,  
and unusua l  o r  l i m i t - o f - r a n g e  i n p u t  v a l u e s  c a n  be u s e d  t h a t  
would be d i f f i c u l t  t o  produce on t h e  r e a l  p l a n t .  (Much 
r e f e r e n c e  has been made, f o r  example by t h e  F. D. A . ,  t o  
t e s t i n g  a t  t h e  l i m i t s  - i n  p r a c t i c e  we r a r e l y  f i n d  t h a t  t h i s  
t y p e  of  t e s t i n g  i s  a p p r o p r i a t e ) .  

Chanse c o n t r o l  ~ r o t o c o l  

The p h i l o s o p h y  of g e n e r a l l y  n o t  u s i n g  s e p a r a t e  s a f e t y  
sys t ems  p l a c e s  g r e a t  emphasis on t h e  p r o c e d u r e s  used  f o r  
change c o n t r o l ,  s i n c e  i n  p r i n c i p l e  any change c o u l d  a f f e c t  
t h e  i n t e g r i t y  of t h e  normal c o n t r o l  sys tem,  o r  t h e  embedded 
s a f e t y  sys tem,  o r  both .  A b a l a n c e  must be e s t a b l i s h e d  
between t h e  need t o  make a l t e r a t i o n s  and improvements t o  t h e  
sys t em w i t h i n  r e a s o n a b i e  t i m e s c a l e s ,  and t h e  need t o  t e s t  
and p rove  s u c h  changes a s  t h o r o u g h l y  a s  p o s s i b l e .  

A sys t em has  r e c e n t l y  been i n t r o d u c e d  t o  f o r m a l i s e  t h e  
p r o c e d u r e s  used when changes a r e  r e q u i r e d  (Appendix C ) .  
Th i s  p r o t o c o l  a p p l i e s  t o  a l l  changes ,  whe the r  t o  hardware ,  
s o f t w a r e ,  o r  t h e  p l a n t  i t s e l f .  A change i s  d e f i n e d  h e r e  a s  
p l anned  work which c o u l d  i n  any way a f f e c t  t h e  p r o d u c t  o r  
t h e  p r o c e s s  chemis t ry ,  o r  t h e  c o n t r o l  documenta t ion .  
(Unplanned changes,  such  a s  may a r i s e  a s  a  r e s u l t  of  
breakdowns, a r e  termed ' d e v i a t i o n s '  and a r e  covered  by a  
d i f f e r e n t  p r o c e d u r e ) .  

A change can i n  p r i n c i p l e  be o r i g i n a t e d  by anybody, b u t  must 
always be a u t h o r i s e d  by t h e  p l a n t  manager, who a l s o  
i d e n t i f i e s  t h e  depa r tmen t s  t h a t  need t o  know a b o u t  t h e  
change.  A change c o - o r d i n a t o r  i s  t h e n  a p p o i n t e d ,  who 
f o l l o w s  t h e  work a s  i t  p r o g r e s s e s ,  and e n s u r e s  t h a t  a l l  
s u p p o r t i n g  documents a r e  c o l l e c t e d  t o g e t h e r  f o r  a r c h i v e .  

V a l i d a t i o n  and t e s t i n g  r equ i remen t s  must be i d e n t i f i e d  I n  
advance,  and t h e  check s h e e t  i s  used t o  p r o v i d e  a  r eminder  
of what v a l i d a t i o n  c r i t e r i a  may need t o  be a p p l i e d .  
(Appendix A).  

To d e f i n e  f u r t h e r  o u r  p rocedures  b o t h  f o r  o u r  own u s e  i n  
o r d e r  t o  remind o u r s e l v e s  how we s h o u l d  be o p e r a t i n g ,  and t o  
a s s i s t  i n  d e s c r i b i n g  o u r  o p e r a t i o n s  t o  o u t s i d e  i n s p e c t o r s ,  
we have produced t h e  s o f t w a r e  change f l o w c h a r t  shown i n  
Appendix B. 
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P r o t o c o l  f o r  unwlanned chanses 

Devia t ions  from p r e d e f i n e d  o p e r a t i n g  c o n d i t i o n s  may o c c u r  
f o r  a  v a r i e t y  of r easons ;  we a r e  most concerned w i t h  
d e v i a t i o n s  t h a t  might a f f e c t  t h e  q u a l i t y  of t h e  p roduc t ,  o r  
o u r  a b i l i t y  t o  conf i rm t h a t  it has been produced a c c o r d i n g  
t o  a n  agreed  s e t  of c o n d i t i o n s .  

The p o t e n t i a l  f o r  d e v i a t i o n  appears  t o  come from two a r e a s .  

( a )  Random breakdowns of p l a n t  equipment. 

( b )  I n a b i l i t y  of t h e  system t o  c o n t r o l  w i t h i n  t h e  r e q u i r e d  
l i m i t s ,  which i n  t u r n  i s  u s u a l l y  due t o  d i f f i c u l t i e s  
i n  measuring p rocess  parameters .  

I n  some c a s e s ,  i t  may n o t  be p o s s i b l e  t o  proceed u n t i l  some 
c o r r e c t i v e  a c t i o n  has been t aken .  Usual ly ,  t h i s  w i l l  be 
c a r r i e d  o u t  by t h e  c o n t r o l  room s t a f f ,  u s i n g  t h e i r  normal 
f a c i l i t i e s  f o r  l i m i t e d  o p e r a t i o n  of t h e  p l a n t  o u t s i d e  t h e  
c o n t r o l  sequence. Only r a r e l y  i s  i t  n e c e s s a r y  f o r  any 
temporary m o d i f i c a t i o n s  t o  be made t o  t h e  s o f t w a r e  t o  
overcome such  problems. 

A p o t e n t i a l  d e v i a t i o n  i s  r e p o r t e d  on a  ' Devia t ion  A l e r t '  
form. This  i s  t h e n  examined by t h e  p l a n t  chemist ,  who 
completes  a  ' D e v i a t i o n  from s t a n d a r d  o p e r a t i n g  p rocedure '  
form (Appendix D )  t o  accompany t h e  documentat ion f o r  t h e  
a f f e c t e d  batch.  A review meeting may be h e l d  t o  d e c i d e  i f  
t h e r e  was a  s i g n i f i c a n t  a f f e c t  on t h e  p roduc t ,  and i f  s o  
what a c t i o n  shou ld  be t aken .  

S e l e c t i o n  of ~ e r s o n n e l  

A l l  development o f ,  and change t o  s o f t w a r e  i s  done by a 
s m a l l  team of s p e c i a l i s t s  w i t h i n  Boots. 

Pe rsonne l  a r e  s e l e c t e d  by a p t i t u d e ,  and from a  background 
a p p r o p r i a t e  t o  t h e  system t h e y  s u p p o r t ,  ( f o r  example 
chemis t s  o r  chemical eng ineers  a r e  g e n e r a l l y  p r e f e r r e d  f o r  
o u r  chemical p l a n t  s y s t e m s ) ,  and a r e  t r a i n e d  by making u s e  
of manufacturer '  s t r a i n i n g  courses  and by on- the-  j ob 
t r a i n i n g .  The i d e a l  s i t u a t i o n  i s  f o r  t h e  pe rsonne l  who 
developed t h e  s o f t w a r e  t o  con t inue  w i t h  i t s  long- te rm 
s u p p o r t .  

We have exper imented w i t h  t h e  use  of p a r t - t i m e  s o f t w a r e  
s u p p o r t ,  and whi le  t h i s  has been a  u s e f u l  approach,  
p a r t i c u l a r l y  d u r i n g  commissioning where f u l l  s h i  it cover  may 
be needed, c a r e  must be t a k e n  t o  e n s u r e  t h a t  p a r t - t i m e  
p e r s o n n e l  have enough involvement t o  m a i n t a i n  t h e i r  l e v e l  of 
e x p e r t i s e .  A t  l e a s t  one f u l l - t i m e  s p e c i a l i s t  i s  needed t o  
d e a l  w i t h  more complex problems and t o  c o - o r d i n a t e  
a c t i v i t i e s .  
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Access Cont ro l  

Having s e l e c t e d  and t r a i n e d  s u i t a b l e  s u p p o r t  s t a f f ,  i t  i s  
n e c e s s a r y  t o  e n s u r e  t h a t  unau thor i sed  pe rsonne l  a r e  n o t  
a l lowed  t o  make a l t e r a t i o n s  t o  t h e  system. The p r o c e s s  
c o n t r o l  sys tems a t  Boots do n o t  have t h e  means of 
r e s t r i c t i n g  a c c e s s  t o  p a r t i c u l a r  u s e r s ;  such  passwords a s  
a r e  a v a i l a b l e  a r e  rudimentary and e i t h e r  cumbersome t o  
change, o r  e a s i l y  over r idden .  

F o r t u n a t e l y ,  we have n o t  encountered any problems concerned 
w i t h  u n a u t h o r i s e d  a c c e s s .  We can o n l y  guess  a t  t h e  reasons  
f o r  t h i s ,  b u t  f a c t o r s  could i n c l u d e :  

( a )  Our o p e r a t i n g  s t a f f  a r e  a l r e a d y  schoo led  i n  t h e  i d e a  
t h a t  o n l y  s p e c i f i c  groups of peop le  c a r r y  o u t  
s p e c i a l i s e d  jobs;  i n  common w i t h  o t h e r  a r e a s ,  such  a s  
e l e c t r i c i a n s ,  i n s t r u m e n t  e n g i n e e r s ,  p i p e f  i t t e r s ,  t h e r e  
appears  t o  be g e n e r a l  agreement o v e r  who does what, 
and l i t t l e  need o r  d e s i r e  f o r  over lap .  

( b )  Unauthor ised u s e r s  s e e  no p e r s o n a l  g a i n  i n  t amper ing  
w i t h  t h e  system, and have a  l o t  t o  l o s e  i f  found out .  

The c o n t r o l  on a c c e s s  i s ,  t h e r e f o r e ,  of a  s imple  n a t u r e .  The 
computer and i t s  programming t e r m i n a l s  a r e  k e p t  i n  a  locked  
room, g i v i n g  a  c l e a r  p h y s i c a l  l o c a t i o n  f o r  ' programming' 
a c c e s s .  

Within  t h e  p l a n t  c o n t r o l  room a r e a ,  i t  i s  sometimes necessa ry  
t o  r e s t r i c t  some o p e r a t i o n s  t o  c e r t a i n  people ,  such  a s  s h i f t  
foreman o r  p roduc t  s u p e r v i s o r s .  We use  a  mix tu re  of key 
l o c k s  and passwords f o r  t h i s ,  accord ing  t o  t h e  f a c i l i t i e s  t h e  
system s u p p o r t s ;  no more t h a n  t h r e e  l e v e l s  of access  have s o  
f a r  been r e q u i r e d .  

E a u i ~ m e n t  Loca t ion  

A l l  o u r  computer systems a r e  housed i n  c o n t r o l  b u i l d i n g s ,  
which a r e  p h y s i c a l l y  s e p a r a t e  from t h e  p l a n t  i t s e l f .  The 
computers a r e  i n s t a l l e d  i n  s e p a r a t e  computer rooms a d j a c e n t  
t o  t h e  c o n t r o l  rooms. A i r  c o n d i t i o n i n g  i s  used, p r i m a r i l y  t o  
g i v e  a  comfor tab le  working environment,  s i n c e  t h e  
environmental  r equ i rements  f o r  modern computers a r e  n o t  
d i f f i c u l t  t o  meet. 

However, p a r t i c u l a r l y  w i t h  o l d e r  equipment, t h e r e  i s  evidence 
t h a t  a  c o n s t a n t  t empera tu re ,  r easonab ly  d u s t  f r e e ,  atmosphere 
w i l l  r educe  maintenance and breakdowns. Many of our  
breakdowns have happened dur ing ,  o r  s h o r t l y  a f t e r ,  p e r i o d s  of 
u n u s u a l l y  h i g h  t e m p e r a t u r e  due t o  a i r  c o n d i t i o n i n g  f a u l t s .  

F o r t u n a t e l y  we do n o t  s u f f e r  problems from a tmospher ic  
con tamina t ion ,  b u t  i t  i s  we l l  known t h a t  a c i d i c  vapours  and 
some a i r b o r n e  d u s t s  and powders can cause  problems, 
p a r t i c u l a r l y  a t  t h e  edge connec to rs  of computer c a r d s .  
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E u u i ~ m e n t  breakdowns 

F o r t u n a t e l y  t h e  r e a l i b i l i t y  of computer hardware has improved 
d r a m a t i c a l l y  over  t h e  years ,  a l lowing  v i r t u a l 1  y  u n i n t e r r u p t e d  
us age  of o u r  computer S ys tems. 

When a  breakdown occurs ,  c l e a r l y  i t  i s  n e c e s s a r y  t o  i d e n t i f y  
t h e  f a u l t y  p a r t ,  r e p l a c e  i t ,  and t h e n  conf i rm t h a t  t h e  f a u l t  
has been c o r r e c t e d .  The f a u l t y  p a r t  must t h e n  be r e p a i r e d  
o r  thrown away. 

This  sounds v e r y  s imple;  i n  r e a l i t y  t h e r e  a r e  many problems 
a s s o c i a t e d  w i t h  f a u l t - f i n d i n g  and c o r r e c t i o n .  

F a u l t s  may be t r a n s i e n t ,  perhaps  o c c u r r i n g  a  few t imes  a  
week. I t  i s  i m p r a c t i c a l  t o  s h u t  down a  working p l a n t  t o  run  
d i a g n o s t i c  programs f o r  l o n g  enough t o  i d e n t i f y  t h e  f a u l t ,  s o  
u s u a l l y  a n  educa ted  guess  i s  made on which module s h o u l d  be 
r e p l a c e d .  This  may c u r e  t h e  problem, b u t  p o s s i b l y  s e v e r a l  
a t t e m p t s  w i l l  be needed. 

The s i t u a t i o n  i s  compl ica ted  by o u r  e x p e r i e n c e  t h a t  s imply  
removing and r e p l a c i n g  a  s u s p e c t  module, o r  maybe even 
s w i t c h i n g  t h e  equipment o f f  and on aga in ,  may cause  a  f a u l t  
t o  d i s a p p e a r .  

The r e s u l t  i s  t h a t  one i s  l e f t  w i t h  a  s u s p e c t  module, which 
may e x h i b i t  a  f a u l t .  I n  most c a s e s ,  t h e  o n l y  o p t i o n  i s  t o  
r e t u r n  t h i s  t o  t h e  manufac tu re r  f o r  r e p a i r .  U n f o r t u n a t e l y  
i t  i s  no t  unusual f o r  t h e  manufac tu re r  t o  f i n d  no f a u l t  wi th  
t h e  module, l e a v i n g  us t h e  d i f f i c u l t  d e c i s i o n  of whether  an 
expens ive  i t e m  w i t h  no a p p a r e n t  f a u l t  shou ld  be sc rapped .  

When a module i s  r e p l a c e d ,  c l e a r l y  i t  i s  n e c e s s a r y  t o  conf i rm 
t h a t  t h e  system c o n t i n u e s  t o  o p e r a t e  c o r r e c t l y .  I n  o u r  
e x p e r i e n c e ,  t h e  o n l y  way t o  do t h i s  i s  t o  r u n  i t  and s e e  what 
happens,  which i s  n o t  a n  e n t i r e l y  s a t i s f a c t o r y  s i t u a t i o n .  

A l l  breakdown r e p o r t s  a r e  recorded  i n  a  l o g  book, t o  e n s u r e  
t h a t  c a l l - o u t  pe r sonne l  a r e  aware of p r e v i o u s  problems w i t h  
t h e  system. 

Our e x p e r i e n c e  has shown t h a t  t h e  maxim " i f  it works, don' t 
f i x  i t"  a p p l i e s  ve ry  w e l l  t o  computer equipment,  and r o u t i n e  
maintenance i s  kep t  a t  a n  a b s o l u t e  minimum. 

This  d e c i s i o n  was made a f t e r  a n  examina t ion  of system 
a v a i l a b i l i t y ,  which showed us t h a t  c o n s i d e r a b l y  more down- 
t ime  was caused by r o u t i n e  maintenance t h a n  by breakdowns, 
and t h a t  major maintenance was o f t e n  fo l lowed  by a  few 
breakdowns. 
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On o u r  l a t e s t  sys tems,  r o u t i n e  maintenance  i s  c a r r i e d  o u t  a t  
t h r e e  monthly i n t e r v a l s .  U s u a l l y  t h i s  i n v o l v e s  n o t h i n g  more 
t h a n  check ing  of power s u p p l y  v o l t a g e s ,  r e p l a c e m e n t  o f  d u s t  
f i l t e r s ,  and a l ignment  of  d i s k  d r i v e s ;  t h i s  i s  done w i t h  t h e  
computer ( a n d  t h e  p l a n t )  runn ing  normal ly .  

Maintenance  of i n s t r u m e n t a t i o n  

P l a n t  s i t e d  i n s t r u m e n t a t i o n  i s ,  of  c o u r s e ,  s i t u a t e d  i n  a  much 
more i n h o s p i t a b l e  environment ,  and o f t e n  c o n t a i n s  moving 
p a r t s  which need o c c a s i o n a l  a d j u s t m e n t  o r  c a l i b r a t i o n .  Such 
equipment  i s  checked a t  d e f i n e d  i n t e r v a l s ,  a l t h o u g h  i t  i s  
o f t e n  d i f f i c u l t  t o  f i t  t h e  maintenance  s c h e d u l e  t o  t h e  
r e q u i r e d  p l a n t  o p e r a t i o n  c y c l e .  
Keeping t r a c k  of  i t e m s  due f o r  maintenance  has  become a  
complex e x e r c i s e ,  and we have i n t r o d u c e d  a  c o m p u t e r i s e d  
s c h e d u l i n g  S ys tem. Good communications between p l a n t  and 
ma in tenance  e n g i n e e r s  i s  e s s e n t i a l ,  t o  a l l o w  q u i c k  r e s p o n s e  
t o  p l a n t  shutdowns.  

Backup and r e c o v e r v  svs tems 

F o r t u n a t e l y ,  computer sys tem f a i l u r e s  do n o t  happen t o o  
f r e q u e n t l y ,  b u t  when t h e y  do t h e  d i s r u p t i o n  can  be g r e a t ;  i t  
i s  i m p o r t a n t  t o  be a b l e  t o  c o n t i n u e  w i t h  normal o p e r a t i o n s  a s  
soon a s  p o s s i b l e  a f t e r  t h e  f a u l t  i s  c o r r e c t e d .  

P o i n t s  of p a r t i c u l a r  impor tance  a r e :  

( a )  Every change t o  t h e  s o f t w a r e  must be documented, s o  t h a t  
i t  i s  p o s s i b l e  t o  r e g a i n  t h e  l a t e s t  s t a t u s  s h o u l d  i t  be 
n e c e s s a r y  t o  r e l o a d  u s i n g  a n  o u t - o f - d a t e  v e r s i o n .  We do 
t h i s  by m a i n t a i n i n g  a  l o g  book c o n t a i n i n g  b r i e f  d e t a i l s  
of  a l l  m o d i f i c a t i o n s ,  accompanied by d e t a l l e d  l i s t i n g s  
showing e x a c t l y  what has been changed. The p o l n t s  a t  
which sys t em c o p i e s  were made a r e  a l s o  shown i n  t h e  l o g .  

( b )  S e v e r a l  backup c o p i e s  s h o u l d  be i n  e x i s t e n c e ;  t h e s e  
s h o u l d  be r o t a t e d  such  t h a t  s e v e r a l  p r e v i o u s  v e r s i o n s  a r e  
a v a i l a b l e  i n  c a s e  a  f a u l t  i s  found w i t h  t h e  l a t e s t  
v e r s i o n .  These must n o t  a l l  be s t o r e d  i n  t h e  same p l a c e .  

( C )  The backups s h o u l d  be c l e a r l y  i d e n t i f i e d  s u c h  t h a t  t h e r e  
i s  no danger  of a c c i d e n t a l l y  u s i n g  t h e  wrong one t o  
r e l o a d  t h e  sys tem.  

( d )  The method of  r e g a i n i n g  t h e  c o r r e c t  p l a n t  s t a t u s  a f t e r  a  
r e l o a d  s h o u l d  be cons ide red .  We a c h i e v e  t h i s  by w r i t i n g  
c r i t i c a l  p l a n t  s t a t u s  d a t a  from memory t o  d i s k  a t  two- 
minute  i n t e r v a l s ,  and i n c l u d i n g  a n  o p t i o n  t o  r e f r e s h  t h e  
memory from t h i s  backup d a t a  d u r i n g  t h e  r e l o a d  p r o c e d u r e .  
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( e )  Procedures  f o r  backup and r e l o a d  shou ld  be p r o p e r l y  
documentated. 

Conclusions  

Many of t h e  pe rce ived  problems w i t h  computer c o n t r o l  sys tems 
can  be minimised by adequate  a t t e n t i o n  t o  d e s i g n  of  t h e  
p r o c e s s ,  t h e  p l a n t ,  t h e  hardware, and t h e  s o f t w a r e .  

Good i n i t i a l  d e s i g n  w i l l  h e l p  t o  e n s u r e  t h a t  on-going 
m o d i f i c a t i o n s  do n o t  degrade t h e  system. 

Procedures  can be used t o  main ta in  t h e  i n t e g r i t y  of t h e  
system;  o p e r a t i n g  s t a f f  must be committed t o  f o l l o w i n g  t h e  
p rocedures .  
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Appendix A 

SOFTWARE VALIDATION RECORD 
The level of validation required will depend on the complexity 
of the software involved, and on the anticipated effect of 
undetected faults. This l ist is intended to provide suggestions 
for validation checks; some or all of these checks may be 
appropriate, bu t  other tests may also be required. 

Introduce deliberate errors 

Commission using water or dummy rnater~als 
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Appendix B 

SOFIWARE CHANGE PROCEDURE 

Change requested 
eg by s/w, plant 

on mods to existing code, . 
I S/W engnr writes or I 
amends documentation 

eg SOP, SFD 
I 

Documentation approved 
eg by author 

Fill in change record plant manager 
as work proceeds process engnr 

Q.A. manager 
chemical development mngr 

I 
lDocumentation issued ] 

Introduce new code on plant computer 
briefly document work in S/W log 

file listing to show changes 

if appropriate, 

\ I 
pna l  approval from plant manager I 
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Appendix C - Chanae Cont ro l  P ro toco l  

The f o l l o w i n g  p r o t o c o l  covers  a l l  a r e a s  of change w i t h i n  t h e  
p r o d u c t i o n  r e l a t e d  o p e r a t i o n s  of The Boots Company Chemical 
Department (Boots Chemicals ) .  A l l  pe r sonne l  a r e  r e q u i r e d  t o  
f o l l o w  t h e s e  procedures  r i g o r o u s l y .  

Any changes t o  t h e  p r o t o c o l  may o n l y  be made w i t h  t h e  
a u t h o r i t y  of t h e  Good Manufacturing P r a c t i c e  ( G .  M. P. ) 
Committee. 

D e f i n i t i o n s  

Chancre 

Any planned work which, i n  any way, shape  o r  form c o u l d  
a f f e c t  e i t h e r  t h e  p roduc t s ,  i n t e r m e d i a t e s ,  o r  c o n t r o l  
documentation. This excludes  normal p l a n t  maintenance 
o p e r a t i o n s ,  (i.  e .  replacement  of " l i k e "  w i t h  " l i k e "  ) o r  
breakdowns where replacements  a r e  covered under  d e v i a t i o n s  
Any u n c e r t a i n t i e s  must be r e f e r r e d  t o  t h e  Q. A. Group. 

Dev ia t ion  

Any unplanned occur rences  t h a t  cause  p r o d u c t i o n  o p e r a t i o n s  t o  
be c a r r i e d  o u t  i n  a  way d i f f e r i n g  from normal d e f i n e d  
p r a c t i c e s  o r ,  where a p p r o p r i a t e ,  o u t s i d e  p r e v i o u s 1  y  d e f i n e d  
paramete r s .  This i n c l u d e s  p1 a n t  breakdowns which a f f e c t  t h e  
b a t c h  a s  d e f i n e d  above. 

O r i  a i n a t o r  

A change can be o r i g i n a t e d  by any p e r s o n  a s s o c i a t e d  w i t h  a  
p r o c e s s  o r  p l a n t ,  a l though ,  i n  p r a c t i c e ,  most might be 
expec ted  t o  o r i g i n a t e  from a  smal l  number of pe r sonne l .  

Author i sed  Bv 

Fol lowing origination, no f u r t h e r  work can be c a r r i e d  o u t  
wi thou t  a u t h o r i s a t i o n  of t h e  change, by t h e  P l a n t  Manager o r  
pe r sons  d e s i g n a t e d  by him i n  w r i t i n g .  I n  t h e  P l a n t  Managers 
absence,  t h e  a u t h o r i t y  must be ga ined  from t h e  Group/Factory 
Manager. 
I n  non-product ion a r e a s ,  a u t h o r i s a t i o n  w i l l  be by t h e  
r e s p o n s i b l e  Line Manager. 

A u t h o r i s a t i o n  L i s t  

Each Group/Si te  w i l l  p rov ide  a  l i s t  of pe r sonne l  a u t h o r i s e d  
t o  s i g n  Change Records t o g e t h e r  w i t h  t h e i r  a r e a s  of 
a u t h o r i t y .  
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V a l i d a t i o n  

A l l  changes r e q u i r e  v a l i d a t i o n  a t  a  l e v e l  a g r e e d  by t h e  
p e r s o n n e l  i n v o l v e d .  A v a l i d a t i o n  p r o t o c o l  must be  a g r e e d  
b e f o r e  work commences and t e s t s  c a r r i e d  o u t  a g a i n s t  t h i s  
p r o t o c o l .  
The v a l i d a t i o n  p r o t o c o l  and r e s u l t s  must be  i n c l u d e d  i n  t h e  
Change F i l e  a s  a  photocopy o r  t h e  o r i g i n a l .  Refe rences  a r e  
n o t  a c c e p t a b l e  f o r  t h i s  document. 

Commi S s i o n i  nq 

During commissioning Change Records must c o n t i n u e  t o  be 
i s s u e d  when a p p r o p r i a t e .  However, i t  i s  a c c e p t e d  t h a t  t h e  
Change Record may n o t  c o n t a i n  f u l l  d e t a i l s  of a l l  of  t h e  
changes  c a r r i e d  o u t ,  b u t  may r e f e r  t o  t h e  r e l e v a n t  
commiss ioning l o g  f o r  d e t a i l s .  
Equal1  y, d e v i a t i o n s  must a l s o  be i s s u e d  d u r i n g  commiss ioning 
b u t  a g a i n  a  s i n g l e  D e v i a t i o n  Repor t  may c o v e r  s e v e r a l  
d e v i a t i o n s  and may a l s o  r e f e r  t o  a  commiss ioning l o g .  I t  i s ,  
t h e r e f o r e ,  u n l i k e l y  t h a t  more t h a n  one D e v i a t i o n  o r  Change 
Record s h o u l d  be i s s u e d  f o r  one b a t c h .  

Chanae Record 

The r e c o r d s  of work c a r r i e d  o u t  f o r  a  p a r t i c u l a r  change,  made 
i n  f i v e  p a r t s  on t h e  forms p rov ided .  The Mas te r  Copies  a r e  
p r o v i d e d  by t h e  G .  M. P. S u p e r v i s o r .  
The r e c o r d  i s  n o t  numbered b u t  becomes un ique  by u s e  of b a t c h  
numbers, d a t e s  and t i t l e s .  

Chanse Rever s ion  

When changes a r e  implemented f o r  a  s m a l l  number of  b a t c h e s  
f o l l o w i n g  which r e v e r s i o n  t o  t h e  o r i g i n a l  p r o c e d u r e  o c c u r s ,  a  
Change Record must be g e n e r a t e d  t o  c o v e r  t h e  i n i t i a l  change 
and lodged  i n  t h e  Batch F i l e  a c c o r d i n g l y .  On reversion t o  
t h e  o r i g i n a l  p rocedure  a  f u r t h e r  Change Record must be 
g e n e r a t e d ,  b u t  does n o t  need t o  be completed .  I t  s h o u l d  
s i m p l y  r e f e r  t o  t h e  o r i g i n a l  work and s t a t e  t h a t  a  r e v i s i o n  
t o  t h e  o r i g i n a l  p r o d u c t i o n  p rocedures  i s  o c c u r r i n g .  T h i s  
change r e v i s i o n  r e c o r d  must a l s o  be i n c l u d e d  i n  t h e  Ba tch  
F o l d e r  f o r  t h e  f i r s t  b a t c h  concerned.  

Chanse  Documentation 

A l l  documents r e f e r r e d  t o  i n  t h e  Change Record a s  b e i n g  
r e q u i r e d  t o  comple te ly  document t h e  work. These documents 
need n o t  be i n  t h e  Change F i l e  a l t h o u g h  t h i s  i s  recommended. 
Pho tocop ies  a r e  a c c e p t a b l e .  
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Chanae F i l e  

A f i l e  c o n t a i n i n g  t h e  Change Record and a l l  s u p p o r t i n g  
d o c u m e n t a t i o n  ( o r  r e f e r e n c e s  ) a s s o c i a t e d  w i t h  i t .  The f i l e  
i s  c o l l a t e d  by t h e  Change C o - o r d i n a t o r  and on comple t ion ,  
t r a n s f e r r e d  t o  Q. A. a r c h i v e  where i t  i s  s t o r e d  t o  be  
r e f e r e n c e d  by p r o d u c t ,  p l a n t ,  d a t e ,  t i t l e  o r  b a t c h  number. 

Chanse C o - o r d i n a t o r  

A p e r s o n  t o  b e  nominated  by t h e  a u t h o r i s o r  a f t e r  ag reemen t  
w i t h  any o t h e r  F u n c t i o n  Manager i f  r e q u i r e d .  The Change Co- 
o r d i n a t o r  t h e n  e f f e c t i v e l y  manages t h e  change and must c a r r y  
o u t  t h e  f o l l o w i n g  f u n c t i o n s :  

1. O b t a i n  nominees from o t h e r  g roups  /depa r tmen t s  i n v o l v e d  i n  
t h e  change.  

2 .  Ar range  g e n e r a t i o n  and s u b m i s s i o n  of e s t i m a t e  ( i f  
r e q u i r e d ) .  

3 .  By u s e  o f  p r o j e c t  team, i n d i v i d u a l s  e t c .  a s  a p p r o p r i a t e  
f o r  t h e  change,  e n s u r e  p r o v i s i o n  o f  materials s e r v i c e s  
e t c .  a f t e r  f i r s t  p r o v i d i n g  a  work s c h e d u l e .  

4 .  P r o g r e s s  work and c o l l a t e  documents 

5.  Complete Change Record and a r r a n g e  f o r  p h o t o c o p i e s  t o  be 
s u p p l i e d  t o  o t h e r  d e p a r t m e n t s  o r  i n d i v i d u a l s  a s  r e q u i r e d .  

6 .  C o l l a t e  a l l  documents i n t o  Change F i l e  and a r c h i v e .  

I t  i s  o b v i o u s l y  n o t  a lways  p o s s i b l e  f o r  t h e  Change Co- 
o r d l n a t o r  t o  " o v e r s e e "  o t h e r  f u n c t i o n  work. His p o s i t i o n  i s  
r a t h e r  t o  e n s u r e  t h e  work i s  p r o g r e s s e d  by r e g u l a r  l i a i s o n  
and t o  a c t  a s  a  channe l  f o r  i n f o r m a t i o n ,  problems e t c .  I n  
t h i s  c o n t e x t ,  i t  i s  u n l i k e l y  t h a t  Change C o - o r d i n a t o r s  
w i t h o u t  s i g n i f i c a n t  e x p e r i e n c e  i n  t h e i r  own p a r t i c u l a r  
f u n c t i o n s ,  w i l l  be nominated  f o r  any p r o j e c t  t h a t  i s  m u l t i -  
discipline o r  complex. Thy nomiriat ion of a  Change Co- 
o r d i n a t o r  does  n o t  remove t h e  o v e r a l l  r e s p o n s i b i l i t y  from 
t h e  a u t h o r i s o r s ,  o r  imp ly  t h a t  any s u b s e q u e n t  d e f e c t s  w i l l  
be  t h e  " f a u l t "  of  t h e  Change C o - o r d i n a t o r .  

F lowchar t  - Chanse 

1. O r i g i n a t o r  f i l l s  o u t  P a r t  1 o f  Change Record and p a s s e s  i t  
t o  t h e  P l a n t  o r  L lne  Manager. 

2 .  Manager a g r e e s  t o  p r o g r e s s  change ( o r  n o t )  

Manager d e f i n e s  change a s  minor o r  major .  A major  change 
r e q u i r e s  S e n i o r  Manager a p p r o v a l .  
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3 .  Manager chooses Change Co-ord ina to r  (which may be h i m s e l f )
on t h e  b a s i s  of workload, e x p e r t i s e ,  a v a i l a b i l i t y ,  and 
commitment. 

4 .  Manager (and  S e n i o r  Managers, i f  a p p r o p r i a t e )  f i l l  Out P a r t
2 o f  Change Record, n o t i n g  which depar tments  o r  groups 
s h o u l d  be invo lved .  ( A s  t h e  p r o j e c t  p r o g r e s s e s  t h i s  group 
may be added t o ) ,  and p a s s e s  document t o  Change Co- 
o r d i n a t o r .  

Note 1: I n  t h e  c a s e  of s imple  changes ( e . g .  a  one l i n e  
s o f t w a r e  change) ,  use  of t h e  O r i g i n a t o r  a s  t h e  Change 
Co-ord ina to r  i s  recommended, such  t h a t  t h e  pe rson  
c a r r y i n g  o u t  t h e  work may be t h e  on ly  o t h e r  
concerned. 

Note 2:  I n  t h e  c a s e  of t h e  Manager h imse l f  be ing  t h e  
o r i g i n a t o r ,  a  second person  shou ld  be nominated a s  
Change Co-ord ina to r .  

5. The Change Co-ord ina to r  t h e n  g a t h e r s  t o g e t h e r  t h o s e  
i n v o l v e d  and produces a  Schedule  of Work on P a r t  3 of t h e  
Change Record. I n d i v i d u a l  depar tments  t h e n  c a r r y  o u t  t h e i r
normal f u n c t i o n s  t o  c a r r y  o u t  t h e  work. 

The Change Co-ord ina to r  a c t s  as :  

(i ) Channel f o r  i n f o r m a t i o n .  
( i i)  C o l l a t o r  of documentation. 

(iii ) P r o j e c t  p r o g r e s s o r .  

6 .  On comple t ion  of t h e i r  s e c t i o n  of work, t h e  r e p r e s e n t a t i v e s  
from each depar tment /group s i g n  P a r t  3 of t h e  Change 
Record. 

7. The Change Co-ord ina to r  ( d i r e c t l y  o r  by a r rangement )  w r i t e s  
o r  amends t h e  S. 0. P. a s  noted i n  t h e  S. 0. P. Opera t ions  
Manual i f  r e q u i r e d ,  noted on P a r t  4 of t h e  Change Record, 
b u t  does n o t  y e t  make t h i s  document a c t i v e .  

8.  The Change Co-ord ina to r  completes P a r t  4 of t h e  Change 
Record, o u t l i n i n g  t h e  d e t a i l s  of t h e  above p o i n t s  and t h e n  
p r e s e n t s  t h e  f u l l  form t o  t h e  Line Manager f o r  
a u t h o r i s a t i o n .  

9. The Line Manager s i g n s  o f f  t h e  work on P a r t  5 ( o r  i f  
n e c e s s a r y  r e f e r s  i t  back f o r  more changes e t c  i f  no t  
s a t i s f i e d ) .  
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10 .  The Change Co-ord ina to r  t h e n  a c t i v a t e s  o r  a r r a n g e s  t o  
a c t i v a t e  t h e  new S.O.P.  n o t i n g  t h e  b a t c h  number o r  d a t e  on 
t h e  Change Record. 

Note: Where a  change i s  n o t  s p e c i f i c  t o  one p r o d u c t  o r  one  
s t a g e  of a  p roduc t  such  t h a t  i t  i s  n o t  p o s s i b l e  t o  
i d e n t i f y  a  s p e c i f i c  ba tch ,  t h e n  t h e  d a t e  of 
implemen ta t ion  s h o u l d  be f i l l e d  i n .  

11. A l l  documents conce rn ing  t h e  Change Record a r e  
c o l l a t e d / r e f e r e n c e d  by t h e  Change C o - o r d i n a t o r  and t h e  
Change F i l e  completed.  P a r t  5 o f  form i s  f i l l e d  o u t .  

12. I f  a  b a t c h  number has  been f i l l e d  i n  a . c o p y  o f  t h e  Change 
Record must be immedia te ly  s u p p l i e d  t o  t h e  P l a n t  
A d m i n i s t r a t o r  f o r  i n c l u s i o n  i n  t h e  Batch Fo lde r .  

13. I f  no b a t c h  number has  been f i l l e d  i n  b u t  t h e  answer  t o  
Q. C. involvement  on Page 2  was " y e s " ,  o r  t h e  change 
i n v o l v e s  p r o c e s s i n g  o p e r a t i o n s ,  a  copy of  t h e  Change 
Record must immedia te ly  be s e n t  t o  Q. C. This  w i l l  a l e r t  
Q. C. t o  t h e  change i n  o r d e r  t h a t  t h e y  may moni to r  t h e  
p r o d u c t  i f  r e q u i r e d .  

1 4 .  Change F i l e  i s  s t o r e d  i n  a r c h i v e .  
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