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I I. I n t r o d u c t i o n  

N a t u r a l  gas  i s  a n  i m p o r t a n t ,  y i d e l y  used  f o s s i l  f u e l  which is con- 

v e n i e n t  and r e l a t i v e l y  non-po l lu t i ng .  Because U.S . domes t i c  s u p p l i e s  have 

.been  d e c l i n i n g  s i n c e  1972, s u p p l i e r s  have  sought  t o  impor t  a d d i t i o n a l  ga s  

i n  t h e  form o f  l i q u e f i e d  n a c u r a l  g a s  (LNG), which i s  11600 t h e  volume of  

l i  n a t u r a l  g a s  .and is  t h e r e f o r ' e  conven ien t  f o r  t r a n s p o r t a t i o n  and s t o r a g e .  I f  

I p r e s e n t  p l a n s  and p r o p o s a l s  pending  a p p r o v a l  a r e  implemented,  t h e r e  w i l l  b e  

I . 
% .  a  r a p i d  i n k r e a g e  i n  t h e  u s e  of  l i q u e f i e d n a t u r a l  g a s  i n  t h e  United S t a t e s .  

The f a c i l i t i e s  r e q u i r e d  i n c l u d e  l i q u e f a c t i o n  p l a n t s ,  l a r g e  ocean-going t a n k e r s ,  

I impor t - r ece iv ing  t e r m i n a l s ,  s t o r a g e  d e p o t s ,  and gas  t r a n s m i s s i o n  p i p e l i n e s .  

These have  h i g h  c a p i t a l  c o s t s - a n d  l i k e  o t h e r  i n d u s t r i a l  o p e r a t i o n s  have  I ' -  

I a s s o c i a t e d  socio-economic and env i ronmen ta l  impac t s .  

I LNG i s  s t o r e d  a t  - 2 6 0 ° ~  and i s  a  flammable f u e l ,  which when s p i l l e d  

I s p r e a d s  and e v a p o r a t e s .  I f  n o t  q u i c k l y  i g n i t e d ,  t h e  flammable vapor s  genera-  

I t e d  t end  . to  s p r e a d  l a t e r a l l y ,  s i n c e  t h e y  a r e  h e a v i e r  t han  a i r  when c o l d .  
1 .  
I 
I Thus t h e y  c a n  move downwind a s  a  vapor  c loud .  Fo r  a l a r g e  s p i l l  o f  LNG on 

w a t e r  ( s u c h  as - the  c o n t e n t s  of  a  s h i p ' s  t a n k ) ,  a n  LNG vapor  c loud  may d r i f t  

s e v e r a l  m i l e s  from t h e  s i t e  of a  s p i l l  under  s t a b l e  a tmosphe r i c  c o n d i t i o n s ,  

i f  i t  e n c o u n t e r s  no i g n i t i o n  s o u r c e s  en  r o u t e .  Hence an LNG vapor  c loud  i s  

p o t e n t i a l l y  more dangerous  t han  n a t u r a l  g a s  a t  normal t empera tu re s  which w i l l  

r i s e  and d i s p e r s e  much more r e a d i l y  i n  a i r .  I n  a t a n k e r  a c c i d e n t  a n  LNG 

s p i l l  on w a t e r  w i l l  n o t  b e  c o n t a i n e d .  The l i q u i d  w i l l  q u i c k l y  sp read  on t h e  

wa te r  s u r f a c e  u n t i l  i t  e v a p o r a t e s  w i t h i n  a few m i n u t e s ,  depending  on t h e  vo l -  

L ume of  t h e  s p i l l .  I n  an  a c c i d e n t  on l a n d  a  d i k e  around t h e  s t o r a g e  t a n k  can  

c o n t a i n  t h e  l i q u i d ,  and t h e  e v a p o r a t i o n  r a t e  is  l c im i ted  by the, s ~ . ~ r f a c e  araa 

covered  by t h e  l i q u i d .  The vapor  c loud  may d i s p e r s e  h a r m l e s s l y ,  o r  i f  i g -  

n i t e d ,  a  s i g n i f i c a n t  and s e r i o u s ,  f i r e  may r e s u l t .  



Since  LNG f a c i l i t i e s  a r e  o f t e n  s i t e d  i n  o r  n e a r  dense ly  popu la t ed  a r e a s ,  

t h e  r e s u l t s  . of  . a  v e r y  l a r g e  s p i l l  cou ld  b e ' c a t a s t r o p h i c .  Acc iden t s  i n v o l v i n g  . 

LNG f a c i l i t i e s  h a v e . o c c u r r e d ,  most n o t a b l y  i n  Cleve land  i n  1944 when 128 

peop le  were k i l l e d  by t h e  c o n f l a g r a t i o n . a f t e r  an  LNG t ank  c o l l a p s e d .  The 

l i q u i d  flowed i n t o  t h e  surround. ing neighborhood and i g n i t e d .  S i n c e  t h a t  

t ime c o n s i d e r a b l e  improvements have been made i n  LNG technology ( i n c l u d i n g  

t h e  a d d i t i o n  o f  d i k e s  a round s t o r a g e  t a n k s ) .  

S e v e r a l  s t u d i e s  have  t r i e d  t o  e s t i m a t e  t h e  s m a l l  l i k e l i h o o d  of  l a r g e '  - 
LNG a c c i d e n t s ,  and a  number of  t e s t s  have been performed t o  unde r s t and  t h e  

b e h a v i o r  of  LNG when i t  i s  s p i l l e d .  ( D e s p i t e  t h i s  a t t e n t i o n  t o  e n g i n e e r i n g  

s a f e t y  d e t a i l s ,  t h e  t h r e a t  of s a b o t a g e  may w e l l  r e p r e s e n t  t h e  l a r g e s t  

r i s k s  t o  t h e  p u b l i c  from LNG f a c i l i t i e s . )  The i n t e n t  o f  t h i s  r e p o y t  i s  

t o  p r e s e n t  a  d e s c r i p t i o n  of  t h e  r i s k s  and impacts  p r e s e n t e d  by LNG o p e r a t i o n s  

i n  t h e  n e a r  f u t u r e ,  sumniarize t h e  s a f e t y  i s s u e s ,  examine t h e  o r i g i n s  of 

p u b l i c  concern  i n  two,LNG f a c i l i t i e s  s i t i n g  d i s p u t e s ,  and t o  s u g g e s t  some 

o f  t h e  impor t an t  c r i t e r i a  which need t o  be  e v a l u a t e d  f o r  r e s p o n s i b l e  de- 

c i s i o n  making. On b a l a n c e  t h e  o v e r a l l  r i s k s  of LNG supp ly  sys tems a r e  

p robab ly  l e s s  t han  t h o s e  of some energy  sys tems now i n  u s e .  N e v e r t h e l e s s ,  

con t inued  a t t e n t i o n  t o  t h e  p o t e n t i a l  r i s k s  i s  needed t o  e n s u r e  t h a t  t h i s  

remains  t r u e .  



- 

-3-  

11. Recommendations 

Because LNG h a s  t h e  p o t e n t i a l . f o r  l a r g e  a c c i d e n t s ,  i t  i s  i m p e r a t i v e  t h a t  

c u r r e n t  r i s k  e s t i m a t e s  b e  v e r i f i e d  i ndependen t ly  a n d .  t h a t  d i s ag reemen t s  among 

model c a l c u l a t i o n s  b e  unders tood .  Recommendations on t h e  ' s i t i n g  o f  LNG f a c i l i . -  

I . '  t i e s  are now be ing  made by t h e  F e d e r a l  Power ~ornmi.ssion and o t h e r  r e g u l a t o r y  

b o d i e s ,  and a  s i g n i f i c a n t  d e c i s i o n  on n a t u r a l  g a s  t r a n s p o r - t a t i o n  sys t ems  from 

Alaska  w i l l  be  made by t h e  P r e s i d e n t  by September 1977 .  S i n c e  t h e  b a s i s  f o r  

p a s t  d e c i s i o n s  h a s  n o t  been a d e q u a t e l y  p r e s e n t e d ;  f u t u r e  d e c i s i o n s  should  b e  

made openly  w i t h  t h e  b e s t  i n f o r m a t i o n  and methods. LNG can  prove  t o  b e  a  

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

as  w e l l  a s  con t inued  a t t e n t i o n  t o  s a f e t y .  B e t t e r  i n f o r m a t i o n  and improved 

methods of  p r e s e n t i n g  t h i s  i n f o r m a t i o n  t o  d e c i s i o n  makers i s  r e q u i r e d .  

I .  The p r i n c i p a l  recommendations r e s u l t i n g  from o u r  s t u d i e s  o f  LNG r i s k s  

I and of  t h e  p u b l i c  p a r t i c i p a t i o n  i n  f a c i l i t i e s '  s i t i n g  d i s p u t e s  nay b e  summar- 

I i z e d  a s  f o l l o w s :  

I The number of  a g e n c i e s  concerned w i t h  LNG t e r m i n a l  s i t i n g  i s  l a r g e .  Be- 

I cause  of  o v e r l a p p i n g  j u r i s d i c t i o n s ,  t h e  l a c k  of  n a t i o n a l  g u i d e l i n e s  f o r  s i t i n g ,  

and t h e  un re so lved  s a f e t y  i s s u e s  t h e  p r o c e s s  o f  a p p r o v a l  h a s  b e e n - l e n g t h y .  

For each  LNG impor t  t e r m i n a l  a t  l e a s t  e l e v e n  f e d e r a l  a g e n c i e s  and t w i c e  a s  

many s t a t e  and l o c a l  b o d i e s  a r e  i nvo lved  i n  t h e  a p p r o v a l  p r o c e s s .  These j u r i s -  

d i c t i o n s  and t h e  r e g u l a t o r y  r e s p o n s i b i l i t i e s  shou ld  be  c l a r i f i e d  and a  c l e a r  

n a t i o n a l  p o l i c y  on LNG i m p o r t a t i o n  e s t a b l i s h e d .  

N a t i o n a l  LNG t e r m i n a l  s i t i n g  g u i d e l i n e s  shou ld  b e  e s t a b l i s h e d ,  n o t  t o  

L preempt any of  t h e  r e g u l a t o r y  a g e n c i e s ,  b u t  t o  p r o v i d e  them w i t h  t h e  i n f o r -  

mation they  need.  These g u i d e l i n e s  should  d i s t i n g u i s h  whether  t hey  a r e  i n -  

tended t o  p r o t e c t  a g a i n s t  f a t a l i t i e s ,  i n j u r y ,  o r  i nconven ience  i n  t h e  even t  of  

"des ign  b a s i s "  a c c i d e n t s .  The g u i d e l i n e s  s h o u l d  be  developed  i n  a  manner such  

t h a t  t h e y  can b e  implemented by s t a t e  o r  l o c a l  a g e n c i e s ,  who shou ld  r e t a i n  



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

c o n d i t i o n s  ' a r e  t aken  i n t o  accoun t .  

Our c a s e  s t u d i e s  have  i n d i c a t e d  t h a t  t h e  p u b l i c  h a s  encountered  d i f f i -  

c u l t i e s  i n  o b t a i n i n g  r e l i a b l e  i n f o r m a t i o n  abou t  proposed f a c i l i t i e s .  and t h a t  

p u b l i c  groups ,  i n c l u d i n g  s t a t e  and l o c a l  governments, o f t e n  l a c k  t h e  f i n a n -  

c i a l .  r e s o u r c e s  and o r g a n i z a t i o n  t o  o b t a i n  knowledgeable and i m p a r t i a l  t e c h n i -  

c a l  a d v i c e .  F e d e r a l  g u i d e l i n e s  would h e l p  p rov ide  i n fo rmaf ion  bu t  t h e s e  d i f -  

f 5 c u l t i e s  w i l l , ' n e v e r t h e l e s s ,  p e r s i s t  'under  t h e  c u r r e n t  r e g u l a t o r y  framework. 

a The e a r l y  p r e s e n t a t i o n  of  f e a s i b l e  a l t e r n a t i v e  s i t e s  and open p u b l i c  

d i s c u s s i o n  of t h e  c o s t s ,  r i s k s ,  and b e n e f i t s  b f  t h e s e  a l t e r n a t i v e s  p r i o r  t o  

t h e  g a s  company's s e l e c t i o n  of a  "bes t "  s i t e  would b o t h  i n c r e a s e  t h e  d e c i s i o n  

o p t i o n s  and l e a d  t o  g r e a t e r  p u b l i c  con f idence  i n . t h e  s e l e c t i o n  p r o c e s s .  The 

e x t r a  c o s t s  i n c u r r e d  i n  p u b l i c l y  p r e s e n t i n g  f e a s i b l e  a l t e r n a t i v e s  would prob- 

a b l y  have  a l r e a d y  been r e p a i d  By s p e e d i e r  a p p r o v a l  and by enhanced p u b l i c  ac-  

c e p t a n c e  o f  t h i s  technology.  . 

Roughly 10 o r  fewer  major  LNG i m p o r t / r e c e i v i n g  t e r m i n a l s  w i l l  b e  r e q u i r e d  

t o  impor t  t h e  volumes expec t ed  by 1985 ( 2  t r i l l i o n  c u b i c  f e e t  of  n a t u r a l  ga s  

p e r  y e a r ) .  Because t h e s e  a r e  b a s i c a l l y  r e g i o n a l  f a c i l i t i e s  an e f f o r t  shou ld  

b e  made t o  p u b l i c l y  s e l e c t  an  i n v e n t o r y  of  s u i t a b l e  a l t e r n a t i v e  s i t e s  wi th ' in  

each  c o a s t a l  r e g i o n .  The r i s k s ,  c o s t s ,  and b e n e f i t s  of ' t h e  b e s t  o f  t h e s e  

a l t e r n a t i v e  s i t e s  should  t h e n  be  p u b l i c l y  p r e s e n t e d ,  s o  t h a t  a l l  r e l e v a n t  

c o n c e r n s ,  i n c l u d i n g  s a f e t y  and l a n d  u s e  p l a n n i n g ,  may t h e n  b e  t aken  i n t o  ac- 

coun t .  

The unreso lved  s a f e t y  i s s u e s  have been wide ly  d i s c u s s e d ,  and i t  is  doubt-  

f u l  t h a t  more s a f e t y  h e a r i n g s  can r e s o l v e  them. An a c c e l e r a t e d  r e s e a r c h  pro- 

gram i s  needed t o  a s c e r t a i n  t h e  r ange  o f  s e n s i t i v i t y  o f  r i s k  e s t i m a t e s  t o :  

1. d i f f e r e n c e s  i n  vapor  c loud  d i s p e r s i o n  models and c h o i c e s  of  atmo- 

s p h e r i c  s t a b i l i t y  c o n d i t i o n s ;  



2 .  d i f f e r e n c e s  i n  s e l e c t i o n  of  "peak t o  average"  m e t h a n e l a i r  concen- 

t r a t i o n  r a t i o s  t o  d e f i n e  t h e  " sa fe"  lower  flammable l i m i t  w i t h i n  a  

vapor  c loud ;  

3 .  d i f f e r e n c e s  i n  i g n i t i o n  s o u r c e  d i s t r i b u t i o n  and i r i  as sumpt ions  of  

t h e i r  e f f e c t i v e n e s s  i n  i g n i t i n g  a  vapor  c loud  a t  d i f f e r e n t  l o c a t i o n s ;  

4 .  d i f f e r e n c e s  i n  p o p u l a t i o n  d e n s i t y  su r round ing  t a n k e r  r o u t e s  and 
v .  

t e r m i n a l  s i t e s ;  

5. v a r i a t i o n s . i n  phys ica l 'phenomena  such  a s  ' t h e  g r a S i t y  s p r e a d i n g  o f  
. . 

LNG, bo . i l i ng  r a t e s ,  and s p i l l  r a t e s .  

3 ..e Burning , t e s t s  and vapor  ' d i s p e r s i o n  t e s t s  on l a r g e  s p i l l s  (up  t o  25,000m ) 

shou ld  be  used t o  r e s o l v e  d i s c r e p a n c i e s  i n  e x i s t i n g  models and t o  i n v e s t i g a t e  

vapor  c loud  d i s p e r s i o n ,  f lame s h a p e s ,  and t h e r m a l  r a d i a t i o n  c h a r a c t e r i s t i c s  

under  d i f f e r e n t  s i t e  and weather  c o n d i t i o n s .  Many t e s t s  have a l r e a d y  been 

performed on s m a l l e r  s p i l l s .  

T h e  s t r u c t u r a l  i n t e g r i t y  of LNG t a n k e s . ~  ullder s p i l l  c o n d i t i o n s  g e n e r a t e d  

by an a c c i d e n t  o r  s a b o t a g e ,  and t h e  r e s u l t i n g  s p i l l  c h a r a c t e r i s t i c s . s h o u I d  b e  

b e t t e r  deternl ined.  

E x p e r i ~ ~ i e n t a l  v e r i f i c a t i o n  is needed f o r  p h y s i c a l  t h e o r i e s  of  s u p e r h e a t -  

1- imited e x p l o s i o n s  which may r e s u l t  from LNG s p i l l s  i n j e c t e d  i n t o  o r  o n t o  

w a t e r .  The e f f e c t s  o f  LNG composi t ion  and mode o f  LNG s p i l l  i n  a c c i d e n t  con- . .  

d i t i o n s  on p o s s i b l e  e x p l o s i o n s  need t o  b e  undc r s tood .  LNG-water i n t e r a c t i o n s  

I a r e  j u s t  one  a r e a  where l i q u i d - l i q u i d  s u p e r h e a t  e x p l o s i o n s  a r e  b e i n g  i n v e s t i -  

g a t e d  and c o o r d i n a t i o n  of  t h e s e  s t u d i e s  w i t h  o t h e r  f i e l d s  i s  wor thwhi le .  

. A  thorough comparison of  r i s k  e s t i m a t e s  should  b e  made and p u b l i s h e d .  

.Transforming LNG i n t o  a  s emi - so l id  g e l  . for  u s e  i n  s h i p p i n g  and s t o r a g e  

might  s i g n i f i c a n t l y  r educe  s p i l l  and v a p o r i z a t i o n  r a t e s .  A d d i t i o n a l  r e s e a r c h  

. on t h e  p r o p e r t i e s  of s u c h  a  g e l  and t h e  e n g i n e e r i n g  economics of  s emi - so l id  

t r a n s p o r t a t i o n  shou ld  be  pursued .  



The p o s s t b i l i t y  of  s a b o t a g e  must be i n t r o d u c e d  i n t o  any r i s k  assessment  

and cons ide red  i n  s i t i n g  of f a c i l i t i e s .  So f a r ,  t h i s  h a s  been l a r g e l y  o m i t t e d .  

D e t a i l e d  con t ingency  p l a n s ,  t r a i n i n g , '  t e s t i n g ,  and . r ev i ew  p rocedures ,  and 

c r i t e r i a  f o r  d e c i s i o n s  under  a c c i d e n t  c o n d i t i o n s  need t o  be  developed  and 

s c r u t i n i z e d .  

Research  r e s u l t s  should  be  pub l i shed  i n  t h e  s c i e n t i f i c  l i t e r a t u r e  and 

d i s semina t ed  wide ly  t o  t h e  p u b l i c ' b e f o r e  t hey  a r e  used t o  j u s t i f y  s a f e t y  de- 

c i s i o n s .  C lea r  d i s c u s s i o n s  of t h e  t e c h n i c a l  i s s u e s  a r e  needed.  

The r i s k s  of LNG f a c i l i t i e s  f a l l  p r i m a r i l y  on t h o s e  n e a r e s t  t h e  f a c i l i -  : 

t i e s ,  y e t  t h e  b e n e f i t s  a r e  r e c e i v e d  by s o c i e t y  as  a whole.  No one w a n t s ' t o  

l i v e  n e a r  a  power p l a n t ,  y e t  everyone  wants  t o  u s e  t h e  power. S i t i n g  LNG 

t e r m i n a l s  i n  less d e n s e l y  popu la t ed  a r e a s  would e n s u r e  t h a t  t h e  u n c e r t a i n  

r i s k s  a r e  reduced and i n  a d d i t i o n  would r e s u l t  i n  t h e  c o s t s  be ing  b o r c e  by 

t h o s e  who use  t h e  gas .  The p r o p o r t i o n a l  i n c r e a s e  i n  a l r e a d y  expens ive  LNG 
\ 

c o s t s  d u e  t o  remote s i t i n g  may b e  wor th  t h e  enhanced p u b l i c  s a f e t y  and may 

a l s o  be  d e s i r a b l e  because  o f  i t s  more e q u i t a b l e  i n t e r n a l i z a t i o n  of  c o s t s  t o  

t h o s e  who b e n e f i t .  

F i n a l l y ,  and pe rhaps  most i m p o r t a n t l y ,  p rocedures  a c c e p t a b l e  t o  t h e  pub- 

l i c  f o r  e v a l u a t i n g  r i s k s  and b e n e f i t s  must b e  found.  These shou ld  i n c l u d e  

l o c a l  comparisons a s  w e l l  as s o c i e t a l  comparisons w i t h  o t h e r  energy  and 

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



Background 

The use  o f  l i q u e f i e d  n a t u r a l  g a s  (LNG) i s  expec t ed  t o  i n c r e a s e  r a p i d l y  

i n  t h e  n e x t  f i v e  y e a r s .  A t  t h e  moment i t  i s  p r i m a r i l y  used  a s  a  means of  

s t o r a g e ,  and abou t  100 s t o r a g e  f a c i l i t i e s  e x i s t  i n  t h e  U.S. I n c r e a s i n g l y  LNG 

. w i l l  b e  used f o r  t r a n s p o r t a t i o n  of  impor ted  n a t u r a l  g a s .  , A  number of  l a r g e  

r e c e i v i n g  f a c i l i t i e s  a r e  p lanned  o r  under  c o n s t r u c t i o n  on bo th  t h e  e a s t  And 

wes t  c o a s t s .  LNG w i l l  b e  t r a n s p o r t e d  from f o r e i g n  c o u n t r i e s o r  from Alaska 

i n  i a y g e , s p e c i a l l y  b u i l t  t a n k e r s  up t d  165,000m3 i n  c a p a c i t y  t o  t h e s e  t e r m i n d s ,  

where i t  is  s t o r e d ,  v a p o r i z e d ,  and  s u p p l i e d  t o  gas  t r a n s m i s s i o n  p i p e l i n e s .  

It may a l s o  b e  s t o r e d  i n  s m a l l e r  s i t e s  a s  back-up g a s  s u p p l y  f o r  u se  d u r i n g  

peak  p e r i o d s  o r  when p i p e l i n e  gas  i s  c u r t a i l e d .  . 
Q 

LNG i s  s t o r e d  a t  -260 '0~  and i s  app rox ima te ly  1/600 t h e  volume o f  t h e  

o r i g i n a l . n a t u r a 1  gas .  I t  i s  v o l a t i l e  and i f  s p i l l e d  i t  w i l l  q u i c k l y  e v a p o r a t e .  

An LNG vapor  c loud  i s  d e n s e r  t h a n  a i r  and can  move downwind and s t a y  flammable 

u n t i l  i t  i g n i t e s  o r  d i s p e r s e s  h a r m l e s s l y .  I n  1944 i n  Cleve land  4250 c u b i c  

me te r s  of  LNG were s p i l l e d ,  a l l owed  t o  s p r e a d ,  and i g n i t e d ,  k i l l i n g  128 per-  

s o n s  and c a u s i n g  e x t e n s i v e  p r o p e r t y  damage. O the r  more r e c e n t  s m a l l e r  a c c i -  

d e n t s ,  p a r t i c u l a r l y  an  empty LNG t ank  f i r e  on S t a t e n  I s l a n d  i n  1973 i n  which 

40 workmen p e r i s h e d ,  have a roused  p u b l i c  concern  f o r  LNG s a f e t y .  T h i s  con- 

c e r n  i s  impor t an t  s i n c e  most l a r g e  LNG f a c i l i t i e s  have been s i t e d  w i t h i n  o r  
1 

n e a r  dense ly  popu la t ed  a r e a s ,  where t h e  demand £ o r  gas  e x i s t s .  

S a f e t y  I s s u e s  
L 

I f  LNG is  s p i l l e d  on l a n d  i t  w i l l  s p r e a d  u n t i l  c o n t a i n e d  by a  d i k e .  On 

w a t e r  t h e r e  i s  no conta inment .  A s  t h e  c o l d  l i q u i d  e v a p o r a t e s  i t  w i l l  l i e  

. c l o s e  t o  t h e  ground. A s  i t  i s  h e a t e d  i t  w i l l  r i s e  a  few f e e t  t o  form a  neu- 

t r a l l y  buoyant  vapor  c loud  t h e r m a l l y  i s o l a t e d  from t h e  ground,  which can  ex- 



t end  f o r  s e v e r a l  m i l e s  depending  on t h e  s i z e  of  t h e  s p i l l  and t h e  atmospher-  

i c  c o n d i t i o n s .  The c loud  w i l l  be  flammable when mixed wi th  a i r  i n  g a s  con- 

c e n t r a t i o n s  between 5 and ' 15%. ~ l t h o u g h '  t h e  l i k e l i h o o d  of major  a c c i d e n t a l  

s p l l l s  i s  e s t i m a t e d  t o  b e  s m a l l ,  t h e  r e s u l t s  of  i g n i t i o n  c o u l d ' b e  c a t a s t r o p h i c  

shou ld  an  LNG vapor  c loud  d r i f t  i n t o  a  popu la t ed  a r e a .  ~ s t i m a t e s  o f  t h e  po- 

t e n t i a l  f a t a l i t i e s  from a  l a r g e ,  a c c i d e n t a l  LNG s p i l l  n e a r  p r e s e n t l y  des igned  

impor t  t e r m i n a l s  r ange  from a b o u t . 4 0  t o  2000 l i v e s  w i t h  a  likejLillood o f  oc- 

a l r r e n c e o f  such an  a c c i d e n t  e s t i m a t e d  a t  l e s s  t han  one  i n  a  m i l l i o n  p e r  y e a r .  

These e s t i m a t e s  have been made by t h e  F e d e r a l  Power Commission and by Sc i ence  

A p p l i c a t i o n s ,  I n c . ,  among o t h e r s ,  and depend on many a s s u m p t i o n s ~ b e c a u s e  of  

t h e  l i m i t e d  o p e r a t i n g  e x p e r i e n c e  of t h e s e  l a r g e  f a c i l i t i e s .  Such e s t i m a t e s  

depend on t h e  c h a r a c t e r i s t i c s  of  t h e  s i t e  and t h e  p o p u l a t i o n  d e n s i t y  around 

t h e  s i t e .  T h e i r  u n c e r t a i n t y ,  coupled  w i t h  t h e  known p r o p e r t i e s  of  LNG, h a s  

l e d  t o  concern  abou t  LNG s a f e t y .  

Acc iden t s  may b e  caused  by s h i p  c o l l i s i o n s  on w a t e r ,  t ank  f a i l u r e ,  per -  

haps  due t o  e a r t h q u a k e  o r  a i r c r a f t  impac t ,  worker  c a r e l e s s n e s s ,  s a b o t a g e ,  o r  

from o t h e r  i n i t i a t i n g  e v e n t s .  Fo r  proposed p l a n t s  a t  P t .  Concept ion ,  Oxnard, 

and  Los Angeles  Harbor ,  p r o c e s s i n g  t h e  e q u i v a l e n t  of  one b i l l i o n  c u b i c  f e e t  

of  n a t u r a l  gas  p e r  day ( 1  bc fd )  t h e  f a t a l i t y  e s t i m a t e s  o f  t h e  F.P.C., ex- 

c l u d i n g  s a b o t a g e ,  a r e  rough ly  0 .005 ,  0 . 1  and 0 .5  d e a t h s  p e r  y e a r ,  i n d i c a t i n g  

t h e  v a r i a b i l i t y  of r i s k  e s t i m a t e s  a s s o c i a t e d  w i t h  t h e s e  d i f f e r e n t  t e r m i n a l  

s i t e s .  Such r i s k  e s t i m a t e s  may b e  compared w i t h  t h o s e  of a l t e r n a t i v e  energy  

t e c h n o l o g i e s  w i t h  e q u i v a l e n t  energy  th roughpu t s ,  a l t h o u g h  t h e  u n c e r t a i n t i e s  

make t h i s  comparison d i f f i c u l t .  For example, t h e  energy  o u t p u t  of  1 bc fd  from 

an LNG v a p o r i z a t i o n  p l a n t  i s  e q u i v a l e n t  t o  abou t  n i n e t e e n  1000NW e l e c t r i c  

power s t a t i o n s  o p e r a t i n g  a t  65% c a p a c i t y  f a c t o r .  

Risk  E s t i m a t i o n  

Q u a n t i f i c a t i o n  of  r i s k  e s t i m a t e s  i n v o l v e s  f i r s t  t h e  i d e n t i f i c a t i o n  and 



t hen  t h e  e s t i m a t i o n  of  t h e  p r o b a b i l i t y  o f  a  sequence  o f  e v e n t s  which must 

be  c a l c u l a t e d  from e x i s t i n g  d a t a  o r  from models.  S ince  o u r  e x p e r i e n c e  w i t h  

a c t u a l  LNG sys t ems  i s  l i m i t e d ,  mos; of  t h e  e s t i m a t e s  depend on models .  The 

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

a  s p i l l  from t h e  t a n k e r ,  t h e  LNG t r a n s f e r  sys t em,  t h e  s t o r a g e  t a n k ,  o r  t h e  

v a p o r i z i n g  system.. Then model c a c l u l a t i o n s  a r e  made o f  t h e  sp read  and evap- 

d r a t i o n  of  t h e  l i q u i d ,  t h e  a tmosphe r i c  d r i f t  and d i s p e r s i o n  o f  t h e  vapor  c l o u d ,  

the i g n i ~ i o n  p r o b a b i l i t y ,  r a d i a t e d  h e a t  i n t e n s i t y ,  and t h e  p o t e n t i a l . f a t a l i -  

t i e s  and damage r e s u l t i n g  from t h i s  sequence  of  e v e n t s .  The f i n a l  r i s k  e s t i -  

mate t hus  comes ffo,rn a -  m u l t i p l i c a t i o n  o f  t h e  a c c i d e n t  p r o b a b i l i t i e s  a n d ' o f  . . 

t h e  a c c i d e n t  consequences .  These must b e  r e l i a b l y  a s s e s s e d  and s c r u t i n i z e d .  

However, t h e  e f f e c t s  of  s a b o t a g e  on r i s k  e s t i m a t e s ,  a , p o t e n t i a l l y  impor t an t  

f a c t o r ,  have  n o t  been q u a n t i f i e d  i n .  any  of t h e  e x i s t i n g  s t u d i e s .  I ndeed ,  i t  

w i l l  b e  d i f f i c u l t  t o  do s o .  S i n c e  a n  a c t  of  s a b o t a g e  can  b e  g e n e r a t e d  d e l i b -  

e r a t e l y  i n  t h e  most un favo rab le  m e t e o r o l o g i c a l  c o n d i t i o n s ,  i t  shou ld  b e  con- 

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

There a r e  d i s ag reemen t s  i n  t h e  a s sumpt ions  and r e s u l t s  of  p r e s e n t  LNG 

r i s k  assess inents .  S e v e r a l  a r e a s  need c l a r i f i c a t i o n  and f u r t h e r  r e s e a r c h :  

1. C a l c u l a t i o n s  o f  t h e  downwind d i s t a n c e  a  flammable vapor  c loud  may 

t r a v e l  i f  n o t  i g n i t e d .  E s t i m a t e s  by r e s p o n s i b l e  peop le  v a r y  from 

300,000 f e e t  t o  37,000 f e e t  under  s t a b l e  a tmosphe r i c  c o n d i t i o n s  f o r  

a  25,000m3 s p i l l  on w a t e r .  These d i f f e r e n c e s  l a r g e l y  r e s u l t  from 

v a r i a t i o n s  i n  t h e  assumed " sa fe"  me t h a n e / a i r  c o n c e n t r a t i o n s  w i t h i n  

t h e  vapor  c loud .  Pocke t s  o f  flammable m i x t u r e s  may p e r s i s t  i n  p a r t s  

of  t h e  c loud  where t h e  a v e r a g e  c o n c e n t r a t i o n  h a s  f a l l e n  below t h e  

l u w e r  flammable l i m i t  o f  5%. The c h o i c e  of  a s t a t i s t i c a l l y  s a f e  

c o n c e n t r a t i o n  depends on t h e  p r o b a b i l i t y  l e v e l  t a k e n  f o r  any remain- 

i n g  flammable pocke t s .  

2 . .  C a l c u l a t i o n s  o f  t h e  l i k e l i h o o d  of  an  LNG d e t o n a t i o n . .  It i s  g e n e r a l l y  



ag reed  t h a t  i n  s m a l l  q u a n t i t i e s  LNG vapor  i s  u n l i k e l y  t o  exp lode  

i n  t h e  open. It h a s  n o t  been demonst ra ted  t h a t  l a r g e  methane vapor  

c louds  can p r o p a g a t e  a  d e t o n a t i o n ,  even i f  i n i t i a t e d  by an e x p l o s i v e  

charge .  T e s t s  a t  China L a k e , . C a l i f o r n i a  have  been conducted i n  

20m d i a m e t e r  h e m i s p h e r i c a l  b a l l o o n s  . i n  s o  f a r  unsucc-essful  a t t e m p t s  

t o  d e t o n a t e  gas  and a i r  p.remixed a t . s t o i c h i o m e t r i c  c o n c e n t r a t i o n s .  

It is  thought  t h a t  t h e  f i n i t e  t h i c k n e s s  of  a  methane-air  c loud  may 

l i m i t  t h e  s c a l e  o f  any exp los ion .  I n  a d d i t i o n ,  a d e t o n a t i o n  wave 

may b e  quenched by t u r b u l e n t  inhomogenei t ies  i n  an unconf ined  c loud .  

~ u r t h e r  r e s e a r c h  i s  war ran t ed  and would' be  a p p l i c a b l e  t o  o r h e r  

hydrocarbon g a s e s  s u c h  a s  propane ,  b u t a n e ,  and g a s o l i n e .  

3 .  Rapid,  homogeneous n u c l e a t i o n  of a  f i l m  of LNG i n  c o n t a c t  w i t h  

water may l e a d  t o  LNG vaGor exp los ions . '  It s h o u l d  b e  de termined  

whether  under  some c o n d i t i o n s  o c c u r r i n g  d u r i n g  a  l a r g e  s p i l l  from 

an LNG t a n k e r ,  LNG-water vapor  e x p l o s i o n s  might  be l a r g e  enough t o  

e s c a l a t e  t he  s i z e  of c11r a c c i d e n t .  (These  c o n d i t i o n s  a r e  d i s c u s s e d  

i n  more d e t a i l  i n  t h e  t e x t . )  

4 .  Thermal r a d i a t i o n  e s t i m a t e s  from l a r g e  LNG f i r e s .  These e s t i m a t e s  

have been e x p e r i m e n t a l l y  t e s t e d  f o r  confine'd LNG poo l  f i r e s  l e s s  

t han  80 f e e t  i n  d i a m e t e r ,  and theo ry  and exper iment  a r e  i n  q u i t e  

good agreement  o v e r  t h e  r ange  o f  t h e  p r e s e n t  d a t a .  Apart  from t h e  

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

s u b j e c t i v e  d i sag reemen t  ove r  t h e  numer i ca l  v a l u e  of  t h e  r a d i a t e d  

h e a t  f l u x  t o  b e  c o n s i d e r e d  " sa fe"  a t  a  g iven  d i s t a n c e  from an  LNG 

pool  f i r e .  1500 ~ t u / h r - f t 2 ,  which w i l l  c ause  ex t reme p a i n  a f t e r  20 

seconds  t o  exposed s k i n  and b l i s t e r i n g  a f t e r  about  one minute ,  i s  

o f t e n  s e l e c t e d  a s  a " sa fe"  h e a t  i n t e n s i t y ,  s i n c e  anyone esposed  t o  

t h i s  h e a t  f l u x  o r  l e s s  i s  assumed t o  b e  a b l e  t o  r e t r e a t  s a f e l y .  



S t i l l  o t h e r s  a r g u e  t h a t  500 ~ t u / h r - f t Z  would b e  more r e a s o n a b l e ,  

s i n c e  i t  cis n e a r  t h e  t h r e s h o l d  a t  which no unbea rab l e  warmth w i l l  
, . 

be  f e l t  f o r  any l e n g t h  of exposu re  and would n o t  r e q u i r e  r e t r e a t .  

T h i s  i s  a s u b j e c t i v e  v a l u e  judgment which shou ld  be cons ide red  i n  

de t e rmin ing  s a f e  s e p a r a t i o n  d i s t a n c e s  f o r  LNG f a c i l i t i e s .  

5. I n  o r d e r  f o r  t h e  LNG vapor  c loud  t o  c a u s e  s e v e r e  damage i t  must b e  

i g n i t e d .  Usual ly  a  d e n s i t y  o f  p robab le  i g n i t i o n  s o u r c e s  i s  assumed 

.and a  f i x e d  l i k e l i h o o d  f o r  each  s o u r c e  of  i g n i t i n g  t h e  vapor  c loud  

a t  t h a t  d i s t a n c e  i s  used  t o  e s t i m a t e  t h e  r i s k .  The a c t u a l  d e n s i t y  

and e f f e c t i v e n e s s  of  p o t e n t i a l  l g n i t i o n  s o u r c e s  need t o  b e  more 

a c c u r a t e l y  a s s e s s e d .  

6 .  S i n c e  t h e  s c a l e  of  planned f a c i l i t i e s  i s  g r e a t e r  t han  e x i s t i n g  

p l a n t s ,  i t  i s  n o t  e v i d e n t  t h a t  f a i l u r e  r a t e s  of  equipment and 

o p e r a t i o n a l  r e l i a b i l i t y  w i l l  b e  a s  h i g h  a s  c l a imed ,  e s p e c i a l l y  

d u r i n g  t h e  f i r s t  y e a r s .  A t t e n t i o n  shou ld  b e  g i v e n  t o  u p d a t i n g  r i s k  

a s se s smen t s  and t o  u n d e r s t a n d i n g  how t h e  r i s k  w i l l  change o v e r  t h e  

l i f e  o f  t h e  f a c i l i t y .  

7.  S e m i - s o l i d i f i c a t i o n  of  LNG. I f  LNG cou ld  b e  made economica l ly  i n t o  

.- a  s emi - so l id  g e l  f o r  u s e  i n  LNG t a n k e r s , ' t h e  s p i l l  and v a p o r i z a t i o n  

r a t e s  i n  t h e  even t  o f  an  a c c i d e n t  might  be  s i g n i f i c a n t l y  reduced .  

Research i n t o  t h e  fundamental  p r o p e r t i e s  o f  a n  LNG g e l  which is  

a  s emi - so l id  c o n t a i n i n g  s m a l l  amounts o f  methyl  a l c o h o l  o r  w a t e r  a t  

- 2 6 0 ' ~  is b e i n g  c a r r i e d  o u t  a t  t h e  LNG r e s e a r c h  c e n t e r  a t  MIT. 

S t u d i e s  o f  t h e  e n g i n e e r i n g  and economic f e a s i b i l i t y  o f  u s i n g  such  

g e l s  i n  t r a n s p o r t a t i o n  o r  s t o r a g e  should 'now b e  i n v e s t i g a t e d .  

Because of  t h e  p o t e n t i a l l y  l a r g e  a c c i d e n t s  a s s o c i a t e d  w i t h  LNG f a c i l i t i e s  

. and t h e  un re so lved  s a f e t y  i s s u e s ,  s i t i n g  i n  less d e n s e l y  popu la t ed  a r e a s  

should  b e  cons ide red .  Urban s i t i n g  n e a r  d e n s e l y  popu la t ed  a r e a s  seems less 



d e s i r a b l e  when a l t e r n a t i v e  s i t e s  a r e  a v a i l a b l e .  S i n c e  l a r g e  LNG impor t  

f a c i l i t i e s  a r e  s e r v i n g  r e g i o n a l  energy  marke ts  i t  shou ld  be  p o s s i b l e  t o  

o b t a i n  s i t e s  o u t s i d e  of h i g h l y  u rban ized  a r e a s .  

P u b l i c  Concerns. and S i t i n g  D i s p u t e s  

. We have  d i s c u s s e d  publ ' ic concerns  w i t h  a  number o f  i n t e r v e n o r s  ,' r egu la -  

t o r y  o f f i c i a l s ,  and a t t e n d e d  p u b l i c  h e a r i n g s .  P u b l i c  concern  abou t  g e n e r a l  

s i t u a t i o n s  i n v o l v i n g  r i s k  a r i s e s  from t h r e e  s o u r c e s :  

1. known measured r i s k s  which have occured  i n  t h e  p a s t  and might  o c c u r  

i n  t h e  f u t u r e ;  

2. p o t e n t i a l  r i s k s  of  a  c a t a s t r o p h i c  n a t u r e ;  
. . 

3 .  r i sks .whi ' ch  c o n f l i c t  w i t h ' s t r o n g l y  h e l d  v a l u e s  such  a s  a e s t h e t i c ,  

e c o l o g i c a l ,  o r  l i f e - s t y l e  b e l i e f s .  

Any of  t h e s e  can  s e r v e  t o  a r o u s e  and s u s t a i n  p u b l i c  a t t e n t i o n .  Once t h i s  

concern  has  been s t i m u l a t e d ,  a  number o f  judgmenta l  f a c t o r s  w i l l  d e t e r m i n e  

the r e s p o n s s  and p u b l i c  a t t e n t i o n  may become focused  on d e L a i l s  which o t h e r -  

w i s e  might  seem t o  be  t r i v i a l  i n  comparison t o  o t h e r  i s s u e s .  

The p r o t r a c t e d  n a t u r e  of  d i s p u t e s  on s i t i n g  o f  energy  f a c i l i t i e s  i s  v e r y  

much r e l a t e d  t o  t h e  manner i n  which a p p r o v a l  f o r  t h e s e  f a c i l i t i e s  was sought . '  

P u b l i c  con f idence  i s  g r e a t l y  d imin i shed  by t h e  d i f f i c u l t y  i n  o b t a i n i n g  r e l i -  

a b l e  i n f o r m a t i o n  and by t h e  seeming r e l u c t a n c e  t o  l e t  t h e  p u b l i c  p a r t i c i p a t e  

i n  d e c i s i o n  making. Once they  have pe rce ived  a  p o s s i b l e  change i n  t h e  q u a l i t y  

of  t h e i r  l i v e s  due t o  p o t e n t i a l  LNG r i s k s ,  some of t h e  i n t e r v e n o r ' s  p r o t e s t s  

were  a g a i n s t  a  d e c i s i o n  p roces s  which d i d n ' t  appea r  f a i r  o r  seemed t o  v i o l a t e  

t h e i r  r i g h t  t o  de t e rmine  t h e i r  presumed " b e s t  i n t e r e s t s " .  When e x p e r t s  

c o u l d n ' t  g i v e  d e f i n i t i v e  answers  t h e r e  seemed no good r ea son  f o r  them t o  ap- 

prove  o f  proposed LNG p r o j e c t s  which a p p a r e n t l y  had s u b s t a n t i a l  r i s k s  t o  them 

w i t h o u t  co r r e spond ing  b e n e f i t s .  

We have examined i n  d e t a i l  t h e  LNG f a c i l i t i e s  s i t i n g  d i s p u t e s  i n  



Cumberland, Rhode I s l a n d  and i n  P rov idence ,  Hiode I s l a n d .  Ln Cumberland, Val- 

3  l e y  Gas Co. sought  pe rmis s ion  t o  b u i l d  a  300,000 b a r r e l  (47,700m ) LNG t a n k  

on i t s  s i t e  i n  J anua ry  1973. The Concerned C i t i z e n s  of .Cumber land  were  

wor r i ed  a b o u t . t h e  haza rd  t o  t h e  l o c a l  grammar s c h o o l  l o c a t e d  1022 f e e t  from 

the  proposed tank .  Some homes a r e  even c l o s e r .  Zoning board  h e a r i n g s  were 

h e l d  August 6  and 7, 1973 a f t e r  a  p u b l i c  r e l a t i o n s  campaign was conducted by 

Va l l ey  Gas. Wi tnesses  f o r  t h e  i n t e r v e n o r s  c i t e d  d i f f i c u l t y  i n  o b t a i n i n g  i n -  

I o m a c i o n  n o t  y e t  p u b l i s h e d  and q u e s t i o n e d  t h e  s a f e t y  judgments o f  t h e  con- 

s u l t a n t s  t o  Va l l ey  Gas Company;. who judged t h e  f a c i l . i t y  t o  b e  s a f e .  D e t a i l s  

o f  t h e  hea.ring2 demondt ra ted  t h e , n a t u r e  of  p u b l i c  concerns  about  LNG. The 

4-1 zoning boa rd  a p p r o v a l  was appea l ed  t o  t h e  P u b l i c  U t i l i t i e s .  Commission 

which h e l d  a  f u r t h e r  h e a r i n g  t o  judge  whether  t h e  f a c i l i t y  was needed,  whether  

i t  was a p p r o p r i a t e l y  l o c a t e d ,  and whether  i t  would be  s a f e .  A s  o f  November 

1976 no d e c i s i o n  h a s  been r ende red .  

I n  1973 Algonquin LNG I n c .  asked  f o r  pe rmis s ion  t o  b u i l d  two a d d i t i o n a l  

600,000 b a r r e l  (95,400m3) LNG t a n k s  a t  F i e l d ' s  P o i n t ,  an  i n d u s t r i a l  complex 

1 .5  m i l e s  from downtown Providence  sur rounded by Washington Pa rk ,  a  d e n s e l y  

popu la t ed  a r e a .  The n e a r e s t  home i s  1800 f e e t  from t h e  proposed t a n k s .  The 

, C i t y  Counci l  and t h e  f i r e  depar tment  became app rehens ive  abou t  LNG . r i s k s  and 

commissioned a  s t u d y  of  t h e  e n t i r e  LNG impor t - r ece iv ing - s to rage  t e r m i n a l  a t  

F i e l d ' s  P o i n t .  The F e d e r a l  Power Commission a l s o  performed an  env i ronmen ta l  
- 

impact  rev iew which d i d  n o t  c o n s i d e r  a l t e r n a t i v e  s i t e s  o r  make.any cost-bene-  

f i t  a n a l y s e s  of  t h e  p r o p o s a l .  The r i s k  e s t i m a t e s  were  o n l y  ranlced q u s l i t a -  

t i v e l y  and t h e  q u a n t i f i c a t i o n  of  t h e  r i s k  was minimal .  I n  1975 F.P.C. hear -  

i n g s  were  h e l d  a t  which i t  became e v i d e n t  t h a t  t h e  o r i g i n a l  a p p r o v a l  had been 

g i v e n  by ehe c i t y  b e f o r e  t h e  F.P.C. env i ronmen ta l  rev iew w i t h o u t  r e c o g n i z i n g  

t h e  p o t e n t i a l  r i s k s .  More s t r i n g e n t  e n g i n e e r i n g  f e a t u r e s  were recommended, 

and i n  A p r i l  1976 a  new B u i l d i n g  Board o f  Review vo ted  4-0 t o  l e t  t h e  p r o j e c t  



proceed .  The C i t y  Counc i l  t hen  vo ted  t o  b lock  t h e  pe rmi t .  The i s s u e  i s  

s t i l l  n o t  r e s o l v e d  and n e i t h e r  t h e  P u b l i c  U t i l i t i e s  Commission n o r  t h e  

F e d e r a l  Power Commission h a s  y e t  r u l e d ' o n  t h e  c a s e .  

These s i t i n g  d i spu t . e s  may b e  r e p e a t e d  e l s ewhere  a s  LNG o p e r a t i o n s  ex- 

pand. Although a l t e r n a t i v e  s i t e s  were cons ide red  by t h e  a p p l i c a n t s  i n  t h e  

e a r l y  s t a g e s  of  t h e s e  p r o j e c t s  t h e y  were no t  t hen  r e v e a l e d  t o  ' t he  p u b l i c .  I n  

t h e  Providence  c a s e  no a l t e r n a t i v e s  were r e v e a l e d  u n t i l  a f t e r  t h e  d r a f t  en- 
. . 

v i r o n m e n t a l  impact  s t a t e m e n t .  These were p r e s e n t e d  p u b l i c a l l y  o n l y  i n  w r i t t e n  

t e s t imony  a t  a  h e a r i n g  i n  \dashington,  D.C. The i n i t i a l  p r e s e n t a t i o n  of  i n f o r -  

mat ion  r e g a r d i n g  t h e s e  f a c i l i t i e s  was n o t  c a r r i e d  o u t .  i n  a  manner which en- 

hanced p u b l i b  c o n f i d e n c e  i n  e i t h e r  t h e  t e c h n i c a l  judgments o r  t h e  d e c i s i o n  

p r o c e s s .  

LNG Dec i s ion  Flaking 

Because o f  t h e  s i g n i f i c a n t  expans ion  a n t i c i p a t e d  f o r  LNG o p e r a t i o n s  on 

b o t h  t h e  e a s t  and wes t  c o a s t s ,  d e c i s i o n  makers need t o  u t i l i z e  more d e t a i l e d  

i n f o r m a t i o n  and make use  of b e t t e r  methods f o r  a s s e s s i n g  t h e  t r a d e - o f f s  among 

t h e  r i s k s ,  c o s t s ,  and b e n e f i t s  of  t h e  a l t e r n a t i v e  o p t i o n s .  U n c e r t a i n t i e s  i n  

o u r  p r e s e n t  knowledge of LNG a c c i d e n t  r i s k s ,  i n  t h e  f u t u r e  c o s t  and a v a i l -  

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

t h e  e f f e c t s  o f  gas  c u r t a i l m e n t s  on employment and p r o d u c t i v i t y ,  i n  t h e  en- 

v i ronmen ta l  impac t s  and c o s t s  of  LNG f a c i l i t i e s ,  i n  t h e  r i s k s  of  unava i l -  

a b i l i t y  o f  f o r e i g n  LNG s u p p l i e s ,  and i n  t h e  p u b l i c  a c c e p t a b i l i t y  of  LNG shou ld  

be  r e f l e c t e d  i n  for thcoming d e c i s i o n s .  S i n c e  t h e  t ime s c a l e  of  t h e s e  p r o j e c t s  

i s  twenty  t o  t h i r t y  y e a r s  and t h e  p r e s e n t  c o s t s  o f  LNG a r e  h i g h ,  t h e s e  uncer-  

t a i n t i e s  may b e  impor t an t  f o r  de t e rmin ing  t h e  s c a l e  of  o u r  commitment t o  LNG. 

Al so ,  i h e  h e a l t h  and low p o l l u t i o n  b e n e f i t s  of  n a t u r a l  ga s  i n  comparison t o  

a l t e r n a t i v e s  may w e l l  outweigh t h e  h igh  economic c o s t  o f  LNG. I n  view of  

t h e s e  u n c e r t a i n t i e s ,  some d e c i s i o n s  f o r  f u t u r e  expans ion  cou ld  p o s s i b l y  w a i t  



u n t i l  some o f  t11em a r e  r e s o l v e d .  

I n  t h i s  s e c t i o n  f a c t o r s . a f f e c t i n g  t h e  nee.d f o r  LNG a r e  d i s c u s s e d  and 

e v a l u a t i o n  c r i t e r i a  f o r  s i t i n g  LNG f a c i l i t i e s  a r e  p re sqn ted .  It i s  e v i d e n t  

from o u r  s t u d y  t h a t  s . t a t e  and l o c a l  a g e n c i e s  o f t e n  l a c k  t h e  t e c h n i c a l  exper-  

t i s e  and f i n a n c e s  t o  de t e rmine  a p p r o p r i a t e  c r i t e r i a . f o r  LNG . f a c i l i t i e s .  The 

; development of  f e d e r a l  s i t i n g  g u i d e l i n e s  and o f  a l t e r n a t i v e  r e g i o n a l  s i t e s  

f o r  impor t  t e r m i n a l s  would a s s i s t . t h i s  p r o c e s s .  

A s i m p l i f i e d  a n a l y t i c a l  methodology i s  s u g g e s t e d  f o r  r e s o l v i n g  LNG sit-  

, . i n g  d i s p u t e s  l i k e  t h a t  o f  Cumberland, Rhode I s l a n d .  The proposed methodology 

would use  m u l t i - a t t r i b u t e  p r e f e r e n c p  t h e o r y  t o  examine t h e  t r a d e - o f f s  between 

t h e  r e l i a b i l i t y  of  t h e  gas  s u p p l y ,  t h e ' s a f e t y  o f  t h e . f a c i l i t y ,  and t h e  over -  

a l l  c o s t .  s i m p l i f i e d ,  hypothetica1,preferences a r e  sugges. ted t o  i n d i c a t e  t h e  

p o s s i b l e  a p p l i c a b i l i t y  o f  t h e  methodology. Applying t h e s e  t e c h n i q u e s  might  5 

be  i n s t r u c t i v e  i n s o f a r  a s  i t  f o r c e s  t h e  concerned p a r t i e s  t o  f o c u s  on t h e i r  

most impor t an t  concerns  and i n c l u d e s  p u b l i c  p r e f e r e n c e s  i n  t h e  d e c i s i o n  pro- 

c e s s .  

F i n a l l y ,  we d i s c u s s  i n  t h i s  paper  t h e  n a t u r a l  g a s  supp ly  o p t i o n s  con- 

f r o n t i n g  C a l i f o r n i a  and n a t i o o a l  p l a n n e r s .  The s c a l e  of  C a l i E o r n i a ' s  commit- 

ment t o  LNG w i l l  c l e a r l y  depend on t h e  Alaska-Canada-Midwest gas  p i p e l i n e  

d e c i s i o n  t o  b e  made by t h e  P r e s i d e n t  b e f o r e  September 1 ,  1977, based  on a  
. . 

recommendation by t h e  F.P.C. S i g n i f i c a n t  v a r i a b l e s  i n c l u d e  t h e  f o r e c a s t  c o s t  

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

s a f e t y  and r e l i a b i l i t y  r e c o r d  of  e a s t  c o a s t  LNG impor t  t e r m i n a l s  now begin-  

n ing  t o  come on s t r eam.  A p o s s i b l e  d e c i s i o n  sequence  f o r  C a l i f o r n i a  LNG op- 

t i o n s  i s  sugges t ed .  Because o f  t h e  magnitude and i m p l i c a t i o n s  of  t h e s e  de- 

c i s ions . ,  i t  i s  recominended t h a t  a  d e t a i l e d  s t u d y  i n c o r p o r a t i n g  t h e  t e c h n i q u e s  

: of d e c i s i o n  a n a l y s i s  b e  c a r r i e d  o u t .  A t  t h e  v e r y  l e a s t  a  b e t t e r  framework 

f o r  q u a n t i t a t i v e l y  e v a l u a t i n g  and p r e s e n t i n g  t o  dec is ion-makers  t h e  c o s t s ,  



r i s k s ,  and b e n e f i t s  of  t h e  p o s s i b l e  o p t i d n s  i s  r e q u i r e d .  

The env i ronmen ta l  impac t s ,  c o s t s ,  r i s k s ,  and t h e  b e n e f i t s  o f  LNG must 

b e  cons ide red  t o g e t h e r .  N a t u r a l  g i s  i s  c l e a n  and r e l a t i v e l y  non-po l lu t i ng .  

Through improved decision-making,  LNG may prove  t o  b e  a n  a c c e p t a b l e  s o u r c e  

of  t h i s  premium fue l ' .  



/ ,  - 
- 
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I V .  B a c k ~ r o u n d  

The L o g i s t i c s  of  L i q u e f i e d  Natura1 ,Gas  

Because domest ic  s u p p l i e s  of  n a t u r a l  ga s  a r e  d iminsh jng ,  LNG, which is 

approx ima te ly  1/600 t h e  volume of  t h e  o r i g i n a l  g a s ,  p r o v i d e s  an  a t t r a c t i v e  

means f o r  t r a n s p o r t a t i o n  and s t o r a g e  o f  t h i s  f u e l .  There  a r e  two main func- .  

t i o n s  f o r  LNG: f i r s t ,  t o  supp ly  n a t u r a l  g a s  f o r  base- load  use  i n  p l a c e s  where 

t h e r e  would o t h e r w i s q b e  a  s h o r t a g e ;  second,  t o  meet peak demands and p r o v i d e  

s e c u r i t y  o f  supply .  Because i t  is  s t o r e d  a t  t empera tu re s  df -260O.~ ( - 1 6 2 O ~ ) ,  
. . 

i t  r e q u i r e s  c a r e f u l  h a n d l i n g  u s i n g  c ryogen ic  technology.  When s p i l l e d  i t  

vaporlizes'  r a p i d l y . ,  S i n c e  i t s  vapo'rs a r e ' f l a m m a b l e  and p o s s i b l y  . e x p l o s i v e ,  

and s i n c e  LNG ' f a c i l i t i e s  c o n t a i n  l a r g e  amounts of s t o r e d  ene rgy ,  t h e r e  a r e  

p o t e n t i a l  r i s k s  t o  s o c i e t y  i n  r e t u r n  f o r  t h e  . b e n e f i t s  of  t h i s  i n c r e a s e d  gas  

supp ly .  

S i n c e  1960 t h e  l i q u e f i e d  n a t u r a l  gas  i n d u s t r y  h a s  undergone r a p i d  growth.  . 

I LNG u s e  f o r  peak-shaving accounted  f o r  t h e  i n i t i a l  g rowth .o f  t h e  i n d u s t r y ,  

I b u t  a  number o f  base- load  f a c i l i t i e s  a r e  planned o r  under c a n s t r u c t ' i o n  on t h e  

I west  and e a s t  c o a s t s .  There a r e  now abou t  57 peak-shaving p l a n t s  (49 i n  

o p e r a t i o n ) ,  and 49 s a t e l l i t e  s t o r a g e  f a c i l i t i e s  i n  t h e  U.S. w i t h  . s t o r a g e  

c a p a c i t i e s  of g r e a t e r  t han  1 .9  m i l l i o n  c u b i c  me te r s  of  LNG. Three base- load  

p l a n t s  a r e  p lanned  f o r  Alaska (one i s  o p e r a t i o n a l  now), and 13  impor t - r ece iv -  

I i n g  t e r m i n a l s  a r e  proposed ,  w i t h  t w o . o p e r a t i o n a 1 ,  one mo thba l l ed ,  t h r e e  under  

c o n s t r u c t i o n ,  and seven  i n  t h e  p l ann ing  and a p p r o v a l  s t a g e s  [ I ] .  

L i q u e f i e d  n a t u r a l  ga s  has  become a  s i g n i f i c a n t  i t e m  o f  i n t e r n a t i o n a l  

commerce. It i s  t r a n s p o r t e d  ' i n  s p e c i a l l y  c o n s t r u c t e d  t a n k e r s  r a n g i n g  i n  

c a r g o  c a p a c i t y  up t o  160,090m3 o f  T.NG. Lnrga terminals I u r  b a s e - h a d  s t o r a g e  

o f  impor ted  LNG have been b u i l t  on t h e  E a s t  Coas t  and s i m i l a r  f a c i l i t i e s  a r e  

planned f o r  t h e  West and Gulf Coas t s  (See  Table  1).  Major s h i p p i n g  r o u t e s  

e x i s t . b e t w e e n  A l g e r i a  and t h e  U.S. E a s t  Coas t ,  Alaska  and Japan ,  Borneo and 



Tab le  1 

LNG IMPORT/RECEIVING TERMINALS I N  THE u . s . t* 

Lique fac t ion -  
Company S t o r a g e  Capaci ty  Vapor i za t ion  Year o f  

and P l a n t  S i t e  !Pic f CSbl - .- Capac i ty  (MMcf/day) Opera t ion  

DISTRIGAS CORP, ,3250 974 
E v e r e t t , .  MA (1 s 3 7 4  * 1 x G O O )  

PUBLIC SERVICE ELEC & 6000 lS00 
GAS OF NEW JERSEY (2  x 900) 
S t a t e n  Is. , NY 

COLUPBIA LNG CORP & 

CONSOLIDATED SYSTEM 
LNG CO, Cove P t .  , MD 

1976-Base 
Load P l a n t  

ALGONQUIN LNG INC. 
(EASCOGAS LNG, INC . ) 
Prov idence ,  RI 

1973-1st  
t ank  2 a d d ' l  
pending 

N A T U F ~ L  GAS PIPELINE 
C.0. OF AMEUCA 
(Peop le s  Gas ) 
I n g l e s i d e ,  TX 

TRUNKLINE LNG CO. 
Lake C h a r l e s ,  LA 

NORTHWEST NATURAL 
GAS CO., Newport, OR 

1976-under 
c o n s t r u c t i o n  

WESTERN LNG CO. 
Terminal  Is . ,  Los 
Angeles Harbor,  CA 

48 mos. a f t e r  
app rova l .  

SOUTHERN ENE7GY CO. 
Elba  I s l a n d ,  GA 

1976-under 
c o n s t r u c t i o n  

TRANSCO TEF34INAL ,CO . 
Racoon Is. ,  N J  

WESTERN LNG CO. 3850 1100 
Oxnard, CA (2 x.550) 

520 
- 

48 mos. a f t e r  
(2300) approva l  

WESTERN LNG CO. 7700 2 200 
P t .  Concept ion ,  CA ( 4  x 550) 

48 mos. a f t e r  
app rova l  

PHILLIPS-MARATHON* 2300 675 
Kenai ,  AK ( 3  x 225) 

EL PAS0 ALASKA 6000 2200 
P t .  Gravina,  AK ( 4  x 550) 

PACIFIC ALASKA LNG* 3000 1100 
CO., cook ~ n i e t ,  AK (2  x 550) 

* i n c l u d e s  t h r e e  l i q u e f a c t i o n  p l a n t s  and s t o r a g e  f o r  e x p o r t  i n  Alaska.  

? p i p e l i n e  and Gas Jou rna l ,  Annual LNG I s s u e ,  June 1976 , p .  2 1. 



FIGURE 1. 

LNG O p e r a t i o n s  

FROM: D.L. Katz ,  and  H.H. W e s t ,  "The O v e r a l l  Problem--F.isk/Benef i t  f o r  LNG S h i p p i n g  a n d  S to rage . . "  P r e s e n t e d  a t  
t h e  E n g i n e e r i n g  F o u n d a t i o n  C o n f e r e n c e  on ~ i s k 1 B e n e f i . t  Methodology and  A p p l i c a t i o n ,  S e p t .  21-26, 1 9 7 5  , [ 1 9 ] .  
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J apan ,  A l g e r i a  and England and France ,  Libya and Spain  and I t a l y .  Proposed 

t r a d e  r o u t e s  a r e  from t h e  P e r s i a n  Gulf t o  I n d i a  and J a p a n ,  N i g e r i a  t o  t h e  

U.S., Europe and B r a z i l ,  Alaska t b  t h e  U.S. West C o a s t , : t h e  Car ibbean  v i a  

Venezuela t o  ' t h e  U.  S . ,  Ecuador and C h i l e  t o  t h e  U. S. West Coas t ,  and New 

Guinea t o  t h e  U.S. West Coas t  and Japan .  By 1980 LNG t r a d e  i n t e r n a t i o n a l l y  

i s  expec t ed ,  t o  account  f o r  6% oE t h e  w o r l d ' s  n a t u r a l  ga s  consumption and by 

1990 t h e  U.S., J apan ,  and Europe w i l l  be  impor t ing  abou t  20 b i l l i o n  c u b i c  

f e e t  p e r  d a y  (20 b c f d = 0 . 5 7 ~ 1 0 ~ m ~ / d a ~ )  of  n a t u r a l  g a s  i n  t h e  form of LNG. BY 

6  3' 1980 .3.2 bc fd  o r  9 0 . 6 ~ 1 0  m /day m a y  b e  impor ted  frorri A l g e r i a -  i n t o  e a s t  c o a s t  

p o r t s .  T h i s  would e n t a i l  abou t  one l a r g e  t a n k e r  a r r i v a l  each  day.  ' P r o p o s a l s  
. . 

t o  t r a n s p o r t  3 .7  b c f d  i n t o  Southern  C a l i f o r n i a  (0.55 bcfd  from ' Indones i a  and 

3.2 b c f d  from Alaska)  a r e  p r e s e n t l y  under  c o n s i d e r a t i o n .  The Energy Resources 

Counc i l  h a s  s u g g e s t e d  an upper  l i m i t  o f  2 t r i l l i o n  c u b i c  f e e t  p e r  y e a r  f o r  

U.S. impor t s  o f  LNG, abou t  10% o f  t h e  t o t a l  expec t ed  gas  demand by 1985. How- 

e v e r ,  t h e  LNG i n d u s t r y  would l i k e  t o  supp ly  more t han  t h i s  amount and p r o j e c t s  

t o  impor t  ove r  3  t r i l l i o n  c u b i c  f e e t  p e r  y e a r  a r e  pending o r  i n  t h e  p l ann ing  

s t a g e  [ 6 1 ] .  

B r ing ing  LNG t o  market  i s  h i g h l y  c a p i t a l  i n t e n s i v e  and i n v o 1 v e s . a  num- 

b e r  of o p e r a t i o n s  ( F i g u r e  1 ) :  

1 .  E x p l o r a t i o n ,  e x p l o i t a t i o n ,  and  c o l l e c t i o n  of  t h e  n a t u r a l  g a s ;  

2. P u r i f i c a t i o n ,  l i q u e f a c t i o n ,  s t o r a g e ,  l o a d i n g ,  and s h i p p i n g ;  

3. Ocean t r a n s p o r t  i n  LNG t a n k e r s ;  

4 .  Rece iv ing  a t  t e r m i n a l s  n e a r  deep w a t e r  p o r t s ,  s t o r a g e  o r  t r a n s p o r t  

by b a r g e  o r  t r u c k  t o  o t h e r  s t o r a g e  f a c i l i t i e s ,  r e v a p o r i z a t i o n  and 

t r a n s m i s s i o n  v i a  t h e  gas p i p e l i n e  sys tem.  

Ope ra t ions  i n  t h e  f i r s t  two c a t e g o r i e s  l i s t e d  above u s u a l l y  t a k e  p l a c e  o v e r s e a s  

. (w i th  t h e  n o t a b l e  e x c e p t i o n  of  Alaska)  and a r e ,  t h e r e f o r e ,  l e s s  s u b j e c t  t o  

p u b l i c  concern  i n  t h i s  coun t ry .  The a v e r a g e  p r i c e  of a n  LNG t a n k e r  o f  



Table  2. System & s c r i p t i o n  and Economic C o s t s  and B e n e f i t s  o f  t h e  LNG 
Receiv ing  and Vapor i za t ion  P l a n t  a t  Oxnard, CA. (Ref.  21)  

I. System ~ e s c r i ~ t i o n  

A .  N a t u r a l  G a s  Output  

1. Base load  - -55 b i i l i o n  c u b i c  f e e t  p e r  'day  ( 4  b c f d  u l t i m a t e )  
5 Seawater  Vapor i za t ion  Un i t s  ( 3 6  u l t i m a t e )  

2 .  Peaking  - .45 b i l l i o n  c u b i c  f e e t  p e r  day (1 b c f d  u l t i m a t e )  
4 Peaking Vapor i ze r s  (10 u l t i m a t e )  

I - 3. T o t a l  peak  o u t p u t  - 1.00 b i l l i o n  c u b i c  f e e t  p e r  day ( 5  b c f d  u l t i m a t e )  

B. S to rage  Tank Capac i ty .  - 2 @ 550,000 b a r r e l s  o f  LNG = 3.85 b i l l i o n  
c u b i c  f e e t  o f  N a t u r a l  Gas. 

C. Gas Transmiss ion  P . ipe l ine  

.1. Length - 12.2 m i l e s  (53 .3  u l t i m a t e )  

2. Diameter  - 42 i n c h e s  

D.  LNG Tankers 

1. 'Sh ip  c a p a c i t y  - 130,000 c u b i c  me te r s  o f  1 ique . f i ed  n a t u r a l  g a s  
2.84 b i l l i o n  c u b i c  f e e t  o f  n a t u r a l  gas .  

I 2 .  F l e e t  s i z e  - 9 ( 2 1  u l t i m a t e )  I 
I 3. Annual t a n k e r  a r r i v a l s  - 75 (443 u l t i m a t e )  I 
I E . Land Requirements I 
I 1. Receiv ing  t e r m i n a l  and p l a n t  - 38 a c r e s  (55 u l t i m a t e )  I 
I 2. P i p e l i n e  - 37 a c r e s  (485 u l t i m a t e )  

I 11. Cos t s  I 
A .  I n i t i a l  C a p i t a l  Out lay  f o r  C o n s t r u c t i o n  

I 1. P l a n t  - $200 m i l l i o n  I 
I 2 .  P i p e l i n e  - $14 m i l l i p n  I 
I 3. Tankers - 9 @ $167 m i l l i o n  $1.5 b i l l i o n  I 
I B .  Opera t ion  I 
I 1. Opera t ing  s t a f f  s a l a r y  ( annua l )  - $545,000 

I 2. Taxes ( annua l )  - $7 m i l l i o n  -. I 
111. B e n e f i t s  I 

A .  Employment I 
1. C o n s t r u c t i o n  I 

a. Labor Force - 1260 I 
b .  P a y r o l l  - $50 m i l l i o n  I 
a .  Labor Force  - 29 f o r  p r e s e n t  proposed o p e r a t i o n  (90 u l t i m a t e )  I 
b .  P a y r o l l  - $545,000 

B.  I n c r e a s e  i n  Local  Tax Revenues - $7 m i l l i o n / y e a r  I 
C. Disposable  income o v e r  20 y e a r  l i f e s p a n  o f  f a c i l i t y  > $8.3 m i l l i o n  

($27 m i l l i o n  i f  u l t i m a t e  c a p a c i t y  o f  4 b c f d  i s  reached)  



3  125,000m c a p a c i t y  i s  ove r  $100 m i l l i o n ,  and by 1985 t h e  cumula t ive  i n v e s t -  

ment i n  LNG h a s  been f o r e c a s t  a s  abou t  $18 b i l l i o n  [ 2 ] .  Tab le  2  g i v e s  ty-  

p i c a l  economic c o s t s  and b e n e f i t s  f o r  t h e  proposed impor t  f a c i l i t y  a t  Oxnard, 

C a l i f o r n i a .  

LNG Accidents  

Because LNG i s  v o l a t i l e ,  v e r y  c o l d ,  and i t s  vapor s  a r e  flammable and po- 

t e n t i a l l y  e x p l o s i v e ,  i t  p r e s e n t s  r i s k s  t o  t h o s e  who must hand le  if and t o  t h e  . 

g e n e r a l  p u b l i c  as w e l l . '  These r i s k s  have  ga ined  a t t e n t i o n  l a r g e l y  

through f o u r  p r i n c i p a l  a c c i d e n t s .  The l a r g e s t  LNG a c c i d e n t  occu r r ed  on-  

October  20, 1944 i n  C leve l and ,  Ohio, when one of  f o u r ' s ~ o r a g e  t a n k s  f a i l e d  

and r a p i d l y  r e l e a s e d  425'0 c u b i c  me te r s  of LNG. Because t h e r e  w a s  no d i k e  o r .  

berm su r round ing  t h e  t a n k  t o  c o n t a i n  t h e  sp i l l ed 'LNG ( a s  is  now r e q u i r e d )  i t  

flowed i n t o  t h e  s t r e e t s  and sewer s .  The LNG was i g n i t e d  and where con f ined  

i n  p i p e s  o r  b u i l d i n g s ,  i t  exploded .  Flames burned h a l f  a  m i l e  h igh .  Al to-  

g e t h e r ,  128 peop le  d i e d ,  300 were i n j u r e d ,  80 houses  and 10 i n d u s t r i a l  p l a n t s  

were  s e r i o u s l y  damaged. Because of t h e  d e s t r u c t i o n  t h e  e x a c t  c a u s e  of  t h e  

a c c i d e n t  was neve r  d i s c o v e r e d ,  b u t  i t  i s  g e n e r a l l y  ag reed  t h a t .  i n a d e q u a t e  d i -  

k i n g ,  poor t a n k  l o c a t i o n ,  and t h e  wrong c h o i c e  of  m e t a l  f o r  t h e  t ank  were ma- 

j o r  c o n t r i b u t o r s .  The most p robab le  d i r e c t  cause  was t h e  u se  of  a  3% n i c k e l  

s t e e l  a l l o y  f o r  t h e  t a n k  c o n s t r u c t i o n .  The m e t a l  became b r i t t l e  a t  low tem- 

p e r a t u r e s  and c o l l a p s e d  [ 3 , 4 ] .  Today a  9% n i c k e l  s t e e l  a l l o y ,  which was de- 

ve loped  f o r  f u s i o n  weld ing ,  i s  used i n  o r d e r  t o  p r o v i d e  t h e  n e c e s s a r y  f r a c t u r e  

toughness '  dotm t o  l i q u i d  n i t r o g e n  t empera tu re s  ( -320 '~ ) .  The LNG i n d u s t r y  

b e l i e v e s  t h a t  a d i s a s t e r  of  t h e  magnitude of  t h e  Cleve land  a c c i d e n t  could  n o t  

b e  r e p e a t e d  today because  of  improvements i n  technology and des ign .  There i s  

no q u e s t i o n  t h a t  t o d a y ' s  f a c i l i t i e s  a r e  s a f e r .  But how s a f e ?  

Three more r e c e n t  a c c i d e n t s  i n v o l v i n g  LNG f a c i l i t i e s  were:  (1)  The ex- 

p l o s i o n  and f i r e  i n  Texas E a s t e r n ' s  LNG s t o r a g e  t ank  on S t a t e n  ~ s i a n d  i n  



February  1973;  t h e  a c c i d e n t  occul l -eddur ing  r e p a i r  of t h e  a lumin ized  my la r  l i n i n g  

which had deve loped  l e a k s  d u r i n g  two y e a r s  of  s e r v i c e .  The t ank  had been 

emptied of  LNG f o r  one y e a r ,  and t h e  t ank  l i n i n g .  was under  i n t2 rna - l  r e p a i r .  

The supposedly  non-flammable i n s u l a t i o n . m a t e r d a 1  caught  f i r e ,  h o t  combust ion 

g a s s c s  o v e r p r e s s u r i z e d  t h e  t ank  and l i f t e d  t h e  r o o f ,  and f o r t y  workers  who 

. . 
were t r apped  i n  t h e  t a n k  p e r i s h e d  [5]. ( 2 )  The t a n k  e x p l o s i o n  a t  t h e  North- 

. w e s t  N a t u r a l  Gas F a c i l i t i e s  i n  Oregon, d u r i n g  c o n s t r u c t i o n  o f  t h e  t a n k ,  be- 

f o r e  LNG was i n t r o d u c e d ,  which caused  f o u r  deaths ' .  Th i s  i n c i d e n t  was .p robab ly  

due t o  c a r e l e s s  work p r a c t i c e  and was n o t  d i r e c t l y  r e l a t e d  t o  LNG [6]. ( 3 )  

I n  1972 a c o n f l a g r a t i o n  took  p l a c e  i n  t h e  c o n t r o l  room of  an  LNG p l a n t  i n  

Mon t r ea l ,  Canada. The f i r e  was i n i t i a t e d  by t h e  e n t r y  o f  . l e a k i n g  n a t u r a l  g a s  

through an a i r  l i n e .  S i n c e  t h e  c o n t r o l  room i s  an impor t an t  p a r t  o f  t h e  p l a n t  

s a f e t y  sys tem,  t h e  f i r e  was p o t e n t i a l l y  more s e r i o u s  t han  i f  i t  had occurred  

i n  a n o t h e r  b u i l d i n g  [ 7 ] .  

These a c c i d e n t s  a r e  a  reminder  of t h e  r i s k s  of  a c c i d e n t s  a s s o c i a t e d  w i t h  

LNG. The LNG i n d u s t r y  f e e l s  " t h a t  t h e  S t a t e n  I s l a n d  and Northwest  i n c i d e n t s  

shou ld  b e  d i scoun ted  because  LNG was n o t  d i r e c t l y  involved"  [ 8 ] .  Although 

t h e  Northwest  a c c i d e n t  was due  t o  c a r e l e s s n e s s  i n  c o n s t r u c t i o n ,  t h e  s e l e c t i o n  

o f  a  flammable t a n k  l i n i n g  f o r  t h e  S t a t e n  I s l a n d  t a n k  r a i s e d  d o u b t s  abou t  t h e  

s a f e t y  s t a n d a r d s  of t h e  i n d u s t r y .  

The a c c i d e n t s  mentioned above ,  i n  a d d i t i o n  Lo minor i n c i d e n t s ,  which a r e  

n o t  a lways  r e p o r t e d ,  c l e a r l y  i n d i c a t e  t h a t  s a f e t y  shou ld  be  a  foremost  con- 

s i d e r a t i o n  f o r  LNG f a c i l i t i e s .  Indeed ,  t h e  LNG i n d u s t r y  has  l o n g  r ecogn ized  

t h e  need f o r  c o n s c i e n t i o u s  implementa t ion  o f  t h e  l a t e s t  s a f e t y  measu re s ,  and 

i n  comparison t o  some o t h e r  i n d u s t r i e s  i t s  s a f e t y  r e c o r d  is  good. 

Exper ience  i n  h a n d l i n g  o t h e r  c r y o g e n i c  l i q u i d s  h a s  l e d  t o  i n c r e a s e d  LNG 

. s a f e t y ,  and c o n s i d e r a b l e  r , e sea rch  h a s  been  unde r t aken  t o  de t e rmine  t h e  proper -  

t i e s  of  LNG. However, when i t  comes t o  b u i l d i n g  o r  o p e r a t i n g  any s p e c i f i c ,  



LNG f a c i l i t y ,  economics,  p o l i t i c s ,  c u r r e n t  p r a c t i c e s  and r e g u l a t i o n s ,  e x i s -  

t i n g  p l a f i t s ,  worker  competence,  s i t i n g  p o l i c i e s , .  and numerous o t h e r  f a c t o r s  

a l l  i n f l u e n c e  t h e  a c t u a l  r i s k s  and b e n e f i t s .  I n  t h e  f o l l o w i n g  s e c t i o n s  of  

t h i s  r epo r t ,  we s h a l l  examine some of  t h e . - i s s u e s  su r round ing  t h e  impacts  of 

LNG f a c i l i t i e s .  

Environmental  lmpac'ts o f  LNG Ope ra t ions  

' LNG f a c i l i t i e s  and t h e i r  a s s o c i a t e d  p i p e l i n e s . c a n  have s u b s t a n t i a l  en- 

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

. l a n d  u s e : d u t i n g  t h e  f a c i l i t y  l i f e t i m e .  Thcse have been enumerated,  u s u a l l y  

q u a l i t a t i v e l y ,  i n  t h e  mass ive  volumes which compose envi ronmenta l  impact  

s t a t e m e n t s .  ~ n f b r t u n a t e l ~  t h e r e  e x i s t s  i n  most of  t h e s e  r e p o r t s  no s u c c i n c t  

summary o f  t h e s e  e f f e c t s  o r  even, o f  t h e  proposed ' ~ a r a m e t e r s .  The'se r e p o r t s  

a r e  t y p i c a l l y  v e r y  b a d l y  o r g a n i z e d ,  s o  t h a t  any u s e f u l  d a t a  i s  b u r s e d .  Tab le  

3 i s  o u r  a t t e m p t  t o  l i s t  t h e  major  env i ronmen ta l  impacts  of t h e  proposed 

A l a s k a - C a l i f o r n i a  LNG t r a n s p o r t  sys tem and an  impor t  t e r m i n a l  a s  g iven  i n  

Re fe rences  2 1 ,  57,  and 58.  Ml~ere p o s s i b l e  we have t r i e d  t o  s c a l e  t h e  impac t s  

t o  a  th roughput  of 1 bc fd  of  n a t u r a l  ga s .  Many of t h e s e  e f f e c t s  can  b e  con- 

s i d e r e d  r e p r e s e n t a t i v e  of  o t h e r  LNG f a c i l i t i e s ,  a l t h o u g h  t h e  impac t s  a r e  ob- 

v i o u s l y  s i t e  s p e c i f i c .  D e s p i t e  t h e  mass ive  volume of  t h e  s e v e r a l  envi ron-  

men ta l  impact s t a t e m e n t s ,  t h i s  summary i n d i c a t e s  t h a t  n o t  a l l  p e r t i n e n t  i n -  

fo rma t ion  i s  g i v e n .  



Table 3.  Major Environmental Impacts of LNG ~ a c i l i  t i e s  Proposed f o r  
Alaska and' CaliEornia ( R e f .  21 ,  5 7 ,  58) 

I. Effec ts  on Water Bodies 

A. Construction 

1. Dredging f o r  Port ,or  Docks 

a .  Reduces concentration of dissolved oxygen i n  the water. 

b.  Increases amount of suspended contaminants (espec ia l ly  
hydrocarbons and heavy metals) which have been released 
from the sediment. 

c. Temporarily reduces photosynthetic.  a c t i v i t y .  

2.. S a l i n i t y  - may be a l t e r e d  s l i g h t l y  .during construct ion.  
. .  . 

3. Ef fec ts  'on Marine Biota 

a .  -Temporary el iminat ion of p l an t s  and animals from dredged area .  
. . 

b.  Habitat  changed. . 
. . 

c. Zooplankton and o ther  organisms k i l l e d .  

Operation 

1. Heating and Cooling of Discharge Water 

a .  AT - Temperature change 
1. l iquefac t ion  +21°F 
2. revaporization - S°F t o  -g°F 

b .  E f fec t s  on Marine Biota - l e t h a l  o r  suble tha l  e f f e c t s  on 
plankton, larvae and juvenile forms of f i s h  and s h e l l  f i s h .  

2. Waste Discharge i n t o  Water 

a .  Acrolein (used within cooling system t o  prevent foul ing by 
marine animals, detoxif ied)  - .57 t o  1.57 ppm/bcf NG processed. 

b .  BOD5 - 0.001 tons/bcf NG processed. 
- 2 

c. Phosphate (PO4 ) - 0.004 tons/bcfNG processed. 

d. Chloride ((21-1 - 0.030 tons/bcf NG processed. 

e .  O i l  - 0.003 tons/bcf NG processed. 

f .  Suspended s o l i d s  - 0.013 tons/bcf  NG processed. 

g. Total  dissolved so l id s  - 0.130 tons/bcf NG processed. 

3. Consumptive Use of Water 

a .  Liquefaction - 306 mil l ion gallons/bcf NG 

b. Revaporization - 450 mi l l ion  gal lons/bcf  NG, 170,000 gal/min. 

c. Sani tary and domestic uses - 3190 ga1,'day. 

d. Dust control  during construct ion - 20,000 gal/day. 
6 

e .  Hydrostatic t e s t  water - 11.5 x 10 gal/tank. 



11. Effects  on Ground Water 

A . .  Construction ~ r a f f i c  - deeper thawing of Alaskan permafrost with . , 

s ign i f i can t  impact 'sn ground water drainage . 

B. Frostbulb formation around.pipel ine - blocks subsurface drainage (AK) 

C. S i t e  dewatering f o r  plant  may dry up adjacent s a l t  water marsh (CA) 
. . 

. . 
111. ~ f f e c t s  on A i r  Qua l i t y  ( p a r t i a l  l i s t  only from indicated reference.) 

A .  Emissions from pipe l ine  compressor s t a t i o n s  

t b n s b c f  NG 

tonsfbcf NG 

3 .  CO - . 4 2  t o n s b c f  NG 

4.  Excess ' h e a t  - 1.05 x 1011 Btu/bcf NG 

B . Vaporization ~ a c i l i t y  Emissions 

1. NO (worst concentration 0.04 ppm, annual average l e s s  than 0;001 ppm) 
2 

C. Emissions from s h i p ' s  ' bo i l e r s  
3 1. SO annual average f o r  continuously moored tanker  ' -8)lg/m . 

2 
D. Spec i f ic  Ramifications - e.g.  even small amounts of SO reduce 

lichen growth on t r e e s  thereby having a  detrimental e fgec t  on 
indigenous caribou and o ther  l ichen ea t ing  animals. 

I V .  E l e c t r i c  Power Consumption 
6 

A .  Average 1 2  t o  25,000 ki lowattsf icfd.  About 100 x 10 kwh/(yr - bcfd)  . 
V .  Ef fec ts  on Land 

A .  Topological Alterat ions 

1. Alaska - permafrost degradation and removal of granular borrow f o r  
p ipe l ine  base may r e s u l t  i n  e ros ion , so i l  sudsidence, change i n  
drainage pa t t e rns ,  slope f a i l u r e s .  

2 .  Cal i forn ia  - s i t e  grading may have s i g n i f i c a n t  topological  e f f e c t s .  

. B .  Roadways and Increased Tra f f i c  

1. Alaska - degrades permafrost. 

2.  Cal i fornia  - impaction of f r a g i l e  deser t  vegetation. Also, increase 
i n  use of 4  wheel drive recrea t iona l  vehicles  from improved access roads. , 

C .  Disruption of Local P lan t  Li fe  

1. Alaska 
. . 

a .  Forest  and woodland vegetation would not be allowed t o  grow 
over p ipe l ine .  

b.  Increased danger of f o r e s t  f i r e s .  

2 .  Ca l i forn ia  

a.  Impaction of grasslands,  cu l t iva ted  lands ,  orchards.  

b .  Elimination of vegetat ion from p lan t  s i t e  and pipel ine route.  

c. Saltmarsh drainage and destruct ion.  



I D. ~ i s r u ~ t i o n  of Local Animal Life  

1. Disruption of l i f e  cycles f o r  a l l  animal species  within p l a n t  
and p ipe l ine  a rea .  

2. Added r i s k  t o  endangered species  ( e  .g., San Joaquin k i t  .fox and 
Cal i forn ia  l e a s t  t e r n  i n  C A I .  ' 

. 1' 

3. Increased access of hunters t o  caribou, deer ,  e t c .  

E .  .Disruption of Archeological and Hi s to r i ca l  S i t e s  - Without 
comprehensive f i e l d  surveys t h i s  cannot be known with ce r t a in ty  
bu t  a reas  under consideration po ten t i a l l y  contain Indian a r t i f a c t s  

' and- so present  the p o s s i b i l i t y  of vandalism and a r t i f a c t  removal. 

E: Erosion - Improper re lease  of hydros ta t ic  t e s t i n g  water could 
r e s u l t  i n  severe erosion which could lead. t o  ground s h i f t i n g  and 

0 

. . pipe l ine  rupture.  

G.  Noise Effec ts  

I 1. Noise from compressor s t a t i o n s  audible within 6000-7000 ft. rad ius .  

2. Added noise l eve l s  may fu r the r  d i s rup t  l i f e  q t 1 e . s  of animals 
espec ia l ly  i n  the h i t h e r t o  .undisturbed Chugach National  ores st. 

I V I .  Gas Throughput Efficiency of LNG .Operations 

Gas Throughput 
Efficiency (%I.  

LNG Liquefaction 

Volume of LNG del ivered from shore f a c i l i t i e s  
t o  tanker ( %  of vesse l  capaci ty)  

Gas l o s s  during loading operations 

Volume of LNG loaded 

.LNG boil-off during voyage ( a t  0.2-0.3% of 
, ves se l  capaci ty per  day) 

LNG hee l  re ta ined  f o r  re turn  voyage 

LNG tank s torage ( l e s s  than 0.1% per day lo s s )  

LNG re-vaporization (gas-f i red)  

Overall Gas Throughput Efficiency t o  Pipel ine 



-28- 

V .  S a f e t y  I s s u e  Summary 

P r o p e r t i e s  of LNG 

L i q u e f i e d  n a t u r a l  g a s  c d n s i s t s  p r i m a r i l y  of  methane (95%) ,  wi th '  s m a l l e r  

amounts of  e t h a n e  ( 3 % ) ,  propane ( I % ) ,  n i t r o g e n  ( 0 . 5 % ) ,  and h e a v i e r  hydro- 

ca rbons  (0 .2%)  . The e x a c t  composi t ion  depends on t h a t  o f  t h e  o r i g i n a l  n a t u r a l  . 

g a s .  Although most con taminan t s  a r e  removed p r i o r  t o  l i q u e f a c t i o n ,  t r a c e s  of 

s u l p h u r  compounds, ca rbon  d i o x i d e  and w a t e r  may remain when t h e  gas is  l i q u e -  

. f i e d  t o  1/610 of i t s  o r i g i n a l  volume a t  -259'~.  A t y p i c a l  peak-shaving LNG 

(Tab le  4)  h a s . a  molecular .  weight  of  .16.8 omu, a d e n s i t y  o f  27.2 l b / f t 3 ,  a  

h e a t i n g  v a l u e  o f  1020 Btu/SCF a n d . a  s p e c i f i c  g r a v i t y  of .0;4. It i s ' i ~ l s u l u b l e  

i n  w a t e r .  LNG d i f f e r s  from l i q u e f i e d  pe t ro l eum g a s  (LPG) p r i m a r i l y  i n  t h e  

c o n s t i t u e n t s  of  t h e  m i x t u r e .  LPG c o n s i s t s  mos t ly  o f  h e a v i e r  hydrocarbons  

( u s u a l l y  propane and bu tane )  and has  s i m i l a r . s a f e t y  problems.  Because i t  i s  

s t o r e d  under  p r e s s u r e  a t  ambient  t e m p e r a t u r e s  and t h e  vapor  i s  e x p l o s i v e  even 

i n  open s p a c e s ,  LPG i s  probably  more dangerous  t han  LNG, which is  s t o r e d  a t  

a t  a tmosphe r i c  p r e s s u r e  [ P I .  . . 

LNG, LPG, and o t h e r  hydrocarbons  s u c h  a s  g a s o l i n e  and ke rosene  a l l  burn 

r a p i d l y  w i t h  a n  i n t e n s e  f i r e ,  and t h e s e  f i r e s  a r e  s imilar .  A t  f i r s t  s i g h t ,  

i t  would seem t h a t  LNG and LPG a r e  no' more dangerous  t han  g a s o l i n e  (which is 

dangerous  enough). Table  5  l ists t h e . p h y s i c a 1  p r o p e r t i e s  of  LNG and g a s o l i n e .  

I f  con ta ined  i n  a  con f ined  s p a c e  n a t u r a l  ga s  vapor s  from LNG can r e a c t  ex- 

p l o s i v e l y .  I n  t h e  p rope r  mix tu re  of  LNG vapor  and a i r ,  t h e  vapor  can b u r n ,  

r e l e a s i n g  l a r g e  amounts o f  h e a t .  LNG can  a l s o  cause  a s p h y x i a t i o n  and f r e e z e  

bu rns  t o  t h o s e  i n  t h e  immediate v i c i n i t y ,  b u t  t h e s e  a r e  r e l a t i v e l y  minor 

r i s k s .  I n  comparison w i t h  g a s o l i n e ,  t h e  a d d i t i o n a l  danger  of  LNG and LPG 

a r i s e s  from t h e i r  r a p i d  e v a p o r a t i o n  and t h e  s p r e a d i n g  ove r  l a r g e  d i s t a n c e s  of t h e  

combus t ib l e  vapor ,  which can  occu r  i n  minu te s ,  depending  on t h e  s i z e  o f  t h e  

s p i l l .  
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TABLE 4 

P h y s i c a l  P r o p e r t i e s  and G o n s t i t u e n t s  o f  LNG* 

I so -  Normal 
Methane . Ethane  Propane  Butane Butane  

CH4 . . C2H,6. . C3H8 
'qH1O . . C 4 tI 1 0  

Composi t ion o f  ' t y p i c a l  95.9 2.5 0.9 
peak s h a v i n g  LNG' (mole %) 

. . 

Composi t ion of. t y p i c a l  87.4 8 .4  2.4 
A l g e r i a n  LNG (mole %) 

Molecular  we igh t  16.04 30.07 44.09. 

Me l t i ng  p o i n t  ' O C  ( 1  atm) -182.5 -188.3 -187.7 

B o i l i n g  p o i n t  O C  (1 atm) -161.5 -88.6 -42.2 

L i q u i d  s p e c i f i c  g r a v i t y  
( a t  b o i l i n g  p o i n t )  

Gas s p e c i f i c  . g r a v i t y  
( a i r  = 1 )  

0.562 0 .581  
(normal  t e m p e r a t u r e )  

C r i t i c a l  t e m p e r a t u r e  O C  -82.1 32.4 96.. 8 135 .0  152.0 

C r i t i c a r  p r e s s u r e  (atm) 45.8 48 .3  42.0 36.0 37.5 

E v a p o r a t i o n  l a t e n t  h e a t  121.9 116.0 101.7 87.5 92 ..1 
(Kcal /Kg) 

T o t a l  c a l o r i f i c  v a l u e  9,520 16 ,820  24,320 31 ,530  32,010 

g a t u r a l  i g n i t i o n  tempera- 537 -- 466 -- ,405 
l i re  O C  

Heated g a s  i g n i t i o n  1 ,325  - - 990 - - 990 
t e m p e r a t u r e  O C  

Combustion r a n g e  i n  - 
a i r  % 5.0-15.0 3.0-12.5 ' 2.1-9.4 1.8-8.4 1.9-8.4 

3 l m 3  o f  LNG @ BP = 22.35 2 lo6 l3.t.u. o f  n a t u r a l  g a s  a t  STP (1020 B t u / f t  ) ; 
1 b a , r r e l  ( 1  b b l )  = .159m = 3.57 x l o6  B.  t . u .  = 42 U.S. g a l l o n s .  The B .  t .u .  
e q u f v a l e n t  w i l l  v a ry  somewhat w i t h  t h e  compos i t i on  of  t h e  g a s .  

k ~ a t i o n a l  Academy of  S c i e n c e ,  P r o c e e d i n g s  of  Conference  on LNG I m p o r t a t i o n  and 
Termina l  S a f e t y ,  Bos ton ,  J u n e  1972,  p. 262 (Washington,  D . C . :  The Academy, 1972) 



P h y s i c a l  P r o p e r t i e s  o f  LNG vs.. G a s o l i n e  
(Ref . '  13) 

LNG - 
B o i l i n g  P o i n t  ( 1  atm) -258OF 

R a t i o  Gas 'volume (STP) / L i q u i d  Volume , 615 

3 Heat  C o n t e n t ' ( ~ ~ ~ / f t  ) g a s  a t  STP . 1020 

Heat  Conten t  (BTu/rn3) l i q u i d  22.4 x 1 0  6  

Flame p r o p a g a t i o n  v e l o c i t y  ( f t l s e c )  1 ..28 

B 
Combustion h e a t  r a d i a t e d  d u r i n g  poo l  f i r e ( % )  '15-30 

I g n i t i o n  t e m p e r a t u r e  (OF) 999 

Flammable l i m i t  i n  a i r  (uppe r  %) 14  

Flammable l i m i t  i n  a i r  ( l ower  %) 4.8  

L iqu id  Dens i t y  (H20=1) 0 .42  

G a s o l i n e  

100-300 OF 



A c o n t r i b u t o r  t o  t h e  l i k e l i h o o d  o f  LNG s p i l l s  i s  i t s  v e r y  c o l d  tempera- 

t u r e .  At v e r y  low t empera tu re s  some m e t a l s  become b r i t t l e  and shou ld  LNG come 

i n  c o n t a c t  w i t h  m a t e r i a l s  n o t  s p e c i f i c a l l y  des igned  f o r  low t e a ~ p e r a t u r e  s e r -  

v i c e ,  f r a c t u r e  f a i l u r e  may r e s u l t .  Thks was what o c c u r r e d  i n  t h e  Cleve land  

a c c i d e n t ,  and t h i s  i s  one  o f  t h e  c h i e f  conce rns  i n  a  c o l l i s i o n  i n v o l v i n g  an  

LNG t a n k e r .  "Because o f  t h e  b r i t t l e  b e h a v i o r  o f  s t e e l  [o f  t h e  t ype  used i n  

s h i p  h u l l s ]  when cooled  t o  LNG t empera tu re ,  t h e  p u n c t u r i n g  of  one t a n k  i n  a  

v e s s e l  by  c o l l i s i o n  o r  grounding  c o u l d . l e a d  t o  t h e  c o o l i n g  and t h e  f r a c t u r e  

. o f  a d j a c e n t  t a n k s ,  p r o p a g a t i n g  t h e  f a i l u r e  t o  b o t h  ends  o f  t h e  v e s s e l "  [ l o ] .  

The t a n k s  themselves  w i l l  n o t  s u f f e r  b r i t t l e  f a i l u r e  s i n c e  t hey  a r e  a l r e a d y  

c o l d  and made of  s p e c i a l  m e t a l  a l l o y s ,  b u t  i t  is  p o s s i b l e  t h a t  t h e  s t r u c t u r a l  

members o f  t h e  h u l l  which a r e  under  s t r e s s  may b e  s u b j e c t  t o  f r a c t u r e  f a i l u r e  
. . 

under a c c i d e n t  c o n d i t i o n s .  A more thorough a n a l y s i s  o f  t h e  behav io r  o f  LNG 

taAkers  under  a c c i d e n t  s t r e s s e s  i s  needed.  S e l f  s u p p o r t i n g  ( f r e e . s t a n d i n g )  

t a n k s  f o r  LNG t anke r s .may  b e  less e a s i l y  damaged t h a n  t h e  cheape r  membrane 

conta inment  used  i n  some t a n k e r s .  

. A s p i l l  o f  25,000m3 o r  o n l y  one  of  five t a n k s  is c o n s i d e r e d  more l i k e l y  

3  t han  l a r g e r  s p i l l s .  However, f o r  a  s p i l l  o f  100,000m on w a t e r ,  most o f  a  l a r g e  

t a n k e r ' s  c o n t e n t s ,  ''a vapor  c loud  lkm i n  r a d i u s  and 6m deep would b e  formed i n  

l e s s  t h a n  15 minu te s . "  [ 1 2 ] .  The p o s s i b l e  consequences  of such  an  LNG s p i l l  . 

are p o t e n t i a l l y  d i s a s t e r o u s  i f  t h e  vapor  c loud  were t o  d r i f t  i n t o  an  i n h a b i -  

t e d  a;ea and i g n i t e .  S i n c e  major  LNG f a c i l i t i e s  a r e  i n  o r  n e a r  l a r g e  c i t i e s ,  

such  an a c c i d e n t  i s  c o n c e i v a b l e .  There  h a s  been c o n s i d e r a b l e  c o n t e n t i o n  o v e r  

t h e  p r o b a b i l i t y  of  such  a  sequence  of  e v e n t s .  

I f  t h e r e  i s  a n  LNG s p i l l  on w a t e r  o r  l a n d ,  t h e  l i q u i d  w i l l  e v a p o r a t e  as 

f a s t  a s  h e a t  t r a n s f e r  from t h e  s u b s t r a t e  a l l o w s .  I f  t h e  s p i l l  X s  conta i 'ned ,  

. such  a s  by a  d i k e  o r  berm, t hen  t h e  l and  benea th  w i l l  f r e e z e  and e v a p o r a t i o n  

' w i l l  b e  slowed. I f ,  on t h e  o t h e r  hand ,  t h e  s p i l l  i s  on t h e  s e a ,  i t  canno t  b e  



e a s i l y  con ta ined .  The LNG w i l l  c h i l l  t h e  w a t e r  immediately below, 

and  w i l l  s p r e a d  l a t e r a l l y  on t h e  s u r f a c e .  The c o l d  gas  i s  dense r  t h a n  a i r  and 

when methane and d r y  a i r  a r e  mixed a d i a b a t i c a l l y ,  t h e  vapor  w i l l  l i f t  from 

t h e  w a t e r  and d r i f t  a s  a  n e g a t i v e l y  buoyant  c loud  u n t i l  d i s p e r s e d  by d i f f u s i o n  

and wind. The gas  w i l l  b e  flammable a t  t h e  edges  of  t h e  c loud ,  where t h e  LNG/ 
. . 

a i r  c o n c e n t f a t i i n  i s  between 5 and 15%. There  may b e  p o c k e t s  of  inf lammable 

g a s  d i s t r i b u t e d  f o r  m i l e s  depending  on t h e  s i z e  of s p i l l ,  s i t i n g  and atmo- 

s p h e r i c  c o n d i t i o n s .  These g e n e r a l  c h a r a c t e r i s t i c s  have been o u t l i n e d  by 

a  number of a u t h o r s  [ l l -171 .  These p a p e r s  seem t o  b e  i n  g e n e r a l  agreement ,  

but' t h e r e  a r e  n o n e t h e l e s s  w ide ly  d i f f e r i n g  e s t i m a t e s  abou t  t h e  d i s t a n c e  an  

LNG vapor  c loud  w i l l  t r a v e l  and remain flammable. . . 

A c loud o f  LNG vapor  "could have d imens ions  of  a  few m i l e s  l ong  by a  few 

m i l e s  wide .  For  an ex tended  vapor  c loud  t o  form, i t  is  n e c e s s a r y  t h a t  no ig -  

n i t i o n  s o u r c e  b e  p r e s e n t  i n  t h e  c loud .  Most of  t h e  p o s t u l a t e d  l a r g e  r e l e a s e s  

a r e  due t o  c o l l i s i o n s  w i t h  t h e  s h i p  o r  b a r g e  t r a n s p o r t i n g  t h e  LNG. Almost 

i n e v i t a b l y  such  a  c o l l i s i o n  p r o v i d e s  s p a r k s  enough t o  i g n i t e  t h e  c l o u d s  a t  

t h e  s o u r c e  and t h u s  p r e v e n t  i t s  sp read ing .  I f  t h i s  f a i l e d  t o  happen, once  

t h e  c loud  reached a  popu la t ed  r e g i o n ,  i t  would s u r e l y  b e  i g n i t e d  f o r  t h e r e  i s  

a h igh  d e n s i t y  of i g n i t i o n  s o u r c e s  i n  popu la t ed  a r e a s .  Thus, i f  u n i g n i t e d  a t  

t h e  s o u r c e ,  t h e  c loud  cou ld  sp read  o v e r  w a t e r ,  b u t  would n o t  b e  expec t ed  t o  

p e n e t r a t e  i n t o  popu la t ed  a r e a s  w i t h o u t  i g n i t i o n .  Once i g n i t e d ,  t h e  forward 

p r o g r e s s  of  t h e  c loud  would s t o p ,  and i t  would burn  back towards t h e  s o i r c e .  

Although t h e  p o s s i b i l i t y  o f  a l a r g e  c loud  fo rma t ion  i s  v e r y  s m a l l ,  i t  r ep re -  

s e n t s  t h e  haza rd  c a p a b l e  of  p roduc ing  t h e  most damage t o  l i E e  and p r o p e r t y . "  

Research  on LNG S a f e t y  
. . 

Cons ide rab l e  r e s e a r c h  on l i q u e f i e d  n a t u r a l  g a s  s a f e t y  h a s  been c a r r i e d  

o u t  [19 ] .  Some rudimentary  q u a n t i t a t i v e  r i s k  a s se s smen t s  have been a t t empted  



f o r  e a s t  c o a s t  LNG t e r m i n a l s .  However , ' a  comprehensive r i s k  a s se s smen t  d i d  

n o t  e x i s t  u n t i l  a  December, 1975 s t u d y  o f  t h e  r i s k s  of  a  proposed LNG t e r m i n a l  

i n  Los Angeles  Harbor was performed by S c i e n c e  A p p l i c a t i o n s  I n c . ,  f o r  Western 

LNG ~ e r m i n a l  Company [ 2 0 ] .  T h i s  a s se s smen t  r e p r e s e n t s  t h e  f i r s t  thorough 

e f f o r t  t o  q u a n t i f y  f a i l u r e  p r o b a b i l i t i e s  and examine t h e  l i k e l y  consequences  

o f  LNG a c c i d e n t s ,  b u t  i t  s t i l l  c o n t a i n s  impor t an t  sho r t comings .  Each major  

s p i l l  sys tem was s u b j e c t e d  t o  f a u l t  t r e e  a n a l y s i s :  t h e  t a n k e r ,  t h e  LNG 

t r a n s f e ' r  systein,  t h e  s t o r a g e  tanlc, and t h e  v a p o r i z i n g  sys tem.  A number of 

i n i t i a t i n g  e v e n t s  i n c l u d i n g  s h i p  c o l l i s i o n s ,  n a t u r a l  e v e n t s  such  a s  e a r t h -  

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

o f  f a i l u r e  were c o n s i d e r e d .  For  e a c h  p o s s i b l e  s p i l l ,  model c a l c u l a t i o n s  were 

made t o  q u a n t i f y  t h e  LNG s p r e a d  and e v a p o r a t i o n ,  t h e  a tmosphe r i c  d i s p e r s i o n  

o f  t h e  vapor  c loud ,  t h e  i g n i t i o n  p r o b a b i l i t y ,  r a d i a t e d  h e a t  i n t e n s i t y ,  and 

p o t e n t i a l  f a t a l i t i e s  and damage. A p r o b a b i l i t y  f o r  each  a c c i d e n t  sequence  

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

The r e l i a b i l i t y  of  r i s k  e s t i m a t e s  of  t h i s  t ype  depends b o t h  on t h e  

e x p e r i m e n t a l  d a t a  b a s e  and t h e  a c c u r a c y  o f  t h e  models used .  There  a r e  a  

number of  p l a c e s  where t h i s  d e t a i l e d  s t u d y  might  b e  c r i t i c i z e d ,  b u t  on t h e  

whole i t  r e p r e s e n t s  a  l a r g e  s t e p  towards u n d e r s t a n d i n g  o v e r a l l  LNG r i s k s .  

Some o f  t h e  r e s u l t s  of  t h i s  s t u d y  f o r  t h e  L.A. Harbor e s t i m a t e  f a i l u r e  proba-  

b i l i t i e s  p e r  y e a r  f o r  t h e  s h i p ' s  s i d e w a l l  as  1.2 x loq6 causcd by c r a f t  o r  

m i s s i l e  impact  when moored on s i t e  and 4 .9  x 10 '~  from s h i p  t r a n s i t  c o l l i s i o n s  

i n  Los Angeles  Harbor.  The p r o b a b i l i t y  of  an  LNG s t o r a g e  t a n k  and d i k e  b e i n g  

breached  is  c a l c u l a t e d  a s  1 . 2  x p e r  y e a r  from a i r c r a f t  impact .  According 

t o  t h i s  r e p o r t  t h e  e a r t h q u a k e  r i s k  i s  10-l4 p e r  y e a r ,  which i m p l i e s  t h a t  a  

qudke U P  sufficient magnitude t o  d e s t r o y  t h e  t a n k  and d i k e  would o c c u r  o n l y  

once  i n  one  hundred t r i l l i o n  y e a r s .  For  C a l i f o r n i a  t h i s  seems .low. (Cer- 

t a i n l y  i t  is  d i f f i c u l t  t o  have con f idence  i n  any  e s t i m a t e s  of t h i s  s i z e .  The 



a g e ' o f  t h e  e a r t h  i s  on t h e  o r d e r  of  5 x 109 y e a r s . )  When t h e s e  f a i l u r e  

p r o b a b i l i t i e s  a r e  m u l t i p l i e d  by p r o b a b i l i s t i c  e s t i m a g e s  of s p i l l  consequences ,  

t h e  l i k e l i h o o d  o f  f a t a l i t i e s  p e r  y e a r  h a s . b e e n  e s t i m a t e d .  . T h e  S .A. I .  ' e s t i -  

ma te s  f o r  L.A. Harbor  a r e  g i v e n  i n  ~ a b ' l e  6 .  O the r  e s t i m a t e s  of  r i s k  proba-  

b i l i t i e s  from v a r i o u s  s o u r c e s  a r e  p r e s e n t e d  i n  Tab l e  7 .  These examples may 

e x c l u d e  c e r t a i n  s o u r c e s  of  r i s k ,  such  a s  t h e  e f f e c t  o f  s econda ry  f i r e s  o r  

t h e  r i s k s  due t o  s a b o t a g e .  I n  g e n e r a l ,  p r o b a b i l i t y  e s t i m a t e s  of  lo-' and 

below a r . e  n o t  t o  b e  t a k e n  l i t e r a l l y .  It is  u n f o r t u n a t e  t h a t  S .A. I .  c h o s e  t o  

p r e s e n t  t h e i r  c a l c u l a t i o n s  t o  t h i s  d e g r e e  .of a c c u r a c y .  Smal l  f a c t o r s  need 

t o  b e  examined i n  d e t a i l ,  s i i l c e  common mode f a i l u r e s ,  o t h e r  a c c i d e n t  sequen-  

c e s ,  o r  d e s i g n  f a i l u r e s  a r e  more l i k e l y  t h a n  10-lo p e r  .year .  No e s t i m a t e s  

of  t h e  p r o b a b i l i t y  of  s a b o t a g e  w e r e ,  i n c l u d e d ,  and.  i n  t h e s e  days  s a b o t e u r s  
. . 

w i t h  g x p l o s i v e s  canno t  b e  s o  e a s i l y  d i s m i s s e d .  More thorough a t t e n t i o n  should  

b e  p a i d  t o  t h e  r i s k s  of  s a b o t a g e  s i n c e  t h e s e  a r e  p robab ly  g r e a t e r  t h a n  th.e 

f o r e s e e a b l e  e n g i n e e r i n g  r i s k s .  

S i g n i f i c a n t  s o u r c e s  of  u n c e r t a i n t y  among v a r i o u s  LNG r i s k  e s t i m a t e s  a r i s e  

from d i f f e r e n t  s c e n a r i o s  i n v o l v i n g  LNG s p i l l s .  Varying s p i l l  r a t e s  and t h e  

c h a r a c t e r i s t i c s  of t h e  s u r f a c e  ( i n c l u d i n g  s o i l  t y p e ,  d e n s i t y ,  p u r o s i t y ,  and 

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

o f  a n  LNG poo l .  Weather c o n d i t i o n s ,  d e t a i l s  o f  t h e  v a p o r  c l o u d  d i s p e r s i o n ,  

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

f lammable g a s  p o c k e t s  w i l l  i n f l u e n c e  t h e  downwind t r a v e l  d i s t a n c e  e s t i m a t e d .  

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

w i l l  b e  p r i m a r i l y  r e l a t e d  t o  t h e  w i d t h  of  t h e  haza rd  zone ,  t h e  p r o b a b i l i t y  of 

i g n i t i o n ,  and t h e  i n t e n s i t y  of t h e  r e s u l t i n g  poo l  o r  vapor  f i r e .  

Mathemat ica l  models  have  been  deve loped  t o  d e s c r i b e  t h e s e  c h a r a c t e r i s t i c s .  

E x t r a p o l a t i o n s  a r e  i nvo lved  f o r  e s t i m a t e s  of l a r g e  s p i l l  b e h a v i o r ,  s i n c e  

t h e  e x p e r i m e n t a l  t e s t s  have  been much s m a l l e r  t h a n  t h e  p o t e n t i a l  s p i l l  

s i z e  . f o r  an e n t i r e  s t o r a g e  t ank .  The re  i s  d i s ag reemen t  among t h e  models  a s  



TABLE 6  

science Applications, Inc. Fatality Estimates. for 

L.A. H a r b o r  LNG T e r m i n a l  (Ref-  20,) 

P r o b a b i l i t y  o f  O c c u r r e n c e  o f  C a l c u l a t e d  ~ a t a l i t y  L e v e l s ,  f o r  

t . h e  400 M i l l i o n  f t 3  Per Day S o u t h  ~ l a s k a  P r o j e c t .  

F a t a l i t i e s  P r o b a b i l i t y  o f  O c c u r r e n c e  
P e r  Year, A l l  C a s e s  

1 - 1 0 0  1 . 2  

1 0 0  - 1 , 0 0 0  . 8 . 7  x 

2 , 0 0 0  - 1 0 , 0 0 0  1 . 7  x 

1 0 , 0 0 0  - 2 0 , 0 0 0  4 . 9  x  1 0  -12  

2 0 , 0 0 0  - 3 0 , 0 0 0  7 . 0  x 1 0  -16 

3 0 , 0 0 0  - 4 0 , 0 0 0  8 . 2  x 1 0  - 2 5  

4 0 , 0 0 0  - 5 0 , 0 0 0  5 . 9  x 1 0  - 3 3  

Maximum 4 2 , 0 0 0  6 . 9  x  1 0  -37 



T a b l e  7. Examples o f  LNG Ri sk  E s t i m a t e s  
(Ref.  20, 21, 57) 

I. Accident  D e s c r i p t i o n  

' A .  S p i l l  on water--LNG r a p i d l y  s p r e a d s  and e v a p o r a t e s .  I f  i g n i t e d ,  
a  pool  f i r e  may r e s u l t ,  o r  t h e  vapor  may move downwind t o  t h e  l a n d  
and b e  i g n i t e d ,  o r  i t  may d i s p e r s e  h a r m l e s s l y  b e f o r e  i g n i t i o n .  For  
t h o s e  caught  o u t d o o r s  w i t h i n  t h e  b u r n i n g  c loud ,  f a t a l i t y  i s  approxi -  
ma te ly  100%. I n  dayt ime 20% of t h e  p o p u l a t i o n -  i s  assumed t o  b e  
ou tdoor s .  P r o p e r t y  damage w i l l  o ccu r .  

B .  S p i l l  on land--should b e  con f ined  w i t h i n  d i k e  s u r r o u n d i n g  t ank .  Dan- 
- g e r  from r a d i a t e d  h e a t  from f i r e  i f  i g n i r e d .  - ' 

11. Sources  of  S p i l l s  With Varying Consequences 

A. I n t e r n a l  causes  ( t h i s  l i s t  i s  n o t  i n t e n d e d '  t o  b e  complete--pipe 
f a i l u r e s  w i l l  have l i m i t e d  s p i l l s ;  t a n k  f a i l u r e s  can  be  much' l a rge r ' . )  

1. Valve r u p t u r e  p r o b a b i l i t y  % 1 0 - ~ / h b u r  

2. Tank r u p t u r e  p r o b a b i l i t y  % loe61year  

3 .  Automated v a l v e  f a i l u r e  1 x  10-'/demand 

4. Automatic  shutdown f a i l u r e  1  x 10-~/demand 

B. E x t e r n a l  c a u s e s  (dependent  on t h e  s i t e )  

1. N a t u r a l  Hazards 

a. Earthquakes--Although a l l  p l a n t s  proposed i n  C a l i f o r n i a  a r e  
a t  most 2 m i l e s  from a major  f a u l t ,  and t h e i r  p i p e l i n e s  o f t e n  
c r o s s  f a u l t s  ove r  20 t imes ,  t h e  S .A. I .  p r o b a b i l i t  f o r  a 
major  a c c i d e n t  due t o  ea r thquake  a c t i v i t y  i s  10-la p e r  y e a r .  

b .  Hur r i canes  and h igh  winds--Plants  a r e  s t r u c t u r e d  t o  e l i m i -  
n a t e  s e v e r e  s t r e s s  due t o  wind load ing .  E a r l y  s to rm war- 
n i n g s  w i l l  a l l ow  f o r  t h e  e v a c u a t i o n  of  t a n k e r s  and t h e  emp- 
t y i n g  o f  sh ip- to- tank  t r a n s f e r  l i n e s  which might  b e  a f -  
f e c t e d  by t h e  s torm.  

c .  T i d a l  waves (tsunamis)--LNG p l a n t s  a r e  b u i l t  i n  p r o t e c t e d  
h a r b o r  a r e a s .  While t sunamis  a r e  a  p o s s i b i l i t y  i n  s o u t h e r n  
C a l i f o r n i a ,  t hey  p r e s e n t  no major  r i s k  t o  t h e  LNG p l a n t .  

2. Man-made 

a .  A i r p l a n e  c r a s h  i n t o  p l a n t :  annua l  probabi l i t i es - -LNG 
s t o r a g e  t anks  2 . 5  x  major  p i p e l i n e s  5.2 x  
LNG t a n k e r s  1 .5  x 1 0 - ~ / ~ e a r .  



b. Tanker c o l l i s i o n - - e s  t imated  a c c i d e n t  of  any  k i n d  0 .331  
p e r  y e a r  o r  0.001'65 p e r  bcfNG. Rupture  p r o b a b i l i t y  
0 . 0 0 5 l y e a r .  

c. Sabotage  ( P o t e n t i a l l y  i m p o r t a n t ,  b u t  n o t  q u a n t i f i e d ) .  

T I T  
I L L .  Genera l  R i sk  P r o b a b i l i t y  ( s t r o n g l y . d e p e n d e n t  on t h e  s i t e  and s u r r o u n d i n g  

p o p u l a t i o n  d e n s i t y ,  and a r e  s u b j e c t  t o  d isagreement )  

A .  . P r o b a h i l i t y  of  plume r e a c h i n g  l a n d  unignited--1. '2 x  1 0 - ~ / ~ e a r  or 
5 .9  ' x  10-7 p e r  . b c f ~ ~  

B .  Es t imated  human f a t a l i t i e s - - 0 . 0 1 3  t o  0 .20  p e r  y e a r  o r  abou t  20 x  
10-5 p e r  ~ C ~ N G  

C .  Expected f r equency  of one  f a t a l i t y - - a b o u t  1 p e r  25 y e a r s  or .  1. p e r  
5  x lo3 bcfNG 

D. Maximum f a t a l i t i e s  i n  l a r g e  accident--40-2000 .['=lo-' p e r  y e a r ]  



t o  t h e  d i s t a n c e  t o  t h e  lower flammable l i m i t  (LFL) of  t h e  vapor  c loud .  Under 

t h e  most s t a b l e  a tmosphe r i c  c o n d i t i o n s  t h e  d i s t a n c e s  t o  LFL f o r  a  25,000m 3 

s p i l l  o f  LRG, abou t  1  t a n k f u l  on an  LNG t a n k e r  w i t h  f i v e  t a n k s ,  v a r y  from . . 

300,000 f e e t  (Fay ,  FI. I.T..) , t o  200.,000 (Burges s ,  Bureau o f  N ines ) ,  t o  37,000 

f e e t  (American Pe t ro leum I n s t i t u t e )  [.21]. These d i f f e r e n c e s  a r i s e  p r i n c i p a l l y  

from t h e  u se  of  d i f f e r e n t  peak t o  -average  c o n c e n t r a t i o n  r a t i o s  i n  s e t t i n g  a  

c r . i t e r i o n  f o r  . s a f e  d i s p e r s a l ,  from t h e  u s e  of  n e u t r a l  a tmosphe r i c  weather  con- 

d i t i o n s  r a t h e r  t h a n  v e r y  s t a b l e  c o n d i t i o n s ; a n d  from l e s s e r  f a c t o r s  i n c l u d i n g  

d i f f e r e n t  assumpt ions  abou t  t h e  buoyancy of  t h e  v a p o r  c loud  and d i f f e r e n t  

p h y s i c a l  models f o r  LNG e v a p o r a t i o n ,  s p r e a d i n g ,  and d i s p e r s a l .  U n t i l  a  

thorough comparison i s  made and p u b l i s h e d ,  i t  i s  d i f f i c u l t  t o  e s t a b l i s h  t h e  

. c o r r e c t n e s s  of  a  p a r t i c u l a r  m o d e l , ' e s p e c i a l l y  when t h e  expe r imen ta l  d a t a  a r e  

f o r  much s m a l l e r  s p i l l s .  

The d i s t a n c e  t o  . the lower flammable l i m i t  of t h e  vapor  c loud  should  be  

s e t  t o  t a k e  accoun t  'of l o c a l i z e d  flammable pocke t s  i n  p a r t s  of  t h e  c loud  where 

t h e  ave rage  c o n c e n t r a t i o n  i s  below t h e  nominal  flammable l i m i t  ( 5 % ) .  S . A . I .  

conc ludes  t h a t  f o r  l a r g e  vapor  c l o u d s  t h e  peak c o n c e n t r a t i o n  w i l l  exceed t h e  

mean v a l u e  by f a c t o r s  of  1 . 1  t o  1  and 1 .2  t o  1, n o t  by 2  t o  1 ,  o r  10 t o  1 ,  o r  

20 t o  1  a s  hypo thes i zed  from some expe r imen ta l  t e s t s .  A p l a u s i b l e  e x p l a n a t i o n  

is  o f f e r e d  f o r  t h e  d i f f e r e n c e s  between t h e  expe r imen ta l  i n t e r p r e t a t i o n  and 

t h e i r  m o d e l ~ c a l c u l a t i o n s ,  b u t  t h i s  shou ld  be  i ndependen t ly  v e r i f i e d .  Even 

i f  t h e  d i f f e r e n t  models a g r e e d ,  s t o c h a s t i c  v a r i a t i o n s  i n  c o n c e n t r a t i o n  .can 

s t i l l  o c c u r  and t h e  c h o i c e  of  t h e  LFL d e s i g n a t e d  a s  " s a f e "  depends on t h e  

c o n f i d e n c e  l e v e l  presumed f o r  t h e  e x i s t e n c e  of  a  flammable pocket  w i t h i n  t h a t  

p o r t i o n  o f  t h e  c loud .  

O the r  t o p i c s  o f  impor tance  f o r  f u r t h e r  r e s e a r c h  on LNG s a f e t y  i n c l u d e :  

1) De tona t ions  i n  unconf ined  vapor  c louds .  De tona t ions  of  g a s  c l o u d s  

a r e  p o t e n t i a l l y  more dangerous  t han  s imp le  i g n i t i o n  of a  vapor  



c loud ,  a s  ev idenced by a c c i d e n t a l  l i q u i d  propane e x p l o s i o n s  [9]. 

For  conf ined  methane vapor  c l o u d s  e x p l o s i o n s  a r e  p o s s i b l e ,  b u t  f o r  

unconf ined  methane l a r g e  e x p l o s i o n s  have n o t  been observed  [23 ] .  

The U.S. Coast  Guard h a s  sponsore.d t e s t s  a t  China Lake i n  a n  at-  

tempt t o  d e t o n a t e  s t o i c h i o m e r r i c  mix tu re s  o f  methane and a i r  i n  60 

f o o t  d i ame te r  b a l l o o n  hemispheres.  High e x p l o s i v e  i n i t i a t o r s  as 

l a r g e  as 2kg were u s e d , . b u t  no d e t o n a t i o n s  were  observed .  The e f -  

f e c t s  o f  s t r a t i f i c a t i o n  and inhomogenei t ies  and p o s s i b l e  e f f e c t s  o f  

s c a l e .  i n  'LNG vapor  c louds  need t o  b e  de termined by f u r t h e r  r e s e a r c h .  

-2)  L iqu id - l iqu id  vapor  e x p l o s i o n s .  When a  hot. l i q u i d  is poured o n t o  

a cold  l i q u i d  t h e r e  is t h e  p o s s i b i l i t y  of  a r a p i d  t r a n s f e r  o f  h e a t  

( t he rma l  energy)  t o  mechanica l  energy .  'The q u e s t i o n  a r i s e s ,  do 

r e a l  s i t u a t i o n s  occu r  when t h e  mechanica l  work approaches  t h e  t h e r -  

modynamic maximum and can th'is work be  performed s o  r a p i d l y  t h a t  

t h e  f o r c e s  a r e  l a r g e  o r  s o  t h a t  a chemical  e x p l o s i o n  is i n i t i a t e d ,  

t h u s  magnifying t h e  e f f e c t ?  It seems t h a t  t h e  answer t o  t h e s e  

q u e s t i o n s  i s  no,  b u t  n o t  w i t h  t h e  c e r t a i n t y  w e  would l i k e  t o  have .  

There have  been  a  number o f  examples o f  vapor  e x p l o s i o n s  a s  

one h o t  l i q u i d  f a l l s  on a  c o l d e r  l i q u i d  and i n  s e v e r a l  i n s t a n c e s  t h e s e  

have been d e s t r u c t i v e .  Vapor e x p l o s i o n s  have  been  observed  f o r  

molten aluminum on w a t e r ,  m o l t e n . s t e e 1  on moi s t  ground,  molten l a v a  

upon w a t e r ,  sodium on molten uranium ox ide ,  f r e o n  R22 on m i n e r a l  o i l  

o r  w a t e r ,  and LNG on wa te r .  Th i s  f i e l d  of  r e s e a r c h  was reviewed i n  

1971 by W i t t e  [ 2 2 ] ,  and t h e  p o t e n t i a l  e x p l o s i o n  h a z a r d s  have been 

d i s c u s s e d  i n  r e f e r e n c e s  24-29. The most r e c e n t  rev iew of hydro- 

carbon vapor  e x p l o s i o n s  by P o r t e u s  and Reid s t a t e s  t h a t  "new exper-  

iments  have shown t h a t ,  under t h e  p rope r  c o n d i t i o n s ,  e x p l o s i o n s  may 

b e  o b t a i n e d  i n  c a s e s  where p rev ious  i n v e s t i g a t i o n  r e p o r t e d  t h a t  none 



were p o s s i b l e "  [29d] .  The l i k e l i h o o d  o f  LNG-water e x p l o s i o n s  

changes w i t h  t h e  composi t ion  of t h e  LNG and w i t h  t h e  manner i n  

which t h e  LNG and w a t e r  a r e  b rough t  i n t o  c o n t a c t .  Although t h e  

ene rgy  r e l e a s e  i t s e l f  may n o t . b e , d a m a g i n g ,  a t  t h e  l e a s t ,  LNG 

v a p o r i z a t i o n  r a t e s  would p robab ly  i n c r e a s e  s u b s t a n t i a l l y  shou ld  

vapor  e x p l o s i o n s  occu r .  

To o b t a i n  a  r a p i d  enough ene rgy  r e l e a s e  t o ' c a u s e  major  damage 

by a n  LNG-water explos io ,n ,  t h e r e  must b e  a mechanism f o r  t h e  r a p i d  

f o r & t i o n  o f  v a p o r ,  and t h e  LNG must ' b e  f i n e l y  f ragmented  i n t o  drop- 

l e t s .  Vapor e x p l o s i o n s  a r e  now thought  t o  a r i s e  from t h e  c r e a t i o n  

of a  s u p e r h e a t e d  f i l m  o f , t h e  LNG upon t h e  c o n t a c t  o f  w a t e r  and 

LNG. A s  . t h e  t empera tu re  r i s e s ,  t h e  spon taneous  homogeneous nuc l ea -  

t i o n  o f  ' t h i s  s u p e r h e a t e d  f i l m  may o c c u r ,  fo l lowed by a  r a p i d  f l a s h -  

9 

i n g  i n t o  vapor .  An i n i t i a l  small e x p l o s i o n  might  cause  f r a g m e n t a t i o n  

of  t h e  LNG, and c r e a t e a  l a r g e  s u r f a c e  a r e a ;  s u b s e q u e n t l y  a  l a r g e r  

volume o f  s u p e r h e a t e d  f i l m  might  explode .  . 

The c o n d i t i o n s  d e s c r i b e d  by Henry [27a ]  and by Reid [29c]  f a r  

a  s u p e r h e a t  e x p l o s i o n  on t h e  mixing  o f  two l i q u i d s  can  b e  graded  i n  

o r d e r  o f  impor t ance  a n d ' c e r t a i n t y :  

a .  t h e  two l i q u i d s  must  b e  i n  c l o s e  c o n t a c t  and .  n o t  have  a n  i n -  

t e r v e n i n g  s o l i d  o r  vapor  phase .  

b .  t h e  t empera tu re  a t  t h e  i n t e r f a c e  between t h e  two l i q u i d s  must 

b e  g r e a t e r  t han  t h e  t empera tu re  a t  which homogeneous n u c l e a t i o n  

t a k e s  p l a c e  i n  t h e  b u l k  of  t h e  i i q u i d  w i t h o u t  a  n u c l e a t i o n  

s i t e .  TheFrocessof  homogeneous n u c l e a t i o n  d e f i n e s  t h e  supe r -  

h e a t  l i m i t  (TSL)--the h i g h e s t  t empera tu re  a t  which t h e  supe r -  

h e a t e d  l i q u i d  can e x i s t .  Only a t  t h i s  r empera tu re  o r  above 

can  n u c l e a t i o n  o c c u r  r a p i d l y  enough t o  form an e x p l o s i o n .  



c .  i f  t h e  t empera tu re  of  t h e  h o t  l i q u i d  is  below t h e  homogeneous 

n u c l e a t i o n  t empera tu re ,  TSL, no e x p l o s i o n  seems t o  o c c u r  under  

any c i r c u m s t a n c e s  i n  agreement  w i t h  i t e m  b . ,  The i n t e r f a c e  

t empera tu re  when one  l i q u i d  i s  poured o n t o  a n o t h e r  seems w e l l  

c a l c u l a t e d  by assuming c o n t a c t  o f  two i n f i n i t e  p l a n e  s l a b s .  

Then t h e  i n t e r f a c e  t empera tu re  (Ti) i s  g iven  by 

. . 
where T, k ,  p , -C a r e  t h e  t e m p e r a t u r e ,  t he rma l  c o n d u c t i v i t y , :  

d e n s i t y ,  and h e a t  c s p a c i t y ,  and s u b s c r i p t s  c  and H s i g n i f y  t h e  

c o l d  and h o t ' l i q u i d s .  For  w a t e r  poured on LNG . T i  i s  o n l y  5 ' ~  

t o  20°K below t h e  t empera tu re  o f  t h e  w a t e r .  

d .  i f  Ti < T S ~  t h e r e  w i l l  b e  no e x p l o s i o n  on pour ing  one l i q u i d  

o n t o  a n o t h e r .  However, i f  TH > TSL > Ti some d r o p l e t s  of t h e  

c o l d  l i q u i d  may w a r m  up u n t i l  t h e  i n t e r f a c e  t empera tu re  r e a c h e s  

TSL. Then a de l ayed  e x p l o s i o n  c a  occu r .  ( T h i s  is  n o t  r e l e -  

v a n t  f o r  t h e  LNG c a s e ,  because  T i  and TH a r e  b o t h  g r e a t e r  t han  

T ~ L .  

e .  i f  Ti >> TSL, vapor  bubb le s  can  s u p p r e s s  e x p l o s i o n s .  T h i s  i s  

n o t  a  r i g i d  c o n d i t i o n ,  s i n c e  i t  depends c r i t i c a l l y  upon t h e  

method o f  b r i n g i n g  t h e  two l i q u i d s  i n t o  c o n t a c t .  Pu re  methane 

h a s  n o t  been observed  t o  exp lode  when poured upon w a t e r ,  b u t  

when impacted upon t h e  s u r f a c e  a t  h igh  v e l o c i t y . i t  can  exp lode .  

LNG compos i t i ons  which a r e  n o t  no rma l ly  c o n s i d e r e d  e x p l o s i v e  

might explode  i f  impacted.  For  LNG-warer vapor  a x p l o s i o n s ;  

TH .= 293 '~ ;  TSL = 1 6 6 ' ~ ;  TH/TSL = 1 . 7 6 ;  Ti/TSL ' 1.68.  

I n  most d i s c u s s i o n s  o f  vapor  e x p l o s i o n s  i n  i n d u s t r y ,  2t i s  t h e  

f i r s t  c o n d i t i o n  t h a t  is  r e l i e d  upon t o  p r e v e n t  an e x p l o s i o n .  Thus, 



i n  a ' h y p o t h e t i c a l  c o r e  d i s r u p t i o n  a c c i d e n t  o f  a  l i q u i d  m e t a l  f a s t  

b r e e d e r ,  TSL f o r  sodium i s  abou t  2100°K; TH = 3 5 0 0 ' ~  i s  t h e  tempera- 

t u r e  o f  mol ten  mixed o x i d e  f u e l ,  b u t  t h e  . i n t e r f a c e  t empera tu re  f o r  

t h e  b u l k  o f  t h e  uranium oxide /sodium i n t e r f a c e  is. l e s s  t h a n  2 0 0 0 ~ ~  

because  of  t h e  h i g h  the rma l  conduc t , i v i t y  and h e a t  c a p a c i t y  of  t h e  

sodium. Exp los ions  cou ld  o n l y  o c c u r  w i t h  s m a l l  amounts of t r apped  

. . sodium. Even s o ,  LMFBR.safety i s  ques t ioned  on t h i s  ground,  and 

i n t e n s i v e  i n t e r n a t i o n a l  r e s e a r c h  c o n t i n u e s  . 
However, f o r  l i q u i d  .hydrocarbon s p i l l s  upon w a t e r  t h e  l a s t  

c r i t e r i o n  i s  t h e  o n l y  one which s t o p s  a n . e x p l o s i o n .  I f  an  L N G  s h i p  

were t o  c o l l i d e ,  and a tank  were broken open,  we can  w i t h  o u r  pre-  

s e n t  . l i m i t e d  knowledge imagine  e n t r y  o f . w a t e r  i n t o  a t a n k  fo l lowed 

by b o i l i n g  and p r e s s u r e  b u i l d u p .  The p r e s s u r e  might  t h e n  impel  LNG 

i n t o  t h e  s e a ,  c a u s i n g  a vapor  e x p l o s i o n .  T h i s  c o u r s e  o f  e v e n t s  

was n o t  deemed p o s s i b l e  i n  1972,  b u t  t h e  expe r imen t s  o f  Po r t eous  

and Reid b r i n g  i t  i n t o  t h e  r ea lm o f  s m a l l  b u t  non-zero p r o b a b i l i t i e s  

[29d].  
I t  is  n o t  c l e a r  how much energy  would b e  r e l e a s e d  i n  such  a 

vapor  e x p l o s i o n  o r  whether  i t  would b e  damaging. N e v e r t h e l e s s ,  t h e  

p r e s s u r e  b u i l d u p  w i t h i n  one of  t h e  s h i p ' s  LNG t a n k s  fo l lowed by 

LNG-water vapor  e x p l o s i o n s  would s u b s t a n t i a l l y  i n c r e a s e  t h e  vapor i -  

z a t i o n  r a t e s  o f  LNG. It is  p o s s i b l e  t o  e n v i s i o n  a  s c e n a r i o  where 

t h e  ;apor b u i l d u p  and e x p u l s i o n  o f  LNG i n t o  t h e  w a t e r  o s c i l l a t e s  

w i t h  t h e  p r o c e s s  of  s e a  w a t e r  f l owing  i n t o  t h e  emptying tank .  Even 

i f  t h e  LNG-water e x p l o s i o n  i t s e l f  d i d  n o t  c a u s e  damage, t h e  more 

r a p i d  fo rma t ion  of  vapor  cou ld  l e a d  t o  a  much more i n t e n s e  f i r e  i f  

i g n i t i o n  were t o  occu r .  F u r t h e r  r e s e a r c h  is c l e a r l y  needed ,  b o t h  on 

l i q u i d - l i q u i d  v a p o r , e x p l o s i o n s  under  t h e s e  c o n d i t i o n s  and on t h e  poten- 

t i a l  b e h a v i o r  o f  LNG i n  t h e  even t  of  a  s h i p ' s  t a n k  r u p t u r i n g .  



3 )  Phase change p r e s s u r i z a t i o n  due  t o  s t r a t i f i c a t i o n  and " r o l l o v e r "  

[30 ] .  S ince  LNG i s  a  mix tu re  o f  s e v e r a l  hydrocarbons ,  s t a b l e  l a y e r s  

of  d i f f e r e n t  composi t ion  can form. A s  t h e  two l a y e r s  abso rb  h e a t  

d i f f e r e n t l y  and approach t h e  same d e n s i t y ,  a  sudden r e l e a s e  of  va- 

p o r s  may o c c u r ,  l e a d i n g  t o  a p r e s s u r e  p u l s e .  S t o r a g e  t a n k s  a r e  now 

des igned  t o  w i t h s t a n d  t h i s .  R e l i e f  v a l u e s  a n d . a d e q u a t e  mixing can 

a l s o  d e a l  w i t h  t h i s  problem. For t h i s  r ea son  it i s  impor t an t  t o  

know.the p r e c i s e  composi t ion  and age  of  LNG shipments .  

4 )  .Thermal r a d i a t i o n  from f i r e s .  The r e s u l t i n g  h e a t  .from a  bu rn ing  

b u t  con ta ined  s p i l l  o f  LNG can b e  damaging t o  peop le  and p r o p e r t y .  

The e f f e c t s  o f  wind a r e  impor t an t  f o r  t i l t i n g  f lames  and. f o r  i r e -  
. . 

d i c t i n g  t h e  r a d i a t e d  h e a t  f l u x .  Sa fe  s e p a r a t i o n  d i s t a n c e s  from 

LNG t a n k s  a r e  a n ' e s s e n t i a l  p a r t  o f  t h e  s i t e  p l a n ,  and de t e rmin ing  

t h e  "safe"  d i s t a n c e  from an  LNG f i r e  h a s  l e d  t o  inany t e s t s  o f  small 

amounts of '  LNG burn ing  i n  open p o o l s  up t o  80 f e e t  i n  d i a m e t e r .  

Most thermal  r a d i a t i o n  e s t i m a t e s  a r e  i n  agreement w i t h  t h e  e x p e r i -  

ments which have been performed [31 ,32] .  

F i g u r e  2  r e p r e s e n t s  an  e x t r a p o l a t i o n  o f  thermal  r a d i a t i o n  d a t a  

o b t a i n e d  by May and McQueen [ 3 5 ] .  The r e g i o n  o f . e x p e r i m e n t a 1  d a t a  

is i n d i c a t e d .  ( I t  h a s  a l s o  been r e p o r t e d  t h a t  t h e  Cleveland LNG 

poo l  f i r e ,  which was abou t  600 f e e t  i n  d i ame te r ,  was s a f e l y  observed  

from one q u a r t e r  m i l e  d i s t a n c e . )  At l a r g e  d i s t a n c e s  from an LNG 

f i r e  t h e r e  may b e  the rma l  a b s o r p t i o n  e f f e c t s  t o  l e s s e n  t h e  i n t e n s i t y  

o r  even a  f i l t e r i n g  o u t  o f  t h e  e a s i l y  absorbed s p e c t r a l  l i n e s .  

D i f f e r e n c e s  . i n  a b s o r p t i o n  of  t h e  C02 and H20 emiss ion  l i n e s  may l e a d  

t o  d e v i a t i o n s  from t h e  s i m p l e  e x p o n e n t i a l  a b s o r p t i o n  u s u a l l y  a s -  

sumed i n  a i r .  The r e l a t i v e  humidi ty  of  t h e  a i r  is  a l s o  an impor- 

t a n t  f a c t o r , ,  and s p e c i f i c  s i t e  c h a r a c t e r i s t i c s  w i l l  a f f e c t  t h e  



F i g u r e  2 

RADIATED HEAT FROM AN LNG POOL FIRE 

(From W .  G.  May a n d  W. McQueen [ R e f .  3 5 1  .) 

Q = H e a t  f l u x  r e c e i v e d ,  B t u / h r - f t  2 
d  = D i s t a n c e  f r o m  c o n t a i n m e n t ,  f t  
A  = LNG p o o l  s u r f a c e  a rea ,  f t 2  

5 0 0 0  

1 0  I 1 I I I I I I  
1 I I l l 1 1  

1 0 0 0  1 0 , 0 0 0  1 0 0 , 0 0 0  1 , 0 0 0 , o  
2  : LNG P o o l  S u r f a c e  A r e a ,  ft 



t he rma l  r a d i a t i o n  f l u x .  

No one h a s  y e t  b u r n t  a s h i p l o a d .  T h i s  l e a v e s  open t h e  q u e s t i o n  . 

of  . e x t r a p o l a t i o n  from t h b  s m a l l e r  t e s t  ' pool  t q  t h e  l a r g e r .  pool  

which would b e  c r e a t e d  i f  an  e n t i r e  t a n k  o f  LiiG were t o  f a i l  and 

t h e  LNG were  t r a p p e d  i n  t h e  d i k e  su r round ing  t h e  t ank .  Bluch of  

t h e  s a f e t y  .argument c e n t e r s  on  t h e  c r i t e r i a  used t o  d e f i n e  a " sa fe"  

t he rma l  r a d i a t i o n  exposu re  l e v e l .  For  example, i n  Cumberland, R . I . ,  

t h e  Va l l ey .  Gas Company p lanned  t o  p l a c e  a  300,000 b a r r e l  t a r k  1 ,022  

f e e t  f rom. t h e  585 p u p i l  Ashton Elementary School .  s e v e r a l  peop le  

thought  t h a t  2.,000 f e e t  would b e  a  more a p p r o p r i a t e  d i s t a n c e  f o r  

s i t i n g  s i m i l a r  t a n k s  [33 ,  341. 

The re  h a s  been  d i s p u t e  ove r  t h e ' a p p r o p r i a t e  h e a t  f l u x  r a d i a t e d  

2  from a f i r e  t b  choose  a s  t h e  s a f e  l i m i t :  10 ,000  B t u / h r - f t  w i l l  : 
B 

L i g n i t e  w o o d e n . s t r u c t u r e s ,  5700 ~ t u / h r - f t  w i l l  b l i s t e r  exposed s k i n  

i n  7  seconds  and has  been t aken  a s  t h e  f a t a l i t y  l i m i t  by S . A . I .  ' 

1500 ~ t u l h r - i t L  i s  o f t e n  t aken  a s  t h e  " s a f e "  l i m i t .  Heat  a t  t h i s  

" sa fe"  i n t e n s i t y  w i l l  c ause  ex t reme ,pa in  a f t e r  20 seconds  of ex- 

posu re  and b l i s t e r i n g  a f t e r  abou t  one  minute .  It i s  assumed t h a t  

anyone e x p e r i e n c i n g  t h i s  h e a t  i n t e n s i t y  would s a f e l y  r e t r e a t  from 

t h e  a r e a .  Some c r i t i c s  f e e l  t h a t  a  lower v a l u e  l i k e  465 B t u / h r - f t  
2  

2 (l.SkW/m ) . is  more r e a s o n a b l e ,  s i n c e  i t  is  t h e  t h r e s h o l d  below 

which no u n b e a r a b l e  p a i n  i s  f e l t  f o r  any  exposu re  d u r a t i o n .  Of 

c o u r s e ,  t h e  a d o p t i o n  o f  a  lower f i g u r e  of  m e r i t  would r e q u i r e  

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

5)  C o n t r o l  methods f o r  LNG f i r e s .  Small  LNG f i r e s  can b e  fough t  w i t h  

d r y  rhemica i s .  I h e  r a t e  of bu rn ing  might  b e  c o n t r o l l e d  by h igh-  

expans ion  foam, a l t h o u g h  foam cannot  e x t i n g u i s h . t h e  f i r e .  However, 

c o n t r o l l e d  bu rn ing  may b e  p r e f e r a b l e  i f  r e i g n i t i o n  i s  l i k e l y .  I t  



is  d i f f i c u l t  t o  f i g h t  LNG f i r e s ,  and w a t e r  s p r a y s ,  w h i l e  u s e f u l  t o  

c o o l  exposed o b j e c t s ,  may a c t u a l l y  i n t e n s i f y  t h e  f i r e  by i n c r e a s i n g  

LNG e v a p o r a t i o n  r a t e s  i f  t hey  f a l l  on t h e  LNG.poo1. It i s  s t i l l  a  

m a t t e r  of some d i s c u s s i o n ,  whether  t o  t r y  t o  burn  a  s p i l l  b e f o r e  i t  

d i s p e r s e s  o r  t o  d i s p e r s e  i t . q u i c k l y  b e f o r e  i g n i t i o n .  I f ,  f o r  ex- 
. . 

ample, t h e r e  were s m a l l  ga s  f l ames  su r round ing  a  d i k e ,  e s c a p i n g  g a s  

would b e  b u r n t  b e f o r e  a . d a n g e r o u s  c o n c e n t r a t i o n  cou ld  a r i s e .  How-. 

e v e r ,  t h i s  method has  i t s  drawbacks s i n c e  i t  might  e s c a l a t e  a minor 

a c c i d e n t  and h a s  'no t  been adop ted .  [36 ] .  

6)  Eng inee r ing  d e s i g n  and m a t e r i a l s  used i n  LNG f a c i l i t i e s .  Be.car.lse 

of  t h e  ex t reme t empera tu re  ramges which must b e  endured  d u r i n g  

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

o t h e r  m a t e r i a l s  o f  s i g n i f i c a n c e .  N e w  i n s u l a t i n g  c o n c r e t e s  (35 

l b s / f t 3  v s  '140 l b s / f t 3 )  proposed f o r  u s e  i n  d i k e s  t o  r educe  v a p o r i -  

z a t i o n  r a t e s  need t o  be  t h rough ly  t e s t e d  f o r  thermal  shock cha rac -  

t e r i s t i c s .  Conc re t e s  used i n  h igh  d i k e s  must be  a b l e  t o  w i t h s t a n d  

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

i n c o r p o r a t i n g  m u l t i p l e  d i k i n g ,  i n s u l a t e d  c o n c r e t e s ,  vapor conta inment  

b a r r i e r s ,  and t a n k s  des igned  t o  w i t h s t a n d  h i g h e r  s e i s m i c  l o a d s  can  

a l l  reduce  t h e  hazard  from s p i l l s ,  b u t  a t  a  p r i c e .  I n d u s t r y  codes  

such  a s  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n  59A and t h e  r e g u l a t i o n s  

of  t h e  U.S. Coas t  Guard and t h e  O f f i c e  o f  P i p e l i n e  S a f e t y  o p e r a t i o n s  

shou ld  c o n t i n u e  t o  be  updated t o  accommodate advances  i n  e n g i n e e r i n g  

d e s i g n  and t h e  u s e  of new m a t e r i a l s .  The e x p e r i e n c e s  i n  Cleve land  

i n  1944 where a n  inadequa te  m e t a l  ' a l l o y  was used f o r  t h e  t a n k ,  and 

i n  S t a t e n  I s l a n d  i n  1973 where t h e  supposedly  non-f lammable ' tank  

i n s u l a t i o n  burned d i s a s t r o u s l y  demons t r a t e  t h e  n e c e s s i t y  f o r  r i g i d  

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



7) S e m i - s o l i d i f i c a t i o n  of  LNG. The u s e  of  a  s emi - so l id  g e l  form o f  

LNG i n  s h i p p i n g  o r  s t o r a g e  might  s i g n i f i c a n t l y  reduce  s p i l l  and 

e v a p o r a t i o n  r a t e s  i n  t h e  e v e n t  of  a c c i d e n t .  An e x t r a ' e n e r g y  ex- 

p e n d i t u r e  of  abou t  66 B t u / l b  w i l l  d rop  t h e  t e m p e r a t u r e  o f  LNG t o  

-300°F, making i t  i n t o  a  s o l i d .  However, t h i s  may n o t  b e  p r a c t i c a l  

f o r  a  number o f  e n g i n e e r i n g  and economic r e a s o n s .  It i s  p o s s i b l e  t o  . . 

. . make a  s emi - so l id  LNG g e l  by r a p i d l y  condens ing  and f r e e z i n g  methyl  

a l c o h o l  o r  w a t e r  i n  the.LN.G. Only one - th i rd  of  a  p e r c e n t  by weight  

of a l c o h o l  o r  w a t e r  i s  r e t a i n e d  i n  t h e  g e l ,  which remains semi- 

s o l i d  a t  -260'~.  . R e s g a ~ c h  i n t o  t h e  p r o p e r t i e s  o f . t h i s  g e l  i s  b e i n g  . . 

c a r r i e d  o u t  a t  t h e  LNG r e s e a r c h  c e n t e r  a t  M . 1  .T. S t u d i e s  of  t h e  

s c i e n t i f i c ,  e n g i n e e r i n g ,  and economic f e a s i b i l i t y  of u s i n g  such  g e l s  

i n  t r a n s p o r t a t i o n  o r  s t o r a g e  shou ld  b e  pursued.  
0 

To e n s u r e  t h e  s a f e t y  o f  LNG f a c i l i t i e s  s e v e r a l  s t e p s  shou ld  b e  taken:  

1. Endeavor t o  p r e v e n t  any s p i l l ;  

2. Conta in  any s p i l l ,  i f  p o s s i b l e  ( a l t hough  t h i s  i s  u n l i k e i y  on t h e  

s e a )  ; 

3.  Dispe r se  t h e  v a p o r ,  o r  i g n i t e  t h e  s , p i l l  i n t e n t i o n a l l y ;  

4.  Ensure t h a t  any h a b i t a t i o n  is  f a r  enough from t h e  f a c i l i t y  t o  be  s a f e .  

The s a f e t y  of  an  LNG f a c i l i t y  can  be  p r o t e c t e d  a t  any one  o f  t h e s e  

s t a g e s .  C l e a r l y  i t  i s  t o  i n d u s t r y ' s  advan tage  t o  p r e v e n t  a  s p i l l ,  f o r  once 

t h e r e  i s  a  s p i l l ,  t h e  f a c i l i t y  cou ld  b e  damaged. However, t a n k s  i n  a n  LNG 

ocean  t a n k e r  might g i v e  way i n  a  sh ip - to - sh ip  c o l l i s i o n ,  workers  might  b e  

c a r e l e s s ,  o r  d e s p i t e  a l l  e n g i n e e r i n g  measu.res, 3 s a b o t e u r  cou ld  b reak  open 

e i t h e r  an  LNG t a n k  o r  s h i p  under t h e  most u n f a v o r a b l e  m e t e o r o l o g i c a l  condi -  , 

t i o n s .  It is  n o t  p o s s i b l e  t o  b e  a b s o l u t e l y  c e r t a i n  t h a t  t h e r e  w i l l  b e  no s p i l l ,  

. s o  we must t a k e  p r e c a u t i o n s  a t  t h e  o t h e r  s t a g e s  a s  w e l l .  Large s e p a r a t i o n  d i s -  

t a n c e s  may w e l l  b e  t h e  most r e l i a b l e  method o f  a c h i e v i n g  t h e  d e s i r e d  s a f e t y .  



D e s p i t e  t h e  arguments  o v e r  s a f e t y ,  LNG h a s  been used s i n c e  1960 w i t h o u t  

s e r i o u s  a c c i d e n t s  t o  t h e  p u b l i c .  Although c o s t l y  ( $ 3  p e r  m i l l i o n  B tu  de- I 
l i v e r e d ) ,  i t  h a s  d i s t i n c t  b e n e f i t s  ove r  s w i t c h i n g  t o  a l t e r n a t i v e  s o u r c e s  o f  

k energy .  The combust ion o f  n a t u r a l  ga s  .is c l e a n e r  a n d . l e a v e s  fewer  e f f l u e n t s  

. t h a n  e i t h e r  c o a l  o r  o i l .  Other  f o s s i l  f u e l s  a l s o  p r e s e n t  h a z a r d s  i n  t h e i r  

s t o r a g e ,  t r a n s p o r t a t i o n ,  and use .  I n  a d d i t i o n ,  t h e r e  a r e  p o t e n t i a l l y  l a r g e  

c o s t s  t o  c o n v e r t  from gas  t o  t h e s e  f u e l s ,  and t h e  p r e s e n t  gas  p i p e l i n e  n e t -  

work i s  i n  p l a c e  and o p e r a t e s  e f f i c i e n t l y .  N e v e r t h e l e s s ,  a s  we have i n d i c a t e d ,  

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

o f  LNG are needed i f  w e  a r e  t o  u t i l i z e  t h i s  supp lemen ta l  ene rgy  sou rce .  

Recommendations ~ 
~ 

The . p r i n c i p a l  recommendations from o u r  s tudi .es  of  LNG r i s k s  a r e  

a s  f o l l o w s :  

The un re so lved  s a f e t y  i s s u e s  have been wide ly  d i s c u s s e d ,  and i t  is  doubt-  

f u l  t h a t  more s a f e t y  h e a r i n g s  can  r e s o l v e  them. An a c c e l e r a t e d  r e s e a r c h  pro- 

gram is  needed t o  a s c e r t a i n  t h e  r ange  of  s e n s i t i v i t y  o f  r i s k  e s t i m a t e s  t o :  

1. d i f f e r e n c e s  i n  vapor  c loud  d i s p e r s i o n  models and c h o i c e s  of  atmo- 

s p e r h i c  s t a b i l i t y  c o n d i t i o n s  ; 

2 .  d i f f e r e n c e s  i n  s e l e c t i o n  of  "peak t o  average"  me thane / a i r  concen- 

t r a t i o n  r a t i o s  t o  d e f i n e  t h e  " sa fe"  lower flammable l i m i t  w i t h i n  a  

vapor  c loud ;  

3 .  d i f f e r e n c e s  i n  i g n i t i o n  s o u r c e  d i s t r i b u t i o n  and i n  assumpt ions  o f  

t h e i r  e f f e c t i v e n e s s  i n  i g n i t i n g  a  vapor  c loud  a t  d i f f e r e n t  l o c a t i o n s ;  

4 .  d i f f e r e n c e s  i n  p o p u l a t i o n  d e n s i t y  su r round ing  t a n k e r  r o u t e s  and. 

t e r m i n a l  s i t e s ;  

5 .  v a r i a t i o n s  i n  p h y s i c a l  phenomena such  a s  t h e  g r a v i t y  s p r e a d i n g  of  

LNG, b o i l i n g  r a t e s ,  and s p i l l  r a t e s .  . 



3 Burning t e s t s  and vapor  d i s p e r s i o n  t e s t s  on l a r g e  s p i l l s  (up  t o  25,000m ) 

should  be used t o  r e s o l v e  d i s c r e p a n c i e s  i n  e x i s t i n g  models and t o  i n v e s t i g a t e  

vapor  c loud  d i s p e r s i o n ,  f lame s h a p e s ,  and the rma l  r a d i a t i o n  c h a r a c t e r i s t i c s  

under  d i f f e r e n t  s i t e  and wea the r  c o n d i t i o n s .  Many tests have a l r e a d y  been  

performed on s m a l l e r  s p i l l s .  
. . 

The s t r u c t u r a l  i n t e g r i t y  o f  o f  LNG t a n k e r s  under  s p i l l  c o n d i t i o n s  gener -  

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

s h o u l d  b e  b e t t e r  de te rmined .  

Exper imenta l  v e r i f i c a t i o n  is  needed f o r  p h y s i c a l  t h e o r i e s  of  s u p e r h e a t -  

l i m i t e d  e x p l o s i o n s  which may r e s u l t  from LNG s p i l l s  i n j e c t e d  i n t o  o r  o n t o  

wa te r .  The e f f e c t s  of  LNG compo'sition and mode of  LNG s p i l l  i n  a c c i d e n t  con- 

d i t i o n s  on p o s s i b l e  e x p l o s i o n s  need t o  be  unde r s tood .  LNG-water i n t e r a c t i o n s  

a r e  j u s t  one a r e a  where l i q u i d - l i q u i d  s u p e r h e a t  e x p l o s i o n s  a r e  b e i n g  i n v e s t i -  

g a t e d .  and c o o r d i n a t i o n  of  t h e s e  s ' t u d i e s  w i t h  o t h e r  f i e l d s  i s  wor thwhi le .  

A thorough comparison o f  r i s k  e s t i m a t e s  should  b e  made and pub l i shed .  

Transforming LNG i n t o  a  s emi - so l id  g e l  f o r  u s e  i n  s h i p p i n g  and s t o r a g e  

might s i g n i f i c a n t l y  r educe  s p i l l  and  v a p o r i z a t i o n  , r a t e s .  A d d i t i o n a l  r e s e a r c h  

on t h e  p r o p e r t i e s  o f  such  a  g e l  and t h e  e n g i n e e r i n g  economics o f  s emi - so l id  

t r a n s p o r t a t i o n  shou ld  b e  pursued.  

The p o s s i b i l i t y  of s a b o t a g e  must b e  i n t r o d u c e d  i n t o  any r i s k  a s se s smen t  

and cons i , de red  i n  s i t i n g  o f  f a c i l i t i e s .  So f a r  t h i s  ha s  been l a r g e l y  o m i t t e d .  

Research  r e s u l t s  s h o u l d  b e  pub l i shed  i n  t h e  s c i e n t i f i ' c  l i t e r a t u r e  and 

d i s semina t ed  wide ly  t o  t h e  p u b l i c  b e f o r e  t h e y  a r e  used t o  j u s t i f y  s a f e t y  de- 

c i s i o n s .  



V I .  LNG F a c i l i t i e s  S i t i n g  D i s p u t e s  

The Cumberland, R . I .  LNG Tank 

cumberland is  a  small town on t h e  B lacks tone  R i v e r ,  20 m i l e s  n o r t h  of  

P rov idence ,  on t h e  r i n g  road  U.S. Route 295. . About 1954, Ashton,  a  p a r t  o f  

Cumberland, was s e l e c t e d  a s  a  h e a d q u a r t e r s  s i t e  f o r  t h e  Va l l ey  Gas Co. The 

l a n d  was zoned a g r i c u l t u r a l l y  and a c c o r d i n g  t o  Va l l ey  G a s , ~ r e s i d e n t ,  M r .  C.  

G. McCaffrey, "Val ley  Gas sought  a  change t o . i n d u s t r i a 1  zoning  and s a i d  t h e n  

t h a t  no t anks  were  envisaged"  [ 3 7 ] .  The ~ s h t o n  Elementary '  School  was b ' u i l t  

i n  1964, ab,out 1000 f e e t  no r thwes t  of   he Val l ey  Gas Co. h k d q u a r t e r s .  A 

3 t a n k  f o r  s t o r a g e  of 1  m i l l i o n  g a l l o n s  (3780m ) of  LNG was c o n s t r u c t e d  w i t h  no 

p r i o r  h e a r i n g  i n  1970, a l t h o u g h  by t h i s  t ime t h e r e  were propane s t o r a g e  t a n k s  

on t h e  s i te .  T h i s  LNG was s u p p l i e d  by t r u c k  from P la s sachuse t t s  and was p r i -  

m a r i l y  used f o r  peak shav ing .  Again t h e  Va l l ey  Gas Co. s t a t e d  t h a t  t h e y  had 

no f u r t h e r  expans ion  p l a n s .  I n  J anua ry  1973,  V a l l e y  Gas Co. p e t i t i o n e d  t h e  

Town Counci l  f o r  pe rmis s ion  t o  b u i l d  a  12,600,000 g a l l o n  (300,000 b a r r e l  o r  

47,  700m3) LNG t a n k  155 f e e t  i n  d i ame te r  and 145 f e e t  h i g h  a t  t h e i r  Ashton 

s i t e .  The Town A d m i n i s t r a t o r  r u l e d  t h a t  t h e  m a t t e r  shou ld  b e  hea rd  by t h e  

Zoning Board and Va l l ey  Gas r e q u e s t e d  a  zoning  board  v a r i a n c e  t o  a l l o w  t h e  

c o n s t r u c t i o n  o f  t h e  t ank .  The v a r i a n c e  was n e c e s s a r y  because  t h e  Va l l ey  Gas 

p r o p e r t y  was now zoned f o r  i n d u s t r i a l  "A" u s e  which does  n o t  permi t  s t o r a g e  

t a n k s ,  and t h e  proposed t ank  would have  been 70 f e e t  h i g h e r  t han  t h e  l o c a l  , 

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

Ac t ions  of  opponents  and Proponents  

The Providence  J o u r n a l  had w r i t t e n  abou t  t h e  S t a t e n  I s l a n d  f i r e ,  and a  

number o f  l o c a l  c i t i z e n s  became concerned  abou t  a l a r g e  t a n k  i n  Cumberland 

. because  of  t h e  p rox imi ty  of  t h e i r  homes and t h e  Ashton s c h o o l .  A meet ing  was 

- c a l l e d ,  o u t  of  which evolved  t h e  Concerned C i t i z e n s  of  Cumberland. A s t e e r i n g  ' 



I committee was chosen which inc luded  t h r e e  immediate  ne ighbor s  of Va l l ey  Gas; 

t h e  o t h e r s  l i v e d  one  o r  more m i l e s  away. Time was s h o r t ,  because  t h e  zoning  

board  h e a r i n g  was scheduied  f o r  Pfarch 8,  and e x t e r n a l  a d v i c e  was ha rd  t o  g e t .  

The Providence  J o u r n a l  had mentioned t h e  names o f  P r o f .  James Fay from t h e  

Department o f  Plechanical ~ n ~ i n e e r i n ~  a t  $1. I .T . ,  and one  of  u s ,  Richard  . l J i l son  

o f  t h e  Department of  P h y s i c s  a t  Harvard a s  b e i n g  t e c h n i c a l  e x p e r t s  p r e v i o u s l y  

concerned abou t  LNG sa£.ety.  

On b e h a l f  of  t h e  i n t e r v e n i n g  group,  P r o f .  Wilson a sked  f o r  d e t a i l s  of  

t h e  proposed t a n k ' a n d  i t s  s i t e .  Some of  t h e s e  were .made a v g i l a b l e  o r a l l y .  A 

map o f  t h e  ' tank s i t e ,  w h i c h ' a c c o r d i n g  t o  i t s  d a t e  had n o t  been drawn u n t i l  

I a f t e r  . the  i n i t i a l l y  planned .board mee t ing ,  was l a t e r  made a v a i l a b l e  t o  t h e  

I r e m o n s t r a n t s .  Because o f  t h e  p u b l i c  o p p o s i t i o n ,  t h e  Va l l ey  Gas Company r e -  

I ques t ed  postponement of  t h e  h e a r i n g ,  s o  t h a t  t hey  cou ld  p r e p a r e  a  b e t t e r  c a s e .  

Due t o  f u r t h e r  postponements ,  t h e  a c t u a l  zoning  boa rd  h e a r i n g  d i d  n o t  t a k e  

i p l a c e  u n t i 1 , A u g u s t  6 and 7 ,  1973. I n  t h e  i n t e r i m ,  t h e  Va l l ey  Gas Company had 

h i r e d  Ar thu r  D.  L i t t l e ,  I n c .  a s  c o n s u l t a n t s .  I n  a d d i t i o n ,  V a l l e y  Gas con- 

, . duc ted  a  p u b l i c  r e l a t i o n s  campaign which i n c l u d e d  newspaper a d v e r t i s e m e n t s  and 
i 

t h r e e  l e t t e r s  t o  Cumberland r e s i d e n t s .  I n  h i s  l e t t e r  of  June  2 9 ,  1973, C . G .  

McCaffrey, P r e s i d e n t  of  Va l l ey  Gas s a i d :  

"1. There  i s  a  s h o r t a g e  o f  a l l  forms of energy .  

2. By hav ing  LNG on hand,  Va l l ey  Gas w i l l  b e  a b l e  t o  l e s s e n  t h e  impact  

on cus tomers  i n  t h e  l i k e l y  e v e n t  t h a t  o u r  p i p e l i n e  s u p p l i e r  f u r t h e r  

c u r t a i l s  n a t u r a l  gas  sh ipments  t o  u s .  

3. The t ank  would be  on o u r  h e a d q u a r t e r s '  p r o p e r t y  s o  t h a t  o u r  tech-  

n i c a l  and mechanica l  peop le  can  d a i l y  obse rve  i t s  f ~ ~ n c t i n n i n g .  

4 .  We would t a k e  a l l  n e c e s s a r y  p r e c a u t i o n s  t o  i n s u r e  eve ryone ' s  s a f e t y  

d u r i n g  i t s  c o n s t r u c t i o n  and o p e r a t i o n ,  and we d e t a i l e d  t h e  c o n s t r u c -  

t i o n  p l a n s  and s a f e t y  p rocedures .  



5.  View t h e  t a n k  a s  a  r e s e r v i o r  t o  draw on d u r i n g  f u e l  s h o r t a g e .  

LNG s t o r a g e  f a c i l i t i e s  have e s t a b l i s h e d  a p e r f e c t  s a f e t y  r e c o r d  

s i n c e  t h e  development o f  n a t i o n a l  codes ,  dependable ,methods  and cryo-  

g e n i c  m a t e r i a l s  used  today  ( such  a s  n i n e  p e r c e n t  n i c k e l  s t e e l  and t h e  

b u i l d i n g  o f  d ikes) . .  

I want t o  r e s t a t e  what I s a i d  i n  my'  f i r s t  l e t t e r .  ' I f  I thought  

f o r  one  minute  t h a t  the ' re  w a s  t h e  s l i g h t e s t  p o s s i b i l i t y  o f  t h e  t a n k  

c a u s i n g  a n  a c c i d e n t ,  i t  wou ldn ' t  b e  b u i l t .  ' I '  

Valley '  G a s  a l s o  h e l d  an  i n f o r m a t i o n a l  p u b l i c  forum on , J u l y  2 ,  which pro- 

v i d e d  much sought  a f t e r  i n f o r m a t i o n  t o  l o c a l  r e s i d e n t s .  A t  t h i s  meeting, ,  D r .  
. . 

E l i z a b e t h  Drake of  Ar thu r  D. L i t t l e , ,  who had been a  p r i n c i p a l -  i n v e s t i g a t o r  i n  

some LNG burn ing  t e s t s  conducted by t h e  American Gas A s s o c i a t i o n ,  gave h e r  

o p i n i o n  t h a t  under  t h e  wors t  a c c i d e n t  c i r cums tances  f o r  t h e  proposed t a n k ,  

" a t  950 f e e t  a  pe r son  cou ld  have h i s  s k i n  exposed t o  a  f i r e  f o r  30 seconds  

b e f o r e  e x p e r i e n c i n g  pa in ' '  [ 3 7 ] .  

The Zoning Board Hea r ings  

A t  t h e  f i r s t  s e s s i o n  o f  t h e  h e a r i n g s ,  h e l d  August 6 and 7, 1973, abou t  

500 pe r sons  were  p r e s e n t ,  more peop le  t han  a t  t h e  annua l  town meet ing  i n  June .  

P r o f e s s o r  James Fay o f  N.I .T. ,  chairman of t h e  Elassachuse t t s  P o r t  A u t h o r i t y  

and a u t h o r  of  s e v e r a l  p a p e r s  on LNG and r e l a t e d  t o p i c s ,  and P r o f e s s o r  George 

S e i d e l  o f  Brown U n i v e r s i t y ,  an  e x p e r t  i n  c r y o g e n i c s ,  t e s t i f i e d  on b e h a l f  of  

t h e  opponents  of  t h e  t ank .  P r o f e s s o r  Fay c o n c e n t r a t e d  h i s  tes t imony on t h e  

d i s p e r s i o n  of LNG a f t e r  a  s p i l l .  P r o f e s s o r  S e i d e l  q u e s t i o n e d  t h e  a d v i s a b i l i t y  

o f  t h e  t ank  l o c a t i o n ' s o  c l o s e  t o  t h e  Ashton School  and sugges t ed  t h a t  a n  under- 

g r o u n d , t a n k ,  w h i l e  more expens ive ,  would avo id  t h e  problem of  s p i l l s .  Both 

mentioned t h e  unexpected n a t u r e  of  e a r l i e r  LNG a c c i d e n t s  and i n c i d e n t s  and 

s a i d  t h a t  p ruden t  s a f e t y  judgments shou ld  assume t h e  o c c u r r e n c e  of a  l a r g e  

s p i l l .  



D r .  Fay s t a t e d  t h a t  a  s p i l l  of 5000 b a r r e l s  of LNG, l e s s  t han  2% of 

t h e  c a p a c i t y  of  t h e  t ank ,  cou ld  form a  vapor  c loud  700 f e e t  i n  d i a m e t e r  which 

c o u l d  blow downwind and b e  f l a m a b i e  f o r  n e a r l y  two m i l e s .  He f e l t  t h a t  t h e  

1972 N a t i o n a l  F i r e  P r o t e e t i o n  ~ s s o c i a t i o n  Code 59A, t h e  p r i n c i p a l  s t a n d a r d  

t o  which t h e  t ank  would be  des igned ,  d i d  "not  f u l l y  r e f l e c t  t h e  c o n s i d e r a t i o n s  

of  p o s s i b i l i t y  o f  flammable c l o u d s  d r i f t i n g  downwind from' s p i l l s ,  and . t h a t  

d i s t a n c e s  between s t o r a g e  t a n k s  and p u b l i c  b u i l d i n g s  o r  o t h e r  a r e a s  where 
. . 

might c o n g r e g a t e . i n  t h a t  code  are i n  f a c t  t o o  s m a l l  f o r  s a f e  d e s i g n  , 

' . and o p e r a t i o n "  [ 3 8 ] . .  He no ted  t h e  r a p i d  development of.LNG. technology and 

, t h e  r e c e n t  n a t u r e  of t e s t s  done on LNG. He c i t e d  t h e  S t a t e n  1 s l a n d  a c c i d e n t  

a s  ev idence  t h a t  "we a r e  n o t  comple te ly  and f u l l y  aware o f  a l l  t h e  dange r s  

a s s i c i a t e d  w i t h  t h i s  k i n d  o f  technology.  I b e l i e v e  ve ry  s e r i o u s  cons ide ra -  . 

t i o n  shou ld  b e  g iven  t o  p r o p e r  siting o f  f a c i u t i e s  i n  such  l o c a t i o n s  t h a t  

shou ld  t h e r e  b e  an  a c c i d e n t  t h e r e  would b e  a b s o l u t e l y  no chance of  harm t o  

any human person"  [ 3 9 ] .  He d i d  n o t  s p e c i f y  what l e v e l  o f  r i s k ,  i f  any ,  would 

b e  " a b s o l u t e l y "  s a f e .  

D r .  E l i z a b e t h  Drake w a s  t h e  p r i n c i p a l  s a f e t y  w i t n e s s  f o r  t h e  Gas Com- 

pany. She s t a t e d :  "In e s s e n c e ,  LNG technology is f a r  from new. I t  i s  b u i l t  

upon decades  of  e x p e r i e n c e  w i t h  l i q u i d  f u e l s  and c r y o g e n i c  l i q u i d s  and is  

based on w e l l - e s t a b l i s h e d  codes and s t a n d a r d s  developed  s p e c i f i c a l l y  f o r  LNG" 

[ 4 0 ] .  The f o l l o w i n g  q u o t a t i o n  t aken  from a  . l a t e r  r e p o r t  co-authored by D r .  

Drake e l a b o r a t e s  b r i e f l y  on LNG s t a n d a r d s :  

"Changes i n  s e v e r a l  codes and s t a n d a r d s ,  i n t l u d i n g  NFPA '59A, a r c  p r e s e n t -  
l y  b e i n g  cons ide red .  I f  changes a r e  made, t h e y  may o r  may n o t  b e  of  ma- 
j o r  s i g n i f i c a n c e  b u t ,  ba sed  on p a s t  e x p e r i e n c e  w i l l  g e n e r a l l y  b e  more 
r e s t r i c t i v e  t han  t h e i r  p r e d e c e s s o r s .  Any changes a r e  n e c e s s a r i l y  made 
i n  s low and d e l i b e r a t e  manner, s o  t h a t  t h e r e  t e n d s  t o  b e  a  t ime l a g  a l -  
t e r i n g  t h e  s t a n d a r d s  t o  r e f l e c t  new k n n w l ~ r l g e  and improved c e c l l u u l ~ g y .  

It would a p p e a r  t h a t  t h e  d e t a i l s  o f  t h e  s t a n d a r d s  have  been l a r g e l y  i n -  
f l u e n c e d  by t h e  gas  i n d u s t r y ,  s i n c e  i n d u s t r y  employees o r  c o n t r a c t o r s  
g e n e r a l l y  have most o f  t h e  e x p e r t i s e  t h a t  is n e c e s s a r y  t o  d e a l  w i t h  t h e  
s u b t l e t i e s  of d e s i g n  and per formance  r equ i r emen t s .  The o v e r a l l  o b j e c t i v i t y  



and i n t e n t  o f  t h e  s t a n d a r d s ,  however, may havk been i n f l u e n c e d  by a ' m o r e  
ba lanced  i n t e r e s t  i n  s a f e t y , ' s i n c e  many c o n t r i b u t o r s  t o  t h e  codes  were  
n o t  sponsored  by t h e  g a s  i n d u s t r y .  

The codes i n  g e n e r a l ,  do n o t  e x p l i c i t l y  d e s c r i b e  t h e  e x t e n t  t o  which t h e y  
may c o n t r o l  o r  l i m i t  t h e  h a z a r d s  p r e s e n t e d  by a c c i d e n t a l  f a i l u r e s .  That  
i s ,  f o r  example, g iven  a  r a t e  and q u a n t i t y  o f  r e l e a s e  of  LNG due t o  a 
s p e c i f i c  f a i l u r e ,  t h e  code does  n o t  p rov ide  a  method of  e s t i m a t i n g  t h e  
e x t e n t  of t h e . r e s u l t i n g  f i r e  h a z a r d ,  a l though'  t h i s  could  be  done u s i n g  
p r e s e n t l y  a v a i l a b l e  knowledge and methods. I n s t e a d - t h e  codes  p r e s e n t  
e x c l u s i o n  d i s t a n c e  r equ i r emen t s  which i n f e r  some. assumed maximum a c c i -  
d e n t  and a l low'ab le  f i r e  exposure  a t  t h e  p r o p e r t y  l i n e ,  though n e i t h e r  
i s  s p e c i f i c a l l y  desc r ibed"  [ 4  1 1 .  . , 

D r .  Drake f u r t h e r  t e s t i f i e d  a t  t h e  h e a r i n g :  

"The primary haza rd  a s s o c i a t e d  w i t h  an  LNG s p i l l  i s ,  of  c o u r s e ,  f i r e .  
Heat  from a  l a r g e  LNG f i r e  i s  i n t e n s e  j u s t  a s  i n  t h e  c a s e  w i t h  any l a r g e  
f i r e  and l i q u i d  f u e l s .  The s a f e  d i s t a n c e s  can  b e  e s t i m a t e d  f o r  v a r i o u s  
LNG f i r e  shapes  and s i z e s .  To a c h i e v e  s a f e  f a c i l i t i e s ,  one needs  t o  
i d e n t i f y  p o t e n t i a l  c auses  o f  s p i l l s ,  de t e rmine  t h e i r  l i k e l y  l o c a t i o n s  
and s i z e s ,  and t h e n  e s t i m a t e  zones which may b e  a f f e c t e d  by an a c c i d e n t  
of  t h e  t y p e  - cons ide red .  Depending on t h e  r e s u l t s ,  a p p r o p r i a t e  a d j u s t -  
ments may have t o  be  made i n  p l a n t  l a y o u t  t o  minimize r i s k  o r  i n j u r y  
t o  peop le  and p rope r ty"  [ 4 2 ] .  

It was n o t  made c l e a r  whether  such  a  d e t a i l e d  e s t i m a t e  o f  s a f e t y  zones  had 

been  c a r r i e d  o u t  f o r  Va l l ey  Gas, b u t  t h e  i m p l i c a t i o n  w a s  l a t e r .  made t h a t  such  

e s t i m a t e s  had been c a r r i e d  o u t .  D r .  Drake concluded from h e r  u se  o f  mathe- 

m a t i c a l  models developed i n  e x p e r i m c n t a l  LNG t e s t s  conducted  i n  C a l i f o r n i a  

t h a t  " t h e  s a f e  d i s t a n c e  f o r  peop le  e s t i m a t e d  u s i n g  t h e s e  methods i s  abou t  950 

f e e t  from t h e  t ank  a r e a "  [ 4 3 ] .  It was n o t  s p e c i f i e d  under what c o n d i t i o n s ,  

i f  any ,  t h e  950 f o o t  d i s t a n c e  might  b e  i n v a l i d .  She added t h a t  h e r  model d i d  

n o t  i n c l u d e  any e f f e c t s  o f  t h e  t e r r a i n ,  a l t hough  s h e  f e l t  t h i s  would make t h e  

950 f e e t  a  c o n s e r v a t i v e  e s t i m a t e  s i n c e  t h e  s c h o o l  was on h i g h e r  ground. She 

f i n i s h e d  h e r  tes t imony by s a y i n g  "In my o p i n i o n ,  t h e r e  is  no haza rd  t o  t h e  

c h i l d r e n  a t  t h e  Ashton s c h o o l  e i t h e r  from a ' m a j o r  f i r e  o r  from vapor  d i s p e r -  

s i o n ,  and I b e l i e v e  t h i s  i s  a  s a f e  s i t i n g "  [ 4 4 ] .  

D r .  Drake, s i n c e  s h e  appea red  a f t e r  D r .  Fay,  was a b l e  t o  r e b u t  h i s  t e s t i -  

mony. She b e l i e v e d  " P r o f e s s o r  Fay may n o t  h e  f l ! l ly  aware o f  t h e  d i f f e r e r ~ c e s  

between s p i l l s  on w a t e r  and s p i l l s  on l and . " ,  s i n c e  F a y ' s  pub l i shed  work was 



p r i m a r i l y  f o r  s p i l l s  a t  s e a .  The Lawyer f o r  t h e  Va l l ey  Gas Company a l s o  

took  g r e a t  p a i n s  t o  e s t a b l i s h  t11e c r e d i b i l i t y  o f  D r .  ,Drake o v e r  D r .  Fay by 

p o i n t i n g  o u t  t h a t  D r .  Drzke h a s  be;n a  d i s c u s s i o n  l e a d e r .  a t  an  LNG con fe rence  

i n . B o s t o n  i n  June  1972, where A r t h u r  D . . L i t t l e  Co. and Chicago Br idge  and 

I r o n  r e p r e s e n t a t i v e s  had been p r e s e n t ,  .and t h a t  D r .  Fay had n o t  been i n v i t e d  

t o  t h i s  conference ; .  Although a t t e n d e n c e  a t  t h i s  p a r t i c u l a r  c o n f e r e n c e  had 

no b e a r i n g  on D r .  Fay ' s  r e p u t a t i o n  i n  t h e  f i e l d ,  and s h o u l d  have  been i r r e l e -  

v a n t ,  t h i s e s t a L l i s h m e n t o f c r e d i b i l i t y w a s a f a c t o r i n  t h e ' l a t e r d e c i s i o n o f  ' 

, the,  zoning  'board .  

.The Zoning Board Dec i s ion  . . 

On ~ o v e m b e r  7 ,  1 9 7 3  t h e  Cumberland Zoning Board r e l e a s e d  t h e i r  4-1 de- 

c i s i o n  app rov ing  t h e  p e t i t i o n  of t h e  Va l l ey  Gas Company. E i g h t  c o n d i t i o n s  

were set r e g a r d i n g :  

1) F i r e  p r o t e c t i o n  equipment;  

2) T r a i n i n g  of f i r e  depar tment  and Va l l ey  p e r s o n n e l ;  

3) C o n s t r u c t i o n  and main tenance  o f  t h e  d i k e ;  

4) Design,  e n g i n e e r i n g  and c o n s t r u c t i o n  of  t h e  t a n k ;  

5)  .24 hour  s u p e r v i s i o n  and f i r e  p r o t e c t i o n ;  

6 )  J u r i s d i c t i o n  ove r  i n s t a l l a t i o n ,  o p e r a t i o n ,  and m o d i f i c a t i o n ;  

7) J u r i s d i c t i o n  ove r  f i r e  s a f e t y ;  

8) Expenses of  o u t s i d e  o p i n i o n  t o  b e  bo rne  by Va l l ey  Gas. 

The f i n d i n g s  of  f a c t  and c o n c l u s i o n s  of  t h e  board were:  

"1) T h i s  Board h a s  weighed and e v a l u a t e d  t h e  ev idence  p r e s e n t e d . b y  
V a l l e y ' s  w i t n e s s e s  and t h e  w i t n e s s e s  f o r  t h e  Remonstrants  and con- 
c l u d e s  t h a t  t h e  ev idence  p r e s e n t e d  by t h e  w i t n e s s e s  f o r  Va l l ey  is  
more c r e d i b l e  a n d . b e l i e v a b l e  t h a n  t h a t  p r e s e n t e d  by t h e  w i t n e s s e s  
f o r  t h e  Remonst ran ts .  The d e , t a i l e d  background anrl p r . a s t i c a 1  day- 
to-day 1~no.wledge of  V a l l e y ' s  w i t n e s s e s  i s  i n  s h a r p  c o n t r a s t  t o  t h e  
t h e o r e t i c a l  'book' knowlsdge of  t h e  w i t n e s s e s  f o r  t h e  Remonst ran ts .  
The Board, t h e r e f o r e ,  f i n d s  t h a t  Va l l ey  has  s u s t a i n e d  i t s  burden  of 
proof  o n  t h e  i s s u e s  p r e s e n t e d  t o  t h i s  board .  



2 )  There i s  a  s e r i o u s  p u b l i c  need f o r  t h e  s t o r a g e  t a n k  proposed by 
t h e  VaLley. The c o n s t r u c t i o n  of t h e  s t o r a g e  t a n k  w i l l  e n a b l e  
Va l l ey  t o  p r o v i d e  adequa te  w i n t e r  f u e l  s u p p l i e s  f o r  homes, i n s t i t u -  
t i o n s ,  b u s i n e s s e s  and n o r t h e r n ,  ~ h o d e  I s l a n d  a r e a s .  The need h a s  
been c l e a r l y  demonst ra ted  by t h e  ev idence  and .has been conceded by 
t h e ~ e r n o n s t r a n t s .  : 

3) The c o n s t r u c t i o n  o f  t h e  proposed t a n k  w i l l  have  no a d v e r s e  e f f e c t  
on p r o p e r t y  v a l u e s  i n  t h e  neighborhood,  w i l l  n o t  a l t e r  t h e  charac-  

. . t e r  of . izhe  ne ighborhood,  and w i l l  be  c o n s i s t e n t  w i t h  t h e  development 
of  t h e  a r e a .  I n  view o f  V a l l e y ' s  e x i s t i n g  p l a n t  a t  t h e  proposed 
l o c a t i o n  and t h e m i x e d  u s e s  of  t h e  a r e a ,  t h e  Board f i n d s  t h a t  t h e  
proposed f a c i l i t y  w i l l  n o t  s u b s t a n t i a l l y  o r  permanent ly  i n j u r e  
n e i g h b o r i n g  p r o p e r t y .  . 

4 )  The t r a d i t i o n a l  t r a f f i c  which may r e s u l t  from V a l l e y ' s  o p e r a t i o n  of  
t h e  .proposed f a c i l i t y  w i l l  b e  l i m i t e d  t o  a  v e r y  s h o r t  s t r e t c h  of  
Mendon-Road arid w i l l  n o t  c r e a t e  'any add j . t i ona1  t r a f f i c  o r  any ap- 
p r e c i a b l e  . t r a f f i c  . haza rd .  

5 ) .  Based on i.ts own e x p e r i e n c e  and t h e  expe r t .  t e s t imony  of  t h e  w i tnes -  
s e s  p r e s e n t e d  by V a l l e y ,  t h e  proposed f a c i l i t y  w i l l  n o t  r e s u l t  i n  
any change i n  t h e  u s e  o f  V a l l e y ' s  p r o p e r t y ,  b u t  w i l l  mere ly  b e  an  
i n c r e a s e  i n  t h e  d e n s i t y  of an  e x i s t i n g ' u s e  and s o  w i l l  b e  i n  har-  
mony w i t h  t h e  e x i s t i n g  c h a r a c t e r  of  t h e  neighborhood which a l r e a d y  
i n c l u d e s  V a l l e y ' s  p r e s e n t  f a c i l i t i e s .  

6 )  The f a c i l i t y  proposed by V a l l e y ,  w i t h  t h e  s a f e t y  f e a t u r e s  d e s c r i b e d  
i n  t h e  ev idence ,  i s  g e n e r a l l y  a c c e p t e d ,  w ide ly  used and e n j o y s  a  
proven s a f e t y  r e c o r d ,  Accord ingly ,  w e  f i n d  t h a t  t h e  proposed f a c i l -  
i t y  w i l l  n o t  b e  hazardous  t o  t h e  p u b l i c  o r  a d j o i n i n g  p r o p e r t y  
owners. 

7)  The d e s i g n  and c o n s t r u c t i o n  o f  t h e  t ank  w i l l  be  i n  s t r i c t  a cco rdance  
w i t h  t h e  most modern LNG technology and w i l l  exceed i n  many i n s t a n -  
c e s  n a t i o n a l l y  a c c e p t e d  s t a n d a r d s .  

8)  The s i t e  proposed by Va l l ey  has  been examined by t h i s  Board which 
h a s  a l s o  c o n s i d e r e d  t h e  t e s t imony  p r e s e n t e d  w i t h  r e s p e c t  t o  t h a t  
s i t e .  We f i n d  t h a t  t h e  s i t e .  i s  e n t i r e l y  s u i t a b l e  and s a f e  and t h a t  
ne ighbor ing  p o r p e r t i e s  w i l l  n o t  b e  a d v e r s e l y  a f f e c t e d .  

9)  I n  o u r  judgment, t h e  p u b l i c  convenience  and w e l f a r e  w i l l  b e  sub- 
s t a n t i a l l y  s e rved  by t h e  c o n s t r u c t i o n  of  t h e  proposed s t o r a g e  t a n k .  

10) I n  o u r  judgment, t h e  a p p r o p r i a t e  u s e  of ne ighbor ing  p r o p e r t y  w i l l  
n o t  be s u b s t a n t i a l l y  o r  permanent ly  i n j u r e d  by t h e  c o n s t r u c t i o n  of  
t h e  proposed t ank .  

11) The proposed t a n k  w i l l  b e  i n  harmony w i t h  t h e  c h a r a c t e r  o f  t h e  
neighborhood, ,  a p p r o p r i a t e  t o  t h e  u s e  of b u i l d i n g s  p e r m i t t e d  i n  such  
d i s t r i c t ,  and p o s s e s s i v e  o f  a  r e a s o n a b l e  tendency towards promoting 
t h e  p u b l i c  convenience ,  t h e  p u b l i c  w e l f a r e ,  and t h e  p u b l i c  h e a l t h .  



12)  The proposed u s e  i s  r ea sonab ly  n e c e s s a r y  f o r  t h e  convenience  o r  
w e l f a r e  of  t h e  p u b l i c .  

The d i s s e n t i n g  o p i n i o n  was g iven  by Mr. ElcGill ,  who s a i d :  

"It wou ldn ' t  b e  r i g h t  t o  g i v e  a  'Yes o r  No' v o t e  on a n  i s s u e  where s o  
much t i m e ,  e f f o r t ,  and moncy h a s  beeil s p e n t  o r  s o  much c o n t r o v e r s y  h a s  
been brought  abou t  w i thou t  g i v i n g  good r e a s o n s  f o r  do ing  s o .  Here a r e  
my r e a s o n s  : 

The Town f a t h e r s  who i n i t i a l l y  planned t h e  zoning of  t h e  t o m  saw f i t  
t o  zone t h i s  a r e a  where t hey  wish  t o  b u i l d  t h e  t a n k - - I n d u s t r i a l  A .  

Peop le  b u i l t  homes nea rby  and t h e  t o ~ m ' b u i l t  an  e l emen ta ry  s c h o o l  abou t  
1000 f e e t  away, having  i n  mind I ' m  s u r e ,  t h a t  a  s t o r a g e  f a c i l i t y  of 
t h i s  k i n d  would not. b e  a l l owea  because  .it i s  n o t  a l lowed i n  ' I n d u s t r i a l  
A ' .  

I 

During t h e  h e a r i n g s  t h e r e  were many c o n f l i c t i n g  o p i n i o n s  on t h e  safeCy 
o f  t h e  t a n k ' ( e s p e c i a l 1 y  i n  r e g a r d  t o  d i s t a n c e s  t h a t  were s a f e  f o r  t h e  
s c h o o l  and su r round ing  a r e a )  by peop le  who were w e l l  q u a l i f . i e d  t o  g i v e  
an  o p i n i o n .  The s a f e t y  f a c t o r  was impor t an t  because  of  t h e  f a c t  t h a t  
one volume of  LNG ( l i q u i d  n a t u r a l  ga s )  i s  e q u a l  t o  600 volumes of  
N a t u r a l  Gas which makes t h i s  a  t e r r i f i c  s o u r c e  of  energy .  From what I 
g e t  o u t  of  i t ,  seems t o  me, 1,022 f t .  i s  c u t t i n g  t h i n g s  a  l i t t l e  t o o  
c l o s e  on t h e  d i s t a n c e  away from t h e  s c h o o l .  There  a r e  no F e d e r a l  o r  
S t a t e  Laws on t h e  books s p e l l i n g  o u t  d i s t a n c e s  t o  go by s o  t o  u se  my 
o m  judgment I t h i n k  i t ' s  j u s t  common s e n s e  n o t  t o  pu t  i t  t h e r e .  

I d o n ' t  want Cumberland t o  go on r e c o r d  a s  having  t h e  c l o s e s t  s c h o o l  
on r e c o r d  a b u t t i n g  an  LNG t ank .  I ' d  r a t h e r  go t h e  o t h e r  way and b e  t h e  
f u r t h e s t  . 
The c h i l d r e n ,  t e a c h e r s , a s  w e l l  a s  r e s i d e n t s  shou ld  n o t  have t o  l ook  o u t  
the. window a n d ' s e e  t h i s  tank  and l i v e  i n  c o n s t a n t  f e a r  of  an  a c c i d e n t  
t h a t  cou ld  cause  an e x p l o s i o n  when t h e r e ' s  no a b s o l u t e  n e c e s s i t y  f o r  i t ;  
I know t h e  t ank  is  needed b u t  t h e r e  must be  a l t e r n a t e  s i t e s 1 ' [ 4 5 ] .  

The d e c i s i o n  was appea l ed  t o  t h e  R . I .  P u b l i c  U t i l i t i e s  Commission which con- 

duc t ed  a  f u r t h e r  h e a r i n g  on Janua ry  2 9 ,  1974. 

I t , i s  c l e a r  t h a t  t h e  media p layed  a  s i g n i f i c a n t  r o l e  i n  p r o v i d i n g  i n f o r -  

mat ion  and a r o u s i n g  p u b l i c  conce rn .  The LNG t ank  f i r e  i n  S t a t e n  I s l a n d  was 

much r e p o r t e d  i n  t h e  p r e s s ,  and a t  f i r s t  i t  was. u n c l e a r  t h a t  i t  was n o t  a  tank  

f u l l  o f  LNG which had exploded .  I n  t h e  Cumberland t a n k  p r o p o s a l  t h e  f i r s t  

involvement  of  t h e  media was t o  announce t h e  news a s  g iven  by t h e  gas  com- 

p a n i e s .  The Cumberland newspapers  c a r r i e d  a r t i c l e s  which quoted C h a r l e s  

McCaffrey, P r e s i d e n t  of  Va l l ey  Gas Co., abou t  h i s  en thus i a sm f o r  s a f e t y .  



Smal l e r  i t e m s  quoted  t h e  concern  o f  t h e  t ank  opponents .  There was no l e a d  

a r t i c l e  abou t  t h e  i s s u e s  i nvo lved  and a r t i c l e s  g e n e r a l l y  r e p o r t e d  s t a t e m e n t s  

r a t h e r  t han  p r o v i d i n g  background i n f o r m a t i o n ,  p a r t i c u l a r l y  wit11 r e s p e c t  to .  

t e c h n i c a l  s a f e t y  i s s u e s .  The zoning  board  h e a r i n g  was w e l l  and f a i r l y  

covered  by l o c a l  pape r s .  However, t h e r e  was no coverage  which showed r e a l  

unde r s t and ing  o f  t h e  i s s u e s  u n t i l  a f t e r  t h e  z o n i n g - b o a r d  h e a r i n g .  The a p p e a l  

h e a r i n g  was covered  by s e v e r a l  l o c a l  newspapers  and t h e  l d c a l  T.V. s t a t i o n  

i n  c o n s i d e r a b l e  d e t a i l .  I n  a d d i t i o n  a  l o c a l  monthly newspape.r t h e  "Advocate" 

d e v o t e d  i t s  February  19.74 i s s u e .  e n t i r e l y  t o  LNG i s s u e s  and t h e  LNG s a f e t y  

d e b a t e .  

P o s t  Hear ing  Ac t ions  

A t  t h e  a p p e a l  h e a r i n g  of  t h e  P u b l i c  U t i l i t i e s  Commission Richard  Wilson 

was t h e  p r i n c i p a l  w i t n e s s  f o r  opponents .  H i s  w r i t t e n  t e s t imony  no t& t h e  d i f -  

f i c u l t y  h e  encoun te red  i n  o b t a i n i n g  t e c h n i c a l  d e t a i l s  of  t h e  t a n k  and of  ob- 

t a i n i n g  r e s e a r c h  pape r s  by U r .  Drake c i t e d  at tile August h e a r i n g  as b e i n g  

"pub l i shed  v e r y  s h o r t l y . ?  Some o f  t h i s  r e s e a r c h  had been used t o  j u s t i f y  t h e  

s a f e t y  of  t h e  proposed t ank .  D r .  Wilson a l s o  w r o t e  t h a t  D r .  F a y ' s  pub l i shed  

work i n d i c a t e d  t h a t  h e  was a s  q u a l i f i e d  an e x p e r t  on LNG a s  D r .  Drake and 

shou ld  have been  s o  cons ide red  by t h e  zoning  boa rd  of review. ( Judging  from 

t h e  t r a n s c r i p t s ,  t h e  t e s t imony  of  t h e  e x p e r t  w i t n e s s e s  f o r  Va l l ey  Gas, who were  

p a i d  by Va l l ey  Gas, was more e x p l i c i t l y  and c a r e f u l l y  p repa red  t h a n  t h e  t e s -  

t imony o f  t h e  unpaid e x p e r t  w i t n e s s e s  f o r  t h e  i n t e r v e n o r s .  T h i s ,  a s  always i n  

such  c a s e s ,  was a  d i s a d v a n t a g e  f o r  t h e  i n t e r v e n o r s ,  which h e a r i n g  boa rds  

s h o u l d ,  and u s u a l l y  do ,  t a k e  i n t o  a c c o u n t . )  

The c o n s i d e r a t i o n  c f  a l t e r n a t i v e s  t o  t h e  Va l l ey  Gas p r o p o s a l  was a l s o  

r a i s e d .  No comparison of  a l t e r n a t i v e  s i t e s  o r  a l t e r n a t i v e  tank-d ike  conf igu-  

r a t i o n s  was p laced  on t h e  p u b l i c  r e c o r d .  Although Va l l ey  Gas had conducted 



an a e r i a l  su rvey  of  t h e i r  g e n e r a l  r e g i o n ,  t h i s  was n o t  r e v e a l e d  o r  d i s c u s s e d .  

It appeared  t h a t  t h e  s i t e  a l r e a d y  owned by Va l l ey  Gas was t h e  o n l y  s i t e  

e v a l u a t e d  f o r  s a f e t y  of  t h e  LNG t a n k  because  o f  conven ience ' and  expense.  I n  

o r a l  t e s t imony  t h e  i s s u e s  of  s a b o t a g e  by t e r r o r i s t s  and t h e  a c c e p t a b i l i t y  o f  

t h e  r i s k  were d i s c u s s e d ;  P r o f e s s o r  Wilson sugges t ed  t h a t  f l y i n g  i n  an  a i r p l a n e  
. . 

was a  v o l u n t a r y  r i s k  which h e  cou ld  d e c i d e  t o  a c c e p t  o r  r e j e c t  whereas a t -  

t e n d i n g  s c I ~ o o l  n e a r  an LNG tank  w a s  an i n v o l u n t a r y  and con t inuous  r i s k ,  abou t  

which presumably t h e  s c h o o l  c h i l d r e n  and p r i o r  homeowners had no choi .ce.  He 

f e l t  t h a t  r e g u l a t o r y  b o d i e s  shou ld  b e  p a r t i c u l a r l y  c o n s e r v a t i v e  i n  p l a c i n g  

such  t a n k s  i n  popu la t ed  a r e a s .  

According t o  t h e  Chairman of  t h e  ' p u b l i c  U t i l i t i e s  Commission, t h e  a p p e a l  
. . 

"board d e c i s i o n  would r e v o l v e  a round t h r e e  q u e s t i o n s  r e g a r d i n g  t h e  t ank :  

1) Is t h e  f a c i l i t y  needed? 

2 )  Is t h i s  t h e  p rope r  l o c a t i o n  ' f o r  such  a  f a c i l i t y ?  

3) I f  t h e  f a c i l i t y  were p l aced  t h e r e ,  would i t  b e  s a f e ? "  [45b] .  

A s  o f  November, 1976, t h e  P u b l i c  U t i l i t i e s  Commission had n o t  r u l e d  on t h e  

a p p e a l .  

P rov idence ,  R . I .  LNG Import and S t o r a g e  Terminal  

P rov idence  s i t s  a t  t h e  head of  N a r r a g a n s e t t  Bay, a  l a r g e  bay e x t e n d i n g  

30 m i l e s  i n  from t h e  ocean .  It i s  a n a t u r a l  l o c a t i o n  f o r  p o r t  f a c i l i t i e s .  

F i e l d s  P o i n t ,  an i n d u s t r i a l  complex c o n t a i n i n g  pe t ro leum s t o r a g e  t a n k s  and 

l o c a t e d  1 . 5  m i l e s  from downtown P rov idence ,  seemed t o  t h e  g a s  companies an  

obvious  p l a c e  t o  expand and t o  c o n s t r u c t  a  l a r g e  mar ine  t e r m i n a l  f o r  LNG. 

T h i s  would i n c l u d e  t h e  docks f o r  LNG t a n k e r s ,  r e v a p o r i z a t i o n  and s t o r a g e  f a -  

c i l i t i e s .  Washington Pa rk ,  a  h e a v i l y  p ~ p 1 1 1 a t ~ d  area a d j a ~ e ~ i ~  LU k l e l d s  P o i n t ,  

i s  comprised o f  middle  and lower income peop le  who have n o t  u s u a l l y  o b j e c t e d  

t o  i n d u s t r i a l  f a c i l i t i e s  i n  an  e f f e c t i v e  way. The proposed LNG impor t  t e r -  

mina l  would b e  l o c a t e d  abou t  1800 f e e t  from t h e  n e a r e s t  home and i s  sur rounded 



by t h e  ' e x i s t i n g  o i l  and g a s  t a n k s .  The p r o j e c t  i n i t i a l l y  won t h e  a p p r o v a l  of  

t h e  Mayor of  P rov idence  and t h e  C i t y  Counci l .  Algonquin LNG Inc .  completed 

c o n s t r u c t i o n  on a  600,000 b a r r ' e l  (!15,400m3) t a n k  a t  F i e l d s  P o i n t  i n  1973 and 

t h e n  r e q u e s t e d  pe rmis s ion  t o  b u i l d  two a d d i t i o n a l  t a n k s  of t h e  same s i z e .  

However, some l o c a l  c i t i z e n s ,  members of  t h e  Washington Pa rk  C i t i z e n s  

A s s o c i a t i o n ,  had become aware o f  t h e  o p p o s i t i o n  t o  t h e  Cumberland t a n k  and 

were concerned by t h e  S t a t e n  I s l a n d  ' i n c i d e n t .  D e s p i t e  t h e  f a c t  t h a t  t h e  f i r s t  

t a n k  had a l r e a d y  been b u i l t  and t h e  b u i l d i n g  rev iew board  had he ld  i t s  h e a r i n g  

on t h e  o t h e r  two, t h e  C i t y  Counci l  became app rehens ive  abou t  LNG .and t h e  f i r e  

depar tment  wor r i ed  whether,  it cou ld  c o n t a i n  a  l a r g e  f i r e .  The c i t y  t hen  

sough t  t o  have a  s a f e t y  s t u d y  funded by Algonquin Gas. Fac to ry  Mutua l .Research  

Corpora t ion  of Norwood, lYassachuset ts  was s e l e c t e d  by t h e  f i r e  depar tment .  

Some of  t h o s e  oppos ing  t h e  t a n k s  ques t ioned  whether  t h i s  s t u d y  cou ld  be  ob- 

j e c t i v e  and whether  i n d u s t r y  codes  des igned  t o  guard a g a i n s t  f r e q u e n t  s m a l l  

a c c i d e n t s  i n  which engineer - ing  e x p e r i e n c e  i s ' h e l p f u l  cou ld  a d e q u a t e l y  p r e v e n t  

r a r e ,  l a r g e  a c c i d e n t s .  

The concern  ove r  t h e  Algonquin s i t i n g  d i s p u t e  was g r e a t e r  t han  t h a t  o v e r  

t h e  Cumberland LNG t a n k  f o r  two r ea sons .  T e c h n i c a l l y ,  an LNG s h i p  t e r m i n a l  

i s  a  more s e r i o u s  r i s k  t h a n  one  s t o r a g e  tank .  A d i k e  can c o n t a i n  a  s p i l l  on 

l a n d ;  a  s p i l l  on s e a  cannot  be c o n t a i n e d .  Moreover, t h e  p l an  was t o  engage 

i n  i n t e r s t a t e  commerce which made t h i s  a  f e d e r a l  m a t t e r ,  s u b j e c t  t o  t h e  Nation-  

- 
a 1  Envi ronmenta l  P o l i c y  Act and i n  p a r t i c u l a r  s e c t i o n  102, s o  t h a t  t h e  power 

of  t h e  o p p o s i t i o n  was c o r r e s p o n d i n g l y  g r e a t e r .  I n  March, 1972, t h e  F e d e r a l  

Power Commission had d e c l i n e d  t o  t a k e  j u r i s d i c t i o n  ove r  c o n s t r u c t i o n  and oper -  

a t i o n  o f  t h e  E v e r e t t  and S t a t e n  I s l a n d  f a c i l i t i e s .  I n  May 1973 t h i s  d e c i s i o n  

was r e v e r s e d .  The d e c i d i n g  f a c t o r  i s  u n c l e a r ,  b u t  t h e  S t a t e n  I s l a n d  t a n k  

. f i r e  c e r t a i n l y  l e d  t o  i n c r e a s e d  p u b l i c  conce rn ,  and t h e  F.P.C. c i t e d  t h e  f a c t  

t h a t  i n t e r s t a t e  commerce was i n t e n d e d .  The i n i t i a l  r e f u s a l  o f  t h e  F.P.C. had 

r a i s e d  t h e  p o s s i b i l i t y  t h a t  t a n k s  cou ld  b e  b u i l t  f o r  i n t r a s t a t e  commerce 



wi thou t  t h e  need f o r  F.P.C. app rova l .  Then when i n t e r s t a t e  commerce was 

needed,  t h e  b e n e f i t  o f  u s i n g  an  e x i s t i n g  s i t e  might  have outweighed t h e  

a d d i t i o n a l  r i s k .  

The a p p l i c a t i o n  f o r  t h e  expans ion  o f  t h e  LNG t e r m i n a l  a t  P rov idence  was 

t hen  c o n s o l i d a t e d  by t h e  ~ e d e , r a l  Power Commission w i t h  t h e ' a p p l i c a t i o n s  f o r  

i m p o r t a t i o n  of  LNG i n t o  t h e  e x i s t i n g  t e r m i n a l s  a t  E v e r e t t ,  Elass., and S t a t e n  

I s l a n d ,  N.Y., because  many of t h e  i s s u e s  were t h e  same. Easco Gas, a  f i r m  . 
o r g a n i z e d  by ~ l g o n ~ u i n  Gas and P u b l i c  S e r v i c e  E l e c t r i c  :and Gas Co. of New 

J e r s e y ,  p lanned  t o  impor t  LNG t o  s e l l . t o  b o t h  t h e  S t a t e n  I s l a n d  d i s t r i b u t o r ,  

D i s t r i g a s ,  and t o  Algonquin i n  Providence .  L a t e r  t h e  c a s e s  were s e p a r a t e d  

by t h e .  F.P.C. 

The F e d e r a l  Power Commission env i ronmen ta l  impact  rev iew of  t h e  Algon- 

q u i n  expans ion  p r o p o s a l  s t a t e d  t h a t  t h e  l a r g e s t  r i s k ,  w h i l e  "remote", would 

a r i s e  i n  t h e  even t  o f  a  s p i l l  on wa te r .  "Under t h e  w o r s t  wind condition: 

(5-10 m i l e  p e r  hour  s t a b l e  wind from t h e  n o r t h )  t h e  flammable c loud  t h r e e  

m i l e s  i n  e x t e n t  c o u l d  cove r  t h e  homes of  abou t  10,000 peop le  l o c a t e d  g e n e r a l l y  

s o u t h  o f  t h e  P rov idence  tank" [ 4 6 ] .  Although t h e  l i k e l i h o o d  i s  s m a l l ,  t h e  

r e s u l t i n g  l o s s  o f  l i f e  and p r o p e r t y  from such  an o c c u r r e n c e  would b e  g r e a t .  

The h i g h e s t  l i k e l i h o o d  f o r  s m a l l e r  a c c i d e n t s  was i n  t h e  c o n f i n e d  h a r b o r  a r e a .  

"There i s ,  as y e t ,  n o t  much d i r e c t  e x p e r i e n c e  w i t h  t h e  e x t e n t  o f  h a z a r d s  t o  

t h e  p u b l i c  from t h e  t y p e  of  LNG impor t  t e r m i n a l  s i m i l a r  t o  t h e  proposed  

Providence  f a c i l i t y .  However, t h e r e  i s  a  r e a s o n a b l e  b a s e  of  expe r imen t s  w i t h  

LNG s p i l l s ,  well-founded a n a l y t i c a l  t e c h n i q u e s ,  and c o n s i d e r a b l e  e x p e r i e n c e  

w i t h  t h e  t r a n s p o r t  and s t o r a g e  o f  o t h e r  flammable f l u i d s "  [ 4 7 ] .  Rathe r  t han  

q u a n t i f y  t h e  r i s k s ,  t h e  F.P.C. i n c l u d e d  r i s k  and s e v e r i t y  i n d i c e s ,  on a l i n e a r  

s t a l e  Lrom Of@ t o  t e n  which r e p r e s e n t e d  t h e i r  judgment abox t  a  number o f  r i s k  

. f a c t o r s .  These i n d i c e s  were n o t  e a s i l y  i n t e r p r e t e d  n o r  were  t hey  p a r t i c u l a r -  

l y  i n f o r m a t i v e .  



I n  t h e  a p p l i c a t i o n  and t h e  d r a f t  E .  I.S., no a t t e m p t  was made t o  compare 

t h e  proposed t e r m i n a l  s i t e  w i t h  p o s s i b l e  a l t e r n a t i v e s  ' o r  t o  make a  c o s t l b e n e f i t  

a n a l y s i s  a s  i s  r e q u i r e d  by s e c t i o n  102 o f  NEPA. The re fo re  i t  seemed t o  t h e  

o p p o s i t i o n  t h a t  a l l  t h e y  had t o  do was t o  f i n d  a  b e t t e r  s i t e  and p o i n t  i t  o u t  

t h  t h e  a u t h o r i t i e s .  One a l t e r n a t i v e  s i t e  a t  Rome P o i n t ,  20 m i l e s  s o u t h  of 

P rov idence  was s u g g e s t e d .  It is  a  s i t e  approved f o r  n u c l e a r  power s a f e t y  by 

t h e  Advisory  Committee on R e a c t o r . S a f e g u a r d s  of  t h e  AEC, b u t  i t  was n o t  accep t -  

a b l e  t o  t h e  Environmental  P r o t e c t i o n  Agency f o r  h o t  w a t e r  d i s c h a r g e .  1 t ' i s  

. n e a r  a  deep w a t e r  channe l  and seemed a s u i t a b l e  remote'  s i t e  f o r  a n  LNG t e rmi -  

n a l .  Eloreover, i t  i s  n o t  f a r  from t h e  e a s t  c o a s t  riain g a s  p i p e l i n e .  A f t e r  

t h i s  was p o i n t e d  o u t  and p o s s i b l y  f o r  o t h e r  r e a s o n s  a s  w e l l ,  t h e  Mayor of 

P rov idence ,  Joseph  Door ley ,  r e v e r s e d  h i s  s t a n d  and opposed expans ion  of  t h e  

F i e l d s  P o i n t  o i l l g a s  t a n k  complex. 

The F.P.C. Hear ings  

Formal F e d e r a l  Power Commission h e a r i n g s  were h e l d  i n  Washington i n  win- 

t e r  1975 t o  rev iew t h e  F.P.C. 's  env i ronmen ta l  impact  s t a t e m e n t .  A t  t h e s e  

h e a r i n g s  a  number o f  a l t e r n a t i v e  s i r e s  were p u b l i c l y  d i s c u s s i e d  f o r  t h e  f i r s t  

t ime.  However, t h e  w r i t t e n  t e s t imony  o f  W.F. Coates  d i d  n o t  c o n t a i n  even 

rough b e n e f i t - c o s t  e s t i m a t e s  f o r  comparison o f  t h e  a l t e r n a t i v e  s i t e s .  Rome 

P o i n t  was no t  l i s t e d  a s  a  p o t e n t i a l  s i t e ,  and two o t h e r w i s e  good s i t e s  a t  

Jamestown and T i v e r t o n ,  R . I .  were  r e j e c t e d  by Algonquin Gas because  o f  a n t i -  

c i p a t e d  r e s i s t a n c e  f r o m  l o c a l  r e s i d e n t s .  ( T h i s  was an example o f  t h e  now 

f a m i l i a r  c o n f l i c t  between env i ronmen ta l  p r e s e r v a t i o n  and p u b l i c  s a f e t y .  I n  

t h e  remote s i t i n g  of  t h e  LNG t e r m i n a l  a t  Cove P o i n t ,  Maryland, t h i s  c o n f l i c t  

was r e s o l v e d  when a n o t h e r  i n t e r v e n o r  r ecogn ized  t h e  s u p e r i o r  c l a i m  of  p u b l i c  

s a f e t y .  Had Algonquin a n t i c i p a t e d  t h e  p u b l i c  r e s i s t a n c e  i n  P rov idence ,  t hey  

might  w e l l  have  op,ted f o r  a  s i t e  i n  a  l e s s  popu la t ed  a r e a . )  
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A two day l o c a l  h e a r i n g  was t hen  h e l d  i n  Providence  on May 15 and 16,  

1975. At t h i s  h e a r i n g  t h e  Providence  Gas Company s t a t e d  t h a t  i t  needed t h e  

s t o r a g e  f a c i l i t y . t o  p r o v i d e  s e c u r e  s u p p l i e s  of  g a s ,  which i t  r e q u i r e d  t o  make 

up 19 p e r c e n t  o f  , i ts  e s t i m a t e d  a n n u a l  volume t h a t  i t  cou ld  n o t  o b t a i n  through 

n a t i o ~ i a l  p i p e l i n e s .  About 7 .4  m i l l i o n  m3 o f  gas  each  day were needed,  abou t  

h a l f  o f  which c o u l d  b e  s u p p l i e d  by LNG (6,000m3/day LNG), t h e  r e s t  from SNG 

( s y n t h e t i c  n a t u r a l  gas)  dr propane.  The proposed t e r m i n a l  would '  a d d i t i o n a l l y  

p rov ide  "more j o b s  f o r  c o n s t r u c t i o n  workers  and employees of expanding  b u s i -  

n e s s e s ,  t a x  revenue  f o r  t h e  c i t y  and encouragement f o r  t h e  economy" [48 ] .  

A t  t h e  same h e a r i n g s  F rances  Dar igan ,  J r . ,  former c i t y  counci lman,  s a i d  

" t h e  C i t y  Counci l  d i d  n o t  become knowledgeable abou t  p o t e n t i a l  h a z a r d s  of  li- 

q u e f i e d  n a t u r a l  gas  (LNG) s t o r a g e  u n t i l  a f t e r  i t  gave a s s e n t  t o  Algonquin ' s  . 

, 
f i r s t  t ank .  " Councilman Harry  A. Johnson s a i d  ';Washington Pa rk  ne ighbor s  

would d e r i v e  no b e n e f i t  from t h e  added t a n k  t o  o f f s e t  t h e  r i s k s  t o  them." 

The c h i e f  of  t h e  Providence  f i r e  depar tment  t e s t i f i e d  t h a t  a  major  f i r e  a t  t h e  

t e r m i n a l  would b e  "a s i t u a t i o n  beyond t h e  c a p a b i l i t i e s  of t h e  P rov idence  F i r e  

Department ." Although h i s  men have  foam equipment and t r a i n i n g  f o r  f i g h t i n g  

LNG f i r e s ,  " t h e  c i t y  does  n o t  own a f i r e b o a t  and might  have  t o  commandeer t u g s  

t o  b a t t l e  a  f i r e  from t h e  Providence  R ive r . "  F i r e  Chief  Michael  Moise t e s t i -  

f i e d  on b e h a l f  of  h i m s e l f  and a s  a r e p r e s e n t a t i v e  o f  t h e  c u r r e n t  Mayor, Vincent  

A. C i a n c i ,  Jr. H i s  views were "based on a  s a f e t y  e v a l u a t i o n  p r e p a r e d  f o r  t h e  

c i t y ,  b u t  p a i d  f o r  by Algonquin by F a c t o r y  Research Corpora t ion"  [ 4 9 ] .  

These e v e n t s  t y p i f y  some o f  t h e  r e c u r r i n g  i s s u e s  i n  such  d i s p u t e s .  There  

is  no q u e s t i o n  t h a t  t h e  p o t e n t i a l  r i s k s  o f  LNG f a c i l i t i e s  a r e  bo rne  p r i n c i p a l l y  

by t h o s e  c l o s e s t  t o  t h e  f a c i l i t y ,  w h i l e  t h e  b e n e f i t s  a r e  d e r i v e d  by t h e  l a r g e r  

community. Hence nea rby  r e s i d e n t s  would u s u a l l y  p r e f e r  t o  s i r e  them i n  some 

- o t h e r  neighborhood.  P u b l i c  o f f i c i a l s  may d e s i r e  t o  o b t a i n  such  f a c i l i t i e s  f o r  

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



t o  r i s k  may be  p o l i t i c a l l y  d e s i r a b l e .  The s e l f - i n t e r e s t  o f  proponents  i s  

o f t e n  e v i d e n t ,  b u t  t h e r e  can a l s o  be  s e l f - i n t e r e s t  on t h e  p a r t  o f  a d v e r s a r i e s ,  

who may g a i n  r e p u t a t i o n  and p u b l i c i t y  a s  g u a r d i a n s  of t h e  p u b l i c  s a f e t y ;  

These f a c t o r s  demons t r a t e  t h e  need f o r  - thorough r i s k - b e n e f i t  a n a l y s e s  and 

acknowledge t h e  i n h e r e n t l y  p o l i t i c a l  n a t u r e  o f  such  d i s p u t e s  i n  t h e  f a c e  o f  

u n c e r t a i n  r i s k s .  

P o s t  Hear ing  Ac t ions  

The Fac to ry  Mutual r e p o r t  concluded t h a t .  w i t h  s t r i n g e n t  s a f e t y  r equ i r e - .  

ments  t h e  f a c i l i t y  would b e  s a f e .  They d e s c r i b e d  t h e  maximum consequence 

a c c i d e n t ,  which h a s  on ly  a  remote p o s s i b i l i t y  of  o c c u r r i n g ,  i n  t h e  fo.llow1ng 

way ,: 

" I g n i t i o n  o f  a s p i l l  c o v e r i n g  t h e  e n t i r e  s u r f a c e  a r e a  o f  t h e  d i k e  cou ld  
r e s u l t  i n  dangerous h e a t  f l u x  l e v e l s  t o  peop le  1300 f e e t  away and i n -  
s u l a t e d  t a n k s  700 f e e t  away i f  l e f t  t o  burn  u n c o n t r o l l e d .  I f  t h e  h i g h  
expans ion  foam,system could  n o t  c o n t r o l  such  a  f i r e ,  t h e  o t h e r  LNG t a n k s  
would b e  s e r i o u s l y  exposed,  p a r t i c u l a r l y  i f  t h e  f i r e  o r i g i n a t e d  a t  
t h e  proposed m i d d l e ' t a n k .  It i s  d o u b t f u l  t h a t  manual f i r e  f i g h t i n g  
cou ld  b e  e f f e c t i v e l y  used t o  keep  t h e  o t h e r  LNG s t o r a g e  t a n k s  c o o l .  
Consequent ly ,  i f  t h e s e  t a n k s  d i d  f a i l  from exposu re ,  a  f i r e  i n v o l v i n g  
a l l  t h r e e  d iked  a r e a s  s i m u l t a n e o u s l y  cou ld  e v e n t u a l l y  occu r .  I f  s o ,  
we e s t i m a t e  t h e  s a f e  d i s t a n c e  f o r  peop le  would b e  app rox ima te ly  3000 
f e e t  from t h e  d iked  a r e a .  P i l o t e d  i g n i t i o n  of  wood ( i . e . ,  i g n i t i o n  
s o u r c e  needed) would o c c u r  a t  a  d i s t a n c e  of app rox ima te ly  1500 f e e t  
from a  d iked  a r e a  and u n p i l o t e d  ( i . e . ,  spon taneous )  i g n i t i o n  a t  a  d i s -  
t a n c e  o f  700 f e e t .  Under such  c o n d i t i o n s ,  we b e l i e v e  a  major  c o n f l a -  
g r a t i o n  i n v o l v i n g  a r e a s  o u t s i d e  t h e  LNG t e r m i n a l  cou ld  r e s u l t  ( e . g . ,  
P rov idence  Gas Company, Texaco I n c . ,  New England Bituminous Terminal  
Corpo ra t ion ,  Sun O i l  Company, McLaughlin-Moran, Inc .  and B r i t i s h  Pe t ro -  
leum Corp. ) . 
To put  t h e  above i n  p r o p e r  p e r s p e c t i v e ,  we b e l i e v e  t h e r e  i s  o n l y  a  r e -  
mote p o s s i b i l i t y  t h a t  such  a s p i l l  cou ld  occu r ;  Also ,  i t  i s  p o s s i b l e  
t h a t  t h e  h igh  expans ion  foam p r o t e c t i o n  would be  e f f e c t i v e  i n  c o n t r o l -  
l i n g  an LNG poo l  f i r e .  

It i s  n o t  a n t i c i p a t e d  t h a t  any c r e d i b l e  LNG s p i l l  and subsequent  f i r e  
d u r i n g  LNG t r a n s f e r  o p e r a t i o n s  would pose  a  t he rma l  r a d i a t i o n  haza rd  
o u t s i d e  t h e  t e r m i n a l "  [50 ] .  

Presumably,  t h e  l a c k  o f  a  p r e c i s e  q u a n t i t a t i v e  e s t i m a t e  of  "remote p o s s i b i l i t y "  

d i d  n o t  enhance t h e  con f idence  o f  t h e  r e s i d e n t s  o f  F i e l d s  P o i n t  abou t  t h e  

s a f e t y  o f  t h e  f a c i l i t y ,  p a r t i c u l a r l y  s i n c e  i t  i s  obvious  t h a t  s a b o t a g e  might  
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a c h i e v e  t h i s  s i t u a t i o n .  

Because o f  t h e s e  r i s k s ,  a d d i t i o n a l  s a f e t y  f e a t u r e s '  i n c l u d i n g  p're- 

s t r e s s e d  c o n c r e t e  impounding w a l l s , s u r r o u n d i n g  each  t a n k ,  e x t e n d i n g  t o  t h e  

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

were added t o  t h e  des ign .  F i r e  Chief  Moise i n  a  l e t t e r  of  December 15,  1975 

t o  b y o r  C i a n c i  s t a t e d  t h a t  t h e  l e v e l  of  r i s k  p r e s e n t e d  by t h e  Algonquin t e r -  

mina l  was now a c c e p t a b l e  t o  t h e  f i r e  depa r tmen t .  These s a f e t y  p r e c a u t i o n s  

would r educe  t h e  r i . sk  of  s p i l l s  on l a n d ,  b u t  a g a i n  no q u a n t i t a t i v e  e s t i m a t e s  

of  t h e  magnitude of r i s k  r e d u c t i o n  ach ieved  w a s g i v e n .  A d d i t i o n a l l y ,  none 

of t h e s e  meausres would a p p r e c i a b l y  a f f e c t  t h e  r i s k  o f  s p i l l s  on w a t e r ,  which 

posed t h e  g r e a t e s t  haza rd  t o  t h e  c i t i z e n s  of  P rov idence .  

A f t e r  3 y e a r s ,  on F r i d a y ,  A p r i l  23,  1976, t h e  P rov idence  B u i l d i n g  boa rd  

of  rev iew vo ted  4-0 t o  l e t  t h e  p r o j e c t  proceed .  'The Washington Pa rk  C i t i z e n s  

A s s o c i a t i o n  immedia te ly  soughc an  i n j u n c t i o n  t o  b a r  t h e  c i t y  from g i v i n g  a  per -  

m i t  [ 51 ] .  The C i t y  Counci l  on A p r i l  26 vo ted  t o  b l o c k  any  permi t  on t h e  

grounds t h a t ' t h e  members of  t h e  B u i l d i n g  board  were new. I n  t h e  summer of  

1976 t h e  Rhode I s l a n d  l e g i s l a t u r e  passed  a  law s i g n e d  by Governer Noel which 

r e q u i r e d  t h e  P u b l i c  U t i l i t i e s  Commission and t h e  S t a t e  F i r e  M a r s h a l l ' s  o f f i c e  

t o  ho ld  h e a r i n g s  and g i v e  a p p r o v a l  b e f o r e  any more LNG f a c i l i t i e s  a r e  b u i l t .  

Other  e v e n t s ,  i n c l u d i n g  a  l a r g e  chemica l  E i r e  on J u l y  21,  1976 a t  J . F .  Donovan 

Inc .  chemica l  supp ly  n e a r  t h e  e x i s t i n g  LNG t a n k ,  have k e p t  t h i s  i s s u e  i n  t h e  

p u b l i c  eye .  The d i s p u t e  i s  n o t  r e s o l v e d  and n e i t h e r  t h e  F.P.C. n o r  t h e  P.U.C. 

has  r u l e d  on t h i s  ca se .  



V I I .  P u b l i c  Concern f o r  LNG F a c i l i t i e s  S i t i n g  
I 

A s  we have  s e e n ,  p u b l i c  concerns  s i g n i f i c a n t l y  i n f l u e n c e  and d e f i n e  ' the 

decision-making p r o c e s s .  I n  l i q u e f i e d  n a t u r a l  gas  f a c i l i t i e s  s i t i n g  d i s p u t e s  
. . 

b o t h  t h e  proponents  and t h e  opponents  a r e  p a r t i a l l y  r e p r e s e n t a t i v e  of t h e  pub- 

l i c  i n t e r e s t .  The r i s k s  a s s o c i a t e d  w i t h  -LNG f a c i l i t i e s  a r e  g r e a t e *  f o r  t h o s e  

i n  p rox imi ty  t o  t h e  f a c i l i t i e s ,  w h i l e  t h e  b e n e f i t s  a r e  sha red  by a  l a r g e r  

segment o f  s o c i e t y .  Is t h e  r i s k  r e a s o n a b l e  f o r  t h e  b e n e f i t  a cc rued?  To . . 

whom? Can t h e  r i s k  b e  reduced and i s  i t  wor th  t h e  c o s t ?  Again, t o  whom? 

These a r e  b u t  two q u e s t i o n s  of p u b l i c  p o l i c y  which must b e  add re s sed .  

The fo rego ing  s e c t i o n s  of  t h i s . r e p o r t  have o u t l i n e d  some c f . t h e  p r i n c i -  

p a l  i s s u e s  i nvo lved  i n  s i t i n g  d i s p u t e s .  Th i s  s e c t i o n  w i l l  re-examine t h e  

p u b l i c  concerns  and i s  based  on d i s c u s s i o n s  and cor respondence  w i t h  twe lve  

p r i n c i p a l s  i nvo lved  i n  t h r e e  d i f f e r e n t  LNG d i s p u t e s ,  on p u b l i c  h e a r i n g s ,  and 

on d i s c u s s i o n s  w i t h  s t a t e  and l o c a l  o f f i c i a l s .  

O r i g i n s  o f  P u b l i c  Concern 

P e r s o n a l  p rox imi ty  o r  t h e  p rox imi ty  of  f r i e n d s  o r  r e l a t i v e s  t o  LNG 

f a c i l i t i e s  was a  pr imary  i n i t i a t o r  f o r  c u r i o s i t y  abou t  LNG. The S t a t e n  

I s l a n d  a c c i d e n t  l e d  t o  t h e  r e a l i z a t i o n - t h a t  LNG and t o  some e x t e n t  LPG have 

d i f f e r e n c e s  from more f a m i l i a r  pe t ro leum p r o d u c t s .  Media a c c o u n t s  of  t h i s  

a c c i d e n t  c r e a t e d  g r e a t  concern  i n  t h o s e  who were c l o s e  t o  planned f a c i l i t i e s .  

The q u e s t i o n  was r a i s e d ,  a l t h o u g h  i t  i s  n o t  s t r i c t l y  t e c h n i c a l l y  r e l e v a n t ,  

" i f  an empty t a n k  can  k i l l  30 peop le ,  what can  a f u l 1 , o n e  do?" The c a t a s t r o p h i c  

n a t u r e  o f  t h e  maximum p o s s i b l e  a c c i d e n t  cou ld  n o t  be i g n o r e d  d e s p i t e  a s s u r a n c e s  

from gas  companies t h a t  t h e  l i k e l i h o o d  o f  a  major  a c c i d e n t  w a s  ve ry  s m a l l  and 

d e s p i t e  a s s u r a n c e s  t h a t  t h e  f a c i l i t i e s  had been judged " sa fe"  by g a s  company 

e x p e r t s .  

P r o b a b i l i t i e s  which i n d i c a t e d  o n l y  a  "remote p o s s i b i l i t y "  o f  a  major  



a c c i d e n t  were n o t  r e a s s u r i n g  i n  t h e  f a c e  of  known' s i i ~ a l l e r  a c c i d e n t s .  D i s -  

agreement  among e x p e r t s  abou t  t h e  l i k e l i h o o d  o f  an  LNG d i s a s t e r  a l s o  con- 

t r i b u t e d  s u b s t a n t i a l l y  t o  p u b l i c  a n x i e t y .  Although a  g r e a t  d e a l  was known 

abou t  LNG, no d e f i n i t i v e  o v e r a l l  r i s k  a n a l y s i s  had been c a r r i e d  o u t  a t  t h e  

t ime o f  t h e s e  d i s p u t e s .  Even now such  a n a l y s e s  a r e  n o t  ag reed  upon, a l t h o u g h  

t h e y ' c a n  focus  t h e  d e b a t e  on t h e  impor t an t  q u e s t i o n s .  N e v e r t h e l e s s ,  t h e  pub- 

l i c  does  n o t  g e n e r a l l y  d i s t i n g u i s h  between t h e  compara t ive ly  l a r g e r  l i k e l i -  
. . 

hoods of a c c i d e n t s  w i t h  s m a l l  consequences  and t h e  v e r y  low p r o b a b i l i t i e s  of  

more s e v e r e  a c c i d e n t s  when t h e r e  i s  u n c e r t a i n t y  abou t  l a r g e  a c c i d e n t s .  

Those who had t o  b e a r  t h e  r i s k  d i d  n o t  p e r c e i v e  a  t r a d e o f f  between r i s k  

and b e n e f i t  i n  a  s i t u a t i o n  where t h e  r i s k  was n o t  p r e c i s e l y  known and where 

t hey  seemingly  had no c h o i c e  b u t  t o  b e a r  t h e  r i s k ,  u n l e s s  t hey  were w i l l i n g  

t o  move t h e i r  homes. S i n c e  t h e  f a c i l i t i e s  a r e  l o c a t e d  n e a r  popu la t ed  a r e a s ,  

t h e  number o f  peop le  c o n t i n o u s l y  a t  r i s k  i s  l a r g e .  Even i f  t h e  need fbr such  

f a c i l i t i e s  was a c c e p t e d ,  a  more p ruden t  s i t i n g  p o l i c y ,  away from d e n s e l y  

h a b i t e d  a r e a s ,  appeared  t o  t h e  p u b l i c  t o  b e  t h e  b e s t  approach  and t h e  approach  

which was m o s t . e a s i l y  unders tood  t o  b e  i n f a l l i b l e .  The s i t i n g  of  LNG f a c i l i -  

t i e s  t h e r e f o r e  became a  f o c u s  f o r  p u b l i c  concern .  

Techn ica l  C r e d i b i l i t y  

The pr imary  t e c h n i c a l  i s s u e s  have been p r e v i o u s l y  o u t l i n e d .  The judgment 

o f  relative s a f e t y  was o b v i o u s l y  a t  i s s u e ;  t h e  proponen' ts  s a i d  t h e  f a c i l i t y  

i s  "safe" ,  and t h e  opponents  b e l i e v e d  t h a t  t h e  " r i s k  i s  t o o  g r e a t " .  

A s  w i t h  o t h e r  p u b l i c  p o l i c y  i s s u e s  which i n c l u d e  s c i e n t i f i c  ant1 techno- 

l o g i c a l  components,  t h e r e  was con fus ion  and o v e r l a p  among s e v e r a l  d i s t i n g u i s h -  

a b l e  .ques t  i o n s  : 

1. What a r e  t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  b a s e s  f o r  e s t i m a t i n g  t h e  

expec t ed  r i s k s  and b e n e f i t s ?  



2 .  \ f i a t  i s  t h e  p r o b a b i l i t y  o f  a n  a c c i d e n t  w i t h  p a r t i c u l a r  consequences? 

Is t h e  e s t i m a t e  r e l i a b l e ?  

3 .  Can t h e  r i s k  b e  reduced and what w i l l  i t  c o s t ?  

4.  Is t h i s  r i s k  a c c e p t a b l e ?  

5. Is t h e  d i s t r i b u t i o r l  o f  r i s k s  and b e n e f i t s  f a i r ?  . ' 

Answering t h e  f i r s t .  t h r e e  q u e s t i o n s  can  r e q u i r e  s c i e n t i f i c  and t e c h n o l o g i c a l  

e x p e r t i s e .  They shou ld  be  answered a s  w e l l  a s  p o s s i b l e  w i t h  t h e  l i m i t a t i o n s ,  

a s sumpt ions ,  and u n c e r t a i n t i e s  i n d i c a t e d .  The last  q u e s t i o n s  a r e  a lmos t  

e n t i r e l y  . ques t ions  o f  i nd . iv idua1  p r e f e r e n c e  and o f  p u b l i c  p o l i c y .    ow ever, 
u n t i l  t h e  f i r s t  t h r e e  q u e s t i o n s  a r e . d i s t i n g u i s h e d ,  t h e  o v e r l a p  between a l l  

o f  them can  b e  s o  g r e a t  t h a t  a t t e m p t s  t o  answer them s i m u l t a n e o u s l y  may mean 

t h a t  none a r e  a d e q u a t e l y  answered.  

P a r t  o f  t h e  r e a s o n  t h a t  t h e s e  q u e s t i o n s  a r e  confused  i s  due t o  t h e  i n -  Q 

d u s t r y  b e l i e f  t h a t  t h e  p u b l i c  o n l y  c a r e s  abou t  " s a f e t y "  i n  a  yes /no  manner. 

T h i s  i s  sugges t ed  by t h e  f o l l o w i n g  q u o t a t i o n  from an O f f i c e  o f  P i p e l i n e  S a f e t y  

Repor t :  "The AGA (American Gas A s s o c i a t i o n )  h a s  n o t  t aken  an  a c t i v e  r o l e  i n  

i n fo rming  t h e  p u b l i c  abou t  LNG. Probably  t h i s  i s  because  t h e  p u b l i c  i s  n o t  

i n t e r e s t e d  i n  t h e  t e c h n o l o g i c a l  a s p e c t s  b u t  p r i m a r i l y  i n  ' I s ' i t  s a f e ? '  Indus-  I 

t r y  r e c o g n i z e s  t h a t  t h e  p u b l i c ,  w i t h  a  g e n e r a l  s u s p i c i o n  of  ' b i g  b u s i n e s s '  

might  w e l l  become more concerned and s u s p i c i o u s  i f  i n d u s t r y  under took  a  ma- 

j o r  p u b l i c  r e l a t i o n s  e f f o r t  on t h e  s a f e t y  of LNG o p e r a t i o n s "  [ 5 2 ] .  The 

p u b l i c  c l e a r l y  does  c a r e  t o  unde r s t and  how t h e  s a f e t y .  judgment is made. I n  

t h e  Cumberland c a s e  t h e  P r e s i d e n t  o f  Va l l ey  Gas d i d n ' t  admi t  t o  t h e  s l i g h t e s t  

p o s s i b i l i t y  o f  an a c c i d e n t ,  t h u s  undermining p u b l i c  con f idence  i n  h i s  s t a t e -  

ments .  

When t h e  judgment o f  " s a f e t y "  i s  i n  doub t ,  a s  i t  c e r t a i n l y  seems t o  b e  

. f o r  LNG s i t i n g ,  t h e  p u b l i c  i s  v e r y  i n t e r e s t e d  i n  hav ing  answers t o  t e c h n i c a l  

- 
q u e s t i o n s .  They a r e  n o t  j u s t  i n t e r e s t e d  i n  b e i n g  t o l d  "It is s a f e " .  Although 
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t hey  a r e  n o t  t e c h ~ l i c a l  e x p e r t s ,  t h e  p u b l i c  i n t e r v e n o r s  were c a p a b l e  of 

unde r s t and ing  t h e  t e c h n i c a l  i s s u e s  and a p p r e c i a t i v e  o f  t h e  a r e a s  where g r e a t e r  

t e c h n i c a l  knowledge w a s  r e q u i r e d .  It  is  undoubtedly  t r u e  t h a t  t h e  p u b l i c  

might w e l l  become s u s p i c i o u s  i f  s u b j e c t e d  t o  a "major p u b l i c  ' r e l a t i o n s  e f  f o r t 1 ' .  

What is needed a r e  n o t  p u b l i c  r e l a t i o n s  campaigns b u t  t h e  p r e s e n t a t i o n  o f  

f a c t s  and background on t h e  i s s u e s .  

IJhere p o s s i b l e  t h e  p u b l i c  s h o u l d  p a r t i c i p a t e  i n  t h e  d e c i s i o n s  a s  e a r l y  

a s  f e a s i b l e ,  i n  t h i s  c a s e  p r i o r  t o  s i t e  s e l e c t i o n .  The development o f  n a t i o n a l  

s i t i n g  g u i d e l i n e s  f o r  major  impor t  t e r m i n a l s  would b e  h e l p f u l ,  b u t  l o c a l  o r  

s t a t e  i n t e r e s t s  s h o u l d  s t i l l  have c o n t r o l  i n  s i t i n g  judgments .  Perhaps  t h e  

governor  s h o u l d  have f i n a l  a u t h o r i t y  i n  s i t i n g  LNG impor t  f a c i l i t i e s ,  i n  

a  manner ana lagous  t o  app rov ing  l a r g e  a i r p o r t s  o r  p o r t s .  Although t h e  e a r l y  

p r e s e n t a t i o n  o f  a l t e r n a t i v e  s i t e s  may have h i g h e r  c o s t s  f o r  t h e  gas  companies,  

t h e  p u b l i c  i n t e r e s t  would b e s t  b e  s e r v e d  and t h e  a p p r o v a l  p r o c e s s  speeded by 

a l l o w i n g  e a r l y  discus 's ior l  o f  p o t e n t i a l  s i t e s .  (Th i s  o b v i o u s l y  r a i s e s  t h e  age-  

o l d  q u e s t i o n  of  l o c a l  v e r s u s  c e n t r a l  d e c i s i o n  making, which i s  o n l y  p a r t i a l l y  

add re s sed  h e r e .  ) 

P r e c i s e l y  because  t h e  a c c e p t a b i l i t y  of  a  r i s k  i s  a  judgment, i t  a p - .  

peared  t o  t h e  r emons t san t s  t h a t  LNG p roponen t s  e i t h e r  had d i f f e r e n t  f a c t u a l  

i n f o r m a t i o n  than  t h a t  a v a i l a b l e  t o  them o r  t h a t  b i a s e s  o f  t h e  proponents  l e d  . 

them t o  t h e i r  " s s f c "  i n t e r p r e t a t i o u .  The i n t e r v e n o r s  t hus  f e l t  t h a t  t h e  

t e c h n i c a l  i s s u e s  .and t h e  decision-making p r o c e s s  had t o  b e  s u b j e c t e d  t o  pub- 

l i c  s c r u t i n y .  

Some of  t h e  i s s u e s  mentioned d u r i n g  d i s c u s s i o n  w i t h  i n t e r v e n o r s  and ex- 

p r e s s e d  a t  p u b l i c  h e a r i n g s  may b e  pa raph rased  a s  f o l l o w s :  

[ I f  one LNG t ank  f a i l s ,  and we know o f  examples o f  a c c i d e n t s ,  . then why 

- won ' t  t h e  t a n k  n e a r  me a l s o  f a i l ? ]  D e t a i l s  o f  t a n k  c o n s t r u c t i o n  and d e s i g n  a r e  

n o t  u s u a l l y  p o i n t e d  o u t  i n  t h e  p r e s s  r e l e a s e s  about  a c c i d e n t s .  The r e s u l t  is 



t h a t  a l l  LNG t a n k s  become s u s p e c t ,  even i f  t h e  f a i l e d  t a n k  might have been 

unique  i n  des ign  o r  i n  m a t e r i a l s  which c o n t r i b u t e d  t o  t h e  f a i l u r e .  By t h e  

same token  i t  d o e s n ' t  f b l l o w  t h a t  a l l  t a n k s  w i t h  s i m i l a x  c h a r a c t e r i s t i c s  w i l l  

b e  s a f e .  The l i m i t e d  s t a t i s t i c s  a v a i l a b l e  f o r  LNG f a c i l i t i e s  d o n ' t  n e c e s s a r i l y  

c h a r a c t e r i z s  a  new f a c i l i t y .  P rev ious  accide.n.ts a r e ,  a t  l e a s t ,  i n d i c a t i v e  o f  
. . 

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

LNG f a c i l i t i e s .  

[The B r i t i s h  p r a c t i c e  h a s  been t o  s i t e  LNG s t o r a g e  t anks  t h e  same s i z e  

a s  t h a t  proposed a  minimum d i s t a n c e  of  2000 f t  between t h e  n e a r e s t  occupied  

b u i l d i n g  and t h e  LNG s t o r a g e  t a n k .  Why d i d  t h e  e s p e r t  from a  p r i v a t e  con- 

s u l t i n g  company a p p e a r i n g  on b e h a l f  of t h e  gas  company p i c k  950 f t  f o r  t h e  

Cumberland t a n k ? ]  D i f f e r e n c e s  i n  s i t i n g  codes and c r i t e r i a  a p p l i e d  i n  spe-  

c i f i c  s i t u a t i o n s  a r e  n o t  always r ecogn ized .  The r e s u l t  and i n t e r p r e t a t i o n  

of  t h i s  s a f e t y  c a l c u l a t i o n  was s u b j e c t  t o  d i s ag reemen t  by s e v e r a l  o t h e r  e x p e r t  

w i t n e s s e s .  The d i sag reemen t  among e x p e r t s  was i n  t h e  c r i t e r i a  t o  b e  a p p l i e d  

i n  j udg ing  a  " sa fe"  l e v e l  o f  t h e r m a l  r a d i a t i o n  o u t s i d e  t h e  s i t e  ,boundary 

. s h o u l d  a l a r g e  poo l  f i r e  occu r .  However, t h i s  was neve r  c l e a r l y  s t a t e d  i n  

r e p o r t s  o r  tes'timony. To t.he p u b l i c  and t o  a t  l e a s t  one member o f  t h e  zoning  

b o a r d  i t  seemed t h a t  t h e  s c i e n t i f i c  d i sagreement  was o v e r  t h e  v e r a c i t y  o f  t h e  

950 f o o t  " sa fe"  d i s t a n c e  and ove r  t h e  f a c t o r  of  s a f e t y  which shou ld  a p p l y  t o  

t h a t  c a l c u l a t i o n .  I n  t h e  background w a s  t h e  f e e l i n g  o f  t h e  e x p e r t s  f o r  t h e  

i n t e r v e n o r s  t h a t  i t  would c o s t  l i t t l e  t o  b e  c a u t i o u s  i n  t h e  Cumberland c a s e .  

The gas  company neve r  p u t  a f i g u r e  on t h e  c o s t  of hav ing  t h e  t ank  on a n o t h e r  

s i t e .  Res iden t s .  between 950 and 2000 f e e t  were  o b v i o u s l y  i n t e r e s t e d  i n  t h e  

" sa fe"  d i s t a n c e  and f e l t  t h a t  t h e  gas company should  have i n d i c a t e d  pos- 

s i b l e  u n c e r t a i n t i e s  i n  t h e i r  quoted  number. 

[The d e a t h s  which occured  i n  t h e  Apol lo  s p a c e  p r o j e c t  a r e  an example 

t h a t  mi s t akes  can a lways  happen no m a t t e r  how s a f e  t h e  p r o j e c t .  Something can 



always b e  ove r looked  and we a l l  know t h a t  s a f e t y  p r e c a u t i o n s  a r e  n o t  always 

t aken .  ]  For  example,  a t  t h e  P rov idence ,  R . I .  LPG t e r m i n a l ,  a s h i p  was ob- 

s e r v e d  un load ing  s c r a p  me ta l  a d j a c e n t  t o  a  s h i p  un load ing  LPG. There was no 

. a p p a r e n t  s i t e  s e c u r i t y ,  n o r  w a s  f i r e  f i g h t i n g  a p p a r a t u s  v i s i b l e ,  a l t hough  i t  
. . 

may have been p r e s e n t .  Such o b s e r v a t i o n s  do n o t  enhance p u b l i c  con f idence  i n  a  

s a f e t y  judgment which may be  . ba sed  on such  p r e c a u t i o n s  b e i n g  taken .  ( I t  i s  

t r u e ,  however, t h a t  r i s k  a s se s smen t s  s h o u l d  a l l o w  . f o r  human e r r o r ,  and t h i s  

r a i s e s  an i n t e r e s t i n g  dilemma: t h e  b e s t  s a f e t y  p r e c a u t i o n s  a r e  o f t e n  i n -  

v i s i b l e  and h a r d e r  t h e r e f o r e  t o  s a b o t a g e .  Yet p u b l i c  v i s i b i l i t y  of  s a f e t y  

p rocedures  enhances  con f idence  and perhaps  r educes  t h e  l i k e l i h o o d  o f  s a b o t a g e . )  

F u r t h e r  concern  w i t h  t h e  thoroughness  o f  p r e c a u t i o n s  was mentioned.  

[ Should t h e r e  b e  an a c c i d e n t ,  cou ld  we cope w i t h  i t ? ]  There was doubt  t h a t  

f i r e  depar tments  a r e  equipped  t o  h a n d l e  LNG f i r e s ,  a l t h o u g h  t r a i n i n g  and  pro- 

p e r  equipment  c e r t a i n l y  can  improve t h e  s i t u a t i o n .  The f o l l o w i n g  q u o t a t i o n s  

r e f l e c t  t h i s  concern :  "A d e t e r m i ~ l a t i o n  a s  t o  whether  t h e  l o c a l  F i r e  Depart-  

ment would be e f f e c t i v e  i n  f i g h t i n g  a  LNG f i r e  has  n o t  been a b l e  t o  b e  made 

a t  t h i s  t ime.  The New York F i r e  Department admi t s  t h a t  i t  does n o t  have  t h e  

f i r e f i g h t i n g  e x p e r i e n c e  i n v o l v i n g  l a r g e  t a n k s  such  a s  t h e  ones  p r o j e c t e d  f o r  

t h i s  p r o j e c t "  [ 53 ] .  I n  Cumberland, R. I. t h e  Ashton F i r e  D i s t r i c t  Wardens s a i d :  

"The Ashton F i r e  D i s t r i c t  i s  n o t  equipped  t o  cope w i t h  any LNG f i r e "  1541. 

I n  t h e  p o r t  a t  P rov idence ,  where t h e r e  is an LNG i l ~ ~ p o r t  f a c i l i t y ,  t h e r e  was 

no f i r e  b o a t  o r  p l a n  f o r  d e a l i n g  w i t h  an LNG s p i l l  on w a t e r .  A s  quoted  pre-  

v i o u s l y  t h e  Chief  o f  t h e  F i r e  Department had t e s t i f i e d  t h a t  a major f i r e  a t  

an expanded LNG t e r m i n a l  would b e  "a s i t u a t i o n  beyond t h e  c a p a b i l i t i e s  of 

t h e  Providence  F i r e  Department" [ 4 9 ] .  

There was g e n e r a l  concern  f o r  t h e  r i g o r  o f  s a f e t y  e v a l u a t i o n s  which had 

been performed.  On February  1 2 ,  1974 t h e  P rov idence  J o u r n a l  e d i t o r i a l i z e d :  

"The s a f e t y  a s p e c t s  o f  t h e  LNG t a n k  c o n s t r u c t i o n  p e r n u t  s h o u l d  come 



under more e x a c t i n g  r equ i r emen t s  and informed c h a l l e n g e .  S i n c e  t h e  
wind d i r e c t i o n  i s  such  a  c r u c i a l  f a c t o r  i n  an LNG a c c i d e n t ,  shou ld  n o t  
t h e  F i e l d s  P o i n t  LNG t a n k  s i t e  b e  s u b j e c t  t o  a s  e x h a u s t i v e  a meteoro- 
l o g i c a l  s t u d y  a s  i s  t h e  C h a ~ l e s t o w n  s i t e  f o r  a  proposed n u c l e a r  p l a n t  
i n  a  r u r a l  a r e a ?  I f  a l l  l i f e  and p r o p e r t y  i s  l o s t  wherever  a  l e t h a l  
LNG vapor  c loud  d r i f t s  and i g n i t e s ,  t hen  t h e  a p p l i c a t i o n  f o r  cons t ruc -  
t i o n  shou ld  i n c l u d e  p u b l i c  s a f e t y  and h e a l t h  r equ i r emen t s  a l l  as r i g o r o u s  
as those  demanded i n  n u c l e a r  p l a n t  c o n s t r u c t i o n "  [ 5 5 ] .  

Some i n t e r v e n o r s  have  i n t e r p r e t e d  t h e  ' p o t e n t i a l  a c c i d e n t  r i s k  from LNG fa-  

c i l i t i e s  t o  be g r e a t e r  t han  t h o s e  o f  n u c l e a r  power o r  have  sugges t ed  t h a t  

s i n c e  b o t h  i n v o l v e  p o t e n t i a l l y .  l a r g e  a c c i d e n t s ,  and n u c l e a r  p l a n t s ' a r e  s i t e d  

r emote ly  t h a t  LNG p l a n t s  s h o u l d  a l s o  b e  s i t e d . r e m o t e l y .  I n  t h i s  c a s e  t h e  

concerned  c i t i z e n  may have  been comparing consequence e s t i m a t e s  w i t h o u t  con- 

s i d e r i n g  t h e i r  l i k e l i h o o d .  P r e s e n t  LNG t e r m i n a l  s i t i n g  c r i t e r i a  a r e  based  on 

a  "maximum d i k e  f i r e  s c e n a r i o "  and n u c l e a r  power p l a n t s  a r e  des igned  t o  pre-  

v e n t  "a maximum c r e d i b l e  accident'!. We a r e  n o t  s u r e  whether  t h e s e  a r e  com- 

p a r a b l e .  B u t , i t  does s e e n  c e r t a i n  t h a t  LNG can b e  made much s a f e r  t han  nu- 

c l e a r  powe'r p l a n t s .  A n u c l e a r  power p l a n t  i n  a  remote s i t e  may be  s a f e r  t han  

an LNG t e r m i n a l  i n  a c i t y ,  b u t  i f  b o t h  a r e  i n  a  remote s i t e ,  LNG can c l e a r l y  

b e  s a f e r .  (Again,  i f  bo th  a r e  v e r y  s a f e ,  t h e  s m a l l  d i f f e r e n c e  seems aca-  

demic).  

[ What a b o u t  a c c i d e n t s  which a r e  neve r  r e p o r t e d ?  How can we judge  s a f e t y  

o r  b e l i e v e  t h e  gas  companies when we a r e  t o l d  ' i t  i s  s a f e '  and then  f i n d  o u t  

abou t  a c c i d e n t s ? '  We a r e  capab le  of s e p a r a t i n g  minor a c c i d e n t s  from major  o n e s ,  

b u t  we won' t  b e l i e v e  i t  when they  t e l l  us t h e i r  s a f e t y - r e c o r d  i s  p e r f e c t .  ] 

T h i s  i s  an impor t an t  q u e s t i o n  which is b a s i c  t o  t h e  c r e d i b i l i t y  o f  any  in -  

d u s t r y .  "The LNG i n d u s t r y ,  however, h a s  n o t  been w i t h o u t  i t s  minor i n c i d e n t s ,  

many o f  which may have gone un repor t ed  t o  l o c a l  a u t h o r i t i e s  o r  r e g u l a t o r y  

b o d i e s  e i t h e r  because  no i n j u r y  o r  s e r i o u s  damage r e s u l t e d ,  o r  because  t h e  

magnitude of t b e  i n c i d e n t  was r e l a t i v e l y  s m a l l  and i t  w a s  hand led  i n t e r n a l l y  

w i t h o u t  r e c o u r s e  t o  o u t s i d e  r e sponse  p e r s o n n e l .  The i n d u s t r y  had mixed f e e l -  

i n g s  a b o u t  an i n c i d e n t  r e p o r t i n g  sys tem,-however .  I t  a p p e a r s  t h a t  t h e  i n d u s t r y  
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would be  r . ecep t ive  t o  a  'minor i n c i d e n t '  a r ~ n u a l  r e p o r t i n g  sys t em i f  'minor  

i n c i d e n t s '  were w e l l  d e f i n e d  s o  t h a t  no mi sunde r s t and ings  and d i f f e r e n c e s  i n  

i n t e r p r e t a t i o n  cou ld  a r i s e  among LNG- o p e r a t o r s .  On t h e . o t h e r  hand ,  t h e  i n -  

d u s t r y  f e l t  t h a t  ' s e r i o u s  i n c i d e n t s '  ' should  b e  r e p o r t e d  and i n v e s t i g a t e d  i n  

d e t a i l  i n  t h e  manner t h a t  major  gas d i s t r i b u t i o n  p i p e l i n e  f i r e s  and explo-  

s i o n s  a r e .  Again a  ve ry  p r e c i s e  d e f i n i t i o n  o f  a ' s e r i o u s  i n c i d e n t '  s h o u l d  b e  

developed .  I n d u s t r y  g e n e r a l l y  d i d  n o t  appea r  t o  be  aware o f  t h e  f a c t  t h a t  

-LNG l e a k s  a r e  p r e s e n t l y  r e p o r t a b l e  under  CFR 192 Amendment 192-12; Docket 
. . 

NO. OPS-1-4" [ a ] .  

It s h o u l d  b e  n o t e d  t h a t  a  p r o b a b i l i s t i c  r i s k  a n a l y s i s  i n c o r p o r a t i n g  

f a u l t  t r e e  and e v e n t  t r e e  a n a l y s i s  t e c h n i q u e s  cannot  b e  improved u n l e s s  " m i -  
l 

n o r  i n c i d e n t s "  a r e  c o n s i s t e n t l y  recorded . .  I n c i d e n t s  which occu r  d u r i n g  con- 1 
8 

s t r u c t i o n ,  s t a r t - u p ,  main tenance ,  o r  close-down must a l s o  r e c e i v e  more a t t e n -  

t i o n  and l i k e w i s e  b e  r e p o r t e d .  I f  t h i s  had  been done,  t h e  p u b l i c  would f i n d  

t h e  s a f e t y  r e c o r d  o f  t h e  LNG i n d u s t r y  much more b e l i e v a b l e .  

The d i f f i c u l t y  o f  o b t a i n i n g  f a c t s  from l o c a l  s o u r c e s  and t h e  d i f f i c u l t y  

of  o b t a i n i n g  r e p o r t s  on LNG s a f e t y  a r e  c i t e d  s e v e r a l  t imes .  I n t e r v e n o r s  

found i t  d i f f i c u l t  t o  o b t a i n  i n f o r m a t i o n  and even t h e i r  e x p e r t  w i t n e s s e s  seemed 

t o  have  c o n s i d e r a b l e  d i f f i c u l t y  i n  o b t a i n i n g  r e p o r t s  which were used by t h e  

p roponen t s  t o  j u s t i f y  f a c i l i t y  s a f e t y .  P a r t  o f  t h e  r ea son  f o r  t h i s  was t h e  

f a c t  t h a t  t h e  d a t a  on which t h e  s a f e t y  c l a ims  werc.  based  was unpubl i shed  a t  

t h e  time, and t h e  a n a l y t i c a l  models had n o t  been s u b j e c t e d  t o  pee r  rev iew i n  

. r e f e r e e d  j o u r n a l s .  I n  t h e  c a s e  o f  t h e  Va l l ey  Gas Company i n  Cumberland, R . I . ,  

a  "somewhat i n t e n s i v e  p u b l i c  r e l a t i o n s  campaign" was conducted which i n c l u d e d  

s e v e r a l  l e t t e r s  t o  l o c a l  r e s i d e n t s  and newspaper a d v e r t i s e m e n t s .  One month 

be faye  t h e  zoning  board  of  review Va l l ey  Gas h e l d  an i n f o r m a t i o n a l  s emina r  a t  

. which some of t h e i r  e x p e r t  c o n s u l t a n t s  were p r e s e n t .  According t o  l o c a l  re -  

s i d e n t s  who were p r e s e n t ,  t h i s  meet ing  was t h e  f i r s t  t ime they  could  o b t a i n  



much of  t h e  f a c t u a l  i n f o r m a t i o n  t h e y  d e s i r e d ,  and t h i s  meet ing  a l o n e  was f a r  

more e f f e c t i v e  t han  Va l l ey  Gas' p u b l i c  r e l a t i o n s  and a d v e r t i s i n g  campaign. 

A Efatter o'f T r u s t  
. .  . 

Try ing  t o  o b t a i n  i n f o r m a t i o n  and unde r s t and  t h e  bu reauc racy  i n  an  LNG 

f a c i l i t y  s i t i n g  d i s p u t e  can b e  t ime consuming, f r u s t r a t i n g ,  and c o s t l y .  Ob- 

t a i n i n g  i n f o r m a t i o n  from gas  companies o r  c o p i e s  o f  unpubl i shed  pape r s  pre-  

s e n t e d  a t  c o n f e r e n c e ~  can b e  d i f f i c u l t .  F ind ing  e x p e r t  w i t n e s s e s  and o rgan i -  

. . 

z i n g  l e g a l  c a s e s  ( f o r  e i t h e r  t h e . p r o p o n e n t s  or opponents)  can b e  expens ive  

and e x h a u s t i n g .  F i g u r i n g  o u t  . t h e  r e g u l a t i o n s  and t h e  j u r i s d i c t i o n s  o f  t h e  . 

F'ederal P0we.r Cornn+ss,ion, O f f i c e  of P i p e l i n e  S a f e t y  O p e r a t i o n s ,  Environmental  

P r o t e c t i o n  Agency, Corps o f  Eng inee r s ,  U.S. Coas t  Guard, Occupa t iona l  S a f e t y  

and H e a l t h  A d m i n i s t r a t i o n ,  and o f  s t a t e  and l o k a ~  a g e n c i e s  can  b e  n e a r l y  

i m p o s s i b l e .  The l i s t s  g iven  i n  Tab le  8 and 9 app ly  t o  Oxnard. C a l i f o r n i a .  

A ga s  company c o n s i d e r s  many f a c t o r s  i n  s e l e c t i n g  a  s i t e  f o r  a  f a c i l i t y .  

The s i t e  must b c  c a p a b l e  o f  c o n t a i n i n g  t h e  t a n k ,  i t s  d i k e ,  and a s s o c i a t e d  

p l a n t s .  It needs  t o  be  a c c e s s i b l e  t o  roads  i f  LNG i s  t o  b e  sh ipped  by t r u c k ,  

o r  t o  a  deep w a t e r  p o r t  i f  i t  is an impor t  t e r m i n a l .  I t  s h o u l d  b e  n e a r  t o  a 

p i p e l i n e ,  t h e  l a n d  must be  a v a i l a b l e  a t  a r e a s o n a b l e  p r i c e ,  and t h e  env i ron -  

men ta l  impact  o f  t h e  f a c i l i t y  itlust n o t  b e  t oo  d e t r i m e n t a l .  S a f e t y  i s  o n l y  

one o f  t h e  many e l emen t s  i n  t h e  gas  company's s i t e  d e t e r m i n a t i o n .  It i s  con- 

ce rned  w i t h  i t s  r e s p o n s i b i l i t i e s  t o  consumers,  worke r s ,  s t o c k h o l d e r s ,  t h e  

g e n e r a l  p u b l i c  and i t s  n e i g h b o r s ,  a s  w e l l  a s  w i t h  i t s  p u b l i c  image. 

The gas consumer wants  a  s e c u r e  and  low-cost  s u p p l y  o f  gas .  The pe r son  

who r e s i d e s  n e a r  t o  an LNG f a c i 1 i t . y  i s  i n t e r e s t e d  i n  a l l  o f  t h e  above con- 

s i d e r a t i o n s  b u t ' d o e s  n o t  wish t o  b e a r  an unaccep tab l e  , l e v e l  of  r i s k  o r  s e e  

h i s  ' p r o p e r t y  v a l u e s  and q u a l i t y  o f  l i f e  d e t e r i o r a t e  w i t h o u t  j u s t  compensat ion.  

' I f  h e  d i s a g r e e s  w i t h  t h e  judgment of t h e  gas  company, h e  f a c e s  a  fo rmidab le  

t a s k .  I n  t h e  wors t  c a s e  i t  can appea r  t o  him t h a t :  



Table 8 

AGENCIES A ~ Q  THEIR' JURISDICTIONS 
LNG TERNINAL,  -SHIPPING. AND PIPELINE * 

(Oxnard, C a l i f o r n i a )  

Federal  J u r i s d i c t i o n ,  Sta t .u tes  , Codes 

Army Corps of Engineers Construct ion of dock f a c i l i t i e s ,  
dredging,  and p i p e l i n e  c ro s s ings  
of navigable  waters  - River and 
Harbor Act of  1899, Sec t ion  10. 

C e r t i f i c a t i o n  from s t a t e  requ i red  
t o  ' i n su re  compliance w i th  s t a t e  . 
plans  f o r  land .and water  use 
programs f o r  c o a s t a l  -waters and 
sho re l i ne s  - . 3 3 ,  CFR, Sec t ion  209.120 

Environmental P ro t ec t i on  
Agency 

I ssues  permits  f o r  wastewater 
d i scharges  - ~ e d e r a l  Water Pol lu-  
t i o n  Control  Act.  

Reviews a i r  water  and n o i s e  impact 
on environment -- NEPA 1969, Clean I 

A i r  Act ,  Noise Control  Act. I 

Department of  Transpor ta t ion   roves dss ign  and ope ra t i ons  of 
U .  S. Coast Guard dock f a c i l i t i e s ;  approves v e s s e l  

ope ra t i ons ,  r e g u l a t e s  s a f e  sh ipp ing  
p r a c t i c e s  - Dangerous Cargo Act ;  
Por t s  and Idatemays Sa fe ty  Act. 

Department of.  Agr i cu l t u r e  Permits f o r  r ight-of-way through 
(Fiineral Lands Leasing Act ) National  Fores t  and fo.r 'road 

cons t ruc t i on .  Control  .of con- 
s t r u c t i o n  p r a c t i c e s .  

Department of Defense . Determination a s  t o  whether marine 
U.S. Naval Construct ion f a c i l i t i e s  would i n t e r f e r e  wi th  

B a t t a l i o n  Center,  C i ty  of m i l i t a r y  opera t ions  a t  Po r t  
Por t  Hueneme Hueneme . 



Federa l  Communications 
Comrnis s  ion  

F e d e r a l  Avia t ion  
A d m i n i s t r a t i o n  

F e d e r a l  Power Commission 

Occupat ional  S a f e t y  and 
H e a l t h  A d m i n i s t r a t i o n  
Department o f  Labor 

, 
U.S. Pub l i c  Hea l th  S e r v i c e  

S t a t e  o f  C a l i f o r n i a  

C a l i f o r n i a  C o a s t a l  Zone 
Conservat ion  Commission 

C a l i f o r n i a  Regional  Water 
Q u a l i t y  Contro l  Board 

C a l i f o r n i a  Pub l i c  U t i l i t i e s  
Commission I 

.Department o f  F i s h  and W i l d l i f e  

D i v i s i o n  of  I n d u s t r i a l  S a f e t y  

C e r t i f i e s  a l l  co&unica t ion  
equipment. Permi ts  f o r  r a d i o  
towers .  

Reviews t e r m i n a l  . des  i g n s  t o  
de termine  i f  hazard  t o  a v i a t i o n  
would be c r e a t e d .  

Approval f o r  c o n s t r u c t i o n  o r  
o p e r a t i o n  .o f '  any p i p e l i n e  ' o r  
r e l a t e d  , f a c i l i t y  f o r  - t h e  t r a n s p o r t  
o f  n a t u r a l  gas  i n  i n t e r s t a t e .  
commerce - S e c t i o n  7 ( c ) ,  N a t u r a l  
Cas Ac t ,  T i t l e  18  CFR. 

Approval of  f a c i l i t y  i f  i n  
compliance w i t h  OSHA r e g u l a t i o n s .  

I s s u e s  c e r t i f i c a t e s  a f t e r  review- 
i n g  des ign  p lans  which r e l a t e  t o  
s a n i t a t i o n  f e a t u r e s  ~ n d  c o n s t r u c -  
t i o n  p r e v e n t i o n  of  communicable 
d i s e a s e s ,  and d e r a t i z a t i o n  o f  t h e  
s h i p .  

Permi ts  f o r  s o i l  t e s t  b o r i n g s ,  
p l a n t  s i t i n g - a n d  c o n s t r u c t i o n .  

Discharge permi t  f o r  dews t e r i n g  
and h y d r o s t a t i c  t e s t  w a t e r  from 
LNG s i t e  and p i p e l i n e  and cooled  
d i s c h a r g e  from v a p o r i z a t i o n .  

' C e r t i f i c a t e  of  Pub l i c  Convenience 
and Compliance w i t h  Const ruct  i o n  
S tandards .  

Permi ts  f o r  changing,  o b s t r u c t i n g ,  
o r  d i v e r t i n g  any r i v e r  o r  s t r eam.  

I n d u s t r i a l  S a f e t y  Permi ts  ( f o r  
e x c a v a t i o n  and b u i l d i n g s )  and 
S t a t e  of  C a l i f o r n i a  OSHA compli- 
ance  p e r m i t s .  



Divis  ion  o f -  Highways 

Oxnard Harbor D i s t r i c t  

The Resources Agency 

S t a t e  Land Divis ion 

Permits f o r  road acces s ,  road 
arrangement,and en t r ance .  

S t a t e  Lands Commission 

Po r t  Warden approval  of f i r e  and 
s a f e t y  equipment and des ign  o'f 
dock. 

Permits and easements f o r  e l e c t r i c ,  
ga s ,  wa t e r ,  sewer,  te lephone,  and 
u t i l i t y  l i n e s  on s t a t e  land.  

Approval t o  p i r c h a s e / l e a s e  s t a ' t e  
lands, i f  necessary 

Permits of geologica. l  and geo- 
phys i ca l  surveys .  

Local - 
Building and Sa fe ty  Department, Bui lding permits  - LNG t r a n s f e r  

City of Oxnard and seawater exchange . l ines .  

F i r e  Department, Ci ty  of Approval of LNG Transfe r  Line 
Oxnard Leak Detect ion System. 

Planning Department, Ci'ty 
of Oxnard 

Use Permit 

P ipe l i ne  exca t i on  permit  and 
permiss ion  t o  o b s t r u c t  ' t r a f f i c  . 

Ventura County A i r  P o l l u t i o n  Permits f o r  cons t ruc t i on  and 
Control  D i s t r i c t  ope ra t i on  of LNG s t o r a g e  t anks ,  

g a s - f i r e d  vapor ize rs ,and  o t h e r  
p l a n t  equipment . 

Ventura County Building and Building and grading permi t s .  
Safe ty  Department 

Ventura County F i r e  Department Construct ion permits  f o r  a l l  tanks. 
Approval of F i r e  P ro t ec t i on  SysCems. 

Ventura County Flood Control  Approval of storm and f lood  c o n t r o l  
D i s t r i c t  measures. 

Ventura County planning 
Department 

Zoning Change and Spec i a l  Use 
Permits 

Ventura County, Los Angeles P i p e l i n e  cons t r u c  t ion excavat ion 
County., Ci ty  of Oxnard, permits  and permission t o  obs t ruc t  
C i t y  of Camarilla, Ci ty  of t r a f f i c  . 
~ o r i  Hueneme 

Los Angeles County Compliance wi th  l o c a l  a i r  qual2ty  
s t anda rds .  



T a b l e  9 

STANDARDS APPLICABLE TO THE CONSTRUCTION AND OPERATION 
OF THE PROPOSED LNG PLANT AND MARINE TERPIINAL * 

(Oxnard, Ca l i fo rn ia )  

1 )  T i t l e  49 CFR, P a r t  192 - Amendment 192-10, Liquef ied Natural  
Gas Systems and P a r t  192 Sa fe ty  Standards f o r  Transpor t  of 
Natural  Gas by P i p e l i n e .  

2 )  American Assoc ia t ion  of S t a t e  Highway O f f i c i a l s  (AASHO) . . ' 

3)  ' ~ m e r i c a n  s o c i d t y  of Mechanical Engineers - Pressdre  Vessels.  

4 )  American Soc i e ty  of C i v i l  Engineers - Wind Forces.  

5 )  American Nat ional  Standards I n s t i t u t e ;  va r ious  . s t andards  i n  
t he  a r ea s  of C i v i l  Engineering,  L igh t ing ,  Ins t rumenta t ion ,  
Plechanical Engineering,  Noise, S a n i t a t i o n ,  Mate r ia l s  Handlfng. 

6 )  American Concrete ' ~ n s t i t u t e  (AGI) sp 'ecif  i c a t i o n s  f o r  S t r u c t u r a l  
and Reinforced Concrete Construct ion.  

7) American I n s t i t u t e  o f  S t e e l  Construct ion ' (AISC). 

8 )  American Petroleum I n s t i t u t e  (API); API s t d .  620, Appendix Q ,  
1973 and API s t d  2510A. 

9 )  American 'Waterworks ~ s s o c i a t i o n .  

10.) American Soc ie ty  f o r  Tes t ing  and Mater ia l s  ASTM: Concrete and 
S t r u c t u r a l  S t e e l  Standards .  

11) Diese l  Engine Manufacturers Assoc ia t ion .  

12)  Hydraulic I n s t i t u t e  s tandards  (HIS) ; Pump Standards 1969. 

13)  American Gas Assoc ia t ion ;  AGA Gas Engineers Handbook-Purging. 

14)  American Welding Soc ie ty  - S t r u c t u r a l  Welding Code. 

15)  ~ S C G ' ~ e g u 1 a t i o n  - CFR T i t l e  33 Secu r i t y  of Vessels and Water- 
f r o n t  F a c i l i t i e s .  

16) Nat ional  Board of  F i r e f i g h t i n g  Underwriters.  

17) Nat ional  F i r e  P r o t e c t i o n  Assoc ia t ion  (NFPA) ; NFPA No. 10 (1972), 
Ins  t a l l a t i o n  of Por tab le  F i r e  Ext inguishers .  

* Taken from Refe rence  2 1 ,  p.  3 7 3 .  



1 8 )  NFPA No. 30  - Flammable and Combus t ib le  L i q u i d s  Code. 

19 )  NFPA No. 598-1972; s t o r a g e A  and Hand l ing  o f  LNG. 

NFPA No. 70-1971; N a t i o n a l  E ' l e c t r i c a l  Code. 

NFPA No. 77-1972; S t a t i c  E l e c t r i c i t y .  

NFPA No. 78 -L igh tn ing  P r o t e c t i o n  Code. 

NFPA No. 87-1971; P i e r s  and Wharves. 

NFPA No. 9OA-1972; A i r  C o ~ ~ d - i t i o n i n g  and V e n t i l a t i n g  Sys tems .  

NFPA No. 194-1968; Screw Threads  f o r  F i r e  Hose Coup l ings .  

NFPA No. 196-1972; F i r e  -Hose. 

O c c u p a t i o n a l  S a f e t y  and  H e a l t h  Ac t  - T i t l e  29 CFR, P a r t s  1910 ,  
1910.23 and 1926. 

Uniform B u i l d i n g  Code - Zone 3 .  

. . . . . - . - .... 



A d e c i s i o n  h a s  been made by t h e  gas  company and then  e x p e r t s  a r e  h i r e d  
t o  j u s t i f y  t h a t  d e c i s i o n .  Few a l t e r n a t i v e s ,  i f  any ,  a r e  cons ide red .  

Bus ines s  i n t e r e s t s  s u p p o r t  t h e  gas  company because  i t  is  a  m a t t e r  o f  
economics and f u t u r e  gas  s u p p l i e s ;  j o b s  count  f o r  more t han  t h e  s a f e t y  
o f  unknown i n d i v i d u a l s ;  economics s u p e r s e d e  e t h i c s .  

Gas company o f f i c i a l s  d o n ' t  l i v e  n e a r  t h e  f a c i l i t i e s ,  s o  t hey  a r e  n o t  
r e a l l y  i n  t h e  p o s i t i o n  of  nea rby  r e s i d e n t s .  Employees a r e  pa id  t o  ac- 
c e p t  t h i s  r i s k  w h i l e  r e s i d e n t s  a r e  n o t  compensated f o r  i t .  

Government o f f i c i a l s  d o n ' t  wish  t o  o f f e n d  b u s i n e s s  i n t e r e s t s .  Perhaps  
t hey  a r e  n o t  competent  t o  judge  t h e  r i s k s  o r  t hey  a r e  n o t  cogn izan t  of  
t h e  r e a l  r i s k s  o r  t hey  a r e  c o r r u p t .  

Fu r the rmore ,  i t  i s  n o t  c l e a r  who wou ld .be  h e l d  l i a b l e  i n  t h e  e v e n t  o f  
an a c c i d e n t ,  s i n c e  t h e  owners o f  p o r t  t e r m i n a l  f a c i l i t i e s  and LNG t a n k e r s  
may be  h o l d i n g  companies w i t h  no r e a l  a s s e t s  o t h e r  t h a n  t h e  f a c i l i t i e s  
themselves .  

F i n a l l y ,  e x p e r t s  who work f o r  c o n s u l t i n g  companies a r e  r e l u c t a n t  t o  pub- 
l i s h  o r  make c o n t r o v e r s i a l  s t a t e m e n t s  abou t  s a f e t y  i s s u e s ,  s i n c e  i f  t h e y  
do, t h e i r  f i r m s  . w i l l  n o t  g e t  c o n t r a c t s  from i n d u s t r y .  

Fo r  t h e  p u b l i c  concerned about  LNG s a f e t y  and f o r  t h o s e  who b e a r  t h e  r i s k ,  

t h e  u l t i m a t e  judgment o f  a  f a c i l i t y ' s  s a f e t y  becomes l a r g e l y  a  m a t t e r  o f  t r u s t .  

Equ i ty  I s s u e s  

I n  more t h a n  one c a s e  LNG f a c i l i t i e s  have been s i t e d  i n  a r e a s  su r rounded  

by lower  income r e s i d e n t i a l  ne ighborhoods  and o t h e r  i n d u s t r i a l  f a c i l i t i e s  

which a l s o  impose r i s k s  and inconven ience  on t h o s e  l ' i v i n g  nea rby .  These 

groups  f e e l  t h a t  t h e y s h o u l d  n o t  be  r e q u i r e d  t o  b e a r  any a d d i t i o n a l  r i s k s .  A s  

t h e  p u b l i c  becomes i n c r e a s i n g l y  aware o f  i t s  r i g h t s ,  t h e  LNG i n d u s t r y  is  l i k e -  

l y  t o  f i n d  i t s e l f  i n  t h e  p o s i t i o n  o f  t h o s e  who wish  t o  b u i l d  l a r g e  a i r p o r t s  

o r  highways n e a r  c i t i e s .  How t h e n  can we e n s u r e  t h a t  t h i s  ene rgy  s o u r c e  w i l l  

b e  made a v a i l a b l e  and t h a t  t h e  r i s k s ,  c o s t s ,  and b e n e f i t s  o f  LNG f a c i l i t i e s  

a r e  f a i r l y  d i s t r i b u t e d ?  

A s  we have  i n d i c a t e d ,  open p u b l i c  d i s c u s s i o n  of  t h e  s a f e t y  i s s u e s  would 

i n c r e a s e  p u b l i c  con f idence  i n  t h e  d e c i s i o n  p r o c e s s .  The development o f  

n a t i o n a l  s a f e t y  s t a n d a r d s  and f a c i l i t y  s i t i n g  g u i d e l i n e s  would g r e a t l y  a s s i s t  



t h o s e  s t a t e  and l o c a l  a g e n c i e s  which do n o t  have t h e  s t a f f ,  e x p e r t i s e ,  o r  

f i n a n c e s  t o  de t e rmine  t h e  r i s k s  and a p p r o p r i a t e  g u i d e l i n e s  i ndependen t ly .  

A d d i t i o n a l  e n g i n e e r i n g  s a f e t y  measures w i l l  h e l p ,  b u t  s i t i n g  LNG t e r m i n a l s  

i n  l e s s  d e n s e l y  popu la t ed  a r e a s  would e n s u r e  t h a t  t h e  r i s k s  a r e  reduced  and 

would r e s u l t  i n  t h e  c o s t s  b e i n g  bo rne  by t h o s e  who use  t h e  g a s .  The propor-  

t i o n a l  i n c r e a s e  i n  a l r e a d y  expens ive  LNG c o s t s  due t o  more remote s i t i n g  may 

. w e l l  b e  wor th  t h e  enhanced p u b l i c  ' s a f e t y  and may b e  d e s i r a b l e  because  o f  i t s  

more e q u i t a b l e  i n t e r n a l i z a t i o n  o f  c o s t s  t o  t h o s e  who b e n e f i t .  Those. who wish  

t o  s i t e  LNG . t e r m i n a l s  i n  more popu la t ed  a r e a s  s h o u l d  demons t r a t e  i t s  advan- 

t a g e s  o r  d i s a d v a n t a g e s  v i a  a  r i s k - c o s t - b e n e f i t  comparison among t h e  f e a s i b l e  

a l t e r n a t i v e s .  Then we may s e e  more c l e a r l y  t h e  t r a d e o f f s  i nvo lved  and p r e s e n t  

them t o  t h e  p u b l i c  p r o c e s s .  

P u b l i c  P e r c e p t i o n s  of  Risk  

From o u r  c a s e  s t u d i e s  of  LNG f a c i l i t y  s i t i n g  d i s p u t e s  and from o u r  

knowledge o f  o t h e r  s o c i , e t a l  d e c i s i o n s  i n v o l v i n g  r i s k ,  we can c o n s t r u c t  a  

set o f  more g e n e r a l  q u e s t i o n s  which r e f l e c t  p u b l i c  concerns  o v e r  r i s k  s i t u a -  

t i o n s .  These q u e s t i o n s  a r e  of  impor tance  i n  t h e  f o r m u l a t i o n  of  p u b l i c  p o l i c y  

and i n d i c a t e  some o f  t h e  d i v e r s e  concerns  which a r e  l i k e l y  t o  a r i s e  when 

r i s k s  a r e  cons ide red .  P u b l i c  concerns  o v e r  r i s k s  a r i s e  from t h r e e  s o u r c e s :  

1. known, measured r i s k s  which have  o c c u r r e d  i n  the p a s t  and might oc- 

c u r  i n  t h e  f u t u r e ;  

2. r i s k s  o f  a  potentially c a t a s t r o p h i c  n a t u r e ;  

3 .  r i s k s  which c o n f l i c t  w i t h  s t r o n g l y  h e l d  v a l u e s  such  a s  a e s t h e t i c ,  

e c o l o g i c a l ,  o r  l i f e - s t y l e  b e l i e f s .  

My o t  t h e s e  can  s e r v e  t o  a r o u s e  and s u s t a i n  p u b l i c  a t t e n t i o n .  Once t h i s  

concern  h a s  been s t i m u l a t e d ,  a  number of  judgmenta l  f a c t o r s  w i l l  d e t e rmine  

t h e  r e sponse ,  and p u b l i c  a t t e n t i o n  may become focused  on d e t a i l s  which o t h e r -  

w i s e  might  seem t o  b e  t r i v i a l  i n  comparison t o  o t h e r  i s s u e s .  A l i s t  of  



q u e s t i o n s  which seem g e n e r i c  t o  many s o c i e t a l  r i s k s ,  i n c l u d i n g  LNG, may b e  

a s  fo1low.s: 

1. What a r e  t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  b a s e s  f o r  e s t i m a t i n g  t h e  
expec t ed  r i s k s  and  b e n e f i t s ?  

a .  What i s  t h e  r ange  of  d i sagreement  ove r  t h e s e  b a s i c  f a c t s ?  

b. h a t  i s  t h e  e x p e r i m e n t a l  b a s i s  f o r  t h e s e  f a c t s ?  

c .  . What is t h e  t h e o r e t i c a l  b a s i s  f o r  t h e s e  f a c t s ?  

d .  What d i r e c t  e x p e r i e n c e  do w e  have w i t h  t h e  same o r  s i m i l a r  
. . sys t ems?  

e .  .How do t h e s e  f a c t s  a p p l y  t o  t h e  s p e c i f i c  d e s i g n  o r  s i t u a t i o n ,  
b e i n g  a s s e s s e d ?  

f .  Have t h e s e  f a c t s  been s u b j e c t e d  t o  s c r u t i n y  by  o t h e r  e x p e r t s  
. i n  t h e  open l i t e r a t u r e ?  

2.  What i s  t h e  p r o b a b i l i t y  of  an  accident.with'particular consequences?  

a .  Is t h e  maximum a c c i d e n t  of  a  c a t a s t r o p h i c  n a t u r e ?  Can i t s  
p r o b a b i l i t y  of o c c u r r e n c e  be  r e l i a b l y  de termined?  [To most 
peop le  t h e  magnitude i s  more impor t an t  t han  t h e  l i k e l i h o o d .  
I n  o t h e r  words,  " i t ' s  n o t  t h e  odds ,  i t ' s  t h e  s t a k e s ! " ]  

b.  Is t h e  r i s k  p r o p e r l y  c a l c u l a t e d ?  Have t h e  a p p r o p r i a t e  quan- 
t i t a t i v e  methodologies  been a p p l i e d ?  

c. What i s  t h e  u n c e r t a i n t y  i n  t h e  r i s k  e s t i m a t e s ?  [Any uncer- 
t a i n t y  l e a d s  t o  a n x i e t y  abou t  v u l n e r a b i l i t y ,  p a r t i c u l a r l y  f o r  
h igh  consequence r i s k s .  ] 

d. W i l l  t h e  s a f e t y  p r e c a u t i o n s  b e  t aken?  \ h a t  happens i f  t hey  
a r e  n o t ?  Have' a l l  impor t an t  common mode f a i l u r e s  been con- 
s i d e r e d  i n  t h e  r i s k  a n a l y s i s ?  

e .  What a r e  t h e  l a t e n t  o r  de l ayed  consequences?  

f. How w i l l  t h e  l i k e l i h o o d  o f  an a c c i d e n t  change w i t h  t ime o r  
w i t h  p r i o r  p l ann ing?  

g. What p r o v i s i o n s  a r e  t h e r e  f o r  u p d a t i n g  t h e  a c c i d e n t  d a t a  b a s e  
and r e - e v a l u a t i n g  t h e  r i s k s  b a s e d  on f u r t h e r  e x p e r i e n c e ?  

h. For  how l o n g  a  t ime p e r i 0 d . i ~  t h e  r i s k  c a l c u l a t i o n  v a l i d ?  

i. Are t h e r e  any c i r cums tances  under  which t h e  r i s k  a n a l y s i s  would 
would n o t  app ly?  Have s a b o t a g e  o r  d e l i b e r a t e  a c t s  been  con- 
s i d e r e d ?  

3. Can t h e  r i s k  b e  reduced and what w i l l  i t  c o s t ?  



a .  Does t h e  r i s k  l e v e l  depend 'on p h y s i c a l  s a f e t y  p r e c a u t i o n s  o r  
on peop le?  Wiich p r e c a u t i o n s  a r e  more . f a i l s a f e  t han  o t h e r s ?  

b .  Are t h e  consequences  i r r e v e r s i b l e ?  Could we cope w i t h  an  ac- 
c i d e n t  o r  m i t i g a t e  t h e  r e s u l t s  o f  an  ac . c iden t ?  

c .  Is t h e r e  airy e x p e r i e n c e  o r  a c c e p t e d  p r e v a i l i n g  f o r  
s t a n d a r d  s e t t i n g ?  What a g e n c i e s ,  j u x i s d i c t i o n s ,  and s a f e t y  
codes a p p l y ?  Are t h e y  adequa t e?  

d. \\%at groups  w i l l  o b t a i n  t h e  b e n e f i t s ?  Can t h e  b e n e f i t s  be  r e -  
duced t o  l e s s e n  t h e  r i s k s ?  

e. What groups  are most l i k e l y  t o  b e a r  t h e  consequences?  How 
do t h e  consequences  v a r y  f o r  d i f f e r e n t  g roups?  

f .  Can a f f e c t e d  groups  be  a p p r o p r i a t e l y  compensated f o r  b e a r i n g  
an  i r i c r ea sed  . r i s k ?  

g.  \ h a t  o p t i o n s  a r e  open t o  t h o s e  who do n o t  wish  t o  e n j o y  t h e  
b e n e f i t s  o r  assume ' t h e  r i s k s ?  

4 .  Is t h i s  r i s k  a c c e p t a b l e ?  Is t h e  d i s t r i b u t i o n  o f  r i s k s  and b e n e f i t s  
. f a i r ?  

a. Has a  c l e a r  s t a t e m e n t  of  b o t h  t h e  b e n e f i t s  and r i s k s  been  made? 

b.  Is t h e  r i s k  t o  each  group  wor th  t h e  b e n e f i t  g a i n e d ?  T h a t  a r e  
t h e  s p e c i f i c  r i s k s  and b e n e f i t s  t o  each  group?  

c. Is t h e r e  a  c h o i c e  among a l t e r n a t i v e s ?  Were a l t e r n a t i v e s  s e r i -  
o u s l y  c o n s i d e r e d ?  What a r e  t h e  r i s k s  and b e n e f i t s  o f  t h e  a l -  
t e r n a t i v e s ?  How do  t h e y  compare t o  t h e  o r i g i n a l  p r o p o s a l ?  A- 
p a r t  from r e l a t e d  a l t e r n a t i v e s ,  might  t h e r e  be comple t e ly  d i f -  
f e r e n t  ways t o  a c h i e v e  s i m i l a r  b e n e f i t s  w i t h o u t  t h e s e  r i s k s ?  

d. Do t h e  a f f e c t e d  groups  have  any c o n t r o l  o v e r  t h e  r i s k  s i t u a -  
t i o n ?  Over t h e  d e s i g n  p r o c e s s ?  

e .  Is t h e  r i s k  v o l u n t a r i l y  assumed? 

f .  Is t h e  r i s k  v i s i b l e ?  Is i t  c o n t i n u o u s  o r  i n t e r m i t t e n t ?  [ d i l l  
I b e  aware  o f  i t ?  

g. Is t h e  r i s k  f a m i l i a r ?  

h .  Is t h e  consequence immediate  o r  l a t e n t ?  How i s  t h e  f u t u r e  t o  
b e  "d iscounted" ,  i f  a t  a l l ?  [ L a t e n t  r i s k s  seem t o  more ac-  
c e p t a b l e  s i n c e  t h e  b e n e f i t s  a r e  en joyed  t oday .  Smoking 1,s a 
prime t h a ~ l ~ p l t ! .  ] 1s d i s c o u n t i n g  p o s s i b l y  l a r g e  f u t u r e  r i s k s  
( o r  b e n e f i t s )  a  w i s e  p o l i c y ?  

i. ldhat a r e  t h e  p r o j e c t ' s  f u t u r e  i m p l i c a t i o n s ?  \.Jill o t h e r  fu- 
t u r e  o p t i o n s  be  f o r e c l o s e d ?  



. . j. How do t h e  p o t e n t i a l  r i s k s  and b e n e f i t s  compare t o  s i m i l a r  
r i s k s  and b e n e f i t s  p r e s e n t  i n  tod 'ay 's  s o c i e t y ?  

k .  Who is responsib1.e  i n  t h e  e v e n t  of  an a c c i d e n t ?  W i l l  h i s  a s - '  
.sets and i n s u r a n c e  cover  p o t e n t i a l  l i a b i l i t i e s ? '  

1. Is t h e  d e c i s i o n  p r o c e s s  f a i r ?  

m. Has t h e  p u b l i c  been a b l e  t o  p a r t i c i p a t e  i n  an e f f e c t i v e '  manner? 

. .  . 
I n  p r a c t ' i c e ,  t h e  answers t o  many o f  t h e s e  q u e s t i o n s  w i l l  n o t  b e  a c c u r a t e -  

. . l y  - known. However, f o r  - s i t u a t i o n s  i n  which we a r e  i n e v i t a b l y  d e a l f n g  w i t h  

u n c e r t a i n t y ,  knowing . t he  a p p r o p r i a t e  q u e s t i o n s  and d e f i n i n g  t h e  l i m i t s  o f  o u r  

knowledge can by i t s e l f  'p rovide  s i g n i f i c a n t  i n f o r m a t i o n  and c o n s t r a i n t s  f o r  

d e c i s  ion-making. . . 

Recommendations 

A p r e v i o u s  s e c t i o n  h a s  d i s c u s s e d  t h e  p o t e n t i a l  r i s k s  of LNG and h a s  r e -  

commended f u r t h e r  r e s e a r c h  on LNG s a f e t y .  The p r i n c i p a l  recommendations 

from o u r  s t u d i e s  of t h e  p u b l i c  p a r t i c i p a t i o n  i n  f a c i l i t i e s  s i t i n g  d i s p u t e s  may 

b e  summarized as f o l l o w s :  

The number of  a g e n c i e s  concerned w i t h  LNG t e r m i n a l  s i t i n g  i s  l a r g e .  Be- 

cause  o f  o v e r l a p p i n g  j u r i s d i c t i o n s ,  t h e  l a c k  of  n a t i o n a l  g u i d e l i n e s  f o r  s i t i n g ,  

and t h e  unreso lved  s a f e t y  i s s u e s  t h e  p roces s  of  a p p r o v a l  h a s  been l e n g t h y .  

For  each  LNG impor t  t e r m i n a 1 , a t  1 e a s t . e l e v e n  f e d e r a l  a g e n c i e s  and tw ice  a s  

many s t a t e  and  l o c a l  b o d i e s  a r e  i nvo lved  i n  t h e  a p p r o v a l  p r o c e s s .  These j u r i s -  

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

n a t i o n a l  p o l i c y  on LNG i m p o r t a t i o n  e s t a b l i s h e d .  

N a t i o n a l  LNG t e r m i n a l  s i t i n g  g u i d e l i n e s  should  be  e s t a b l i s h e d ,  n o t  t o  

preempt any o f  t h e  r e g u l a t o r y  a g e n c i e s ,  b u t  t o  p r o v i d e  them w i t h  t h e  i n f o r -  

mat ion  they  need.  These g u i d e l i n e s  shou ld  d i s t i n g u i s h  whether  t h e y  a r e  i n -  

tended t o  p r o t e c t  a g a i n s t  f a t a l i t i e s ,  i n j u r y , ' o r  i nconven ience  i n  t h e  e v e n t  of  

"des ign  b a s i s "  a c c i d e n t s .  The g u i d e l i n e s  shou ld  b e  developed  i n  a  manner such  

t h a t  t hey  can be  implemented by s t a t e  o r  l o c a l  a g e n c i e s ,  who shou ld  r e t a i n  



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

c o n d i t i o n s  a r e  t a k e n  i n t o  a c c o u n t . .  

Our c a s e  s t u d i e s  have i n d i c a t e d  t h a t  t h e  p u b l i c  h a s  encoun te r ed  d i f f i -  

c u l t i e s  i n  o b t a i n i n g  r e l . i a b l e  i n fo rma . t i on  a b o u t  proposed  f a c i l i t i e s  and t h a t  

p u b l i c  g roups ,  i n c l u d i n g  s t a t e  and l o c a l  governments ,  o f t e n  l a c k  t h e  f i n a n -  

c i a l  r e s o u r c e s  a n d , o r g a n i z a t i o n  t o  o b t a i n  knowledgeable  and i m p a r t i a l  t e c h n i -  

c a l  a d v i c e .  F e d e r a l  g u i d e l i n e s  would h e l p  p r o v i d e  i n f o r m a t i o n  b u t  t h e s e  d i f -  

f i c u l t i e s  w i l l ,  n e v e r t h e l e s s ,  p e r s i s t  under  t h e  c u r r e n t  r e g u l a t o r y  framework. 

The e a r l y  p r e s e n t a t i o n  of  f e a s i b l e  a l t e r n a t i v e  s i t e s  and open p u b l i c  

d i s c u s s i o n  o f  t h e  c o s t s ,  r i s k s ,  and b e n e f i t s  o f  t h e s e  a l t e r n a t i v e s  p r i o r  t o  

t h e  g a s  company's s e l e c t i o n  of  a  "bes t "  s i t e  would b o t h  i n c r e a s e  t h e  d e c i s i o n  

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

e x t r a  c o s t s  i n c u r r e d  i n  p u b l i c l y  p r e s e n t i n g  f e a s i b l e  a l t e r n a t i v e s  would proba- 

b l y  have  a l r e a d y  been  r e p a i d  by s p e e d i e r  a p p r o v a l  and by e n h a n c e d p u b l i c  ac-  

c e p t a n c e  of  t h i s  t e chno logy .  

T h e . p o s s i b i l i t y  of  s a b o t a g e  must b e  i n t r o d u c e d  i n t o  any r i s k  a s se s smen t  

and c o n s i d e r e d  i n  s i t i n g  of  f a c i l i t i e s .  So f a r ,  t h i s  h a s  been l a r g e l y  omi t t ed ,  

D e t a i l e d  con t ingency  p l a n s ,  t r a i n i n g ,  t e s t i n g  and rev iew p r o c e d u r e s ,  and  

c r i t e r i a  f o r  d e c i s i o n s  under  a c c i d e n t  c o n d i t i o n s  need t o  b e  deve loped  and 

s c r u t i n i z e d .  

R e s e a r c h . r e s u l t s  s h o u l d  be p u b l i s h e d  i n  t h e  s c i e n t i f i c  l i t e r a t u r e  and 

d i s s e m i n a t e d  w i d e l y  t o  t h e  p u b l i c  b e f o r e  t hey  a r e  used  t o  j u s t i f y  s a f e t y  de- 

c i s i o n s .  C l e a r  d i s c u s s i o n s  of t h e  t e c h n i c a l  i s s u e s  a r e  needed.  

Roughly 10 o r  fewer  ma jo r  LNG i m p o r t / r e c e i v i n g  t e r m i n a l s  w i l l  b e  r e q u i r e d  

t o  impor t  t h e  volumes expec t ed  by 1985 ( 2  t r i l l i o n  c u b i c  f e e t  o f  n a t u r a l  gas  

p e r  y e a r ) .  Because t h e s e  a r e  b a s i c a l l y  r e g i o n a l  f a c i l i t i e s  a n  e f f o r t  shou ld  

b e  made t o  p u b l i c l y  s e l e c t  an  i n v e n t o r y  of  s u i t a b l e  a l t e r n a t i v e  s i t e s  w i t h i n  

each  c o a s t a l  r e g i o n .  The r i s k s ,  c o s t s ,  and b e n e f i t s  o f  t h e  b e s t  o f  t h e s e  



a l t e r n a t i v e  s i t e s  s h o u l d  t h e n  be  p u b l i c l y  p r e s e n t e d ,  s o . t h a t  a l l  r e l e v a n t  

c o n c e r n s ,  i n c l u d i n g  s a f e t y  and l a n d  use  p l a n n i n g ,  may then  b e  t a k e n  i n t o  ac-  

coun t .  

F i n a l l y ,  and  pe rhaps  most i m p o r t a n t l y ,  p rocedu re s  a c c e p t a b l e  t o  t h e  pub- 

l i c  f o r  e v a l u a t i n g  r i s k s  and b e n e f i t s  must b e  found.  These shou ld  i n c l u d e  l o c a l  

compar i sons  a s  w e l l  a s  s o c i e t a l  compar i sons  w i t h  o t h e r  ene rgy  and i n d u s t r i a l  

f a c i l i t i e s .  



V I I I .  LNG Dec i s ion  Making 

Dec i s ions  r e g a r d i n g  t h e  u s e  of  l i q u e f i e d  n a t u r a l  g a s  and t h e  s i t i n g  . 

of LNC: f a c i l i t i e s  must c o n s i d e r  a  number of  f a c t o r s  r e l e v a n t  t o  d i v e r s e  , 

i n t e r e s t  g roups .  The b a s i s  f o r  p rev ious  d e c i s i o n s  a p p e a r s  t o  have been 

i n a d e q u a t e l y  p r e s e n t e d  t o  t h e  p u b l i c ,  and t h e  d e c i s i o n s  may n o t  have  

achieved  t h e  most s a t i s f a c t o r y  compromises among t h e  p a r t i e s  concerned.  

S i t u a t i o n s  i n  which t h e  d e c i s i o n  p r o c e s s  h a s  l acked  c l a r i t y  may have  been 

a c c e p t a b l e  when t h e  s cope  of LNG o p e r a t i o n s  were s m a l l ,  b u t  t h e r e . i s  s i g n i -  

f i c a n t  expans ion  underway o r  p lanned  on b o t h  t h e  e a s t  and wes t  c o a s t s .  Be- 

cause  LNG f a c i l i t i e s  w i l l  occupy l a r g e  a r e a s  and p r o v i d e  a  s m a l l  b u t  non- 

n e g l i g i b l e  f r a c t i o n  of  t h e  U.S. t o t a l  energy  s u p p l y ,  more d e t a i l e d  informa- 

t i o n  and b e t t e r  methods f o r  d e c i s i o n  making a r e  r e q u i r e d .  

The.most r e c e n t  env i ronmen ta l  impact  s t a t e m e n t s  and r e p o r t s  i s s u e d  by 

t h e  F e d e r a l  Power Commission [21 ,  571 and. C a l i f o r n i a  a g e n c i e s  [58] f o r  t h e  

proposed C a l i f o r n i a  import  t e r m i n a l s  a t  Los Angeles ,  Oxnard, and P o i n t  Con- 

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

e a s t  c o a s t  LNG f a c i l i t i e s .  These themselves  r e p r e s e n t  advances on t h e  ab- 

s e n c e  o f  r e p o r t s  a s  r e c e n t l y  a s  f o u r  y e a r s . a g o .  Even so,, none o f  t h e  e x i s t i n g  

r e p o r t s  w e  have  r e a d ,  which compr ise  thousands  of  pages of  documenta t ion ,  

a t t empt s '  t o  s t r u c t u r e  t h e  i n f o r m a t i o n  i n t o  a  format  which cou ld  be a s s i m i l a -  

t e d  by a  d e c i s i o n  maker. N e i t h e r  h a s  t h e  m a t e r i a l  been p r e s e n t e d  i n  a  man- 

n e r  such  t h a t  t h e  recommended t r a d e o f f s  a r e  c l e a r l y  s u b s t a n t i a t e d  by t h e  

i n f o r n ~ a t i o n  g iven .  

I t  i s  w e l l  known t h a t  t h e r e  a r e  u n c e r t a i n t i e s  i n  o u r  p r e s e n t  knowledge 

nf  T,NC a c r i d o n t  P ~ ~ I c J ,  i l l  Llle Burtire c o s t  and a v a i l a b i l i t y  of  a l t e r n a t e  f u e l s ,  

i n  t h e  c o s t s  and r i s k s  of  s w i t c h i n g  t o  o t h e r  f u e l s ,  i n  t h e  e f f e c t s  o f  energy  

c o n s e r v a t i o n  on demand, i n  t h e  e f f e c t s  of  gas  c u r t a i l m e n t s  on eniployment and 



p r o d u c t i v i t y ,  i n  t h e  env i ronmen ta l  impacts  and c o s t s  of LNG f a c i l i t i e s ,  i n  

t h e  r i s k s  o f  c u t - o f f s  o r  u n a v a i l a b i l i t y  of  f o r e i g n  LNG s u p p l i e s ,  and i n  t h e  

p u b i i c  a c c e p t a b i l i t y  o f  t h i s  f u i l  s o u r c e .  S ince  t h e  t ime s c a l e  o f  t h e s e  

p r o j e c t s  is  twen ty - to - th i r t y  y e a r s  and t h e  p r e s e n t  c o s t s  o f  LNG a r e  h i g h ,  

t h e s e  ' u n c e r t a i n t i e s  may b e  impor t an t  f o r  de t e rmin ing  o u r  s c a l e  o f  commit- 

ment t o  L N G . '  F u r t h e r ,  i t  may b e  t h a t  some d e c i s i o n s  f o r  f u t u r e  expans ion  

cou ld  w a i t  u n t i l  some of t h e  u n c e r t a i n t i e s  a r e  r e s o l v e d .  

I n  t h i s  c h a p t e r  i t  i s ' o u r  aim t o  p r o v i d e  a  rev iew o f  some of  t h e  

q u e s t i o n s  which need t o  b e  answered and t o  s u g g e s t  d e c i s i o n  a n a l y s i s .  frame- 

works f o r  c o n s i d e r i n g  two LNG d e c i s i o n s :  t h e  s i t i n g  of  an LNG t a n k  i n  

Cumberland, Rhode I s l a n d ,  and t h e  development o f  l a r g e - s c a l e  Alaska-Cali-  

f o r n i a  LNG o p e r a t i o n s  compr is ing  p i p e l i n e ,  t a n k e r s ,  and t e r m i n a l s .  Before  

do ing  s o  we w i l l  r ev iew ' t h e  c o n t e x t  i n  which LNG d e c i s i o n s  a r e  t a k e n . .  
Q 

The Scope. o f  t h e  Problem 
/ 

Any d e c i s i o n  t o  u se  LNG r e q u i r e s . e s t a b l i s h i n g  t h e  need f o r  supplemen- 

t a l  s u p p l i e s  o f  n a t u r a l  g a s .  On a  l o c a l  b a s i s  t h e  r e l e v a n t  i n f o r m a t i o n  is  

p r e s e n t e d  by t h e  l o c a l  ga s  company. It is  probably  o u t s i d e  t h e  s cope  o f  

zoning  boa rds  t o  go beyond v e r i f y i n g  l o c a l  gas needs .  However, f o r  impor t /  

r e c e i v i n g  t e r m i n a l s  expec t ed  t o  supp ly  a  w ide r  a r e a  d e t a i l e d  p r o j e c t i o n s  

a r e  impor t an t .  Once an i n i t i a l  need i s  e s t a b l i s h e d ,  t h e  p r o j e c t e d  demands 

ove r  t h e  l i f e  of  t h e  f a c i l i t y  shou ld  b e  a c c o u n t e d ' f o r .  T h i s  i s  where uncer-  

t a i n t i e s  w i l l  arise. Envi ronmenta l  and socio-economic impacts  of  t h e  pro- 

posed f a c i l i t i e s  a r e  t hen  c o n s i d e r e d ,  and c o s t  and b e n e f i t  s t r e a m s  a r e  de- 

r i v e d  ove r  t h e  l i f e t i m e  of  t h e  o p e r a t i o n . .  These d a t a  e n a b l e  t h e  c o s t ,  r i s k  

and b e n e f i t  t r a d e o f f s  t o  be  made e x p l i c i t  and t h e  n e t  b e n e f i t s  o r  a m a t r i x  

of  c o s t s  and b e n e f i t s  t o  b e . e v a l u a t e d ,  Fo r  an LNG f a c i l i t y  s i t i n g  i s  t h e  

c h i e f  de t e rminan t  o f  t h e s e  impacts. .  It i s  t h e  s i t i n g  d e c i s i o n  which h a s  



caused  most o f  t h e  p u b l i c  d i s p u t e s ,  s i n c e  most i n t e r e s t  g roups  have  g e n e r a l l y  

conceded t h e  .immediate need f o r  t h e  gas .  

The primary o b j e c t i v e  o f  LNG sys tems is. t o  p r o v i d e  a r e l i a b l e  supp ly  

of  n a t u r a l  gas  which o t h e r w i s e  might .  n o t  b e  a v a i l a b l e .  I n  o r d e r  t o  judge  

whether  t h e  c o s t l y  c a p i t a l  i nves tmen t  i n  LNG sys tems i s  j u s t i f i e d ,  t h e  e x t e n t  

of  t h e  need  must be  w e i l  e s t a b l i s h e d .  For  a l o c a l  ' d e c i s i o n ,  a s  i n  Cumberland, 

t h e  d a t a  p r e s e n t e d  by t h e  l o c a l  ga s  company h a s  u s u a l l y  been a c c e p t e d  w i t h o u t  

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

i n  C a l i f o r n i a ,  t h e  , i n f o r m a t i o n -  on supp ly  and d i s t r i b u t i o n  needs  t o  b e  w e l l -  

deve loped  and r e g i o n a l l y  d i s a g g r e g a t e d .  The e f f e c t s  o f  u n c e r t a i n t i e s  i n  

r e g i o n a l  s u p p l i e s  and i n c o s t s  of  a l t e r n a t i v e  f u e l s  must b e  e s t i m a t e d  ove r  

t h e  l i f e -  of  t h e  f a c i l i t y .  It h a s  been assumed t h a t  e x i s t i n g  gas  p i p e . l i n e s  

and d i s t r i b u t i o n  ne tworks  w i l l  b e  u t i l i z e d  where p o s s i b l e  and t h a t  t h e  

amount o f  new p i p e l i n e  shou ld  b e  minimized.  However, f o r  c e r t a i n  s i t i n g  

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

o r a e r  t o  l e s s e n  l o c a l  r i s k s  o r  t o  minimize s p e c i f i c  env i ronmen ta l  impac t s  

by s i t i n g  t h e  f a c i l i t y  f a r t h e r  from gas  marke t s .  For  t h i s  r ea son  t h e  c o s t s  

and impacts  of  a l t e r n a t i v e  p i p e l i n e  r o u t e s  and a l t e r n a t i v e  s i t e s  need t o  

b e  s p e l l e d  o u t  i n  each  c a s e  where a f a c i l i t y  i s  proposed.  

Although g a t h e r i n g  i n f o r m a t i o n  and deve lop ing  c o s t - b e n e f i t  e s t i m a t e s  

f o r  a l t e r n a t i v e s  may be  d i f f i c ~ ~ l t ,  i t  shou ld  b c  done i n  o r d e r  t o  a r r i v e  a t  

t h e  s o l u t i o n  w i t h  t h e  g r e a t e s t  n e t  b e n e f i t s  t o  s o c i e t y .  I f  a l t e r n a t i v e s  

a r e  n o t  p u b l i c l y  proposed f o r  a s p e c i f i c  p r o j e c t ,  t h e r e  a r e  always t h e  i m -  

p l i c i t  a l t e r n a t i v e s  which may b e  over looked .  Of ten  t h e s e  a r e  a r g u a b l y  o u t -  

s i d e  t h e  scope  o f  d e c i s i o n  making, b u t  they  shou ld  b e  examined i f  o n l y  t o  

demons t r a t e  t h a t  LNG is t h e  p r e f e r r e d  energy  o p t i o n .  P ropose r s  o f  LNG f a -  

. c i l i t i e s  imply . t h a t  o t h e r  o p t i o n s  a r e  l e s s  d e s i r a b l e  o r  l e s s  f e a s i b l e .  Fo r  

example, t hey  assume t h a t  s w i t c h i n g  t o  o t h e r  f u e l s  n o t  d i s t r i b u t e d  by t h e  



gas  company ( e . g . ,  o i l  o r  e l e c t r i c i t y )  would be  more c o s t l y  t o  s o c i e t y  t h a n  

b u i l d i n g  LNG f a c i l i t i e s  and t h a t  t h e  a d v e r s e  e f f e c t s  o f  conse rv ing  gas  by ' 

c u t t i n g  back on i t s  w a s t e f u l  u s e  would be  more c o s t l y  t h a n  paying  f o r  h ighe r -  

p r i c e d  LNG. It may n o t  b e  t h e  o b l i g a t i o n  o f  t h e  gas  company whose job  is  

t o  p rov ide  f o r  o u r  gas  needs  t o  j u s t i f y  t h e s e  assumpt ions ,  b u t  i n f o r m a t i o n  . . 

of  t h i s  n a t u r e  shou ld  b e  cons ide red  by any d e c i s i o n  maker. 

More i m p o r t a n t l y ,  new s u p p l i e s  o f  g a s  might become a v a i l a b l e  w i t h i n  

t h e  l i f e t i m e  of  t h e  proposed LNG f a c i l i t i e s ,  t h u s  r educ ing  t h e i r  n e t  b e n e f i t  

t o  s o c i e t y .  I f  n a t u r a l  ga s  p r i c e s  a r e  d e r e g u l a t e d ,  i t  is p o s s i b l e  t h a t  do- 

m e s t i c  p roduc t ion  w i l l  r i s e  t o  h i g h e r  l e v e l s  t e n  y e a r s  hence.  I n  t h e  f u t u r e ,  

s u b s t i t u t e  o r  s y n t h e t i c  n a t u r a l  ga s  from pe t ro l eum o r  c o a l  may a l s o  b e  

developed  s u c c e s s f u l l y  o r  t h e  c o s t s  o f  methanol  p r o d u c t i o n  may drop .  S i n c e  

we a r e  c o n s i d e r i n g  l a r g e - s c a l e  LNG sys tems l a s t i n g  f o r  t h i r t y  y e a r s ,  i t  is  

s e n s i b l e  t o  s u g g e s t  t h a t  t h e s e  o p t i o n s  might  a f f e c t  t h e  f u t u r e  c o s t s  and 

b e n e f i t s  s t r e a m s .  These p o s s i b i l i t i e s  shou ld  n o t  b e  n e g l e c t e d .  From t h e  

immediate p e r s p e c t i v e ,  a l l  t o o  p r e v a l e n t  i n  dec is2on m a k i n g , . t h e  need f o r  

LNG h a s  been e s t a b l i s h e d ,  and judg ing  from 1975-76 and s u g g e s t e d  1977 cur -  

t a i l m e n t s ,  a d d i t i o n a l  n a t u r a l  gas  s u p p l i e s  a r e  i ndeed  desirable. N e v e r t h e l e s s ,  

t h e  s c a l e  and t i m i n g  f o r  development o f  LNG f a c i l i t i e s  may depend on answers 

t o  some of  t h e s e  q u e s t i o n s  which w i l l  o n l y  b e  known i n  t h e  f u t u r e .  

The r e a s o n  f o r  unde r s t and ing  t h e  n e c e s s i t y  f o r  a d d i t i o n a l  g a s  s u p p l i e s  

becomes impor t an t  when l e a d  t imes  f o r  deve lop ing  LNG f a c i l i t i e s  are con- 

s i d e r e d  and compared t o  t h e  l e a d  t imes  f o r  s u p p l y i n g  a l t e r n a t e  f u e l s .  The 

p l a n n i n g  and  a p p r o v a l  p r o c e s s  can t a k e  s e v e r a l  y e a r s  i t s e l f ,  fo l lowed by 

th ree - to - fou r  y e a r s  t o  c o n s t r u c t  an LNG t e r m i n a l  and b r i n g  i t  i n t o  p roduc t ion .  

I n  t h e  s h o r t  t e rm LNG may i n  f a c t  b e  e a s i e r  t o  implement t han  o t h e r '  f u e l  

s u p p l y  o p t i o n s ,  s i n c e  t h e  technology i s  known and gas  s u p p l i e s  a r e  a v a i l a b l e ,  

whereas o t h e r  o p t i o n s  have even l o n g e r  l e a d  t imes  and g r e a t e r  t e c h n o l o g i c a l  



u n c e r t a i n t i e s .  From t h i s  p o i n t  of  view LNG is d e s i r a b l e ,  b u t  can we supp ly  

t h e  r e q u i r e d  amounts? 

One p o s s i b l e  1 in l i . t a t i on  on LNG impor t s  might  b e  t h e  a b i l i t y  t o  con- 

s t r u c t  e.nough LNG t a n k e r s  t o  mekt t h e  worldwide demand. However, p r e s e n t  

e s t i n i a t e s  i n d i c a t e  t h a t  t h e r e  is  adequa te  LNG . s l ~ i p b u i l d i n g  c a p a c i t y  t o  pro- 

v i d e  t h e  n e c e s s a r y  t a n k e r  f l e e t  t o  s h i p  a l l  t h e  supp ly .  Whether o r  n o t  

t h e  s u p p l y  w i l l  b e  adequa te  i s  an  open q u e s t i o n .  Japan  and wes t e rn  Europe 

a r e  expec ted  t o  be  l a r g e  consumers o f  worldwide LNG s u p p l i e s ,  and i t  is  

p o s s i b l e  t h a t  combined demands may exceed t h e  f o r e i g n  p r o d u c t i o n  c a p a c i t y  

a f t e r  1985. Moreover, a  number of  LNG c o n t r a c t s  have been r e n e g o t i a t e d  t o  

accoun t  f o r  r i s i n g  p r i c e s ,  and i t .  is expec t ed  t h a t  t h e  p r i c e  of  f o r e i g n  

LNG w i l l  b e  c l o s e l y  t i e d  t o  t h a t  o f  o i l ,  a f f e c t i n g  t h e  p r i c e  t o  t h e  U.S. 

consumer. For  f o r e i g n  s u p p l i e s  t h e  p o s s i b i l i t y  o f  an  embargo, s a b b t a g e ,  

o r  o t h e r  shutdown o f  t h e  l i q u e f a c t i o n  p l a n t  i s  a l s o  p r e s e n t ,  a l t hough  i t  

must b e  n o t e d  t h a t  d u r i n g  t h e  Arab o i l  embargo o f  1973 A l g e r i a ,  an  Arab 

c o u n t r y ,  k e p t  i t s  c o n t r a c t u a l  commitments t o  supp ly  LNG a s  f a r  a s  t h e  s t a t e  

o f  r e p a i r  o f  i.ts f a c i l i t i e s  a l l owed .  The o p e r a t i o n a l  r e l i a b i l i t y  and f i n a n -  

c i a l  s t a t u s  o f  f o r e i g n  s u p p l i e r s  may b e  o u t s i d e  o f  U.S. c o n t r o l .  Thus,  

compe t i t i on ,  n a t i o n a l  s ecu r i ' t y ,  f o r e i g n  p o l i c y ,  and t h e  b a l a n c e  of  .payments 

may w e l l  l i m i t  t h e  q u a n t i t y  o f  o u r  LNG.imports.  

I n  August ,  1976, t h e  Energy Resources Counc i l  asked  f o r  an upper  l i m i t  

o f  two t r i l l i o n  c u b i c  f e e t  p e r  y e a r  o f  gas  from t o t a l  f o r e i g n  LNG impor t s  

by 1985 ( i . e . ,  abou t  92 .9  m i l l i o n  m3 of  LNG) [61 ] .  About 0 . 4  T ? f / i r . '  a r e  

a l r e a d y  approved and c u r r e n t  a p p l i c a t i o n s ' c o u l d  exhaus t  t h e  remainder .  Fur- 

t h e r ,  f o r  s e c u r i t y  r e a s o n s  t h e  impor t s  from any one  coun t ry  would b e  l i m i t e d  

t o  1 ~ c f / y r .  Import  p r o j e c t i o n s  f o r  t h e  E a s t  Coast  i n  1985 a r e  .87 T c f / y r .  

( t r i l l i o n  c u b i c  f e e t  p e r  y e a r ) '  and f o r  t h e  West Coas t  a t  l e a s t  0 .2  T c f / y r .  

[21 ,  621. The gas  i n d u s t r y  would l i k e  t h e  U.S. t o  impor t  up t o  3  ~ c f / y r .  



t o  supplement  domes t i c  g a s  p roduc t ion .wh ich  has  been d e c l i n i n g  s i n c e  1973 

when 22.6 t r i l l i o n  c u b i c  f e e t  were  produced.  By 1990 ove r  h a l f  t h e  pro- 

d u c t i o n  must come from r e s e r v e s ' j l e t  t o  b e  d i s c o v e r e d .  I n  1985 t h e  t o t a l  

U.S. gas  s u p p l y  is  expec t ed  t o  b e  abou t  . 2 0  t r i l l i o n  c u b i c  f e e t  p e r  y e a r ,  

i n c l u d i n g  impor ted  LNG. 

~ u t u r e  d e c i s i o n s  on how LNG is  t o  b e  p r i c e d  map a f f e c t  t h e  d e s i r a -  

b i l i t y  of  l a r g e - s c a l e  LNG sys tems.  The p r i c e  o f  LNG is  now " r o l l e d  i n "  

to, t h e  e x i s t i n g  p r i c e  on a  p e r c e n t a g e  b a s i s .  S i n c e  LNG r e p r e s e n t s  o n l y  

a s m a l l  f r a c t i o n ,  o f  e x i s t i n g  s u p p l y ,  t h e  p r i c e  t o .  t h e  'consumer u s i n g  gas  

s u p p l i e s  supplemented by LNG h a s  noe e s c a l a t e d  d r a m a t i c a l l y .  It i s  l i k e l y  

t h a t  f u t u r e  LNG p r i c e s  w i l l  c o n t i n u e  t o  b e  " r o l l e d  in" . '  However, t h e  

a c t u a l  p r i c e  may b e  p o l i t i c a l l y  r e g u l a t e d  b o t h  i n  t h i s  coun t ry  and a t  

t h e  w e l l . h e a d ,  s o  c a l c u l a t i o n s  of c o s t s  and b e n e f i t s  shou ld  i n c o r p o r a t e  

a  r a n g e  of  p o s s i b l e  p r i c e s .  t o  judge  t h e  s e n s i t i v i t y  of  t h e s e  assu iap t ions .  

The expec t ed  demand w i l l  a l s o  be  c o r r e l a t e d  w i t h  t h e  p r i c e  t o  t h e  con- 

sumer. T h e r e f o r e ,  f a i r  p r i c i n g  of LNG w i l l  pose  i n t e r e s t i n g  problems t o  

t h e  r e g u l a t o r  a s  w e l l  a s  t o  t h e  a n a l y s t  t r y i n g  t o  c a l c u l a t e  t h e  c o s t s  and 

b e n e f i t s  o f  LNG and a l t e r n a t e  f u e l  o p t i o n s .  Regional  v a r i a t i o n s  i n  p ipe-  

l i n e  t r a n s m i s s i o n  c o s t s  a n d ' i n  a v a i l a b i l i t y  of  o t h e r  f u e l s  may s i g n i f i c a n t l y  

i n f l u e n c e  t h e  d i s t r i b u t i o n  o f  c o s t s  and b e n e f i t s .  

I n  l i g h t  o f  .high. c a p i t a l  c o s t s  and concern  f o r  LNG r i s k s ,  t h e  marg ina l  

c o s t  o f  i n c r e a s e d  s a f e t y  p r e c a u t i o n s ,  i n c l u d i n g  remote s i t i n g ,  may prove 

t o  b e  s m a l l  i n  comparison t o  t o t a l  c o s t s .  Dec i s ion  makers w i l l  have  t o  

judge  c a r e f u l l y  whether  t h e  r i s k s .  and b e n e f i t s  a r e  f a i r l y  d i s t r i b u t e d ,  

e s p e c i a l l y  among t h o s e  who r e s i d e  n e a r e s t  t o  LNG k i t e s .  It s h o u l d  b e  d e t e r -  

mined i f  t h o s e  b e a r i n g  t h e  i n c r e a s e d  r i s k s  a r e  e n t i t l e d  t o  compensat ion i n  

t h e  form o f  reduced  t a x e s ,  r e b a t e s  on f u e l  c o s t s ,  o r  by hav ing  a  p r o p o r t i o n  

o f  t h e i r  p r o p e r t y  and a c c i d e n t  i n s u r a n c e  p a i d  by t h e  gas  company. Of 



c o u r s e ,  we s e e  no r ea son  why LNG f a c i l i t i e s  shou ld  be  s i n g l e d  o u t  i n  t h i s  

way and t h e s e  c o n s i d e r a t i o n s  cou ld  app ly  i n  t h e  f u t u r e '  t o  a l l  hazardous  

o r  env i ronmen ta l ly  o b j e c t i o n a b l e  f a c i l i t i e s .  For  LNG f a c i l i t i e s ,  such  com- 

p e n s a t i o n  could  b e  de termined  by a  s i m p l e  formula  r e l a t e d  t o  d i s t a n c e  from 

t h e  f a c i l i t y .  I f  a l t e r n a t i v e  s i t e s  a r e  proposed ,  t h e  compensatory c o s t s  

may s u g g e s t  t h a t  s i t e s  w i t h  lower  r i s k  t o  t h e  s u r r o u n d i n g  p o p u l a t i o n  would 

b e  cheaper  and t h u s  p r e f e r r e d .  These "compensatory c o s t s "  a r e  of  s i g n i -  

f i c a n c e  even i f  compensat ion p rocedures  a r e  n o t  a c L u a l l y  implemented be- 

cause  such  schemes may b e  t o o  d i f f i c u l t  to' implement. 

Of c o u r s e ,  c o n s i d e r i n g  f u t u r e  compensat ion schemes r a i s e s  t h e  ques-  

t i o n  02 compensat ing t h o s e  who l i v e  n e a r  o t h e r  hazardous  f a c i l i t i e s  a s  

w e l l .  The remote s i . t i n g  o f  LNG t e r m i n a l s  a v o i d s  t h i s  i s s u e  and e n s u r e s  

t h a t  t h e  c o s t s  a r e  p a i d  by  t h o s e  who b e n e f i t  from t h e  use  o f  t h e  gas .  

E v a l u a t i o n  C r i t e r i a  
. .  . 

The most impor t an t  env i ronmen ta l  impacts  ( a p a r t  from a c c i d e n t a l  

f i r e  r i s k s )  r e s u l t  from t h e  e f f e c t s  of  c o n s t r u c t i o n  and o p e r a t i o n  on t h e  

l a n d  i t s e l f  [ s e e  Tab le  3 1 .  The r o u t i n g  of  p i p e l i n e s  and s i t i n g  of  t h e  

t e r m i n a l  and s t o r a g e  f a c i l i t i e s  a r e  t h e  major  d e t e r m i n a n t s  of  t h e s e  impac t s .  

I n  t h i s  r e s p e c t ,  t h e  p o t e n t i a l l y  a d v e r s e  e f f e c t s  o f  LNG a r e  l e s s  t h a n  t h e  

co r r e spond ing  r i s k s  o f  s i m i l a r l y  s i z e d  o i l  p i p e l i n e s  and r e f i n e r i e s  which 

can produce g r e a t e r  a i r  p o l l u t i o n  and longer - te rm damage t o  t h e  b i o s p h e r e  

- 
i n  t h e  e v e n t  of  o i l  s p i l l a g e .  

A number o f  e v a l u a t i o n  c r i t e r i a  have been  developed  t o  a s s e s s  LNG 

s i t e s .  For  LNG t e r m i n a l s  t h e  f o l l o w i n g  c a t e g o r i e s  have been  used:  

1. tophgraph ic  c o n d i t i o n s  i n c l u d i n g  t h e  s i z e  of  t h e  s i t e ,  

a c c e s s  t o  t r a n s p o r t ,  p i p e l i n e s ,  n ia rke ts ,and  s i t e  e i e v a t i o n  

and s l o p e ;  

2 .  f o u n d a t i o n a l  s t a b i l i t y . i n c l u d i n g  s o i l  and s e i s m i c i t y  c o n d i t i o n s ;  



3. m e t e o r o l o g i c a l  and a tmosphe r i c  c o n d i t i o n s ;  

4 .  oceanograph ic  c o n d i t i o n s ;  

5. deep w a t e r  p o r t  capab . i l . i ty  i n c l u d i n g  t h e  amount o f  d redg ing  

needed;  

6 .  n a v i g a t i o n a l  s u i t a b i l i t y  i n c l u d i n g  year-round i c e  c o n d i t i o n s ,  

f o g ,  wind,  s q u a l l s ,  and snow; 

7. anchorage  s u i t a b i l i t y ;  

8. l a n d  u s e  c o n f l i c t s  i n c l u d i n g  e x i s t i n g  zoning  l aws ,  p r e s e n t  . 

l a n d  u s e ,  t h e  s t a t u s  o,f s u r r o u n d i n g  a r e a s ,  p u r c h a s e ' a v a i l a b i l i t y ,  

impact  on p a r k s  and f o r e s t s ,  r e c r e a t i o n a l ,  h i s t o r i c a l  and archeo-  

l o g i c a l  s i t e s ;  

9. t e r r e s t r i a l  and mar ine  b i o l o g i c a l  impac t s ;  

10 .  p o t e n t i a l  r i s k  t o  employees,  t h e  s u r r o u n d i n g  p o p u l a t i o n  and t o  

e x i s t i n g  p r o p e r t y  and f a c i l i t i e s ;  

11. socio-economic impac t s  i n c l u d i n g  d i s r u p t i o n  d u r i c g  c o n s t r u c t i o n  

and o p e r a t i o n ,  i n c r e a s e d  employment, t a x  r evenues ,  and f u t u r e  

development of  t h e  c o r n u n i t y  ; 

12 .  r e g i o n a l  energy  needs .  

For r o u t i n g  p i p e l i n e s  t h e  F e d e r a l  Power Commission c o n s i d e r s  t h e  

fo l lowing  a s  f a c t o r s  t o  b e  minimized [ 6 3 ] :  

"1. t o t a l  p i p e l i n e  d i s t a n c e ;  
- 

2 .  r o u t i n g  i n  a r e a s  r e q u i r i n g  s u b s t a n t i a l  g r a d i n g  f o r  r ight-of-way 

p r e p a r a t i o n ;  

3. number of s t r e a m s ,  highway and p i p e l i n e  c r o s s i n g s ;  

4 .  r o u t i n g  i n . a r e a s  w i t h  s p e c i a l  h a z a r d s  such  a s  ava l anche  o r  s l o p e  

. i n s t a b i l i t y ;  

5. r o u t i n g  i n  a r e a s  where c o n s t r u c t i o n  and ope ra t , i on  o f  t h e  p i p e l i n e ,  

would c o n f l i c t  w i t h  o t h e r  e s t a b l i s h e d  l a n d  uses .  



F a c t o r s  t o  b e  maximized a r e :  

1. r o u t i n g  i n  a r e a s  hav ing  f a v o r a b l e  p i p e  s u p p o r t i n g  and e x c a v a t i o n  

c h a r a c t e r i s t i c s  ; 

2 .  a v a i l a b i l i t y  o f  g r a n u l a r  borrow; 

3 .  use  of  e x i s t i n g  t r a n s p o r t a t i o n  f a c i l i t i e s  f o r  cons t ruc t . i on  m a t e r i a l  

. . 
supp ly  and maintenance a c c e s s . "  

Apa r t  from t h e s e  c o n s i d e r a t i o n s ,  t h e  f l e x i b i l i t y  . o f  LNG sys tems t o  

expand t o  meet . i n c r e a s i n g  demand o r  t o  p r o v i d e  r e l i a b l e  s u p p l i e s  i r i  ' t h e  

e v e a t  o f  o p e r a t i o n a l  ma l func t ions  shou ld  b ' e ' f a c t o r s ,  p a r t i c u l a r l y  f o r  d e c i -  

s i o n s  choos ing  among g a s  t r a n s m i s s i o n  p i p e l i n e - o n l y  o p t i o n s ,  LNG p r o p o s a l s ,  

and a l t e r n a t i v e  energy  s o u r c e s .  It may b e  l e s s  c o s t l y  t o  add a d d i t i o n a l  

compressors  on an Alaskan p i p e l i n e  t o  i n c r e a s e  p i p e l i n e  throughput  t h a n  t o  

b u i l d  a d d i t i o n a l  LNG t .ankers  and l i q u e f a c t i o n  o r  r e g a s i f i c a t i o n  u n i t s .  

However, i n  t h e  e a s t e r n  U.S. some p i p e l i n e s  a r e  o p e r a t i n g  n e a r  t h c i r  maxi- 

mum p r e s s u r e s .  

It is c l e a r  , t ha t  any d e c i s i o n  making p r o c e s s  would l i k e  t o  con,sider  

a l l  t h e  fo rego ing  i n f o r m a t i o n  and f a c t o r s  a s  i n p u t .  However, depending on 

j u r i s d i c t i o n a l  b o u n d a r i e s  and t h e  ground r u l e s  f o r  t h e  s p e c i f i c  d e c i s i o n ,  

c e r t a i n  c a t e g o r i e s  w i l l  dominate ,  and some f a c t o r s  w i l l  b e  p r e s c r i b e d  w i t h i n  

s p e c i f i e d  l i m i t s .  S e v e r a l  methodologies  s u g g e s t  themselves  a s  r e l e v a n t  t o  

t h e  d e c i s i o n  problems posed i n  t h e  p r e v i o u s  pages .  I n  t h e  remainder  of  t h i s  

r e p o r t  we s h a l l  t r y  t o  s u g g e s t  how t h e  t e c h n i q u e s  of  d e c i s i o n  a n a l y s i s  might  

b e  a p p l i e d  [ 6 4 ] .  Although we d i s c u s s  s i m p l i f i e d  s i t u a t i o n s ,  t h e s e  t echn iques  

might b e  a p p l i e d  t o  h e l p  i n t e r e s t  g roups  e v a l u a t e  a s e t  o f  n a t i o n a l  s i t i n g  

g u i d e l i n e s  f o r  LNG f a c i l i t i e s  o r  t o  de t e rmine  t h e  expans ion  sequence  f o r  

regional LMC facilities. 

The methods o f  d e c i s i o n  a n a l y s i s  have been  a p p l i e d  p r e v i o u s l y  t o  s i t u -  

a t i o n s  i n v o l v i n g  c o n f l i c t s  s i m i l a r  t o  t h a t  i n  Cumberland, Rhode I s l a n d .  



The a p p l i c a b l e  t echn iques  a r e  c a l l e d  " m u l t i - a t t r i b u t e  u t i l i t y  theory"  o r  

" m u l t i - a t t r i b u t e  d e c i s i o n  a n a l y s i s "  [65]. Other  t echn iques  of  d e c i s i o n  

a n a l y s i s  may prove u s e f u l  f o r  C B l i f o r n i a  d e c i s i o n  makers i n  de t e rmin ing  t h e  

s c a l e  and sequence  of  C a l i f o r n i a ' s  f u t u r e  LNG o p e r a t i o n s .  

The Cumberland Case R e v i s i t e d  

I n  t h e  Cumberland c a s e  t h e  f i r s t  s t e p  i s  t o  i d e n t i f y  t h e  i n t e r e s t  

g roups  o f  impor tance  t o  t h e  d e c i s i o n .  De f in ing  i n t e r e s t  g roups  may b e  

s u b j e c t  t o  d i s p u t e ,  b u t  t h e  p r i n c i p a l  i n t e r e s t  g roups  have a l r e a d y  i d e n t i -  

f i e d  rhemselves.  I n  lrlie g e n e r a l  c a s e ,  t ,hese  a r e :  

1. t h e  u t i l i t i e s  who w i l l  b u i l d ,  m a i n t a i n ,  and o p e r a t e  t h e  

f a c i l i t i e s ;  

2. t h e  r egu la ' t o ry  a g e n c i e s  who must l i c e n s e  and o v e r s e e  t h e  . 

o p e r a t i o n s .  These r ange  from l o c a l  zoning  b o a r d s  and f i r e  

depar tments  t o  a g e n c i e s  l i k e  t h e  C a l i f o r n i a  S t a t e  Energy Re- 

s o u r c e s  and Development Cammission, t h e  F e d e r a l  Power Com- 

m i s s i o n  and t h e  U .S.  .Coas t  Guard [ s e e  T a b l e  81 ; 

3.  t h e  e n v i r o n m e n t a l i s t s  p l u s  impacted  groups  who l i v e  n e a r e s t  

t o  LNG f a c i l i t i e s  and t h u s  b e a r  more r i s k  and p o s s i b l y  reduced  

p r o p e r t y  v a l u e s  ; 

4 .  l o c a l  i n t e r e s t s  who w i l l  e n j o y  employment, t a x e s ,  and i n c r e a s e d  ' 

commerce ; - 
5. t h e  consumers who w i l l  use  t h e  gas .  

For  t h e  purposes  o f  o u r  s i m p l i f i e d  d i s c u s s i o n  we w i l l  assume t h a t . t h e  i n t e r -  

e s t s  o f  t h e  consumers a r e  r e p r e s e n t e d  by t h e  f o u r  o t h e r  i n t e r e s t  g roups ,  

and we s h a l l  c o n s i d e r  t h e  f i r s t  f o u r  groups a s  spann ing  t h e  most impor t an t  

p o i n t s  of view. 



Although t h e  p r c s e n t  r e q u e s t  t o  b u i l d  an LNG t a n k  a t  t h e  s i t e  of  t h e  

Va l l ey  Gas Company i n  Cumberland is  s t i l l  i n  abeyance ,  e v a l u a t i o n  o f  t h e  

p r e f e r e n c e s  o f  t h e  f o u r  pr imary  i n t e r e s t  groups might  l e a d  t o  a  s a t i s f a c t o r y  

a l t e r n a t i v e .  The l i m i t e d  d e t a i l s  p r e s e n t e d  by t h e  Va l l ey  Gas Company s u g g e s t  

* .  
t h a t  t h e i r  e x i s t i n g  s i t e  r e p r e s e n t s  t h e  l e a s t  c o s t  a l t e r n a t i v e  t o  them. 

Th i s  h a s  l e d  t h e  p r e s e n t  d e c i s i o n  t o  b e  e i t h e r  y e s  o r  no--to b u i l d  o r  n o t  

t o  bui ld--and a f t e r  n e a r l y  f o u r  y e a r s  no t a n k  h a s  been b u i l t .  Perhaps  an  

approach  c o n s i d e r i n g  b o t h  a l t e r n a t i v e  site? and p o s s i b l e  changes  i n  t h e  tank- 

d i k e  s i z e  or .  d e s i g n ,  r e s u l t i h g  i n  i n c r e a s e d  s a f e t y ,  cou ld  l e a d  t o  a r e s o l u -  

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

I n  r e q u e s t i n g  pe rmis s ion  t o  b u i l d  t h e  t a n k ,  no a l t e r n a t i v e  s i t e s  were  

proposed a l t hough  some were s u g g e s t e d  by i n t e r v e n o r s .  The need f o r  t h e  

3  supp lemen ta l  ga s  supp ly  was conceded (20,000,000 f t  /day)  a f t e r  a  b r i e f  

d i s c u s s i o n  o f  t h e  f u t u r e  demands f o r  gas  i n  t h e  B lacks tone  V a l l e y ,  and t h e  

3  s i z e  o f  t h e  t a n k  proposed was 300,000 b a r r e l s  e q u a l i n g  47,700 m o r  about  

50 days  supp lemen ta l  s u p p l y  [38 ] .  Although a  s m a l l e r - s i z e d  tank  might p re -  

s e n t  a  s m a l l e r  r i s k  t h e r e  were  no n e g o t i a t i o n s  r e g a r d i n g  t h e  s i z e  o f  t h e  

tank .  The p o s s i b i l i t y  of  a  h i g h  c o n c r e t e  w a l l  d i k e  a round t h e  t a n k  (15  f e e t  

away from t h e  15s - foo t  d i a m e t e r  t ank )  r a t h e r  t han  o r  i n  a d d i t i o n  t o  a  lower  

d i k e  e n c l o s i n g  a greater s u r f a c e  a r e a  (about  310 f e e t  by 310 f e e t )  was n o t  

c o n s i d e r e d ,  presumably because  o f  c o s t ,  n o r  was t h e  e f f e c t  o f . a n  LNG f i r e  

upon t h e  e x i s t i n g  propane s t o r a g e  t a n k s  c o n s i d e r e d  i n  e s t i m a t i n g  t h e  maxi- 

muni p o t e n t i a l  a c c i d e n t .  These p o s s i b i l i t i e s  a r e  sugges t ed  h e r e  t o  broaden  

t h e  s cope  o f  d i s c u s s i o n  and t o  s u g g e s t  t h a t  h i g h e r  d i k e s  w i t h  s m a l l e r  pool  

a r e a  o r  m u l t i p l e  d i k e s  o r  d i k e s  w i t h  vapor  conta inment  b a r r i e r s  shou ld  be 
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and t h e  Providence  P u b l i c  U t i l i t i e s  Commission q u a l i t a t i v e l y  i n d i c a t e d  t h e  

most impor t an t  a t t r i b u t e s  t o  t h h  f o u r  pr imary i n t e r e s t  groups:  

1. r e l i a b i l i t y  o f  t h e  gas  s u p p l y ;  

2 .  a v a i l a b i l i t y  o f  a  s u i t a b l e  t a n k  s i t e  w i t h i n  Cumberland w i t h  

a c c e s s  t o  r o a d s  f o r  LNG . d e l i v e r y  by t r u c k .  The g a s .  company 

does  n o t  have t h e  r i g h t  o f  eminent  domain and l o c a l  i n t e r e s t s  

would p r e f e r  hav ing  t h e  t a x  revenues ;  

3. minimum-overa l l  c o s t ,  i n c l u d i n g  ' f a c t o r s  such  a s  t h e  p i p e l i n e  

d i s t a n c e  t o  t h e  p r e s e n t  Va l l ey  Gas sendout  f a c i l i t y ;  

4 .  s a f e t y  o f  t h e f a c i l i t y  and t h e  t r u c k '  d e l i v e r y  r o u t e s .  

Other  a t t r i b u t e s  p rov ide  c o n s t r a i n t s  on t h e  d e c i s i o n ,  b u t  appea r  t o  b e - l e s s  

impor t an t  t o  t h e  d e c i s i o n .  T h i s  would have t o  b e  v e r i f i e d  by f u r t h e r  d i s -  

c u s s i o n  w i t h  t h e  i n t e r e s t  g roups .  .Using t h e s e  a t t r i b u t e s ,  we s h a l l  s u g g e s t  

a methodology f o r  a r r i v i n g  a t  a  des ign  f o r  t h e  Cumberland LNG s t o r a g e  t a n k  

which might b e  a c c e p t a b l e  t o  t h e  f o u r  i n t e r e s t  g roups .  T h i s  methodology 

h a s  proved u s e f u l  i n  d e a l i n g  w i t h  problems of comparable complexi ty .  Some 

examples a r e  g iven  i n  r e f e r e n c e  65. 

I f  a l t e r n a t i v e  s i t e s  cou ld  b e  i d e n t i f i e d  i n  p rox imi ty  t o  Va l l ey  Gas ' s  

e x i s t i n g  f a c i l i t y ,  d i f f e r e n c e s  i n  t h e  c o s t s  and b e n e f i t s  cou ld  b e  e v a l u a t e d  

t o  de t e rmine  whether  any of  t h e  . ' a l t e r n a t i v e s  would b e  a c c e p t a b l e  t o  t h e  con- 

ce rned  groups  i n  te rms  o f  c o s t s ,  r i s k s ,  and b e n e f i t s .  I f  no s u i t a b l e  a l t e r -  

n a t i v e  s i t e s  can b e  found,  i t  may s t i l l  b e  p o s s i b l e  t o  reduce  t h e  r i s k  by 

d e s i g n  changes o r  t o  enhance t h e  a c c e p t a b i l i t y ,  by compensat ion p rocedures .  

Presumably,  t h e  r e l i a b i l i t y  o f  t h e  gas  supp ly  would. b e  t h e  same f o r  any s i t e ,  

u n l e s s  t h e  s i z e  of  t h e  proposed  t a n k  were s u b s t a n t i a l l y  reduced .  The d i s -  

. t ance  t o  t h e  send-out  f a c i l i t i e s  i s  f i x e d  by t h e  chosen s i t e  l o c a t i o n  and 

a s  l ong  a s  a l t e r n a t i v e  s i t e s  were n o t  p r o h i b i t i v e l y  f a r  away, any a d d i , t i o n a l  

c o s t s  would r e p r e s e n t  t h e  c o s t s  of  r e d u c i n g  t h e  r i s k  t o  an  a c c e p t a b l e  l e v e l .  



Achieving  t r a d e o f f s  among a t t r i b u t e s  1, 3 and 4 n e c e s s i t a t , e s  a d o p t i n g  

a measure f o r  s a f e t y  which can  b e  s imply  unders tood .  S a f e t y  i s  r e l a t e d  t o :  

a )  . t h e  d i s t a n c e  from t h e  tank-d ike  t o  t h e  n e a r e s t  popu la t ed  area; b )  t h e  

s i z e  o f  t h e  LNG s t o r a g e  t a n k  and i t s  s u r r o u n d i n g  d i k e  a s  measured by t h e  

s u r f a c e  a r e a  e r ic losed  by t h e  d i k e  and t h e  t a n k  c a p a c i t y ;  c )  ' o t h e r . d e s i g n  

. c r i t e r i a  l i k e  s e i s m i c  l e v e l s ,  wind l o a d i n g ;  s i t e  s e c u r i t y ,  e t c .  ~ h e s e  

pa rame te r s  i n d i c a t e  a number o£ ways i n  w h i c h . a n  LNG s t o r a g e  t a n k  might b e  

made a c c e p t a b l e :  

.1. F i n d  a  s u i t a b l e  s i t e  i n  which t h e  d i s t a n c e ' t o  t h e  n e a r e s t  

popula. ted a r e a  i s  l a r g e  enough t o  b e  a c c e p t a b l e  t o  t h o s e  

s u r r o u n d i n g  t h e  s i t e .  

2 .  I f  s u i t a b l e  a l t e r n a t i v e  s i tes  do n o t  e x i s t ,  d e s i g n  a  s a f e r  

s t o r a g e  t a n k  o r  a  h i g h e r  d i k e  n e a r  t o  . the  t a n k  a s  i n  r e c e n t  

LNG t ank  d e s i g n s .  A h i g h e r  d i k e  n e a r e r  t o  t h e  t a n k  r e d u c e s  

t h e  a r e a  of  any pool  f i r e  and t h u s  t h e  h e a t , r a d i a t e d .  I f  

an  a c c e p t a b l e  " sa fe"  d i s t a n c e  had been de termined  i n a d v a n c e  

by que ry ing  p o t e n t i a l  . i n t e r v e n o r s  such  a s  l o c a l  r e s i d e n t s ,  

a  t a n k  and d i k e  cou ld  have been des igned  which had t h e  appro-  

p r i a t e  " sa fe"  d i s t a n c e .  T h i s  would l a r g e l y  b e  de termined  by 

r e l a t i v e  p r e f e r e n c e s  f o r  a p a r t i c u l a r  h e a t  f l u x  a s  a  f u n c t i o n  

o f  d i s t a n c e  from a  p o o l  f i r e ,  which i s  t h e  a c c i d e n t  most l i k e l y  

t o  cause  damage. Such a  t a n k  might be  s m a l l e r  o r ,  i f  h i g h e r  

d i k e s  a r e  used ,  more c o s t l y .  Sonie c a p a c i t y  cou ld  bc t r a d e d  

f o r  dec reased  r i s k  o r  t h e  r i s k  cou ld  b e  reduced by paying  f o r  

t h e  h i g h e r  d i k e  o r  f o r  m u l t i p l e  d i k e s  w i t h  vapor  b a r r i e r s .  

A number o f  a l t e r n a t i v e s  might  b e  developed by Va l l ey  Gas; h o p e f u l l y ,  

s e v e r a l  would have f e a s i b l e  c o s t s  and b e  s a t i s f a c t o r y  t o  a l l  i n t e r e s t  g roups .  
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However, i t  i s  p o s s i b l e  t h a t  t h e  t ank  w i t h  an a c c e p t a b l e  " s a f e "  d i s t a n c e  

( t o  t h e  i n t e r v e n o r s )  would a lways  b e  t oo  s m a l l  t o  p r o v i d e  t h e  r e l i a b l e  sup-  

p l y  o r  t o o  c o s t l y  t o  b u i l d .  The m u l t i - a t t r i b u t e  approach  o f f e r s .  a conven ien t  

framework f o r  compromise. I n  t h i s  c a s e  i t  would seem r e a s o n a b l e  t o  adop t  

t h e  t e c h n i q u e  of  " u t i l i t y  maximizat ion" o r  " p r e f e r e n c e  maximizat ion" i n  

. o r d e r  t o .  a r r i v e  a t  a  s a t i s f a c t o r y  t a n k  s i z e  and s i t i n g  [64 ,  651. 

The p r o c e s s  o f  " p r e f e r e n c e  maximizat ion" would b e  c a r r i e d  o u t  f o r  

e a c h  a l t e r n a t e  s i t e  and would i n v o l v e  a t  l e a s t  one r e p r e s e n t a t i v e  of t h e  

f o u r  i n t e r e s t  g roups .  D o l l a r . c o s t s  would be  de t e rmined  f o r  s e v e r a l  t ank  

and d i k e  . s i z e s ,  s o  t h a t ' t h e y  cvu ld  b e  added t o .  t h e  f i x e d  c o s t s  o f  s i t e  pre-  

p a r a t i o n  and  c o n s t r u c t i o n  t o  e s t i m a t e  a , c o s t  f o r  e ach  a l t e r n a t i v e .  We assume 

t h e  b e n e f i t s  o f  e ach  a l t e r n a t i v e  a r e  t h e  same, a p a r t  from t h e  e f f e c t s  t a n k  

s i z e  might have  on r e l i a b i l i t y ,  a l t h o u g h  we s u s p e c t  t h a t  t h e  r e l i a b i l i t y  

w i l l  n o t  s u f f e r  a p p r e c i a b l y  from s a f e r  d e s i g n s .  H y p o t h e t i c a l  p r e r e r e n c e  

f u n c t i o n s  f o r  t h e  i n t e r e s t  g roups  a r e  i l l u s t r a t e d  below i n  o r d e r  t o  s u g g e s t  

how t h e  d i f f e r e n t  i n t e r e s t  g roups  might  view t h e  p r o j e c t .  It i s  assumed 

t h a t  t h e  p i p e l i n e  d i s t a n c e  i s  f i x e d  f o r  each  s i t e ,  s o  t h a t  f a c i l i t y  s a f e t y ,  

c o s t ,  and r e l i a b i l i t y  o f  t h e  g a s  s u p p l y  a r e  t h e  v a r i a b l e s  t o  b e  t r a d e d  o f f  

a g a i n s t  one a n o t h e r .  The example is  i n t e n d e d  t o  b e  a  s i m p l i f i c a t i o n ,  b u t  

t h e  method i s  c a p a b l e  o f  accommodating more complex t r a d e o f f s  and a  g r e a t e r  

number of a t t r i b u t e s .  

- 

M u l t i - A t t r i b u t e d  P r e f e r e n c e s  f o r  Cumberland 

One method t o  a s s e s s  s a f e t y  i s  by a s k i n g  each  i n t e r e s t  t o  a s s i g n  

a  r e l a t i v e  p r e f e r e n c e  v a l u e  t o  h a v i n g  t h e  n e a r e s t  r e s i d e n c e  "x" f e e t  from 

t h e  edge o f  t h e  d i k e .  The t e c h n i q u e s  f o r  o b t a i n i n g  such  p r e f e r e n c e  c u r v e s  

w i l l  n o t  b e  d i s c u s s e d  h e r e ,  b u t  a r e  g i v e n  i n  t h e  l i t e r a t u r e  [ 6 4 ,  651. We 

assume t h a t  l a r g e  d i s t a n c e s  w i l l  have a  p r e f e r e n c e  r a t i n g  of  1, w h i l e  



nea rby  d i s t a n c e s  would have d e c r e a s i n g  p r e f e r e n c e  v a l u e s  de te rmined  from 

maximum thermal  r a d i a t i o n  e s t i m a t e s .  Here t h e  i n t e r e s t  g roups  would have  t o  

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

o r  d i s comfor t  a s  a f u n c t i o n  o f  d i s t a n c e ' f r o m  t h e  d i k e .  Th i s  s imp le  model i m -  

, p l i e s  t h a t  a l l  s i t e s  have t h e  same exposed p o p u l a t i o n  ( p o p u l a t i o n  d e n s i t y )  

. o u t s i d e  t h e  s i t e , b o u n d a r y .  S u i t a b l e  s c a l e .  f a c t o r s  cou ld  l a t e r  account  f o r  

d i f f e r i n g  p o p u l a t i o n  d e n s i t i e s  su r round ing  a l t e r n a t e  s i t e s .  For t h e  proposed 
. . 2  

cumberland- t ank  a -"safe"  d i s t a n c e  w i t h  a . h e a t  f l u s  of  1 ,300  B t u l h r - f t  was 

, e s t ima ted  by c o n s u l t a n t s  from Ar thu r  D. L i t t l e  t o  be 950 f e e t .  P r e s e n t  f e d e r -  

a l  r e g u l a t i o n  would r e q u i r e  o n l y  abou t  250 f e e t .  The f o l l o w i n g  c u r v e s  might  

b e  o b t a i n e d ,  w i t h  p r e f e r e n c e s  b e i n g  r a t e d  on a  s c a l e  between 0 and 1 : (F igures  

3-5). These c u r v e s  i n d i c a t e  t h a t  a  gas  company o f f i c i a l  p robab ly  has  g r e a t e r  . . 

p r e f e r e n c e  f o r  t h e  g s t i m a t e s  of  t h e  e x p e r t s  t h a n  d o e s  someone who l i v e s  nea r -  

by. The shape  of  t h e  two p r e f e r e n c e  f u n c t i o n s  a r e  e n t i r e l y  d i f f e r e n t .  The 

r e g u l a t o r y  agency might  l i k e  t o  a s s i g n  a  100-foot  margin t o  t h e  e x p e r t s '  

e s t i m a t e s  and then  assume t h a t , a l l  d i s t a n c e s  beyond 1 ,050  f e e t  a r e  e q u a l l y  

"safe"  from t h e i r  p o i n t  of  view. The l o c a l  businessman i s  n o t  q u i t e  s o  r i s k  

a v e r s e  a s  t h e  nea rby  r e s i d e n t ,  b u t  s t i l l  p r e f e r s  t o  b e  f a r t h e r  away than  t h e  

deemed minimum "sa fe"  h e a t  f l u x  a t  a  s p e c i f i e d  d i s t a n c e .  For  any proposed 

t a n k  and d i k e  s i z e ,  t h e  p r e f e r e n c e  v a l u e  would b e  a s s i g n e d  t o  t h e  h e a t  f l u x ,  

a s  a f u n c t i o n  of  d i s t a n c e  from t h e  d i k e  and from a  d e s i g n - b a s i s  pool  f i r e .  

These p r e f e r e n c e s  w i l l  undoubtedly  depend on t h e  n a t u r e  of  t h e  su r round ing  

neighborhood.  For  example, t h e  Cumberla~ld Elemenrary School  is l o c a t e d  1 ,050  

f e e t  f r o m . t h e  d i k e .  The r e l a t i v e  p r e f e r e n c e s  f o r  s i t e  s a f e t y  may then  be  re -  

p r e s e n t e d  by t h e s e  p r e f e r e n c e  v a l u e s .  Assume t h e  gas  company o f f i c i a l  ha s  

a s s i g n e d  a  p r e f e r e n c e  of  1 .0  t o  t h e  s a f e t y  of  t h i s  l o c a t i o n  f o r  t h e  t a n k  

d e s i g n ,  which an  expe r t ' deemed  s a f e  a t  950 f e e t  ( i . e . ,  a  r a d i a t e d  h e a t  
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Figure 5 

HYPOTHETICAL SINGLE-ATTRIBUTE PREFERENCE 
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f l u x  o f  l e s s  t h a n  1300 ~ t u / h r - f t L  f o r  any p o o l  f i r e  c o n t a i n e d  w i t h i n  t h e  

d i k e ) .  . He o b v i o u s l y  f e e l s  t h e '  s c h o o l  i s  s a f e .    he' nea rby  r e s i d e n t  h a s  a s -  

s i g n e d  a u t i l i t y  of 0 .05 ,  which d e L c r i b e s  h i s  p r e f e r e n c g  v a l u e  f o r  t h i s  d i s -  

t a n c e .  L ikewi se  t h e  r e g u l a t o r  b e l i e v e s . t h e  s c h o o l  i s  j u s t  sa fe - -but  s a f e  

n e v e r t h e l e s s .  The l o c a l  bus inessman t h i n k s  i t ' s  p r e t t y  s a f e  ( p r e f e r e n c e  

v a l u e  = 0 .75) .  

S i m i l a r l y  t h e  g a s  s u p p l y  r e l i a b i l i t y  p r e f e r e n c e  f u n c t i o n  can  b e  d e t e r -  

mined f o r  e ach  group ,  b u t  i n  o r d e r  t o  b e  mean ing fu l  i n  t e rms  of  t ank  d e s i g n  

t h e  r e l i a b i l i t y  must b e  r e l a t e d  t o  t ank  c a p a c i t y .  It i s  n o t  n e c e s s a r y  t o  

know t h i s  f u n c t i o n a l  r e l a t i o n s h i p  t o  a s s e s s  p e o p l e s '  p r e f e r e n c e s ,  b u t  presumably 

t h e  Cas Company h a s  used i t  t o  d e c i d e  on t h e  proposed  c a p a c i t y .  I f  a n  LNG 

t a n k  o f  t o o  s m a l l  c a p a c i t y  were  d e s i g n e d ,  a l l  demands would b e  s a t i s f i e d  

u n t i l  n e a r  t h e  end o f  a  v e r y  s e v e r e  w i n t e r  ( a  d e s i g n  w i n t e r )  i n  which l a r g e  

p i p e l i n e  c u r t a i l m e n t s  o c c u r r e d .  We might  assume f o r  t h e  s a k e  of  argument 

t h a t  o v e r  some r ange  of  t ank  c a p a c i t i e s  t h e  number of  work days  l o s t  by cus-  

tomers  o f  V a l l e y  Gas can  b e  s imp ly  r e l a t e d  t o  t h e  t a n k  d i a m e t e r .  Four hy- 

p o t h e t i c a l  p r e f e r e n c e  c u r v e s  a r e  i l l u s t r a t e d  below. For t h e  g a s  company 

o E f i c i a l ,  expec t ed  t o  s u p p l y  g a s  a t  a l l  t i m e s ,  t h e  p r e f e r e n c e  v a l u e  d r o p s  

r a p i d l y  s i n c e  any p r o d u c t i v i t y  l o s t  due  t o  g a s  s u p p l y  f a i l u r e  i s  h i s  r e s p o n s i -  

b i l i t y .  The l o c a l  r e s i d e n t ,  i n i t i a l l y  opposed t o  any t a n k ,  i s  w i l l i n g  t o  

t r a d e  some p r o d u c t i v i t y  l o s s  i n  o r d e r  t o  r educe  h i s  c o n t i n u o u s  r i s k .  The regu-  

l a t o r y  agency h a s  a  c i v i c  c o n s c i e n c e ,  b u t  r e a l i z e s  a l s o  t h a t  a t a n k  o f  l a r g e  

c a p a c i t y  means more r i s k  and g r e i t e r  r e g u l a t o r y  r e s p o n s i b i l i t y .  T h e  b u s i -  

nessman might  a c t u a l l y  f e e l  t h a t  one o r  two days  l o s t  i n  a s e v e r e  w i n t e r  would 

n o t  b e  a  g r e a t  d i s a s t e r ,  b u t  a  l a r g e  number would be .  I n t e r e s t i n g l y ,  h e  may 

b e  more w i l l i n g  t~ en? i~ r , a  a b r i e f  s h o ~  Llalf i i i  s u p p l i e s  t han  t h e  h y p o t h e t i c a l  

ga s  c'ompany o f f i c i a l .  We expec t  t h a t  t h e  r e l i a b i l i t y  a t t r i b u t e  i s  dominated 



by s a f e t y  and c o s t ,  once  a  d e c i s i o n  t o  b u i l d  a  t ank  i s  r eached .  The t h i r d  

i m p o r t a n t  a t t r i b u t e  is '  t h e  i n c r e m e n t a l  c o s t  o f  c o n s t r u c t i o n ,  main tenance ,  and 

o p e r a t i o n  of  a  s a f e r  t ank  and d i k e  c o n f i g u r a t i o n .  We e x p r e s s  t h i s  a s  a per -  

c e n t a g e  of  t h e  c o s t  of  t h e ' p r o p o s e d  t ank .  

We w i l l  b r i e f l y  s u g g e s t  how t h e s e  p r e f e r e n c e  f u n c t i o n s  might  be  used  ' .  

t o  a r r i v e  a t  a c c e p t a b l e  t r a d e - o f f s  and t o  i l l u m i n a t e  t h e  most impor t an t  a t -  . 

t r i b u t e s  of  t h e  d e c i s i o n  t o  t h e  d e c i s i o n  maker. For  development of  t h e  method- 

,o logy  and e a r l i e r  a p p l i c a t i o n s  t h e  r e a d e r  i s  r e f e r r e d '  t o  t h e  l i t e r a c u r e  [ 6 4 ,  

651. Onre t h e  p r e f e r e n c e  f u n c t i o n s  a r e  known t h e  r e l a t i v e  p r e f e r e n c e s  cor-  
. . . . 

respondYng t 0 . a  p a r t i c u l a r  s i t e  t ank  l o c a t i o n ,  d i k e  a r rangement ,  and c a p a c i t y  

can  b e  used t o  c a l c u l a t e  t h e  o v e r a l l  p r e f e r e n c e  f o r  t h a t  a l t e r n a t i v e  f o r  

each  i n t e r e s t  group.  Each g roup ' s  composi te  p r e f e r e n c e  f u n c t i o n  f o r '  , t he  

t h r e e  a t t r i b u t e s  may b e  exp res sed  a s  

where f  is a  s c a l a r . f u n c t i o n ,  and i is  t h e  i n t e r e s t  g roup.  Two p o s s i b l e  forms 

which have  been de r ived .  f o r  Ui a r e  t h e  a d d i t i v e  form: 

where X S i  + X R i  + X C i = l ,  XS i s  t h e  d i s t a n c e ,  XR t h e  number of workdays l o s t ,  

X t h e  p e r c e n t a g e  inc remen t  i n  c o s t ,  and U r e p r e s e n t s  t h e  p r e f e r e n c e  f u n c t i o n s  
C 

i n  F i g s .  3-5; o r  t h e  m u l t i p l i c a t i v e  form: 

k  Ui(XSyXiyk)  + 1 = [ k  kSiUSi(XS)+l] ' [k  kRiURi(XR)+l] ' [k kCiUCi(XC)+ll 

where k i s  a  s c a l i n g  c o n s t a n t  chosen s o  t h a t  Ui w i l l  b e  between 0 and 1 ,  and 

t h e  k,=are a l s o  s c a l i n g  c o n s t a n t s  between 0 and 1  chosen  suck  t h a t  k  + 1 = 

( k  kSi+ l ) ( k  kRi+ l ) ( k  kci+ 1 ) .  E i t h e r  t h e  a d d i t i v e  o r  m u l t i p l i c a t i v e  form 

of  Ui might  b e  c o r r e c t ,  depending  on t h e  r i s k  a v e r s i o n  of t h e  i n c e r e s t  

g roups .  The assumpt ions  o f  p r e f e r e n t i a l  and u t i l i t y  independence  a l s o  need 

t o  b e  v e r i f i e d .  . I f  t h e y  a r e ,  t h e  c o n s t a n t s  r e q u i r e d  i n  t h e  composi te  f u n c t i o n  

may be '  de te rmined  u s i n g  methods similar t o  t h o s e  f o r  d e t e r m i n i n g  t h e  i n d i v i d u a l  



p r e f e r e n c e  f u n c t i o n s .  

Once t h e  o v e r a l l  p r e f e r e n c e  f u n c t i o n s  a r e  de te rmined  f o r  each  group,  t h e  

o b j e c t i v e  is  t o  combine them i n  a  meaningfu l  way i n  o r d e r  t o  f i n d  t h e  d e s i g n s  

o r  l e v e l  of  s a f e t y  on each  s i t e  which maximize t h e  combined p r e f e r e n c e s  f o r  

a l l  f o u r  i n t e r e s t  g roups .  T h i s  p r o c e s s  i s  c a l l e d  P a r e t o - o p t i m i z a t i o n  and has  

been a p p l i e d  i n  Re fe rence  65c .  T h i s  combina t ion  should  b e  a d d i t i v e  f o r  P a r e t o -  

o p t i m i z a t i o n .  Here t h e  r e l a t i v e  we igh t s  f o r  each  group must b e  v a r i e d  t o  examine 

t h c  p o t e n t i a l  t r ade -o f f  o p t i o n s .  For  d e s c r i p t i v e  pu rposes ,  l e t  u s  assume t h e  

composi te  p r e f e r e n c e  f u n c t i o n  i s . a d d i t i v e  and i s  g iven  by P(XR, XS, XC). Le t  

s u b s c r i p t s  l., 2 ,  3 ,  and 4 co r r e spond  t o  t h e  g a s  company, t h e  l o c a l  r e s i d e n t s ,  

t h e  zoning  boa rd ,  and t h e  l o c a l  bus inessmen,  r e s p e c t i v e l y .  The combined p re -  

f e r e n c e  f u n c t i o n s  f o r  each  g r o u p a r e  U1, U 2 ,  U3,.and U4 and t h e  r e s p e c t i v e  

p o l i t i c a l  w e i g h t s  a r e  W1, W 2 ,  W 3 ,  and W4. The o v e r a l l  composi te  p r e f e r e n c e  

f u n c t i o n ,  r e l a t i n g  t o  a  p a r t i c u l a r  a l t e r n a t i v e  might  b e :  

A f t e r  t h e s e  r e p r e s e n t a t i v e  p r e f e r e n c e  f u n c t i o n s  a r e  de t e rmined ,  t h e  g a s  com- 

pany s h o u l d ,  i n  p r i n c i p l e ,  b e  a b l e  t o  d e s i g n  a tank-d ike  c o n f i g u r a t i o n  and s i z e  

f o r  each  s i t e , t o  maximize t h e  p r e f e r e n c e s  i n d i c a t e d .  For example,  i f  t h e  

company wished t o  c o n s i d e r  o n l y  i t s  v iews  i t  would a s s i g n  W1 = 1.0 and t h e  

r e s t  e q u a l  t o  0.0.  Another  c h o i c e  might  b e  id1 = - 4 ,  W2 = . 2 5 ,  W3 = . l ,  Wq = .25.  

The r e s u l t i n g  d e s i g n  might b e  q u i t e  d i f f e r e n t  i f  r e l a t i v e  w e i g h t s  W1 = . 2 ,  

W2 = - 6 ,  W3 = .1,  W 4  = . 1  were chosen.  I n  t h i s  manner a s e t  o f  o p t i o n s  cou ld  

be  developed and compared f o r  each  s p e c i f i c  s i t e .  

Even w i t h  a  g r e a t e r  number o f  a t t r i b u t e s ,  m u l t i - a t t r i b u t e  p r e f e r e n c e  

t h e o r y  cou ld  be a p p l i e d  t o  t h i s  d e c i s i o n  problem. However, arly ~ r o f e r c n e c  

f u n c t i o n s  'and p o l i t i c a l  we igh t ing  f a c t o r s  r e p r e s e n t  s i m p l i f i c a t i o n s  o f  t h e  

problem and can  nev,er whol ly  r e p r e s e n t  t h e  e n t i r e  d e c i s i o n  problem. N e v e r t h e l e s s ,  



a p p l y i n g  t h e  methods sugges t ed  h e r e  can  i l l u m i n a t e  t h e  t r a d e - o f f s  between c o s t ,  

s a f e t y ,  and r e l i a b i l i t y .  Once t h e  p r e f e r r e d  d e s i g n  pa rame te r s  a r e  chosen a t  

each  s i t e  t o  maximize t h e  composi te  p r e f e r e n c e s ,  t h e  g a s  company-would b e  i n  

a p o s f t i o n  t o  s e e k  a p p r o v a l  f o r  t h e  b e s t  a l t e r n a t i v e . .  The r e s u l t a n t  t r a d e - o f f s  

among c o s t ,  s a f e t y ,  and r e l i a b i l i t y  would b e  more e s p l i c i t  and t h e  concerned 

p a r t i e s  would have  i n  t h e  d e c i s i o n  p r o c e s s .  

I n  t h e  absence  o f  such  methods, i t  shou ld  b e  remembered t h a t ,  a s  y e t ,  

common-sense a rguments  have  been used i n  t h i s  c a s e  w i t h o u t  .an a g r e e a b l e  con- 

c l u s i o n .  Even i f  t h e  s p e c i f i c  d e s i g n  o p t i o n s  were n o t  f u l l y  developed  t h e r e  

i s  v a l u e  i n  u s i n g  t h e  p rocedure  t o  f o c u s  on t h e  i m p o r t a n t  t r a d e - o f f s  from 

d i f f e r e n t  p o i n t s  o f  view. It may b e  a d v i s a b l e  t o  u s e  such  t e c h n i q u e s  i n  t h e  

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

makers .  

C a l i f o r n i a  N a t u r a l  Gas Opt ions  

We s h a l l  now s u g g e s t  a framework f o r  e v a l u a t i n g  t h e  l a r g e r  problem of 

C a l i f o r n i a ' s  f u t u r e  commitment t o  l i q u e f i e d  n a t u r a l  g a s .  I n  o r d e r  t o  do 

t h i s  we s h a l l  i n c o r p o r a t e  a methodology f o r  d e a l i n g  w i t h  d e c i s i v r ~ s  i n v o l v i n g  

u n c e r t a i n t y  c a l l e d  d e c i s i o n  a n a l y s i s .  F i r s t ,  however, we s h a l l  s k e t c h  a  

s i m p l i f i e d  v e r s i o n  of  t h e  p o s s i b l e  s c e n a r i o s  c o n f r o n t i n g  C a l i f o r n i a ' s  n a t u r a l  

g a s  p l a n n e r s  today .  

C a l i f o r n i a  and n a t i o n a l  p l a n n e r s  a r e  f aced  w i t h  s e v e r a l  a l t e r n a t i v e  pro- 

p o s a l s  t o  supp ly  n a t u r a l  g a s  t o  C a l i f o r n i a  and t h e  Midwest. The C a l i f o r n i a  

o p t i o n s  a r e  c l o s e l y  t i e d  t o  t h e  a l t e r n a t e  d e c i s i o n  t o  c o n s t r u c t  a  g a s  p ipe-  

l i n e  frorn.Prudhoe Bay a c r o s s  Alaska  and Canada i n t o  t h e  U.S., c o n t i n u i n g  t o  

a n  e a s t e r n  t e rminus  n e a r . C h i c a g o .  Independent  p r o p o s a l s  i n v o l v i n g  LNG, r e q u i r e  

a  gas  p i p e l i n e  from Prudhoe Bay t o  l i q u e f a c t i o n  p l a n t s  i n  Sou the rn  A laska ,  LNG 



b e i n g  t r a n s p o r t e d  by t a n k e r  t o  one  o r  more of t h r e e  proposed Sou the rn  C a l i f -  

o r n i a  i m p o r t / r e c e i v i n g  t e r m i n a l s ,  where i t  would b e  vapor i zed  and p u t  i n t o  

t r a n s m i s s i o n  p i p e l i n e s  [ s e e  Tab le  10 and Re fe rences  57 and 581. I n  t h e  e v e n t  

. of  no Alaska-Canada gas  ~ i p e l l n e  i t  i s  p o s s i b l e  t h a t  C a l i f o r n i a  w i l l  hecome 

a  gas  s u p p l i e r  t o  t h e  Rocky Plountain S t a t e s  and t h e  Midwest, a t  a  h i g h e r  gas  

c o s t  t o  t h o s e  consumers t han  f o r  a  more d i r e c t  p i p e l i n e .  I n  t h e  e v e n t  of  

l i m i t e d  LNG sh ipments  t o  C a l i f o r n i a  i t  i s  l i k e l y  t h a t  a  b ranch  of  t h e  Alaska- 

Canada p i p e l i n e  would b e . b u i l t  t o  a s i t e  i n  n o r t h e r n  C a l i f o r n i a  n e a r  .San Fran-  

c i s c o ,  [ F i g u r e  61. C a l i f o r n i a  now r e c e i v e s  much o f  i t s  g a s ,  1 .63  t r i l l i o n  c u b i c  

f e e t  p e r  y e a r ,  from WesTern Texas,  New :Mexico and Canada. ,Varying p r o j e c t i o n s  

. i n d i c a t e  t h a t  between 20 and 65 p e r c e n t  o f  ~ a l i f o r n i a ' s  n a t u r a l  ga s  supp ly  

w i l l  come from LNG by 1990 ' [66 1. 

C l e a r l y t h e e f f e c t s  o f  each  a l t e r n a t i v e  w i l l  depend on whe the r  t h e  p ipe-  

l i n e  p roposa l  i s  approved.  The r i s k s ,  c o s t s ,  and b e n e f i t s  of  e a c h  a r e  dependent  
0 ! 

on 'many f a c t 0 . r ~  such  a s  t h e  a v a i l a b i l i t y ,  l o c a t i o n ,  and c o s t  of  o t h c r  f u e l  

s u p p l i e s ,  t h e  s c a l e  of  development of  t h e  LNG o p t i o n ,  c o n t r a c t u a l  agreements  

between w e s t e r n  and midwestern gas  s u p p l i e r s ,  sy s t em r e l i a b i l i t y ,  d e l a y s  i n  

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

of  f u t u r e  expans ion ,  and p u b l i c  a c c e p t a b i l i t ' y .  The p i p e l i n e  f o r  t h e  LNG op- 

t i o n  from Prudhoe Bay w i l l  have a s s o c i a t e d  env i ronmen ta l  i m p a c t s . a n d  w i l l  c r o s s  

a s e i s m i c a l l y  a c t i v e  a r e a .  The l o n g e r  Alaska-Canada p i p e l i n e  w i l l  a l s o  have 

s u b s t a l l t i a l  env i ronmen ta l  impacts .  

Because o f  p r e s e n t  u n c e r t a i n t i e s  i t  may be d e s i r a b l e  t o  f i r s t  dcvc lop  

o n l y  one LNG impor t  t e r m i n a l  i n  C a l i f o r n i a  and then  expand i t  o r  deve lop  ad- 

d i t i o n a l  s i t e s  a f t e r  new i n f o r m a t i o n  i n d i c a t e s  t h e  most d e s i r a b l e  o p t i o n .  

When t h ~  outpup exccids 4 bcfd ( 4  b i l l i o n  c u b i c  f e e t  p e r  day) i n  Sou the rn  

. C a l i f o r n i a ,  two s i t e s  w i l l  b e  needed anyway because  o f  volume l i m i t a t i o n s .  



Table  10 

. . 

VEST COAST NATURAL GAS SUPPLY PROPOSAI~S 

PROPOSER 

E l  Paso -Alaska  
-Wes te rn  LtlG 

A L A S K A . ( P ~ U ~ ~ O C  B J ~  F i c l d )  

Gas  P i p e -  
S h i p l ~ i n c j  F a c i l i t i e s ,  l i n e s  On ly  
p l u s  R c q u i r c d  P i p e -  
l i n e s  

P i p e l i n e  f rom P r u d h o e  . 
Bay to  P o i n t  G r a v i n a  
P r i n c e  W i l l i a m  Sound 
( 8 0 9  m i l e s ,  3 . 1  b c f d )  

LNG to P t .  C o n c e p t i o n  

CA1,IFORNIA . 

I n e s i a - W e s t e r n  

P a c i f i c - A l a s k a  
-Wes te rn  LNG 

P a c i f i c - I n d o -  

- 
LNG. V a l l o r i z a t i o n  and  
Rr:cciving F ' ac i l . i t i c : s ,  
p l u s  R c q ~ l i  r e d  P i p n -  
l i n e s ,  

- 
~ t .  C o ~ i c c y t i o n  ( 2 . 8  

I Oxnard :  p i p e l i n e  to La 
V i s t a  ( 1 2 . 2  m i l e s )  
[ u l t i m a t e l y  to i n c l u d e  
53 .3  x i l e s  to  Q u i g l e y  

I Canyon]  (0 .52  .bcCd f rom 
B o r n e o )  

R o r d c r  ( 1 9 5  m i l e s ,  
2 . 2 5  h r i d ) c o n n c c t i n g  
w i t h :  I . lackcnzie  D e l t a  
p i p c l i r l c  r o  A l b e r t a ,  
f o r k i n g  i n t o  I d a h o  
a n d  Non tzna  (2297  
m i l e s ,  u l t i m a t c  4 . 5  
b c f d )  i n c l u d i n g  pos -  
s i b l e  e x t e n s i o n s  to  
K o r t h e r n  C a l i E o r n i a  
(917  m i l e s )  a n d  I l l i -  
n o i s  (1138  miles. 

. t c  Pd ) 

Co~nh ined  4 . 0  b c f d  b a s e -  
l o a d  p l u s  1 . 0  b c f d  peak -  
i n g  t e r m i n a l  a t  Oxnard 
t o  u s e  A l a s k a n  s u p p l i e s ,  

k e n z i e  D e l t a  c o n n e c -  i n c l u d i n g  224 m i l e s  
t i o n .  t r a n s m i s s i o n  p i p e l i n e  

A r c t i c  Gas  

I 
I 

, l i e d e r a ;  P ~ w e r  
f co r rmis s ion  
! A l t e r n a t i v e s  

! 
b 

N a t u r a l  Gas  . p ipe -  
l i n c s  On ly  

I 

P i p e l i n e  t o  Cape 
S t a r i c h k o f ,  LNG 
v i a  t a n k e r  to  
Oxnard  

. b c f d  + 0 . 3  t c f d  peak -  
i n g )  ( 2 . 1  b c f d  a l ter-  I 
n a t i v e ) ;  p i p c l i n c  t o  
A r v i n  a n d  C a j o n  (142  1 
a n d  1 0 9  m i l e s  r c s p c c -  

v i a  t a n k e r  (1900  n a u t i -  
c a l  m i l e s )  

P i p e l i n e  to  Cook I n l e t ,  
N i k i s k i  ( 0 . 2  to  0 . 4  
b c f d )  

LNG v i a  t a n k e r  t o  L o s  
A n g e l e s  

I d a h o ,  W a s h i n g t o n ,  ' 1  
. Oregon  e s t c n s i o n  

t o  ~ I n t i o c h .  C a l i f -  
o r n i a  (874 m i l e s .  
0.85 b c f d )  

F a i r b a n k s  a l t e r n a -  
t i v e  w i t h  n o  C a l i f -  
o r n i a  p i p e l i n e  e x t c n  
s i o n  ( C a l i f o r n i a  t o  
o b t a i n  g a s  s u p p l i e s  
f r o m  S o u t h w e s t e r n  
u:s.1 

I i t i v e l y )  

1 i 

, 

, 

LA I l a r b o r ,  lG.CO0 f t .  
p i g o l i n e  ( 0 . 2  t o  0 . 4  
b c f d ,  u l t i m a t e l y  4 , 

I 
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F i g u r e  6 

A l t e r n a t i v e  P i p e l i n e  r o u t e s  t o  s u p p l y  n a t u r a l  g a s  t o  C a l i f o r n i a  
and t h e  Midwest ( f r o m  F e d e r a l  Power Commission S t a f f ,  F i n a l  ~ n v i r -  
o n m e n t a l  Impac t  S t a t e m e n t  f o r  t h e  A l a s k a  N a t u r a l  Gas o ran sport at ion 
S y s t e m s ,  A p r i l  1 9 7 6 ,  p .  I - A 5 . )  



Even when d e l i v e r i e s  exceed 1 b c f d ,  an  LNG t e r m i n a l  shutdown due t o  a c c i d e n t  

o r  mechanica l  f a i l u r e  cou ld  cause  d i s r u p t i o n  i n  gas  s u p p l i e s .  These t r a d e -  

o f f s  a r e  impor t an t  t o  t h e  i n i t i a l  d e c i s i o n  t o  d'evelop one  o r  more s i t e s .  

t l o r eove r , .  a l l '  o f  t h e s e  f a c t o r s  need t o  b e  p r e s e n t e d  i n  a  framework which can  

b e  a s s i m i l a t e d  by d e c i s i o n  makers and t h e  p u b l i c .  

Regu la to ry  a p p r o v a l ' h a s  n o t  y e t  been :g iven  and  t h e . d e c i s i o n s  a r e  c l e a r l y  

complex. Thus f a r ,  however, a  c l e a r  and c o n c i s e  s t a t e m e n t  o f  t h e  problems,  

t h e  a l t e r n a t i v e s ,  and t h e  i m p o r t a n t  c o s t s  and b e n e f i t s  h a s  n o t  been p rov ided .  

Because of  u n c e r t a i n t i e s  i n  o u r  p r e s e n t  knowledge, and t h e  20 y e a r s  o r .  l o n g e r  

l i f e t i m e  o f  t h e s e  f a c i l i t i e s ,  i t  might be  p ruden t  t o  adop t  a  s e q u e n t i a l  ap- 

proach  f o r  deve lop ing  t h e  p o s s i b l e  o p t i o n s .  F i g u r e  7  sugges t s ,  a  t i m e t a b l e  

f o r  LNG decision-making i n  C a l i f o r n i a .  Two r e c e n t  s t u d i e s  have  i n c o r p o r a t e d  

s i m i l a r  d e c i s i o n  a n a l y s i s  methods t o  e v a l u a t e  p o t e n t i a l  a l t e r n a t i v e s  f o r  
0 

s y n t h e t i c  f u e l s  commerc i a l i za t i on  and f o r  t h e  U. S .  b r e e d e r  r e a c t o r  program 

[67 ,  '681. 

The impac t s  o f  each  o f  t h e  p o t e r l t i a l  u n c e r t a i n t i e s  needs  t o  b e  e v a l u a t e d  

i n  o r d e r  t o  make t h e  b e s t  d e c i s i o n s  i n  1977, and i n  t h e  f u t u r e ,  h e r e  i n d i -  

c a t e d  a s  1980. Between now and 1980 new i n f o r m a t i o n  w i l l  become a v a i l a b l e :  

t h e  gas  supp ly  p i c t u r e  w i l l  be  c l e a r e r ,  t h e  i s s u e  of  d e r e g u l a t i o n  w i l l  b e  de- 

c i d e d ,  n e g o t i a t i o n s  f o r  LNG p r i c i n g  and compensatory supp ly  agreements  among 

t h e  s t a t e s  may b e  r e s o l v e d ,  l e a d i n g  t o  more r e l i a b l e  e s t i m a t e s  of gas  t r a n s -  

m i s s i o n  c o s t s  and long  te rm supp ly  i n f o r m a t i o n .  I m p o r t a n t l y ,  LNG o p e r a t i o n s  

on t h e  e a s t  c o a s t  s h o u l d  have  i n d i c a t e d  t h e i r  s a f e t y  and o p e r a t i o n a l  r e l i a b i l i t y  

a f t e r  s e v e r a l  y e a r s  o f  a c t u a l  o p e r a t i o n .  Th i s  i n f o r m a t i o n  w i l l  h e l p  de t e rmine  

t h e  s c a l e  of C a l i f o r n i a ' s  commitment t o  LNG and whether  a  branch  of t h e  Alaska-  

Canada gas  p i p e l i n e  shou ld  b e  ex tended  t o  C a l i f o r n i a  i f  t h e  p i p e l i n e  t o  t h e  

. M i d w e s t . i s ,  i n ,  f a c t ,  approved.  C a l i f o r n i a  w i l l  a lmos t  c e r t a i n l y  d e c i d e  t o  
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E a c h  c h a n c c  norlr: r r l , r c c c n t . s  a n  u n c e r t a i n  o u t c o m c .  T h c  
d e c i s i o n  t r c a  c x p a n . l s  f r o m  I c f t  t o  r i < j l ~ t  wit11 c . l c h  n o d e  
b a i n q  a r l d c d  t o  t h ~  t i p  nf t t r c  b r . i n c h c s  t o  t h e  l c f t .  T h e  
c o s t s .  r i s k s ,  ant1 b t . n c f i t s  of c . ~ c h  o l , c i o n  nocr l  to Llc c v d l -  
. u a t c d .  P r o L a h i l l t i u s  c a n  b c  a n s i g n a d  t o  b e  [ ) o s s i b l a  o u t c o m e s .  



deve lop  a t  l e a s t  one LNG t e r m i n a l  s i t e  i n  1977 because  of  h e r  p r e s s i n g  need 

f o r  g a s ,  b u t  d e c i s i o n  a n a l y s i s  c a n  s u g g e s t  t h e  c o s t s  and ' b e n e f i t s  of  p o t e n t i ' a l  

expans ion  s c e n a r i o s .  

On J u l y  1 ,  1976 t h e  United S t a t e s  Sena.te approvcd a  b i l l  d i r e c t i n g  t h e  

F e d e r a l  Power Commission t o  recommend a r o u t e  f o r  d e l i v e r y  of n a t u r a l  g a s  from 

t h e  Nor th  S lope  o f  Alaska  by Harch 1 , '  197'7. The P r e s i d e n t  would then '  s e l e c t  

t h e  f i n a l  r o u t e  w i t h  l i m i t e d  j u d i c i a l  rev iew by J u l y  1, 1977 [ 6 9 ] .  T h i s  

c h o i c e  w i l l  d e c i d e  among e i t h e r  o f  two r o u t e s  f o r  t h e  p i p e l i n e - o n l y  o p t i o n  

a c r o s s  Alaska and Canada t o  t h e  Flidwest o r  t h e  A la ska -Ca l i fo rn i a  LNG pro- 

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

d e c i s i o n  f o r  C a l i f o r n i a  and t h e  n a t i o n ,  a  comprehensive arid comprehens ib le  

framework i s  u r g e n t l y  r e q u i r e d  t o  e v a l u a t e  t h e  t r a d e - o f f s , ' r i s k s ,  and b e n e f i t s  

o f  t h e s e  o p t i o n s .  Even i f  t h e  methods of d e c i s i o n  a n a l y s i s  a r e  n o t  fo rma l ly  

a p p l i e d ,  .an e x p l i c i t  and c o n c i s e  p r e s e n t a t i o n  of  t h e  i s s u e s  and impac t s  i s  

s o r e l y  needed.  
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