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, ' Summary , 
> 

 he ~ o s s ~ o f - ~ i u i d  Tes t  (LOFT) ~ e a c t o r  ~ d c i  li ty i , n 4  Idaho inc iudes  a ' , 
1 I c 

8 .  

h i g h l y  instrumented n'ucl ear l i e lac to r  operated 'by t he  Department o f  Energy for?,  , I . * I  

t h e  purpose o f  es tab l4sh ing  nuc lear  s a f e t y  requirements.   he r e s u l t s ' q f  t h e  
I .  I development and i ns t , a l l  a t i  on i n t o  LOFT o f ,  an Operator D iagnos t i c  and ~ i ' s ~ l  ay 

System (ODDS) are presented here in .  The ODDS i s  a computer-based graphics  - ; 
, d i s p l a y  system centered around a PRIME 550 cornputer ,wi th  seveTa1 RAMTEK 

c o l o r  graphic  , d i sp l ay  u n i t s  l oca ted  w i t h i n  t h e  c o n t r o l  rpom and a v a i l a b l e  t o  
t h e  r e a c t o r  operators .  Use o f  computer-based c o l o r  graphics  t o  a i d  t h e  

I r e a c t o r  o p e r a t o r ' i s  discussed~. A d e t a i  l e d  hardw,are desc)i pti on o f  th'e LOFT 
. da ta  systema ,and t he  ODDS i s  presented. ,Methods and, problems o f  backf  i tti ng ' 

t h e  ODDS equipment i n t o  t h e  LOFT p l a n t  are discussed. 
. 8 

I I 
I 

1 , I i 
. 

1 

, I. Not i c e  : I  

I '  

1 ,  

 his r e b o r t  w8s as an account o f  work sponsored by an agency 
o f  ,the Un'i ted St'ates Government. Ne i t he r  t h e  Un i t ed  S ta tes  Government nor 
any agency t he reo f ,  or  any o f  t h e i r  empl'oyees, makes any warranty ,  expressed ' 

o r  imp1 i ed, o r  assumes any l e g a l  1 i a b i l  i t y  o r  responsi  b j l  i t y  f o r  any t h i r d  
; p a r t j ' s  use, o r  t h e  r e s u l t s  o f  such use, o f  any i n f o rma t i on ,  'apparatus,  

I p rod"c t ,  o r  process 'd i sc losed  i n ,  t h i s  r epo r t ,  o r  rep resen ts  , th 'at  i t s  u s e ,  by 
such t h i r d  p a r t y  would no t  i , n f r i n g e  upon p r i v a t e l y  owned r i gh t ' s .  The views 
expressed i n  t h i s  paper are n o t  necessa r i l y '  those o f  t he  U.S. Nuclear 
Regu la to ry  Commission. , . 

, work' supported by t he  U.S. Nuclear Regu la to ry  Comrnis~~ion, O f f i c e  o f  
Nuc lear  Regu1,atory under DOE Cont rac t  No. DE-AC07-75ID.01570. 
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Text 
- ,  

' 
The Three M i l e  I s l a n d  (TM'I) i n c i d e n t  has t r i g g e r e d  an i n t e r e s t i n g  and 

f a r - r each ing  change i n  t h e  nuc lear  i n d u s t r y .  Ensuing i n v e s t i g a t i o n s  
f o l l o w i n g  TMI conf i rmed what many i n  t h e  i n d u s t r y ,  p a r t i c u l a r l y  t h e  c o n t r o l  
'room personnel, a1 ready knew:( the  comp lex i t y  o f  ope ra t i ng  a  nuc lear  .pl ant 
was becomings more than p l a n t  operators ,  armed w i t h  conven t iona l  c o n t r o l  room' 
ins t rumenta t ion ,  cou ld  handle.  D iscuss ions w i t h  p l a n t  operators  i n d i c a t e d  
t h a t ,  more i nf ormat i  on was. needed. Those s h e  d. iscussi  ons a1 so po i  n ted out, 

' t h a t  under emergency cond i t i ons ,  t h e  bpera to r  was unable t o  cope, w i t h  t he  
amount o f  da ta  he was c u r r e n t l y  r ece i v i ng .  Thus, t h e  di lema , i s  how t o  get  
more i n f o rma t i on  t o ,  t he  operator  w i t hou t  overwhel'mi ng him i n  t h e  process. 
The, problem has no t  i n  what i n f o rma t i on  :he was ' rece iv ing ,  bu t  how he was 

' 

I .  ' / ' .  r e c e i v i n g  i t. . . , .  . , I 

I 

A11 who have seen t y p i c a l  nuc lear  power p l a n t  c o n t r o l  rooms are d u l y  
impressed by t h e  myr iad o f  meters, d i a l s ,  gauges, f l a s h i n g  j n d i c a t o r s ,  and , 

o ther  eye-catchi  ng and ear-proddi  ng i nd i ca to r s  . : LOFT' personnel who have 
$exper ienced t h e  mount ing t ens ion  o f  an impending " t r a n s i e n t "  and. observed 
t he  i n t e n s i t y  w i t h  which the. operators  pour over t h e i r  char ts ,  procedures, , . 
and read-out 'dev ices are inpressed w i t h  t h e  comp lex i t y  o f  t h e  o p e r a t o r ' s  , . , j ob .  When something d e v i a t e s  f rom the  expected, fo l l lowed by t h e  va r y i ng  . 1 

, element, o f  confusion, we sympathize w i t h  t h e  opera to r ,  who must ma in ta i n  
order  i n  these plants. ,  The o p e r a t o r ' s  j o b  o f t e n  moves f rom c o n t i n u i n g  

' boredom t o  near-,havoc i n  t h e  course o f ' h i s  day. I n  many ins tances  t h e r e  ' 

cannot be, a  procedure f o r  o r  sometimes even t h e  t ime  t o  meet each chal lenge.  
. , 

, A  method o f  supp ly ing  ' t he  bpeCatpr w i t h  more ' e f f i c i e n t  da ta  . i n  a  b e t t e r i  
form i s  c l e a r l y  needed. 'The obvious observa t ion  i s  t h a t  some i n t e r i m  dev ice 
must be 'empl'oye'd t o  arrang,e t h e  da ta  i n t o  meari ingful and more e a s i l y  
understood d i s p l  ay pa t t e rns .  These d i s p l  ay p a t t e r n s  must be r e a d i l y  
ava i l ab l e ,and  con ta i n  enough, bu t  no t  t o o  much, i n f o rma t i on .  , They  must be 
1 og i  c a l  l y  and h i e r a r c h i c a l l y  ordered so t h a t  t he  operator  can r a p i d l y  
descend through them t o  t h e  l e v e l  o f  d e t a i l  t h a t  b'est 'meets h i s  c u r r e n t  ! 

needs. It f o l l o w s  e a s i l y  t h a t  t he  i n t e r i m  dev ice be t he  computer and, a f t e r  
some d e l i b e r a t i o n ,  t h a t  t h e  ,method o f  i n f o rma t i on  d i s p l a y  be p r ' i m a r i l y  t h e  
graphics  d i s p l a y  t e rm ina l  . The a d d i t i o n  o f  c o l o r  t o  t he  graphics  d i s p l a y  
no t  o n l y  prov ides an increased v a r i e t y  o f  d i s p l a y  e n t i t i e s  bu t  a l so  proves 
t o  be more a e s t h e t i c a l l y  p1,easing and thus  enhances ' t he  o p e r a t o r ' s  endurance 
and e f f i c i e n c y .  The general  acceptance o f  these cond i t i ons  spurred on by  
t he  memory o f  TMI gave d i r e c t i o n  t o  t h i s  new i n d u s t r y  program. 

A. dec is ion  was made t o  expand t h e  use o f  computers i n  t h e  nuc lear  p l a n t  
c o n t r o l  ,room. Th i s  was n o t  an easy dec i s i on  f o r  an i n d u s t r y  t h a t  has 
t r a d i t i o n a l l y  d i s t r u s t e d  t h e  computer. The ciptimism f o r  t h i s  ,new approach 
was a l so  tempered by an unders tanding o f  t h e  reasons t h a t  t h e  computer was 
d i s t r u s t e d .  Computers are amazingly f a s t  and thorough ly  e f f i c i e n t ,  bu t  n o t  
who le ly  dependable. Any computer, because o f  hardware o r  so f tware  
weaknesses, can break down o r  p rov ide  erroneous i n f o rma t i on .  I n  order  t o  
ga in  the  t r u s t  o f  t he  nuc lear  community t he  computer must be con f i gu red  so 
t h a t  i t  always works, o r  a t  l e a s t  has an acceptab ly  low f a i l u r e  r a t e .  



. . Thus, t h e  stage was se t  f o r  t h e  development o f  advanced nuc lear  p l a n t  
, ' c o n t r o l  room techniques. As i s  always t h e  case, t ime was o f  t h e  essence,. 

The f o l l o w i n g  gu ide l i nes  f o r  t h i s  development are g e n e r a l l y  accepted. 

I 1. Use t h e  speed and e f f i c i e n c y  o f  a computer. 
0 '  

2. Prov ide i n f o r h a t i o n  r e a d o u t  . . on c o l o r  g raph ic  di ,spl  ay t e rm ina l s .  . . 

, ' a  I .  

3. p rov ide  access ib le  and uhdel'standable. d i s p l a y s  bnd i n f o rma t i on  , ; '  
, I t ransmi s s i  on techniques. 

I 

. I I '  

I 4. ~ r o v j  de ' i f a i  1 - s a f 6  cdmputer-based systems, h s i  ng redundancy o r  . ', 

ne twork ing t ecpn i  ques. 
, 1 I 

' I  

I 
I .  

5 .  
4 .  

I ,  . . 5. , Implement j as f,arl as possible, '  r a d i a t i o n  and phys i ca l  hardening; 
;I b ,  I. " ensure agai n s t  se ismic  and env,i,ronmental d i  s t~ rbances ' :  

- I 
I I /  ' 

6 .  . Prov ide secondary l e v e l s  o f  obera t ions  support  f a c i l i t i e s  such ah 
, , 

. , .  I technica ' l  support  ,centers,  emeqgency ope ra t i ng  f a c i l i t i e s ,  s a f e t y  
parameter d i s p l a y  systems, and nuc lear  da ta  1  inks .  , ! . . 

j, ' 4 ,  !, , , I  

, The LOFTAOc (~ugn ien ted  Operator capab i , l i t y )  P r o g r h  i s ' i n  t h e  process . ' 

, ' of i nv.est i g a t . i  ng advanced c o n t r o l  room techn i'ques f o r 1  t he  Nuclear Regu la to ry  
Commission (NRC).  The LOFT nuc.le,ar r e a c t w  i s  a  h i g h l y  ins t rumented r e a c t o r  
operated by t he  Department o f  Energy f o r  t h e  purpose o f '  e s t a b l i s h i n g  nuc lear  
s a f e t y  requirements.  ' As such, . t h e  LOFT program i s  an exce l  l e n t  t es t ,  bed f o r  
devel op i  ng man-machi ne and advanced co r i t r o l  room requ i  rements . The d i  s t  i n'ct; 

! ' .  
advantage t h a t  L0FT''has i n  t h i s  area i s ,  t h e  ex is tence  o f  a n  accessib,le , 

o p e r a t i  ng nuc lear  p l  ant .  I n f o r m a t i  on techniques can be developed under , 

ac tua l  o iperat ing c 'ondi t ions.  LOFT. i s  p a r t  o f  t h e  1d.aRo Na t i ona l  Engineer ing 
' 

L abo ra to r y  and has bo th  t he  manpower and t echn i ca l  e x p e r t i s e  t o  su'pport such 
an endeavor. : 

4 , 

The LOFJ AOC approach t d  i n v e s t i g a t i n g  advanced d i s p l a y  techniques i s  
as I fo l lows: 

1. Sbcuie t he  s e r v i i e s  o f  a  q u a l i f i e d  company w i t h  e x p e r t i s e  i n  t h e  
area o f  d i s p l a y  #systems who could  develop t h e  app rop r i a t e  opera to r  
o r i e n t e d  c o l o r  d i s p l a y .  

2. Prov ide t h e  necessary equipment t o  develop these d i sp l ays .  Employ 
ac tua l  p l a n t  data as i n p u t .  

I 

3. Develop a hardware system t h a t  cou.1d be bac'kf i  t t e d  i n t o  t h e  LOFT 
' p l a n t .  Th i s  development would serve two purposes. The f i r s t  

would p rov ide  ac tua l  c o n t r o l  room use o f  t he  d i sp l ays  generated ' i n  
( 1 )  above. The second would extend the. hardware i n v e s t i g a t i o n .  

4. E s t a b l i s h  and use a t echn i ca l  support  cen te r  (TSC). 

5. Evaluate t h e  s a f e t y  parameter d i s p l a y  system. 



6., E s t a b l i s h  hardware f a i l - s a f e  c r i t e r i a .  
, .. . . 

7. . E s t a b l i s h  sof tware da ta  v a l i d a t i o n  and v e r i f i c a t i o n s  techniques. 
. I 

8. Closp the  nuc lear  power p l a n t  c o n t r o l  l oop  us i ng  computer * 

I techniques.. . ,  

, . 
A 9. ~ s t a b l . i s h 8  the '  f u n c t i o n a l  re'qui'rements f o r  t h e  LOFT advance c o n t r o l  

room. . , 
3 ' 

. t 10. Develop t he  LOFT advance con t ro l 4  room. ' . . . I  

1 ;  . 8 

I I' 

11. E ia , l  ua,te advance' c o n t r o l  ' r i dm  techniques u s i n g  t h e  LOFT,. r e e c t o r  .. '! 
4 .  4 ,  

t 

, ,  h he r eso l l u t i on  of isterns 1 through:5 compri~ses t h e  LOFT ope ra to r  , ' ' 
D iaanos t i c  and D i sp lay  Systein (ODDS). I tems 6 through 11 are be ing  I .  

I 

I <  , addressed as p a r t  o f  t h e  ,LOFT advanced c o n t r o l  room conceptual  s t ud ies .  ' ' ' ' 

 h he ODDS Program began with t h e  secur ing  o f  Nucl'ear Serv ices 
I . Corporat ion (NSC) o f 8 P a l o  A l t o ,  C a l i f o r n i a , , i n  August l9,79, as a  so f tware  

consu l tan t  c*harged w i t h  t h e  development o f  c o l o r  CRT d i sp l ays .  EG&G Idaho, , I , /  

I ' . , Inc., as requested by NSC,, procured a  PRIME 55'0 CP,U supported by RAMTEK 6200 , t . .  , I  

c o l o r  d i sp l ays .  The PRIME Computer was i n t e r f a c e d  t o  t h e  LOFT 'data  ; 
a c q u i s i t i o n  system by two 9600 baud s e r i  a1 ,asynchronous communications 
channels. . F i gu re  1 shows t h e  c o n f i g u r a t i o n  o f  , the  ODDS hardware. 

I ' I , , 
The LO'FT ldata system, bcqui res bo th  andlog and d i g i t a l ,  i n f o rma t i on  f rom 

t h e  p l a n t .  The analog *data i s  d i g i t i z e d  and toge ther  w i th ,  t h e  d i g i t a l  da ta  
I ' i s  fo rmat ted  i n t o  .bu f fe rs  'and, t r a n s m i t t e d . t o ~ t h e  ODDS.. System d i s p l a y  , 

generat ion and c o l o r  cod ing i s  accompli,stied on! t h e  PRIME and' s to red  i n  t h e  
d i s p l a y  t e rm ina l s  r e f r e s h  memory a t ,  9600 baud by a  s e r i a l  da ta  1  i n k .  The, 
ODDS p r e s e n t l y  suppor ts  c o l o r  mon i to rs  i n  t h e  c o n t r o l  room, t he  t e c h n i c a l  
support  center ,  and t he  v i s i t o r s '  d i s p l a y  room. 

The system shown i n  F i gu re  1 ' r ep resen ts  t h e  c u r r e n t  c o n f i g u r a t i o n  of 
t he  ODDS equipment. When , t h e  system was i n i t i  a1 l y ,  brought  on-1,i ne and p l a n t  
opera to rs  began f a m i l i  a r i z a t i o n  exerc ises ,  a  problem w i t h  response t ime 
became apparent. The o v e r a l l  system response t ime, meaning t h e  t ime  
expended between. t h e  i d e n t i f i  ed need f o r  i n f o rma t i on  d i s p l a y ,  and t h e  
complet ion o f  d i s p l a y  geneat ion was t oo  slow. Th i s  response t ime  cou ld  r u n  
as h i gh  as 25 seconds, f o r  some d isp lays .  Operat ions,  personnel found t h i s  
de lay  unacceptable. Th i s  response t ime  i s  d i v i d e d  i n t o  two pa r t s .  The 
f i r s t ,  c a l l - u p  t ime, i s  t h e  t ime  r e q u i r e d  f o r  an opera to r  t o  i d e n t i f y  t h e  
need f o r  a  c e r t a i n  d i s p l a y  from the  l i b r a r y  and t o  t ype  i n  the  i n s t r u c t i o n s  
r e q u i r e d  t o  c a l l  up t h e  d i sp l ay .  The second p a r t  o f  t h e  response t ime, draw 
t ime, i s  t he  t ime  r e q u i r e d  f o r  t he  hardware t o  generate t h e  d i s p l a y  on t h e  
screen. The opera to r  c a l l - u p  t ime and t h e  hardware .draw t ime comprises t h e  
response t ime. Human f a c t o r s  s t ud ies  i n d i c a t e  t h a t  an operator  can 
comprehend t h e  con ten t  o f  a  t yp ic 'a l  mimic d i s p l a y  i n  approx imate ly  3 
seconds. These 3 seconds became the  response t ime  goal .  Fu r t he r  re f inement  

, o f  t h i s  goal i d e n t i f i e d  2.5 seconds as opera to r  c a l l - u p  t ime and 0.5 seconds 
as machine draw t ime. 



. 

Figure 1 LOFT Operator Diagnostic and 
Display System Block Diagram 

. . -  



CaJ 1  -up t i m e  was consi  dered f i r s t  . The : ~ e a c t o r  operdt i bns personnel 
found t h e  keyboard extrem'ely' i n t i m i d a t i n g .  Typ ing t h e  i n s t r u c t i o n s  needed, 
t o  de f  i ne t he  r e q u i r e d  d i s p l  ay produced excessi  ve e r r o r s ,  especi  a1 1  y  under 
cond i t i ons  o f  s t ress .  Several  methods were s tud ied  t o  improve t h i s  
man-machine i ,n te r face ,  among them pre-programmi ng t he  f u n c t i o n  keys f o r  
bas ic  d isp lays ,  a  l i g h t  pen us ing  a  menu, a  separate push bu t t on  f u n c t i o n  
panel ,  and a  touch panel us i ng  a  dedicated mon i to r  d i  sp.1 ay i  ng a ,  programmable 
menu. The, touch panel menu approach was chosen as t h e  most e f f e c t i v e  ,under . , 

a l l  cond i t i ons  o f  s t r ess .  The touch panel hangs d i r e c t l y  over t he  mbn i to r  
' screen and ' i s  t h i n  eno,ugh # n o t  t o  hamper t h e  o p e r a t o r ' s  view o f  t h e  screen. 

Th i s  mon i to r  screen i s  d i v i ded  i n t o  a  g r i d  p a t t e r n  , w i t h  d isp; lay  i n f o rma t i on  
w r i . t t e n  i n t o ,  each g r i d . ,  #Menu s e l e c t i o n  i n f o rma t i on :  and readput dev ice , 
aslsi,gnment ' . is  ,!located .at t he  .bot tom o f  t he  screen on each menu page. I .  

Keepirig t h i s :  sec t i on  a t  t h e  bottom o'f . t he  screeri constant  'and unchanging. 
a1 l'ows t he  oper,ator t o  r a p i d l y  page t o  the  proper  'menu. Paging, d i s p l a y  , 

I s e l ec t i on ,  .and readout dev i ce  assignment. i 's  accompl ished s imply  b y  t h e  
o p e r a t o r ' s  touch ing '  t he  screen wi , th  h i s  f i n g e r  i n  t he  area o u t l i n e d  by th,e. . 
g r i d  .pa t te rn .  Color  can ,a1 so, be used t o  a i d  i n  menu i n f o rma t i on  recogn i ' t i on .  

The second p o r t i o n  o f  response t'ime, draw t ime, was determined t o  be ' 
t h e  r e s u l t  o f  t h e  1 i m i t e d  speed a t  which t h e  hos t  computer can w r j t e  t h e  
d i s p l a y  i n f o r m a t i  on t o  t h e t  d i s p l a y  ' t e rm i  na l  over, t he  9600 baud s k f i ' a l  1  ine.  
Because o f  t h i s  s e r i a l  l i n k ,  t h i s  draw t ime cou ld  r u n  as ,h igh  as 20 secorids 
f o r  more invo lved  d i sp l ays .  The conc lus ion  was t h a t  t he  s e r i a l  l i n k  must be 
yeplaced by a  h i gh  speed p a r a l l e l  da ta  l i n k .  'Because t h e  RAMTEK 6200A's 
cou ld  o n l y  be , i n t e r f aced  s e r i a l l , ~ ,  new equipment t h a t  cou ld  p rov i de  t t ie  
p a r a l l e l  da ta  l i n k  had t o  be procured. A f t e r  i n v e s t i g a t i o n  o f  severa l  
systems, t h e  RAMTEK 9400 Col o r  D i s p l  ay System, was sel 'ected, . and procurement 
w a s l i n i t i a t e d . '  The' 9400'system a l lows  d i s p l a y  genera t ion  w i t h i n  t h e ,  
0.5-second draw-ti,me r e q u i  rement . I 

, 
Dusing t he  draw-time i n v e s t i g a t i o n ,  an a d d i t i o n a l  hardware response 

probl#em r e 1  ated t o  t h e  'computer i t s e l f  was i d e n t i f i ' e d .  The PRIME 550 , 

g e n e r a l l y  r e q u i r e s  f rom 2  t o  10 seconds t o  assemble f rom d i sk ,  core memory,, 
and incoming data t h e  necessary d i s p l a y  genera t ion  in fo rmat ion  t o  be 
t ransmi t i ted t o  t h e  d i s p l a y  device.  Th i s  CPU response t ime  r a p i d l y  grew' 
worse as a d d i t i o n a l  d i s p l a y  t e rm ina l s  were added. " T h i s  problem i s  c u r r e n t l y  
be ing .  h v e s t i g a t e d .  Our conc lus ions ,are t h a t  t he  CPU used i ' n  t h e  d i  sp l  ay 
genera t ion  must be a  bet ter - than-average r e a l - t i m e  system. 

The conc lus ions o f  t h i s  response s tudy  are t he  f o l l o w i n g :  (1) a  menu 
type  touch panel must be used f o r '  d i s p l a y  se l ec t i on ,  ( 2 )  da ta  t ransmiss ion  
must be h i gh  speed. para1 l e l ,  and ( 3 )  a  CPU t h a t  w i l l  support  h i gh  speed 
r e a l - t i m e  m u l t i - t a s k  a p p l i c a t i o n s  should be se lected.  

I n  t h i s  i n i t i  a1 phase o f  development no at tempt was made t o  p rov ide  
redundancy o r  system backup i n  t h e  hardware. Th i s  equipment was procured i n  
support  o f  a  d i s p l a y  development program. The emphasis o f  t he  ODDS I 
program was t o  p rov ide  t h e  minimum hardware as q u i c k l y  as poss ib l e  t o  
support  t he  development o f  t he  CRT d i sp l ays .  F a i l  - sa fe  redundant hardware 
development i s  c u r r e n t l y  be ing addressed under Phase I 1  o f  t h e  ODDS program. 



Several  problems were' encountered i n  b a c k f i  t t i n g  t h e  ODDS i n t o  t h e  LOFT 
' p l an t ;  these prob1,eys are p robab ly  t y p i c a l  o f  most e x i s t i n g  p l a n t s .  Space 

was a major problem. . I n  t he  LOFT p l a n t ,  .because o f  l i m i t e d  f l o o r  space, i,t 
was d i f f i c u l t  t o  determine where t o  pu t  t h e  computer system', where t o  l o c a t e  
t he  d i s p l a y  te rm i  na l  s , f o r  easy' access f o r  p lant ,  operators., where t o  l o c a t e  

, t h e  T,echnical Support Center,  e tc .  A t  ~ 0 F T , " t h e  d i s p l a y  computer was , 

1 ocated i n  an ,8 by 12- foo t  room, cons t ruc ted  a t  t he  r e a r ,  o f  t he  con t ro l l  room; 
t h i s  space i s  cramped ' bu t  has proven adequate. ' Computer room AC power and 

, groundi  ng t'echn i ques' were f 01 1 owed. , 

A4.r c o n d i t i o n i n g  was a l so  a*prob lem.  The e x i s t i n g  LOFT con t ro l '  room ' 

' a i r , c o n d i t i o n i n g  syst'eri was used) but, was found t o  be changeable and 
4 , un re l  i abl e'.' Hardware ' f a i  1 ures due t o  Improper a.i,r condi t i  on i ng. have. -been 

both numerous and embarrassing. I , I I 

4 '  ! ' 

~ e s ~ i t e  e a r l y  acceptance and suppor t ,  by t h e  pd ant opera'tors, t h e i r "  . ' , , 
a , conf idence i n  ' t h e  equipment eroded r a p i d l y  'wi'th lea'ch f a i l u r e .  beyond a, , I 

, . c e r t a i n '  acceptab le  downtime f o r  a m ~ n ~ r e d u n d a n t  system. ' 

I 

1. ' 
An a d d i t i o n a l  p r o b l q n ~  was t h e  l oaa t i o r i  o f  t h e  d i s p l a y  system.' 

I 

I 

, I n j t i  a l l y  t he  mon i to rs  were ' l o c a t e d  out'si'de t h e  computer room a t  t h e  r e a r  o f  
t h e  c o n t r o l  room. I t  soon became appgrent t h a t  the, equi lpment~would never be , 

accepted as a v i a b l e  opera t ions  t o o l  u n t i l  i t  was loca ted  w i t h i n  t h e  
o p e r a t o r ' s  work space. F i gu re  2 i s  a. sketch showing t h e  proposed l o c a t i o n  I' 

o f  t h i s  equipment. I t  i s  hoped t h a t  the1 l o c a t i o n  o f  the '  d isp l lay  equipment 
w i t h i n  t h i s  work space w i l l  produce general  ,acceptance o f  t h e  ' c o l o r  d i s p l a y  , 

system techniques. ' ' I  . . I I 

I I 

8 I 
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