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Sand ia t abo ra to r i e s i s  executing aprogramfor theVuclear  
Regulatory Commissionto providedata needed f o r  confir-  
mation of the  s u i t a b i l i t y  of current  design standards 
and regulatory guides fo r  f i r e  protection and control  
i n  water reactor  power plants. This paper summarizes 
t he  a c t i v i t i e s  of t h i s  ongoing programthrough December 
1979. Characterization of e l e c t r i c a l l y  i n i t f a t e d  f i r e s  
revealed a' margin of sa fe ty  i n  the  separation c r i t e r i a  
of Regulatory Guide 1.75 fo r  such f i r e s  i n  IREe-383 
qual i f ied  cable. However, tests confirmed tha t  these  
guidelines and standards a r e  not su f f i c i en t ,  i n  them- 
se lves ,  t o  protect  against  exposure f i r e s .  This paper 
describes both small and f u l l  sca le  t e s t s  t o  assess 
the  adequacy of f i r e  re ta rdan t  coatings and f u l l  sca le  
tests on f i r e  shie lds todetermine t h e i r  effectiveness.  
T t  a l so  describes f u l l  s ca l e  tests t o  determine the 
e f f e c t s  of walls and ce i l ings  on f i r e  propagationbetween 
cableerays.  Some small-scale scoping t e s t s  have been 
conducted t o  invest igate  the  e f f e c t s  of varying the  
furnace pressure on cable penetrat ion performance i n  
theASTM-E-119 FireTest .  A f a c i l i t y h a s  been completed 
which w i l l  beused toassesstheeffectivenessofvarious 
suppression systems i n  extinguishing large-scale cable 
t r ay  f i r e s -  & 

IWTROOUCTION 

The Off iceof  NuclearRegulatoryResearchof the  United S ta tes  
Nuclear Requlatory Commission is  conducting confirmatory research 
i n  areasconsideredimportant  t o  protecting thehea l thand  s a f e tyo f  
t he  publ ic-  F i r e  protection,  es tabl ished by NUREG-0050, "Recom- 
mendations Related t o  Browns Ferry Fire,"  i s  one area  of such 
research. 

~3.j The object ives  of t he  F i r e  Protection Research Project  a t  
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makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
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disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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f i r e  p r o t e c t i o n  and c o n t r o l i n l i q h t w a t e r  r e a c t o r  power 
p l a n t s ,  or- t o  i n d i c a t e  a r e a s  where t h e y  shou ld  h e  upda ted ;  

(2 )  o b t a i n  d a t a  t o  f a c i l i t a t e  e i t h e r  m o d i f i c a t i o n  o r  genera- 
t i o n  of s t a n d a r d s  and g u i d e s  (changes  a r e  t o  b e  made 
where a p p r o p r i a t e  t o  d e c r e a s e  t h e  v u l n e r a b i l i t y  of t h e  
p l a n t  t o  f i r e ,  p rov ide  f o r  b e t t e r  c o n t r o l  of f i r e s ,  
m i t i g a t e  t h e  e f f e c t s  of f i r e s  on p l a n t  s a f e t y  sys tems ,  
and remove unnecessa ry  d e s i g n  r e s t r i c t i o n s ) ;  

( 3 )  Obta in  f i r e  e f f e c t s d a t a  and a s s e s s  improved equipment,  
d e s i g n  c o n c e p t s ,  and f i r e  p r e v e n t i o n  methods t h a t  can 
be  used t o  reduce  v u l n e r a b i l i t y  t o  f i r e .  

Cable-Tray S e p a r a t i o n  

I n  s u p p o r t  of some of t h e  p r o v i s i o n s  of VRC R.egu la to tySuide  
1 .75 "Phys ica l  Independence of E l e c t r i c  Systems," t e s t s  were con- 
ducted a t  Sand ia  w i t h  v a r y i n g  s e p a r a t i o n  d i s t a n c e s  t o  d e t e r m i n e  
t h e  minimum s e p a r a t i o n  n e c e s s a r y  f o r  c a b l e s  most s u s c e p t i b l e  t o  
f i r e .  V e r t i c a l  s e p a r a t i o n  d i s t a n c e s  from 1.72 cm ( 5  f t )  down t o  
26.7 cm (10.5 i n )  and h o r i z o n t a l  s e p a r a t i o n  d i s t a n c e s  from 91 cm 
( 3  i t )  down t o  20 cm (q  i r l)  were  t e s t e d .  For e l e c t r i c a l l y  i n i t i a t e d  
f i r e s  i n  a h o r i z o n t a l  open-space c o n f i g u r a t i o n ,  i t  wasde te rmined  
t h a t  a f i r e  w i l l  n o t  p r o p a g a t e  from t h e  i g n i t e d  t r a y  t o  a d j a c e n t  
t r a y s .  These t e s t s  were conducted wi th  f i r e  r e t a r d a n t  12-gage 
s ing le -conduc tor  and 12-gage t r i p l e x  w i r e ,  u t i l i z i n q b o t h  uniform 
and random-pattern c a b l e  packing.  

T e s t s  were a l s o  c o n d u c t e d w i t h a n  exper imenta l  exposure  ( f u e l )  
f i r e .  The o b j e c t i v e  was t o  d e t e r m i n e w h e t h e r  c a b l e - t r a y  s e p a r a t i o n  
a l o n e  i s  s u f f i c i e n t  t o  p r e v e n t  f i r e  p r o p a g a t i o n b e t w e e n t r a y s  and 
between redundant  s a f e t y d i v i s i o n s  i f  a n  exposure  f i r e  r e s u l t e d  i n  
a  f u l l y  developed c a b l e - t r a y  f i r e .  

The type  and s i z e  of t h e  wors t -case  exposure  f i r e  t h a t  must 
be c o n s i d e r e d  f o r l i c e n s i n g a r e b a s e d o n  a f i r e - h a z a r d  a n a l y s i s  and 
w i l l  v a r y  from p l a n t  t o  p l a n t .  Accordingly ,  n o  a t t e m p t  was made t o  
d e f i n e  a  d e s i g n - b a s i s  f i r e  f o r  t h e  e x p o s u r e - f i r e  t e s t s .  S ing le -  
t r a y  tests were conducted t o  f i n d  a  r e a s o n a b l e  s e t  of c o n d i t i o n s  
t h a t  would r e s u l t  i n  a  f u l l y  developed c a b l e - t r a y  f i r e .  The ex- 
p e r i n e n t a l  exposure  f i r e  was t h e n  used i n  a l l  f  u l l - s c a l e  c a h l e - t r a y  
e x p o s u r e - f i r e t e s t s .  P r o p a n e b u r n e r s w e r e u s e d  t o  s t a r t  an  exposure  
f i r e  i n  one t r a y ,  w i t h  a  b a r r i e r  p laced  between i t  and t h e  t r a y  
above. When a  f u l l y  developed f i r e  was o b t a i n e d  i n  t h e  f i r s t  
t r a y ,  t h e  b u r n e r s  were t u r n e d  o f f  and t h e  b a r r i e r  was removed. 
T h i s  method a l lows  e x p e r i m e n t a l  s t u d y  of f i r e  p r o p a g a t i o n  from 
t r a y  t o  t r a y  under s p e c i f i c  c o n d i t i o n s  and wi thou t  t h e  exposure  
f i r e  af  f e c t i n g  t h e  o t h e r  c a b l e  t r a y s .  

As no ted  above,  a  s e r i e s  of t e s t s  were conducted on a r r a y s  
of cable t r a y s ,  w i t h  b o t h  e lec t r ica l  and exposure-£ i re  i n i t i a t l - o n .  
An a r r a y  of 14 c l o s e l y  spaced c a b l e  t r a y s  was used t o  s i m u l a t e  



a  s i n g l e  s a f e t y  d i v i s i o n .  Simulated redundant  s a f e t y  d i v i s i o n s  
were  s e p a r a t e d  by t h e  r e q u i r e d  152 cm ( 5  f t )  v e r t i c a l  and 9 1  cm 
( 3  f t )  h o r i z o n t a l  d i s t a n c e .  The p r i n c i p a l  c o n c l u s i o n  was t h a t  
a  f u l l y  developed f i r e  i n  t h e  bot tom c a b l e  t r a y  of a s t a c k e d  
array may p r o p a g a t e  t o  a  redundant  s a f e t y  d i v i s i o n  w i t h o u t  f i r e  
s u p p r e s s i o n  systems ( a s e x p e c t e d ) .  On t h e  o t h e r h a n d ,  e l e c t r i c a l l y  
i n i t i a t e d  f i r e s  do n o t  p r o p a g a t e  because  t h e y  do n o t  r e s u l t  i n  a 
f u l l y  developed c a b l e  t r a y  f i r e .  

I n  o r d e r  t o  de te rmine  t h e  c h a r a c t e r i s t i c s  of a c a b l e - t r a y  
f i r e  i n  c a b l e  t u n n e l s  o r  i n  a r e a s  where s t r u c t u r a l  w a l l s  are 
c l o s e  enough t o t h e  t r a y  t o  i n f l u e n c e  t h e  f i r e ,  some of t h e  t e s t s  
were r e p e a t e d  t o  i n c l u d e  t h e  e f f e c t  of w a l l s  and c e i l i n g s .  The 
~ r e l i m i n a r y  i n d i c a t i o n  i s  t h a t  t h e r e  is  a  g r e a t e r  chance of f i r e  
p r o p a g a t i o n  under t h e s e c o n d i t i o n s  t h a n w l t h a  s i m i l a r  c o n f i g u r a t i o n  
i n  a n  open a r e a .  It was shown t h a t  b o t h  t h e  weight  l o s s  and 
h e a t  f l u x a t  t h e  t o p  t r a y  f o l l o w a n  i n v e r s e  s q u a r e  law r e l a t i o n s h i p .  

I n  typicalplantinstallations, c a b l e  t r a y s  a r e  o r i e n t e d v e r -  
t i c a l l y  a t  some l o c a t i o n s  and i n  o t h e r s  a r e  o r i e n t e d  b o t h v e r -  
t i c a l l y  and h o r i z o n t a l l y .  V e r t i c a l  c a b l e  t r a y s  have been and 
w i l l  b e  t e s t e d  i n b o t h  t h e  open-space c o n f i g u r a t i o n  a n d w i t h  w a l l s  
and c e i l i n g s  c l o s e  enough t o  a f f e c t  t h e  f i r e .  

The f i r s t  f u l l - s c a l e  v e r t i c a l  f i r e  t e s t  was t o  demons t ra te  
t h e  e f f e c t i v e n e s s  of a  ceramic  f i b e r  b l a n k e t  and automated f i r e  
s u p p r e s s i o n  sys tem t o  p r o t e c t  c a b l e s  i n  a  v e r t i c a l  c a b l e  t r a y  
c o n f i g u r a t i o n  t h a t  i s  c u r r e n t l y  p e r m i t t e d  by s e p a r a t i o n  c r i t e r i a  
g u i d e l i n e s .  An open p o o l  f i r e  f u e l e d  by l i q u i d  hydrocarbon 
[0.008 m3 ( 2  g a l )  of hep tane l  was used.  

Three  open-head s p r i n k l e r s  were l o c a t e d  above t h e  t r a y s  and 
connected t o  a  s e p a r a t e  manually o p e r a t e d  wate r  supp ly .  Three  
dummy s p r i n k l e r h e a d s  w i t h o u t  connec t ion  t o  t h e  wa te r  supp ly  were 
suspended n e a r  each open head.  During t h e  test t h e  t h r e e  dumrny 
heads  were moni tored e l e c t r i c a l l y  t o d e t e r m i n e  t h e  t i m e s  a t  which 
t h e  fus lb le l inkswereac t iva ted .  I n o r d e r  t o b r a c k e t  t h e  a l l o w a b l e  
r e s p o n s e  t i m e s ,  i t  was i n t e n d e d  t h a t  o n l y  a f t e r  a c t i v a t i o n  of 
a l l  t h r e e  dummy heads  i n  one l o c a t i o n  would t h e  w a t e r  sys tem 
b e  manually opera ted .  Two smoke d e t e c t o r s  were a l s o  l o c a t e d  i n  
t h e  t e s t  a r e a .  

The f i r e  burned f o r  about  40 minu tes  w i t h  t h e  i o n i z a t i o n  
d e t e c t o r  a c t i v a t i n g  a t  11 s e c  and t h e  p h o t o e l e c t r i c  d e t e c t o r  
a c t i v a t i n g  a t  1 4  s e c .  Two of t h e  f u s i b l e  l i n k s  a t  t h e  c l o s e s t  
s p r i n k l e r l o c a t i o n  a c t i v a t e d  (one a t  52 s e c , t h e  o t h e r  a t  54 s e c )  
b u t  t h e  t h i r d  d i d  n o t  a c t i v a t e  a t  a l l ,  c o n s e q u e n t l y ,  no  w a t e r  
was s u p p l i e d .  A t  3 m i n 1 3 s e c ,  a s h o r t  c i r c u i t  between c o n d u c t o r s  
was i n d i c a t e d .  A t  3 m i n 5 5 s e c , e r r a t i c  measurements were recorded  
f o r  t h e  c o n d u c t o r s  i n  a n o t h e r  t r a y  i n d i c a t i n g  t h e  e x i s t e n c e  of 
i n t e r m i t t e n t  s h o r t  c i r c u i t s .  I n  a l l  c a b l e  t r a y s  e x c e p t  one,  
the rmal  darnage of c a b l e s  was observed n e a r  t h e  b a s e  [8 t o  1 5  cm 
( 3  t o  6 i n c h e s )  above t h e  f i r e  pan] .  



E f f e c t i v e n e s s  of F i r e  S h i e l d s  

Sand ia  L a b o r a t o r i e s  h a s  completed a  s e r i e s  of t e s t s  u s i n g  
d i f f e r e n t  f i r e  s h i e l d s :  

- ceramic wool b l a n k e t  o v e r  l a d d e r  t r a y  

- s o l i d  bot tom t r a y  w i t h  no cover  

- s o l i d  cover  on l a d d e r  t r a y  w i t h  no v e n t s  

- ven ted  c o v e r  on s o l i d  bot tom t r a y  

- 2.54 cm ( 1  i n )  f i r e  b a r r i e r  ( t h e r m a l  board)  between t r a y s  
and u s i n g  s i n g l e  and double  t r a y  c o n f i g u r a t i o n s  as w e l l  a s  
e l e c t r i c a l  c a b l e  which passed t h e  IEEE S td  383-1974 f lame 
r e t a r d a n c y  t e s t  and c a b l e  which d i d  n o t  p a s s  t h i s  t e s t .  

The r e s u l t s  of t h e t e s t s  showed t h a t s l l  f i r e  s h i e l d  d e s i g n s  
o f f e r e d s o m e  p r o t e c t i o n .  None of t h e  c a b l e  whichpassed  t h e  flame 
r e t a r d a n c y  t e s t  i n  IEEE S td  353-1974 i g n f t e d .  It i s  p o s s i b l e  
t o  i g n i t e  t h e  c a b l e  which d i d  n o t  p a s s  t h i s  f lame r e t a r d a n c y  
t e s t ;  however, no p r o p a g a t i o n  was o b s e r v e d ~ a s t  t h e  f i r e  s h i e l d s .  

Experiments a r e  planned t o  s t u d y  t h e  methodology f o r  t e s t i n g  
t h e  f i r e  r e t a r d a n c y  of s e a l s  and p e n e t r a t i o n s .  Some s m a l l - s c a l e  
scop ing  tests have been  conducted t o  i n v e s t i g a t e  t h e  e f f e c t s  of 
v a r y i n g  t h e  f u r n a c e  p r e s s u r e  on c a b l e  p e n e t r a t i o n  performance 
i n  t h e  ASTM-E-119 F i r e  T e s t .  

E f f e c t i v e n e s s  of F i re -Re ta rdan t  Coa t ing  X a t e r i a l s  

The o b j e c t i v e  of t h i s  prograrn i s  t o  p rov ide  i n f o r m a t i o n  on 
t h e  e f f e c t i v e n e s s  of f i r e - r e t a r d a n t  c o a t i n g  m a t e r i a l s  when used 
i n  t y p i c a l  c a b l e - t r a y  i n s t a l l a t i o n s .  

A s u r v e y  of c o a t i n g  m a t e r i a l s  a v a i l a b l e  f o r  u s e  i n  c a b l e  
t r a y s  was i n i t i a t e d  i n  August 1976. Gener ic  t y p e s  were.  chosen 
f o r  t e s t i n g  and e v a l u a t i o n  i n  smal l -  and l a r g e - s c a l e  c a b l e  sys tems 
tests. Smal l -scale  t e s t s  on b a s i c  c o a t i n g  p r o p e r t i e s  have  been 
conducted by u s i n g  s i x  c o a t i n g s  and two c a b l e  types .  F u l l - s c a l e  
tests were conducted u s i n g  b o t h  s i n g l e  and double  t r a y s .  

While t h e  r e s u l t s  showed t h a t  a l l  c o a t i n g s  o f f e r  a  measure 
of a d d i t i o n a l  p r o t e c t i o n ,  t h e r e  w a s  a wide range  i n  t h e  r e l a t i v e  
e f f e c t i v e n e s s  of t h e  d i f f e r e n t  c o a t i n g s  t e s t e d .  No p r o p a g a t i o n  
t o  t h e  second t r a y  was o b s e r v e d i n  any of t w o - t r a y t e s t s  i n  which 
c a b l e  t h a t p a s s e d t h e I E E E  S t d  383-1974 test  wasused .  ( P r o p a g a t i o n  
was observed  i n  t h r e e  tests i n v o l v i n g  c a b l e  which d i d  n o t  p a s s  
t h e  IEEE S t d  383-1974 t e s t . )  O v e r a l l ,  a  good c o r r e l a t i o n  was 
o b t a i n e d  between smal l - sca le  and l a r g e - s c a l e  tests. 



Figure 1. Cable Trays and Conduit 
loaded with Q u a l i f i e d  
Cable for  Fu l l  Scale  
Exposure F i r e  T e s t .  
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Figure 3 .  Weight Loss of Cables 
i n  Corner E f f e c t s  F i r e  
Test..  




