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This report, submitted by Science Applications, Inc., is one 

of a number of issue papers prepared.as part of the Brookhaven 

National Laboratory Northeast Energy Perspectives Study. The 

analyses in these papers were performed specifically to assist us 

in our first integrated study of the energy future of the north- 

eastern United States. 

Topics covered by the issue papers include the potential 

supply of energy .to the Northeast from coal, oil, natural gas, 

liquefied natural gas (LNG), nuclear power, municipal waste, solar 

energy, and wind power, and the demand f o ~  energy in the Northeast 

from the industrial, transportation, and residential and commercial 

sectors. In each case, a range of estimates of energy supply or 

demand was constructed to reflect not only a variety'of possible 

policy .and technological developments, but also the basic uncer- 

tainties of all such.future projections. The integrative analysis 

which relates the supply and demand picture is presented in'a 

summary report entitled "A Perspective on the Energy Future of the 

Northeast United States." 

The iss'ue papers prepared' for the Northeast Energy perspectives 

Study and the summary report will be available from: . 

. . 

National Technical Information service 
U.S. Department of Commerce 
5285. Port Royal Road 
Springfield, VA 22161 

The issue papers and summary report are listed below. . 
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SECTION I 

INTRODUCTION 

A. Purpose of  Study 

The s t u d y  i d e n t i f i e s  some o f  t h e  i n fo rma t ion  t h a t  w i l l  be  

neces sa ry  t o  d e f i n e . t h e  optimum r o l e  o f  l i q u e f i e d  n a t u r a l  

gas (LNG) r e l a t i v e  t o  o t h e r  s o u r c e s  o f  energy f o r  t h e  

Nor theas t e rn  r e g i o n  of  t h e  United S t a t e s .  Inc luded  i n  t h e  

s t u d y ' i s  a c o l l e c t i o n ,  a n a l y s i s .  and p r e s e n t a t i o n  of 

s i g n i f i c a n t  i n f o r m a t i o n ' d e a l i n g  w i t h  t h e  i m p o r t a t i o n  of  

LNG. 

B .  Scope of Study 

The primary e f f o r t  of t h i s  s t u d y  was d i r e c t e d  a t  d e f i n i n g  

t h e  a v a i l a b i l i t y ,  p r o j e c t e d  c o s t s ,  and p r o j e c t e d  schedule  

' , f o r  o b t a i n i n g  impor t s  o f  LNG.  The p r o j e c t e d  s chedu le  

i n c l u d e s  e s t i m a t e s  of t i m e  r e q u i r e d  t o  o b t a i n  app rova l s  

from r e g u l a t o r y  b o d i e s ,  a n d ' t h e  t i m e  r e q u i r e d  f o r  eng ineer ing ' ,  

procurement and cons . t r uc t i on  of  t h e  neces sa ry  f a c i l i t i e s .  

Also  cons ide red  . i n  t h e  s t udy  w e r ' e  s i t e  s e l e c t i o n  c r i t b r i a  

f o r  an  LNG r e c e i v i n g  t e r m i n a l ,  and t h e  e lements  of  a n  

environmenta l  impact  summary. 

C .  Background In format ion  

Ever s i n c e  t h e  mid-1940s, t h e  United S t a t e s  ha s  g e n e r a l l y  

been consuming n a t u r a l  gas  a t  a  g r e a t e r  r a t e  t h a n  t h e  r a t e  

new r e s e r v e s  are found. F i g u r e  1 shows j u s t  how s e r i o u s  

t h e  problem is .  A t  p r e s e n t ,  t h e  r a t i o  of proved U.S. 

n a t u r a l  ga s  r e s e r v e s  t o  annua l  n a t u r a l  g a s  p roduc t i on  i s  

on ly  abou t  10.  



scale) 

I "' "'excluding Alaska' I 

(6) 
F i g u r e  1. U.S. n a t u r a l  g a s ' p r o v e d  r e s e r v e s  

and rocar-7es- to-product ion r a t i o  



Because of t h i s  and o t h e r  problem a r e a s ,  domest ic  n a t u r a l  

g a s  p roduc t i on  reached a peak of approximate ly  22.6 t r i l l i o n  

cub i c  f e e t  i n  1973, and s t a r t e d  a d e c l i n e .  

One near-term and d i r e c t  r e s u l t  of d e c l i n i n g  p r o d u c t i o n '  

i s  t h e  p r o j e c t e d  s h o r t a g e  of n a t u r a l  g a s  f o r  1975-1976. 

The s h o r t a g e  of n a t u r a l  ga s  w i l l  be  even more pronounced. 

f o r  t h e  Nor theas t  r e g i o n . o f  t h e  United S t a t e s  because  of 

t h e  e f f e c t i v e  d e r e g u l a t i o n  of i n t r a s t a t e  n a t u r a l .  gas .  Th is  

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

p r i c e s  i n  Southern  Texas of g r e a t e r  t h a n  $2.00 p e r  thousand 

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

p r i c e s  a t  t h e  w e l l  head o f ' S 0 . 5 2  p e r  thousand cub i c  f e e t .  (13)  

The s h o r t a g e s  w i l l  become worse i n  f u t u r e  y e a r s  u n l e s s  

remedia l  a c t i o n  i s  taken .  

. There a r e  . s e v e r a l  o p t i o n s  a v a i l a b l e  t o  'make ' up t h e  s h o r t -  

f a l l  o f  n a t u r a l  ga s .  These o p t i o n s  i n c l u d e :  

a ~ x p a n d e d '  energy c o n s e r v a t i o n  

a Replacement of n a t u r a l  g a s  w i t h . o t h e r  energy 
sou rce s  such a s  n u c l e a r . a n d  c o a l  

i Provide  SNG ( s y n t h e t i c  n a t u r a l  g a s )  e i t h e r  from 
o t h e r  sou rce s  of pet roleum o r  from c o a l  g a s i f i c a t i o n  

a Import ing LNG 

a Nuclear  power 

a Alaskan North Slope Na tu ra l  G a s  

a Decontrol  of i n t e r s t a t e  ga s  p r i c e s  

Probably no one of t h e s e  o p t i o n s  w i l l  p rov ide  t h e  e n . t i r e  

answer. The answer w i l l  be  a combinat ion,  t o  some deg ree ,  

of  many o p t i o n s .  What i s  impor t an t  i s  t h a t  some s o l u t i o n  

f o r  t h e  n a t u r a l  g a s  s h o r t a g e  be  found w i t h i n  a r e a s o n a b l e  

t i m e  frame t o  p r e v e n t  s e r i o u s  s o c i a l  and economic d i s p l a c e -  

ments w i t h i n  t h e  Nor theas t .  I n  p a r t i c u l a r  t h i s  r e p o r t  

examines some of  t h e  problems a s s o c i a t e d  w i t h  impor t ing  LNG 

t o  p rov ide  n a t u r a l  ga s .  

- 3 -  



Summary 

The near term availability of LNG for importation into the 

Northeastern region of the United States is primarily depen- 

dent upon three parameters: 

1. Available foreign proven resources of natural gas, 

2. International competition and economic viability of 
agreements for exporting LNG, and 

3. Distance from the exporting country to the Northeast 
region. 

These considerations essentially limit the source countries 

to the following: 

Abu Dhabi Libya 

Algeria Nigeria , 

Iran Saudi Ar.abia 

Iraq Venezuela 

Kuwait Western Russia 

The present operating 'and planned LNG liquefaction facilities 

in the above countries have a combined expected. capacity of 

approximately 3 .0  billion cubic feet per day or 1.0 trillion 

cubic fcct per year of natural gas. The present operating and 

planned Northeast region LNG receiving terminals have a com- ' 

bined expected capacity of greater than 3.2 billion cubic feet 

per day or 1.1 trillion cubic feet per year of natural gas. 

The Northeast region is competing not only with other regions 

of the United States but also with Europe for the limited 

world supply of LNG. The projected future imports of LNG to 

the Northeastern region ranges from zero to 1.1 trillion cubic 

feet per year for 1985 and up to 2.0 trillion' cubic feet per 

year for the year 2000 .  



The c o s t  of t h i s  imported n a t u r a l  gas  (LNG), r e g a s i f i e d  from a 

Nor theas t  r eg ion  LNG r e c e i v i n g  t e r m i n a l ,  can be expected t o  

range from $1.50 t o  $4.00 p e r  MMBTU i n  1975 d o l l a r s .  This  c o s t  , 

i n c l u d e s  a l l  c a p i t a l  recovery c o s t s  and o p e r a t i n g  c o s t s  r e -  

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

v a p o r i z a t i o n  of LNG. The f l e x i b i l i t y  of  t h i s  c o s t  r e f l e c t s  t h e  ' 

i n c l u s i o n  of a  premium charged by t h e  expor t ing  coun t ry ,  i nd i ca -  

t i v e  of r e l u c t a n c e  t o  s e l l  a n  energy r e sou rce .  I t  i s  e s t ima ted  

t h a t  an a d d i t i o n a l  charge  of $0.60 w i l l  be app l i ed  a s  d i s t r i -  

b u t i o n  c o s t s ,  t o  b r i n g  t h e  r e s i d e n t i a l  cus tomer ' s  c o s t  t o  

$2.10 t o  $4.60 p e r  MMBTU. Fu tu re  c o s t s  of LNG can  be e x p e c t e d .  

t o  e s c a l a t e  a t  t h e  same r a t e  a s  o t h e r  energy c o s t s .  

The c a p i t a l  c o s t  of a  f l e e t  of LNG s h i p s  can become a  s i g n i f i -  , 

c a n t  p o r t i o n  of  t h e  c o s t  of LNG. This  l i m i t s  t h e  r ea sonab le  

sh ipp ing  d i s t a n c e  of LNG t o  something under 6,000 t o  9,000 

mi l e s .  

The t ime r equ i r ed  t o  scope,  o b t a i n  r e g u l a t o r y  app rova l s ,  

eng inee r ,  p rocu re ,  c o n s t r u c t ,  and s t a r t  up an  LNG t e r m i n a l  

ranges  from e i g h t  t o  g r e a t e r  t han  t e n  y e a r s  under t o d a y ' s  

cond i t i ons .  This  pe r iod  of t i m e  can be  d iv ided  i n t o  two b a s i c  

phases .  The f i r s t  phase i s  t h a t  pe r iod  of t i m e  be fo re  ob- 

t a i n i n g  t h e  r e g u l a t o r y  approva ls  and t h e  second phase i n c l u d e s  

a l l  o t h e r  a c t i v i t i e s  from d e t a i l e d  engineer inq  throuqh s t a r t u p .  

Phase I can range from two t o  g r e a t e r  t han  f o u r  y e a r s  due t o  

formal p u b l i c  hea r ings  t o  d e c i d e  a c c e p t a b i l i t y  of s o c i e t a l  

r i s k s .  Phase I1 can range from f i v e  t o  g r e a t e r  t han  s i x  

y e a r s .  Changes i n  r e g u l a t o r y  requirements  o r  procedures  could 

s h a r p l y  reduce phase I requirements .  

During phase I of t h e  p r o j e c t  t h e  environmental  e f f e c t s  and 

s o c i e t a l  r i s k s  from t h e  hazards  of a c c i d e n t a l  f i r e s  and explo- 

s i o n s  of t h e  s p e c i f i c  p r o j e c t  must be  eva lua t ed  based on t h e  



site location and design. of that project. Based on generic 

considerations it appears that the environmental impacts 

caused by the construction and oper.ation of an LNG.receiving 
. . 

terminal are.minor, especially when compared with other energy 

plants, and the societal risks 'can be made to be acceptable. 

" 7 

There appear to be several acceptable sites for LNG receiving 

terminals in the Northeast region of the United states.. One 

site - Cove Point, (~hesapeake Bay) Maryland - has already 
been approved by the Federal Power ~~mrnission as an acceptable 

site. Other sites in the Northeast which are pre~ently the 

subject of approval proceedings are Staten Island, New York; 

Provf dence , R. 1'. ;. Raccuvrl Tsland, , New ~er.&e~; Tiest Dep t fo rd ,  

New Jersey on the Delaware River; and ~verett, Massachusetts. 



S E C T I O N  I1 

MAJOR FACILITIES AND EQUIPMENT 

There a r e  f i v e  major p r o j e c t  a r e a s  of an LNG import  s y s t e m :  

a D r i l l i n g  f o r ,  gather i -ng and p roces s ing  of  n a t u r a l  
gas '  a t  t h e  gas  f i e l d  

a Transmission of t h e ' g a s  t o  t h e  l i q u e f a c t i o n  p l a n t  
v i a  p i p e l i n e s  . . . ' \  

a L ique fac t ion  of t h e  n a t u r a l  gas  '(LNG) , 

+ Transpor t a t i on  of LNG by s h i p s  

a LNG r e c e i v i n g  t e rmina l .  

Each LNG import  system w i l l  have a iepara te  se t  of parame- 

ters; t h e r e f o r e ,  @ach- system w i l l  have a  s l i g h t l y  d i f f e r e n t  

f a c i l i t i e s  and equipment requirement .  For example, t h e  

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

round- t r i p  t i m e  and t h e r e f o r e  . a f f e c t  . t h e  necessary  f l e e t  

s i z e .  The l o c a t i o n  of t h e  l i q u e f a c t i o n  f a c i l i t y ,  w i t h  

r e s p e c t  t o  t h e  gas  f i e l d ,  w i l l  a f f e c t  t h e  l e n g t h  of t h i s  

t r ansmis s ion  l i n e , . a n d  t h e  proximity  of t h e  r e c e i v i n g  

t e r m i n a l  t o  a  deep-water harbor  w i l l  d i c t a t e  t h e  c o s t  and 

type  of t h e  unloading f a c i l i t i e s .  A s  an  example, an 

LNG import  system w i t h  t h e  c a p a b i l i t y  of d e l i v e r i n g  one 

b i l l i o n  cub ic  f e e t ' p e r  day of n a t u r a l  g a s  w i l l  r e q u i r e  t h e  

fo l lowing  f a c i l i t i e s :  

e W e l l s ,  g a s  g a t h e r i n g  system, compressor p l a n t  and 
p i e p l i n e s  

e Lique fac t ion  p l a n t  c o n s i s t i n g  of head-end gas  c leanup 
equipnient, m u l t i p l e  l i q u e f a c t i o n  cascade c y c l e s ,  
LNG s t o r a g e  t a n k s ,  .and a  s h i p  l oad ing  a r e a  

a A f l e e t  of 7 t o  1 2  s h i p s  equipped wi th  cryogenic  
tanks  



a A receiving terminal including .a ship unloading 
area, send storage tanks, multiple regasification 
trains, and connections to a major pipeline or 
distribution system. 

Figure 2 -shows an integrated LNG operation. The liquefaction, 

transportation, storage,--and regasification require about, 

25 percent of-'the gas as collected at the well head. Lique- 

faction alone consumes 17 percent of the collected natural 

gas. Vaporization is accomplished using heat either from 

sea or other suitabbe water or$ from combusti.an of a small 

portion of the gas; Energywise, only the liquefaction and 

vaporization (if gas combustion is used) steps involve energy 

losses. Boil-off during storage on land or in the tankship 
. . 

is used as a source of power. The following table shows the 

LNG system's throughput and' energy efficiencies. 

Enersy ~fficiency of LNG Oper'a'tions 

Gas Throughput Energy 

~ f f  iciency (6) ( % )  Ef f iciency ( % )  

LNG Liquefaction ' 83  8 3  . 

LNG Tanker (boil-off used to 94.1 - power ship) 

LNG Tank Storage (boil-off used 99. - 
to power compressors) 

LNG Vaporization (gas fired) 97.9-100 97.9-100 

Figure 3  is a schematic o,f an LNG receiving .terminal with 

an estimated LNG delivery rate to supply approximately one 

billion cubic feet per day of regasified LNG to the pipeline. 

As shown a one billion cubic feet per day LNG receiving 

terminal would consist of a ship unloading facility, storage 

tanks, storage tank atmosphere pressure control system, 

sendout pump, vaporizers, and connections to a pipeline. .The 



LIQUEFACTION LOADING 
WELL-HEAD TRANSFER 

H EAT 

TRANSPORT 

REG-ASIFICATION 

TRANSFER 

STORAGE 
' 

F i g u r e  2 .  I n t e g r a t e d  l i q u i d  n a t u r a l  g a s  
o p e r a t i o n ( 6 )  . 

VAPOR RETURN L I N E  

BLOWER COMPRESSOR 

4 

5 
VAPORIZER 

0.31 T A N K E R  

1 
I Bcf / DAY 

SENDOUT PUMPS TO P I P E L I N E  

F i g u r e  3. T y p i c a l  l i q u i f i e d  n a t u r a l  g a s  
r e c e i v i n g  t e r m i n a l  t o  s u p p l y  1 x 109 cubic 
f e e t  of n a t u r a l  g a s  p e r  day.  



s h i p  unloading f a c i l i t y  might c o n s i s t  o f  two 32" t o  42" 

d iameter  LNG t r a n s f e r  l i n e s  w i t h  an  18" vapor r e t u r n . l i n e .  

The LNG t r a n s f e r  r a t e  would be  approximately 8 2 , 0 0 0 . b a r r e l s  

p e r  hour which would permi t  a  165,000 cub ic  meter LNG ' 

t a n k e r  t o  be  emptied i n  12  hours .  The LNG s t o r a g e  complex 

might c o n s i s t  o f  f o u r  550,000 barrel1 tanks. '  .- *.. The s t o r a g e  

t a n k s  would be  approximately  250 f e e t  i n  d iameter  and 80 

f e e t  i n  h e i g h t .  ~ u l ' l  h e i g h t  inc. luding the o u t e r  w a l l s  and 

, i n s u l a t i o n  would be 120 f e e t .  This  volume of s t o r a g e  i s  

e q u i v a l e n t  t o  ,approximately 2 .5  . sh ip loads ,  and 8.25 days  

of  s t o r a g e  f o r  a d e l i v e r y  r a t e  o f  1 Bcf/day n a t u r a l  gas.. 

The 165,000 cubic meter LNG ships referred to above are 

l a r g e r  t h a n  any p r e s e n t l y  i n  e x i s t e n c e  a l though  125,000 

c u b i c  meter  s h i p s  are p r e s e n t l y  under c o n s t r u c t i o n .  The 

fo l lowing  d a t a  would apply t o  a 165,000 cub ic  m e t e r  s h i p :  

T o t a l  Length - 1,000 f e e t  

Beam - 150 f e e t  

D r a f t  - 40 f e e t  

Displacement - 125,000 long t o n s  

LNG Capac i ty  - 1 6 5 , 0 0 0  cubic ~ueters 

The d e t a i l e d  eng inee r ing ,  procurement,  and c o n s t r u c t i o n  

phase  of t h e  r e c e i v i n g  t e rmina l  could be  expected t o  t a k e  

approximately  f o u r  y e a r s .  ' Such a s u l ~ r d u l r  can be 

seen  i n  F igu re  4 .  I t  i s  impor tan t  t o  n o t e  t h a t  t h e  regula -  

t o r y  app rova l s ,  n e g o t i a t i o n s  f o r  t h e  liaLural gas supply ,  

f i n a n c i n g  arrangements ,  and p re l imina ry  des ign  are n o t  

inc luded  i n  t h e  schedule  shown i n  F iqu re  4 .  An expanded 

d i s c u s s i o n  of t h e s e  f a c t o r s  can  be  found i n  s e c t i o n  V. 



MONTHS 1 12 2 4 3 6 4 8  ' 

I 

Engineering 

Final Design 

Procurement 

Construction 

Site Preparation 

LNG Tank Excava- 
tion and Founda- 
tions 
LNG Tank Erection 

Gas Vaporization 
Systems 

LNG Unloading 

Utilities and 
Off -Sites 

Marine Facilities 

Start-Up 
st Gas Vapor 
ystem On Stream 

F i g u r e  4 .  P r o j e c t  schedule. (12) 
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SECTION 111. 

INSTITUTIONAL CONSIDERATIONS AND ENVIRONMENTAL IMPACTS 

A. Regulatory Agencies Reviews and Approvals 

An LNG impor t a t i on  p r o j e c t  proceeds  a f t e r  numerous a u t h o r i -  

z a t i o n s  'have been obtained '  from many F e d e r a l ,  S t a t e  and 

l o c a l  agenc ies .  A ~ p r o v a l s  a r e  r e q u i r e d  f o r  such i t e m s  as 

t h e  c o n t r a c t  p r i c e  of t h e  d e l i v e r e d  L N G ,  t h e  environmental  

impacts of t h e  t e rmina l  o p e r a t i o n s ,  compliance w i t h  s p e c i f i c  

c o n s t r u c t i o n  and m a t e r i a l s  codes ,  and a c c i d e n t  and f i r e  

contingency p l ans .  A l i s t  of most of t h e  agenc ie s  which a r e  

involved (gene r i c  t i t l e s  f o r  t h e  S t a t e  and l o c a l  agenc ie s )  

t o g e t h e r  w i t h  t h e i r  j u r i s d i c t i o n  i s  p re sen ted  i n  Table 1. . 

Of t h e s e  agenc ies  t h e  'most impor tan t ,  because of t h e i r  r a t h e r  

broad a u t h o r i t y ,  are t h e  two Fede ra l  agenc ies :  t h e  Fede ra l  

Power Commission (FPC) and t h e  Department of T r a n s p o r t a t i o n  (DOT)  . 

The FPC has  t h e  l e a d  r o l e  and i s  r e s p o n s i b l e  f o r  (1) pre-  

pa r ing  an  Environmental Impact Sta tement  (FPC Order No. 415-C) , ,  

( 2 )  approving t h e  c o n t r a c t  p r i c e  f o r  t h e  LNG, and ( 3 )  approving 

t h e  LNG t e rmina l  s i t e  and i t s  o p e r a t i o n .  I ts  a u t h o r i t y  i s  

de r ived  from t h e  ~ a t u k a l  Gas Act ,  .Sec t ions  3 and 7.  Approvals 

' a r e  based on a p p r o p r i a t e  i n f o r m a t i v ~ i  I i l e d  by t h c  a p p l i c a n t ,  

in format ion  and a n a l y s i s  dleveloped by t h e  FPC s t a f f  and i n f o r -  

mat ion and excep t ions  submit ted i n  hea r ings  b e f o r e  an 

Admin i s t r a t i ve  Law Judge.  h he a p p l i c a n t  must show t h a t  t h e  

T,NG t o  be imported i s  needed and w i l l  be  d e l i v e r e d  a t  a  r ea -  

sonable  r a t e  (one must have a  s igned c o n t r a c t  w i t h  t h e  e x p o r t e r )  

and t h a t  t h e  p r o j e c t  i s  a l s o  a c c e p t a b l e  envi ronmenta l ly  and 

hazard-wise. 



Agency 

TABLE 1 

REGULATORY BODIES AND T H E I R  JURISDICTION 

TERMINAL - CO3STRLETIOW, OPERATION, AND SAFETY 
I n c l u d i n g  3 p c k i n ~  and Unloadirg Are 

S t o r a g e  TlnRs , and P i p e l i n e  (1) , f i 5 )  

J u r i s d i c x i o n ,  S t a t u t e s ,  S t a n d a r d s ,  o r  Codes 

F e d e r a l  

1) Army Corps of Engineers  ,- - . Approve c ~ n s t r u c t i o n  c f  dock f a c i l i t i e s  and 
U.S. Depar-ment o f  Conservat ion  d redg ing  2eyond bulkhead o r  p i e r h e a d  l i n e  

River and Harbor A c t  of  March 3 ,  18'99 - Sec. 10, 

2 )  Environmental  P r o t e c t i o n  Agency - Review a i r ,  w a t e r ,  a c d  n o i s e  impact  on envi ron-  
I ment. NEPA 1969, Clean A i r  A c t ,  Noise Con t ro l  

I-' 
e Act ,  F e d e r a l  Water P o l l u t i o n  Cont ro l  A c t  
I 

3 )  Department of  I n t e r i o r  - - Review impact  on b i o t i c  communities.  F i s h  and 
Bureau of  S p o r t  F i s h e r i e s  and W i l d l i f e  W i l d l i f e  C o o r d i n a t i o n  A c t  

4 )  . Federa l  A v i a t i o n  Admin i s t r a t ion  - Approve s t r u c t u r e  h e i g h t  i n  accordance  w i t h  
a v i a t i ~ n  Banes. F e d e r a l  A v i a t i o n ' R e g u l a t i o n s  
P a r t  77 SEC. 77.25 

5 )  F e d e r a l  Power Cominission - Approve f a c i l i t i e s  and p i p e l i n e ;  . a u t h o r i z e  t h e  
i m p o r t a t i c n  of n a t u r a l  g a s .  N a t u r a l  Gas Act 

6)  Department of T r a n s p o r t a t i o n  - E s t a b l i s h  s t a n d a r d s  f o r  p i p e l i n e  s a f e t y  p e r  
Off . ice of F i p e l i n e  S a f e t y  . t h e  CFR T i t l e  49, P a r t  192,  and N a t u r a l  Gas 

P i p e l i n e  S a f e t y  A c t  of  1968 

7 )  ' Superv i so r  of Harbor - Permiss ion t o  durnp'dredged m a t e r i a l  a t  s e a  

8 )  De2artment of  T r a n s p o r t a t i o n  - - Approve d e s i g n  and o p e r a t i o n  of  dock f a c i l i t i e s  
U .  3 .  Coast  Guard 



TABLE 1 (Cont inued) .  

Agency 

S t a t e  

1) Commission of commerce 

2 )  Conservat ion  Departmer-t 

3 )  Departmen.t of  Environmental 
Conse rva t ion  

4 )  Off i c e  of Planning Coord ina to r  
. . 

5 )  P u b l i c  S e r v i c e  Commission 
- I 

P 6 )  Department of  Labor 
Cn 

I 7 )  Environmental Con t ro l  Off i c e  

8 )  General  S e r v i c e s  Admin i s t r a t ion  

9 )  ~ e p a r t m e n t  of  Environmental 
P r o t e c t i o n  

1 0 )  P u b l i c  u t i l i t i e s  Commission 

Local  

1) . Department o f  P o r t s  and Terminals  

J u r i s d i c t i o n ,  S t a t u t e s ,  'S tandards ,  o r  Codes 

- Review cons t ruc~$ ion  and o p e r a t i o n  

- Review environmenta l  impact  

- Approve f a c i l i t i e s  on b a s i s  of  envi ronmenta l  . 
impact;  i s s u e  a work p e r m i t  f o r  t h e  d redg ing  
o p e r a t i o n s  and t h e  c o n s t r u c t 2 o n  o f  t h e  marine 
f a c i l i t i e s  

- ~ e v i e w  proposa l  f o r  f a c i l i t i e s  

I ._I - Review f a c i l i t i e s  . . 

- Approve s a f e t y  a s p e c t s  of f a c i l i t i e s  

- Review Corps of Eng inee r s ' env i ronmenta l  impact  
of  f a c i l i t i e s  and i s s u e s  a  p e r m i t  

- Oversee u s e  of waterway bottoms;  g r a n t s  under-  
wa te r  l and  g r a n t s  f o r  underwater, p i p e l - i n e  

- Review environmenta l  impact  of p i p e l i n e ;  i s s u e  
work p e r m i t ' f o r  c o n s t r u c t i o n  of p i p e l i n e ;  i s s u e  
l i c e n s e  f o r  i n s t a l l a t i o n  of p i p e l i n e ;  i s s u e  
q u i t c l a i m  deed f o r  r i p a r i a n  p r o p e r t y  

- Approve s a f e t y  a s p e c t s  of  p i p e l i n e ;  approve 
c o n s t r u c t i o n  and o p e r a t i o n  of  p i p e l i n e  

- Review landward t o  p ie rhead  l i n e  t o  v e r i f y  
compliance w i t h  Bu i ld ing  Code; i s s u e  work 
pe rmi t  f o r  c o n s t r u c t i o n  



TAE-LE 1 (Cont inued)  

Local  ( C o n t i n . ~ e d )  J u r i s d i c t i o n ,  S t a t u t e s ,  S t a n d a r d s ,  o r  Codes 

2 )  F i r e  Depaz trr.ent - A s s e s s  fire s a f e t y  of  t e r m i n a l  f a c i l i t i e s ;  
F i r e  Ereven t ion  Code 

3 )  board of  E t a n d a r d s  anc  Appeals - P e r m i t ' f o r  t h e  c o n s t r u c t i o n  of t h e  f a c i l i t i e s ;  
Zoning r e s o l u t i o n  o f  t h e  c i t y ,  C i t y  Bu i ld ing  
Code 

4 )  C i t y  P l a n r i n g  Department - A s s e s s  compliance w i t h ' c i t y  zoning r e s o l u t i o n  
I 

I-' 
m ' 5)  County Planning C o u n t i l  - ~ s s e s s  compliance w i t h  Erea  zoning r e s o l u t i o n  

I 6 )  Board of  Hea l th  - B x e a u  of  
S a n i t a r y  Eng ine f r s  

- Approves s a n i t a r y  measures 
"S tandarcs  f o r  Waste Wa'ter Treatment" 

7 )  Department of Gas, Water Sup?ly, - Approves connec t ions  and u s e  of  c i t y  w a t e r ,  
~ n d  E l e c t r i c i t y  approves  e l e c t r i c a l  w i r i n g  . 

"Rules ar.d Regu la t ions  f o r  t h e  Use of  Water ,"  
E l e c t r i c e l  Code of  t h e  C i t y  

8 )  Environmental  P m t e c t i o n  Agency - C o n s t r u c t i o n  and o p e r a t i n g  p e r m i t s  
(Department 3f A i r  Resources: 

9 )  Eepar tment  of Water Resources - Gran t s  a ~ p r o v a l  t o  t i e  i n t o  c i t y  wa te r  mains; 
s i t e  d r a i n a g e  , ' 



. TABLE 1 (Continued) 

SHIPPING - TANKER OPERATION AND SAFETY 

Agency J u r i s d i c t i o n ,  S t a t u t e s ,  S tandards ;  o r  Codes 

F e d e r a l  

1) U.S. Coas t  Guard (Department of  
T r a n s p o r t 3 t i o n )  

I 

P 
%I 

2) U.S. Bure3u o f  Sh ips  

I 3)  Mari t ime .Adminis t ra t ion  
(Department o f  Commerce) 

- Regula tes  s h i p  t r a f f i c ,  conduc t s  i n s p e c t i o n s ,  
and i n s u r e s  s h i p  s a f e t y ;  CFR 43 
OHA, OSHA 
p o r t s  and Waterways S a f e t y  Act of  1972,  P u b l i c  
Law 92-340; CFR 46 
"General  and S p e c i f i c  Requirements f o r  LNG/LPG 
Opera t ions"  

. - Oversee s h i p s  and s h i p  o p e r a t i o n s  

- ~ p p r o v e  s h i p  d e s i g n  and s p e c i f i c a t i o n s  
"Standard  S p e c i f i c a t i o n s  f o r  Merchant S h i p  
C o n s t r u c t i o n , "  December 1972 

4 ) Environmental  P r o t e c t i ~ n  Agency - A s s e s s  impact  on w a t e r . a n d  a i r  q u a l i t y  

5 )  Army Corps of Engineers  - A s s e s s  environmen'tal . impact on ha rbor  
R e g u l a t i o n s ' o n  Navigable Waterwaysl 

Local  

1) Department of  P o r t s  and Terminals  - Reviews s h i p  movements w i t h i n  ha rbor  

2 )  F i r e  ,Department - . . A s s e s s  F i r e  S a f e t y  o f  V e s s e l s  
F i r e  P r e v e n t i o n  Code, NFPA 59A 

3)  C i t y  LNG S a f e t y  Review ~ o a r d  - A s s e s s  t h e  o v e r a l l  p r o j e c t  . s a f e t y  c o n s i d e r a t i o n s  



Under t h i s  review p r o c e s s ,  t o  d a t e  on ly  one LNG import  t e rmina l  

p r o j e c t  has been approved - t h e  Columbia LNG Corpora t ion  ter- 

minal  a t  Cove P o i n t ,  Maryland. Columbia f i r s t  f i l e d  app l i ca -  

t i o n  t o  import  LNG from Alge r i a  i n  September 1970. (271, 

a p p l i c a t i o n  a long  w i t h  a  number of  subsequent  app l i ca t ions , ,  

i n c l u d i n g  a  j o i n t  a p p l i c a t i o n  by Columbia and Consol idated 

System LNG Corpora t ion  f o r  t h e  t e rmina l  f a c i l i t i e s  a t  Cove 

P o i n t ,  w e r e  combined i n t o  a  s i n g l e  appl ic ,a t ion  f o r  hea r ings .  

These hea r ings  commenced A p r i l  8 ,  1971 and cont inued  through 

J u l y  8 ,  1971. Environmental i s s u e s  of t h e  p r o j e c t  became a  

major  focus  of t h e  hea r ings .  Subsequent ly ,  environmental  

r e p o r t s  were prepared  by s e v e r a l  p a r t i c i p a n t s ,  i nc lud ing  t h e  

FPC s t a f f ,  whose r e p o r t  was f i l e d  August 16 ,  1971. These 

r e p o r t s  were p u b l i c i z e d  i n  t h e  Fede ra l  R e g i s t e r  f o r  January 

21, 1972. A s  t h e  r e s u l t  of amendments t o  t h e  b a s i c  a p p l i -  

c a t i o n s  i n  November 1971, a d d i t i o n a l  hea r ings  w e r e  he ld  from 

January  11 t o  24, 1972. On March 2 4 ,  1974, a  l a t e  p e t i t i o n  

t o  i n t e r v e n e  by t h e  S i e r r a  Club and t h e  Maryland Conservat ion 

Counci l  was g ran ted .  A f t e r  t h e s e  p a r t i e s  w e r e  heard ,  t h e  

P r e s i d i n g  Examiner dec ided  i n  f avo r  of  t h e  p r o j e c t ,  s u b j e c t  

t o  many c o n d i t i o n s .  The Examiner 's  conc lus ions  w e r e  confirmed 

. by o r d e r  of t h e  Commission on June  28 ,  1972, i n  which they  

s p e c i f i c a l l y  approved t h e  environmental  r e p o r t  of t h e  

a p p l i c a n t s .  Acceding t o  r e q u e s t s  f o r  a  r e h e a r i n g ,  o r a l  

arguments from a l l  p a r t i e s  were heard on August 18 t o  21, 

1972. On October 5 ,  1972 t h e  Commission modif ied c e r t a i n  

p a r t i c u l a r s  r ega rd ing  some environmental  i s s u e s .  Subsequent ly ,  

t h e  i n t e r v e n o r s  f i l e d  a  p e t i t i o n  f o r  review w i t h  t h e  

Uni ted S t a t c a  Court  o f  Appeals. I n  response ,  t h e  a p p l i c a n t s  

f i l e d  a  p e t i t i o n  w i t h  FPC f o r  a  mod i f i ca t ion  of t h e  t e rmina l  

which would remove t h e , i n t e r v e n o r 1 s  o b j e c t i o n s .  Subsequent 

t o  a d d i t i o n a l  procedures  r e s u l t i n g  from t h e s e  a c t i o n s ,  t h e  

FPC on March 30, 1973 app'roved t h e  mod i f i ca t ions  and r ea f f i rmed  



t h e i r  e a r l i e r  o r d e r s  t o  permi t  Columbia and Consol idated t o  

c o n s t r u c t  and o p e r a t e  t h e  t e rmina l  f a c i l i t i e s  and t o  se l l  

n a t u r a l  gas  a s  desc r ibed  i n  t h e i r  p e t i t i o n s .  However t h e i r  

o r d e r  would n o t  become e f f e c t i v e  u n t i l  a l .1  t h e  necessary  

Fede ra l ,  S t a t e  and l o c a l  a u t h o r i z a t i o n s  and pe rmi t s  (e .g .  

Coast  Guard c l e a r a n c e s  of v e s s e l s  and harbor  o p e r a t i o n s  

and compliance w i t h  governing s a f e t y  codes)  had been secured 

Table  I i s  a  l i s t  of t h e  agen6ies t h a t  might be involved.  

This  formal approval  p roces s  r e q u i r e d  a  pe r iod  of 30  months, 

from a p p l i c a t i o n  t o  f i n a l  approva l .  T h i s  i s  t h e  f i r s t  LNG 

t e rmina l  p r o j e c t  t h a t  h a s , b e e n  approved by t h e  FPC, and it i s  

n o t  known i f  t h e  t ime r e q u i r e d  i s  t y p i c a l .  The e x t e n t  of 

i n t e r v e n o r  a c t i o n  may have something t o  do wi th  t h i s .  . C u r r e n t l y  

.the FPC s t i l l  has  under review two p r o j e c t s  f o r  w h i c h ' t h e  

t e rmina l  f a c i l i t i e s  a r e  a l r e a d y  complete,  t h e  D i s t r i g a s  t e rmina l  

a t  E v e r e t t ,  Massachuset ts  and Eascogas '  t e rmina l  on S t a t e n  

I s l a n d .  The a p p l i c a t i o n s  f o r  t h e s e  t e r m i n a l s  have been compli- 

c a t e d  by some confus ion  concerning whether o r  n o t  t h e  imported 

g a s  would be s o l d  i n t r a s t a t e  i n s t e a d  of i n t e r s t a t e ,  t h e  F P C ' s  

r e v e r s a l  of  t h e i r  o r i g i n a l  o r d e r s  d e c l i n i n g  j u r i s d i c t i o n  over  

t h e s e  t e r m i n a l s  and t h e  a p p l i c a n t ' s  c u r r e n t  l a c k  of a  long term 

c o n t r a c t  f o r  g a s .  I n  t h e  c a s e  of S t a t e n  I s l a n d ,  t h e  i n i t i a l  

a p p l i c a t i o n s  were made i n  l a t e  1972 and f i n a l  FPC r e s o l u t i o n  i s  

not expected before the slimmer of 1 9 7 6 .  App l i ca t ions  f o r  o t h e r  

LNG p r o j e c t s  have been pending f o r  a  s h o r t e r  t i m e .  

The Department of T r a n s p o r t a t i o n ' s  r o l e  . c o n s i s t s  of t h e  

r e g u l a t o r y  a u t h o r i t y  of  two of  i t s  subd iv i s ions .  The United 

S t a t e s  Coast  Guard i s  r e s p o n s i b l e  f o r  ensu r ing  s a f e  p r a c t i c e s  

f o r  any t anke r  vessel. n p e r a t . i n g  11nder U.S. flag and any such 

v e s s e l  of f o r e i g n  f l a g  c a r r y i n g  cargo  w i t h i n  t h e  nav igab le  

wa te r s  of t h e  U . S .  Th is  r e s p o n s i b i l i t y  ex tends  t o  t h e  s a f e t y  



of  persons  and p r o p e r t y  on sho re  i n  a d d i t i o n  t o  shipboard 

pe r sonne l ,  ca rgo  and equipment. The O f f i c e  of P i p e l i n e  

- S a f e t y  r e g u l a t e s  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of g a s  

p i p e l i n e  t r ansmis s ion  systems and f a c i l i t i e s  of  which an LNG 

t e r m i n a l  i s  a  p a r t .  

ÿÿ he p r e s e n t  r u l e s  and r e g u l a t i o n s  e s t a b l i s h e d  by t h e  Coast  

Guard s p e c i f i c a l l y  f o r  LNG s h i p s  a r e . c o n t a i n e d  i n  Subchapter  D 

("Rules  and R e g u l a t i o n s . f o r  Tank Vesse l s " )  CG 123 da t ed  May 1, 

1969,  undergoing r e v i s i o n .  . A p r o v i s i o n a l  document p e r t a i n i n g  

t o  LNG v e s s e l s  w a s  p repared  i n  1972 by t h e  USCG and t h e  I n t e r -  

n a t i o n a l  M a r i t i m e  c o n s u l t a t i v e  Organiza t ion .  

, C u r r e n t  and f u t u r e  owners of Foreign Flag LNG v e s s e l s  must 

submit  p l a n s  and s p e c i f i c a t i o n s  f o r  approval .  by t h e  United 

S t a t e s  Coast  Guard b e f o r e  such v e s s e l s  can  be used t o  s h i p  

LNG i n t o  U.S. p o r t s .  Cons t ruc t ion  drawings f o r  new s h i p s  

f o r  t h i s  s e r v i c e  must be approved by t h e  Coast  Guard, and 

c o n s t r u c t i o n  i s  reviewed by t h e  cognizan t  c l a s s , i f i c a t i o n  

s o c i e t y  a t  t h e  sh ipyard .  

An a r r i v a l  i n s p e c t i o n  a t  t h e  f i r s t  U.S. p o r t  of e n t r y  is  

r e q u i r e d  of a l l  such v e s s e l s  b u i l t  abroad t o  check t h e  loaded 

v e s s e l  a g a i n s t  p r ev ious ly  submit ted and approved p l ans  and 

s p e c i f i c a t i o n s .  Any d i s c r e p a n c i e s  noted du r ing  t h i s  inspec-  

t i o n  must be  c o r r e c t e d  b e f o r e  t h e  Coast  Guard w i l l  i s s u e  . 

(11) a  " l e t t e r  of complianceu f o r  t h e  v e s s e l .  

B. P o t e n t i a l  Environmental '1mpac,ts 

A major concern of  t h e  FPC i n  g r a n t i n g  approval  of  t h e  

c o n s t r u c t i o n  and o p e r a t i o n  of an LNG t e rmina l  i s  t h e  poten- 

t i a l  and i n h e r e n t  environmental  impacts of 'such a  p r o j e c t .  

Guide l ines  f o r  p repa r ing  environmental  r e p o r t s  a r e  g iven  i n  



FPC Order 485'. The r i s k  of l a r g e  a c c i d e n t a l  f i r e s  t h a t  such 

a  t e rmina l  poses  t o  t h e  surrounding popu la t ion  i s  t h e  g r a v e s t  

o f  t h e s e  concerns .  Th i s  subsec t ion  d i s c u s s e s  t h e  i n h e r e n t  

environmental  concerns .  I t  w i l l  be  seen  t h a t  compared w i t h  

many o t h e r  i n d u s t r i e s ,  t h e  t y p i c a l  o p e r a t i o n  of a n  LNG t e r m i n a l  . 
c r e a t e s  r e l a t i v e l y  minor environmental  impacts .  I n  t h e  

second subsec t ion  a c c i d e n t a l  f i res .  a r e  d i scus sed .  

A i r  and Noise Q u a l i t y  

The major source  of a i r  q u a l i t y  deg rada t ion  a r i s e s  

from d u s t  and emiss ions  from equipment du r ing  cons t ruc-  

t i o n .  Most of t h e  d u s t  and emiss ions  a r e  temporary 

and cease a f t e r  c o n s t r u c t i o n ' i s  complete. During 

o p e r a t i o n  of t h e  t e r m i n a l ,  emiss ions  from compressors 

and v a p o r i z e r s  would be  minimal s i n c e  t h e  energy 

source  f o r  t h i s  type  of equipment i s  e l e c t r i c i t y  o r  

. t h e  combustion of n a t u r a l  g a s ,  which c h a r a c t e r i s -  

t i c a l l y  i s  c l e a n  burning.  Table  2 shows t h e  expected 

l e v e l s  'of r e s i d u a l s  f o r  an LNG o p e r a t i o n .  Noise 

l e v e l s  can  be  expected t o  r i s e  d u r i n g  t h e  c o n s t r u c t i o n  

per iod ;  and subs ide  t o  normal i n d u s t r i a l  n o i s e  l e v e l s  

(depending on t h e  surrounding n a t u r a l  v e g e t a t i o n )  

upon completion of c o n s t r u c t i o n .  The Department of 

Labor, through t h e  Occupat ional  S a f e t y  and Heal th  

Act (1970) se t  a  9 0  dB n o i s e  l e v e l  l i m i t  f o r  e i g h t  
. . 

hours  of  exposure  pe r  day.   he EPA through t h e  o t t i C e  

of Noise Abatement r ega rds  9 0  dB l e v e l s  inadequa te  i n  

p r o t e c t i n g  h e a l t h  and we l f a re .  I t  should be noted 
(19) t h a t  a t  85  dB of . t h a t  it has  been e s t a b l i s h e d .  

background n o i s e ,  communications by means of shou t ing  

i s . p o s s i b l e ;  a t  65 dB of background n o i s e ,  communica- 

t i o n  can  t a k e  p l a c e  a t  t h r e e  f e e t  reasonably  

comfortably .  S a t i s f a c t i o n  of t h e s e  requi rements  and 

t h o s e  of l o c a l  codes may r e q u i r e  a c o u s t i c  d e s i g n s  f o r  

compressor housings.  
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e Climatic ~ffects 

Under normal operating conditions, only negligible 

'effects upon the local climate would be expected. 

LNG is stored at atmospheric pressure at -259'~ to 

-260°F in well insulated tanks. Thermal leakage 

during storage will be small, approximately 1x10~ kcal/day 

per each 500,000 bbl storage tank. This heat is 

equivalent to the burning of 25 gal/day of gasoline 

and would\be extracted mainly from the ambient air. 

Regasification of the LNG may involve the extraction 

of heat from a nearby, large body of water. 

o Terrestrial Changes 

Natural vegetation on the LNG site would be destroyed 

on construction. The grade of the site might warrant 

major changes to accommodate the requirements of off- 

loading, storage and vaporization. These changes will 

effect the previous drainage characteristics of the 

site, possibly changing the existing patterns of 

wildlife habitation and the vegetation distribution 

at the site perimeter. 

Archeological, Historica.1 and ~ecreational' Impacts 

Recreational a,reas near the site will be exposed to 

fire hazards in t h c  rare case of ,a major accident. 

Otherwise the principal impacts will be industrial 

noise,, traffic disturbances where common roads are 

used for tank truck arrivals and departures-and a 

potential degradation of the aesthetic quality of a 

nea-rby recreational area.. Historical and archeo- 

logical concerns must be carefully considered with 

local authorities for each possible site. 



Water Quality and Aquatic Impact 

At highly industrialized sites, the impact upon the 

. water quality and aquatic life is expected to be 

minimal. At more rural sites the effect of dredging, 

fill and waste disposal upon the natural aquatic 

environment must be considered. LNG facilities 

present no significant polluting effects, other than 

, the bilge pumping from docked tankers. 1n the instance 

th3t periodic dredging must be done to maintain the 

harbor, suspended residuals will temporarily decrease 

the light penetration of the water and hence the 

photosynthic processes of aquatic organisms. 

~ocio-~conomic ~f f ects 

Land re-sale value in t'he neighborhood of, the. site 

might fluctuate (primarily downward) ,until the safety 

record of the facility has been established. Decreased' 

desthetic attraction of the neighborhood also.may contrib- 

ute to this. During the: construction period the housing , 

demand may increase, and if 'the local residential areas 

are not suitable. or are unable .to accommodate the &on- 

struction crews, on-site temporary housing may- be 

required. .Local markets will see an increase in busi- 

ness during the construction period. During normal 

operations, the local utilities must be able to handle 

plant requirements. 

The Commitment of Land and Land Use 

Approximately 800 to 1288 asres .of  land are necessary- 

for docks, storage and vaporization facilities, 

depending on the LNG terminal's daily capacity. The 

disturbance of this much land will probably result 

in the re-routing of some surface runoff and sub- 

surface drainage. - Depending upon the soil's natural 



capacity to drain through percolation, an increase 

in surface errosion can be expected. A further 

consideration is the land mass compaction resulting 

from the construction at an LNG-site. Such compaction . 

could re-route aquifers and underground streams. In 

the case that such settling is not uniform, it could. 

result in a weakening of .the structural integrity 

of storage tanks. These problems can be mitigated'by 

appropria.te engineering and other precautions. 

Expansion of existing port facilities could conflict 

with existing or planned land uses. Enlarging channels 

and harbors by dredging impose hazards on local and 

downstream estuarine areas. 

Easements also must be obtained for pipeline and 

access roads to and from the terminal. Permanent 

right-of-way corridors for pipelines in the North- 

. . east will be approximately 50 to 60 feet wide (6 - 
7-1/2 acres/mile). For example, the proposed 26-48 

inch Alaskan Pipeline will require a 100 foot wide 

right-of-way corridor during construction. This will 

be reduced to a 54-foot-wide.permanent corridor, after . 

construction, which will allow access roads within 

the pipeline right-of-way for maintenance operations. (10) 

C. . Safety and the Risk of Accidents 

The'hazards of importing LNG arise from possible accidents 

in which a large amount of LNG is spilled and subsequently, 

ignited. There are many possible such accidents and these 

together with their possible consequences are.summarized in 

Figures 5a and 5b. For example LNG might be spilled via the 
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c o l l i s i o n  of ano the r  s h i p  w i t h  an LNG tanksh ip  o r  t h e  f a i l u r e  

and c o l l a p s e  of a  LNG s t o r a g e  tank .  Such s p i l l s  can  l e a d  

t o  "pool"  f i r e s  i n  which t h e  LNG burns  s i m i l a r l y  t o  a "pool" 

of g a s o l i n e  on wate r  o r  l and .  I f  t h e  s p i l l  and,  consequent ly ,  

t h e  f i r e  a r e  l a r g e  t h e  thermal  r a d i a t i o n  h a s , b e e n  e s t ima ted  

t o  be s u f f i c i e n t l y  i n t e n s e  t o  cause .  s e r i o u s  burns  and t o  

i g n i t e  secondary f i r e s  a t  d i s t a n c e s  of  1 . 5  t o  2 .5  t i m e s  t h e  

r a d i u s  of t h e  pool  f rom. the i ' c en t e r  of t h e  f i r e .  

The m o s t . n o t a b l e  example of an  LNG "pool"  , f i r e  (and c o i n c i -  

d e n t l y  t h e  on ly  known major c a t a s t r o p h e  i n  t h e  U.S. involv ing  

LNG) occur red  i n  Cleveland i n  October 1944. A s t o r a g e  tank  
3 con ta in ing  38,000 b b l s  (6,000 m ) of LNG co l l apsed .  The 

escap ing  l i q u i d  caught  f ' i r e  soon a f t e r w a r d s ,  and a s  it 

burned, it flowed down nearby streets,  a c r o s s  park ing  l o t s ,  

(19) Accumulations of and i n t o  basements and s torm sewers.  

vapor i n  t h e  l a t t e r  r eg ions  caused s e r i o u s  explos , ions 'which 

demolished many homes and .bu ' i l d ings .  F i r e  a l s o  spread  by 

thermal r a d i a t i o n  from t h e  f lame of  t h e  burning l i q u i d  pool  

nea r  . the  co l l apsed  tank.  . The flame o s c i l l a t e d  i n  " b u r s t s "  

and reached a  h e i g h t  of 2800 fee t . .  Combustibles were 

i g n i t e d  a t  d i s t a n c e s  of more than  1 0 0 0  f e e t  away (by r a d i a -  

t i o n ) .  I n  a l l ,  135 people  were k i l l e d  and approximately 

$10,000,000 p rope r ty  damage was incu r r ed .  

This  a c c i d e n t  was a t t r i b u t e d  t o  a m a t e r i a l  f a i l u r e .  ( b r i t t l e .  

f r a c t u r e )  of t h e  t ank  w a l l  a t  t h e  c ryogenic  tempera ture .  

An impor tan t  c o n t r i b u t i n g  f a c t o r  was t h a t  t h e  t anks  w e r e  n o t  

d iked t o  p reven t  t h e  spread of t h e  b u r n i n g , l i q u i d .  Modern 

LNG s t o r a g e  t anks  a r e  c o n s t r u c t e d  of m a t e r i a l s  wh-have 

been demonstra ted t o  r e t a i n  t h e i r  s t r e n g t h  a t  c ryogenic  

tempera tures .  Also,  a l l  t a n k s  are d iked .  



I f  t h e  s p i l l  i s  n o t  i g n i t e d  immediately, a l a r g e  flammable 

plume of LNG vapor might develop and d r i f t  downwind. The 

flammable plume i s  t h a t  por t ion  i n  which t h e  vapor concen- 

t r a t i o n  exceeds approximately 5 percent ,  t h e  lower flamma- 

b i l i t y  l i m i ' t  of methane-air mixtures.  When i g n i t i o n  f i n a l l y  

does occur ,  t h e  burning plume could cause s e r i o u s  burns 

and i g n i t e  secondary f i r e s  a t  ' d i s t ances  of 1 .0 t o  2.0 

plume r a d i i .  No acc iden t  of t h i s  type has ever occurred 

wi th  LNG. However an acc ident  involving a s p i l l  of naptha 

( a  highly v o l a t i l e  hydrocarbon f u e l )  i s  sugges t ive  of t h e  

events  and consequences of apossible ,LNG s p i l l  r e s u l t i n g  from 

a tankship c o l l i s i o n .  I n  t h i s  acc iden t  t h e  B r i t i s h  tankship,  
t h e  MV ALVA CAPE, ' was rammed by t h e  tankship SS TEXACO 

MASSACHUSETTS i n  New York harbor ,  June 16,  1966. (20) A 

p o r t i o n  of t h e  cargo of naphtha s p i l l e d , o n t o  t h e  water between 

t h e  two s h i p s  and su rv ivors  remembered seeing a l a r g e  vapor 

cloud forming. Approximately two minutes a f t e r  t h e  c o l l i s i o n ,  

an explosion on a tug between t h e  two s h i p s  i g n i t e d .  t h e  vapor 

a n d ' t h e  "pool" of naphtha on t h e  water.. , . Thir ty- three  persons,  

a l l  crew members of t h e  s h i p s  and tugs  involved, d ied;  some 

' i n  t h e  i n i t i a l  f l a s h  f i r e  and explosions,  some trapped i n  

t h e  burning "pool" f i r e  i n  t h e  water ( e s p e c i a l l y  t h e  crew of 

one of t h e  t u g s )  and o t h e r s  i n  t h e  f i r e s  on Board the '  ALVA 

CAPE and t h e  TEXACO MASSACHUSETTS. A l l  damage and i n j u r i e s  

were confined t o  t h e  s h i p s  and t h e i r  crews. 

I n  a d d i t i o n  t o  a f l a s h  f i r e ,  t h e  flammable plume might undergo 

p a r t i a l  de tonat ion  o r  otherwise c r e a t e  .extensive overpres- 

su res .  Such an occurrence would cause damage and i n j u r i e s  

over a somewhat l a r g e r  a r e a  than t h e  plume f i r e .  On t h e  

o t h e r  hand t h e r e  i s  no experimental  evidence t h a t  unconfined 

LNG vapor-air  plumes can de tonate .  



Given t h e  above hazards  of t r a n s p o r t i n g  and handl ing LNG, 

t h e  q u e s t i o n  becomes how l i k e l y  is  t h e  occurrence of . 

a c c i d e n t a l  s p i l l s  of LNG. This  i s  c r u c i a l  t o  de te rmin ing  

t h e  l e v e l  of r i s k  of i n j u r y ,  and l o s s  of  l i f e  and p rope r ty  

damage posed by t h e s e  hazards ,  and u l t i m a t e l y  t h e  accep ta -  ' 

b i l i t y  of t h e  r i s k .  Methods t o  judge t h e  a c c e p t a b i l i t y  

of r i s k ' a n d  t o , e s t i m a t e  t h e  p r o b a b i l i t y  of a c c i d e n t s  and 

adverse  consequences a r e  desc r ibed  b r i e f l y  i n  t h e  fo l lowing  

paragraphs .  LNG r i s k s  and means of  t h e i r  e v a l u a t i o n  a r e  

d i scus sed  i n  g r e a t e r  d e t a i l  i n  References 2 2 .  

For e x i s t i n g  and e s t a b l i s h e d  i n d u s t r i a l  a c t i v i t i e s ,  s o c i e t a l  

r i s k  may be eva lua t ed  from t h e  a c c i d e n t  exper ience  accrued.  

However, impor t a t i on  of l a r g e  q u a n t i t i e s  of LNG i s  a r e l a -  

t i v e l y  new a c t i v i t y  f o r  which s t a t i s t i c a l l y  meaningful  

a c c i d e n t  exper ience  does  n o t  e x i s t . .  Therefore  a t  p r e s e n t ,  

a n a l y t i c a l  methods a r e  r equ i r ed  t o  p r o j e c t  and a n t i c i p a t e  

t h a t  exper ience .  For t h i s ,  an a p p l i c a t i o n  of a  combination 

of phys i ca l  p r i n c i p l e s ,  l o g i c a l  arguments, and g e n e r a l  

d a t a  p e r t i n e n t  t o  LNG a r e  used.  

B y  t h e  p r e s e n t  methods, r i s k  of  a c c i d e n t s  i s  q u a n t i f i e d , i n  .. . 

terns of t h e i r  l i k e l i h o o d  (occur rences  p e r  y e a r )  and cons&- 

quence ( f  a t a l i t i e s  , i n j u r i e s ,  and p r o p e r t y  damage) . Thi s  

q u a n t i f i c a t i o n  l e a d s  t o  a  " r i s k  spectrum" of l i k e l i h o o d  

v e r s u s  consequence l e v e l .  Examples of  such spectrums a r e  

shown i n  F igu re  6. (21) The curve  l a b e l e d  "Al l  F i r e s  and 

Explosions . .  . I' was ob ta ined  from s t a t i s t i c a l  d a t a  whereas 
' 

t h e  lower cu rves  f o r  t r u c k  t r a n s p o r t  of LP-Gas and t anksh ip  

t r a n s p o r t  of LNG w e r e  e s t ima ted  a n a l y t i c a l l y .  

The LNG r i s k  spec t rum i n  F igu re  6 . d o e s  n o t  app ly  t o  a  s p e c i f i c  

s i te .  I t  i s  a  c o n s e r v a t i v e  (upper bound) e s t i m a t e  of t h e  

r i s k  of f a t a l i t i e s  by f l a s h  f i res  i n  LNG vapor -a i r  plumes 
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.. r e s u l t i n g  f r o m , c o l l i s i o n s  and.groundings of LNG tankships.  

The es t ima te  i s  based on 1000 annual t r ips '  i n t o  a l l  U.S. 

ports . .  Other acc iden t  mechanisms such a s  t h e  c o l l a p s e  of 

s to rage  tanks  and i n j u r i e s  produced by thermal r a d i a t i o n  

from burning pools  of l i q u i d  were .no t  included i n  t h a t  

e s t ima te  of r i sk . '  On t h e  o t h e r  hand, t h e  f l a s h '  f i r e  hazard 

o f ,  tankship c o l l i s i o n s  and g r 0 u n d i n g s . i ~  be l ieved t o  be t h e  

major con t r ibu to r  t o . f a t a l i t y  r i s k .  

The r i s k  curves i n  F igure  6 e x h i b i t  a  common c h a r a c t e r i s t i c  

of accidents: ,  frequency decreases  wi th  increas ing  consequence. 

Publ ic  concern emphasizes t h e  high consequence acc iden t s  

( 1 0 ' s  of f a t a l i t i e s  o r  mor'e) and tends  t o  ignore t h e  lower 

consequence acc iden t s  (one o r  two . f a t a l i t i e s ) .  Nevertheless ,  

t h e  involuntary  r i s k  t o  an ind iv idua l  i s  composed of both 

l a r g e  and small  acc iden t s  and t h e  l a t t e r  must n o t  be ignored. 

Summation of t h e  products of frequency and f a t a l i t i e s  under 

t h e s e  curves y i e l d s  t h e  average annual expected f a t a l i t i e s .  ' 

For f i r e s  and explosions of a l l  kinds ( i n  t h e  U.S. and Canada), 

thelsum is  about 1 2 , 5 0 0 . f ' a t a l i t i e s  per  year .  For LP-Gas 

tank t ruck  acc iden t s ,  1 . 2  f a t a l i t i e s  per  year  were est imated;  

and f o r  t h e  genera l ized  LNG tankship  c o l l i s i o n s  and groundings, 

0.4 f a t a l i t i e s  per  year  i n  f l a s h  f i r e s  were est imated.  The 

LP-Gas es t ima te  ag rees  well '  wi th , ac tua l  experi,ence: an 

average of 1 . 2  f a t a l i t i e s  per year from 1931 t o  1961 and an 

average of 1 t o  2 f a t a l i t i e s  pe r  year  f o r  t h e . y e a r s  1962 t o  

t h e  p resen t .  , This  agreement may be f o r t u i t o u s ,  but  neverthe- 

l e s s - d o e s  g ive  confidence t o  t h e  methodology used t o  e s t ima te  

t h e s e  r i s k  va lues .  
.. 



Another impor tan t  measure of  r i s k  i s  t h e  annua l  e x p e c t a t i o n  

v a l u e  of accident-caused f a t a l i t i e s  f o r  each  i n d i v i d u a l  p e r  

y e a r  ( u n i t s  are i n  f a t a l i t i e s  p e r  i n d i v i d u a l  p e r  y e a r ) .  

Th i s  measure of r i s k  has  a  p e r s o n a l  meaning and i s  convenien t  

f o r  comparison w i t h  t h e  r i s k  of o t h e r  e x i s t i n g  a c c i d e n t  

s i t u a t i o n s .  Accident  f a t a l i t y  and i n j u r y  d a t a  a r e  compiled 

and publ i shed  annua l ly  by s e v e r a l  i n s t i t u t i o n s .  Table 3 

l i s t s  t h e  numbers of  a c c i d e n t a l  d e a t h s  ranging from mainly 

v o l u n t a r y  r i s k s ,  such a s  automobile a c c i d e n t s ,  t o  mainly 

i n v o l u n t a r y  r i s k s ,  such a s  f i r e s  i n  p u b l i c  p l a c e s ;  and 

n a t u r a l  r $ s k s ,  such a s  being s t r u c k  by l i gh tn ing . .  For a l l  

a c c i d e n t s ,  t h e  i n d i v i d u a l  r i s k  of d e a t h  i n  t h e  U.S. i s  about  

5.6 x p e r  individu=& p e r  yea r .  ( 2 4  

D e f i n i t i v e  e s t i m a t i o n s  of i n d i v i d u a l  r i s k  f o r  pe r sons  l i v i n g  

and working nea r  LNG import  t e r m i n a l s  on t h e  U.S. E a s t  Coast  

have n o t  been pub l i shed .  However t h e  upper bound v a l u e  f o r  

annua l  expected f a t a l i t i e s ,  mentioned above, may be used 

t o  e s t i m a t e  a n  average i n d i v i d u a l  r i s k  va lue .  For  example, 

-Reference 1 r e p o r t s  t h a t  70 annual  LNG t a n k s h i p  t r i p s  a r e  

planned f o r  t h e  Eascogas t e r m i n a l  on S t a t e n  I s l a n d  a t  Ross- 

v i l l e .  F u r t h e r ,  it w a s  s t a t e d  t h a t  168,000 pe r sons  l i v e  

w i t h i n  a  six-mile-wide c o r r d i o r  c e n t e r e d  on t he  t a u k s l ~ i p  

r o u t e  through ~ a r i t a n  Bay and t h e  Ar thur  K i l l .  However, 

because  of t h e  h igh  p r o b a b i l i t y  of i g n i t i o n  o f  t h e  vapor  

plume on s h o r e ,  more than  90 p e r c e n t  of any a c c i d e n t  f a t a l i t i e s  

are expected t o  be  w i t h i n  about  1/2 m i l e  from t h e  s h o r e l i n e .  

Hence t h e  number o f  pe r sons  a t  r i s k  i s  approximately  
1.62i!$Z2 = 28,000. 



TABLE 3 .  SOME FATAL ACCIDENTS 

IN THE U.S. IN 1973 
( 2 4  1 

probability 
of Death 
Per Person 
Per Year 

2. 7x10-~ 

S ~ ~ . O - ~  

4.6x10-~ 

2; 4x10-' 

2 ..6xl~-5 

3x10-~ , . 

5x10-~. 

; 5 x 1 0 ~ ~  

5x10-~ 

5x10-~ 

Accident Type 

Motor Vehicles 

pedestrians Killed by 
IJlotor Vehicles 

Falls In '~omes 

Falls In Public Places 

Fires In Homes 

Fires in Public Places 

Air Transport 

Poisoning By Gases 

Lightning 

Cataclysm 

Number 
of Deaths 

55,800 

10,500 

9,600 

5,000 ' 
. . 

5 ,-400 

6 0 0 

1,100 

1,000 

12 2 

12 5 



.Ave rag ing  t h e  t o t a l  expected f a t a l i t i e s  f o r  7 0  t anksh ip  t r i p s  

( t h e  r i s k  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number of t r i p s )  

over  t h i s  number of people  g i v e s  an average i n d i v i d u a l  r i s k :  

T h i s  v a l u e  is  w i t h i n  t h e  range of t h e  r i s k . - o f  d e a t h  from 

n a t u r a l  cuases  and some invo lun ta ry  exposures  a s  l i s t e d  i n  

Table  3 .  However it should be k e p t - i n  mind t h a t  t h i s  r i s k  

v a l u e  i s  be l i eved  t o  be  c o n s e r v a t i v e l y  h igh  s i n c e  i t s  est i-  

mat ion does  n o t  account  f o r  t h e  planned s p e c i a l  n a v i g a t i o n a l  

p rocedures  and t h e  c o l l i s i o n  r e s i s t a n t  h u l l  s t r u c t u r e  -of LNG 

sh ipp ing .  

I t  i s  concluded t h a t  t h e  impor t a t i on  of LNG i n t o  U.S. E a s t  

Coas t  p o r t s  may be done s a f e l y  a t  a c c e p t a b l e  l e v e l s  of  r i s k .  

However, t h e  r i s k s  of each proposed p r o j e c t  must be examined 

i n  d e t a i l  t a k i n g  i n t o  account  t h e  number of t r i p s  planned,  

t h e  sh ipp ing  r o u t e ,  popu la t ion  d e n s i t y  nea r  t h e s e  r o u t e s ,  

o t h e r  sh ipp ing  t r a f f i c  and any planned s p e c i f i c  n a v i g a t i o n a l  

procedures .  I n  g e n e f a l  a low r i c k  may be expected f o r  s i tes 

which have: 

1. L i t t l e  o t h e r  .shipping t r s f  f  ic, 

2. Predominant winds which would tend  t o  blow an LNG 
vapor plume away from populated a r e a s ,  

3. . Low popu la t ion  d e n s i t y  near  t h e  siLe, 

4 .  Vigi lank  s u r v e i l l a n c e  and c o n t r o l  of sh ipp ing  

5. A min' i-mum number of LNG t anksh ip  t r i p s .  

Any of t h e s e  f e a t u r e s  a r e  s u f f i c i e n t  b u t  a r e  n o t  necessary ,  

f o r  a  low r i s k .  



I n  o r d e r . t o  a s s e s s  t h e  r i s k  of a  new a c t i v i t y ,  it i s  necessary  

t o  cons ide r  a l l  p o s s i b l e  a c c i d e n t s  and e v a l u a t e  p r o b a b i l i t y  

of occur rence  and consequence l e v e l '  of each.  To f a c i l i t a t e  

t h i s ,  t h e  diagram such  as t h a t  i n  F igu res  5a and 5b i s  

u s e f u l  t o  i d e n t i f y  a c c i d e n t  sequences.  A s  an  example, t h e  

flammable plume from t h e  c o l l i s i o n  of an  LNG tanke r  i s  t h e  

fo l lowing  sequence. The i n i t i a t i n g  even t  i s  a  c o l l i s i o n  

(e .g . ,  c o l l i s i o n  wi th  another  s h i p  o r  f i x e d  o b j e c t ,  o r  a 

grounding) involv ing .  an LNG tanke r  ( t h e  t e rmina l  system 

a f f e c t e d ) .  LNG s p i l l s  on to  t h e  w a t e r  and vapor i ze s .  No 

sa feguard  systems a r e  p r e s e n t  t o  c o n t r o l  t h e  s p i l l  o r  

v a p o r i z a t i o n .  The vapor d i s p e r s e s  and mixes w i t h  a i r ;  

forming a plume accord ing  t o  t h e  p r e v a i l i n g  c o n d i t i o n s ,  

wind speed,  a tmospher ic  s t a b i l i t y ,  and t e r r a i n  f e a t u r e s .  

A s  t h e  plume grows and moves downwind, it may be i g n i t e d  by 

any of t h e  many i g n i t i o n  sou rces  p r e v a l e n t  i n  a populated 

a r e a .  I g n i t e d ,  t h e  plume burns  and may k i l l  many of t h e  

unpro tec ted  ( n o t  i n s i d e  houses 'and b u i l d i n g s )  people  w i t h i n  

and a s h o r t  d i s t a n c e  o u t s i d e  it ( v i a  thermal  r a d i a t i o n ) .  

This  f i r e  i g n i t e s  t h e  remaining pool of LNG ( i f  any) and 

t h e  r e s u l t i n g  pool  f i r e  may cause  a d d i t i o n a l  damage and 

c a s u a l t i e s  near  t h e  c o l l i s i o n  l o c a t i o n .  

Q u ' a n t i t a t i v e l y ,  each b lock  i n  t h e  f i g u r e s  r e p r e s e n t s  an 

event which i s  d i s c r e t i z e d  i n t o  one or more l e v e l s  ( e . q . ,  

t h e  v a p o r i z a t i o n  r a t e  from a c e r t a i n - t y p e  of s p i l l ,  popu- 

l a t i o n  d e n s i t y  ranges  i n  a r e a  near  t h e  LNG : f a c i l i t y  , e t c  . ) , 
Cond i t i ona l  p r o b a b i l i t i e s  may be a s s igned  t o  each of t h e s e  

l e v e l s  based on a  phys i ca l  a n a l y s i s  o r  empi r i ca l  r e l a t i o n -  

s h i p s .  Thus, t h e r e  i s  a  l e v e l  and p r o b a b i l i t y  f o r  each even t  

i n  a n  a c c i d e n t  sequence. The combination of Levels d e f i n e s  a  

s i n g l e  consequence (people  k - i l l e d  o r  p rope r ty  damage), and 

t h e  p r o b a b i l i t y  of t h a t  consequence i s  t h e  produc t  of t h e  



c o n d i t i o n a l  p r o b a b i l i t i e s  of each of  t h e  l e v e l s .  This method 

of r i s k  assessment  i s  e s s e n t i a l l y  t h e  same a s  t h a t  used i n  - 
t h e  r e c e n t  nuc l ea r  power p l a n t  s a f e t y  s tudy .  ( 2 3 )  

A p o t e n t i a l  problem w i t h  t h i s  method of assessment  i s  t h a t  

some of t h e  p r o b a b i l i t i e s  and consequences may be very  

u n c e r t a i n .  An approach f o r . - d e a l i n g  w i t h  t h i s  i s  t o  make 

c o n s e r v a t i v e  assumptions i n  o rde r  t o  e s t a b l i s h  an upper 

bound f o r  t h e  r i s k  of an a c c i d e n t  sequence. I t  may t u r n  

o u t ,  and it o f t e n  does ,  t h a t  even w i t h  such assumptions ,  

t h e  c a l c u l a t e d  p r o b a b i l i t y  and/or consequence of many a c c i -  

d e n t  sequences t u r n  o u t  t o  be i n s i g n i f i c a n t  compared t o  o t h e r s  

and may be ignored .  For t hose  a c c i d e n t  sequences which 

remain,  t h e  upper bound of r i s k  i s  compared wi th  t h e  r i s k  

c r i t e r i a  of e x i s t i n g  r i s k s ,  and i f  t h e  upper bound i s  less 

t h a n  t h e ' c r i t e r i a ,  it may be concluded t h a t  t h e  t o t a l  r i s k  

of  t h e  a c t i v i t y  i s  minimal. I f  n o t ,  t h e .  assumptions a r e  

re-examined t o  r e f i n e  t h e  e s t i m a t e s  of even t  p r o b a b i l i t i e s  

and consequence and t o  reduce t h e  upper bound of r i s k  

c l o s e r  t o  i t s  t r u e  va lue .  

D.  Summary 

There a r e  a very  l a r g e  number of Fede ra l ,  S , t a t e  and l o c a l  

governmental agenc ie s  which have some j u r i s d i c t i o n  over  

t h e  approval  of a LNG impor t a t i on  a p p l i c a t i o n .  Ch'ief among 

t h e s e  i s  t h e  FPC which must approve bo th  (1) t h e  t e rmina l  

s i t e  and o p e r a t i o n s ,  and ( 2 )  t h e  . con t rac ted  and d e l i v e r e d  
p r i c e  of t h e  imported LNG. The FPC a l s o  i s  r e s p o n s i b l e  f o r  

p repa r ing  an  environmental  i'mpact s t a t emen t  f o r  t h e  p r o j e c t .  



The approval process  could conceivably r e q u i r e  a  t i m e  a s  

s h o r t  a s  about one year .  However, one r e c e n t  a p p l i c a t i o n  

t o  t h e  FPC f o r  a  te rminal  on t h e  Eas t  Coast requi red  3 0  

months f o r  approval.  Applicat ion f o r  one s i t e  i s  s t i l l  

pending a f t e r  3 years  and is expected t o  cont inue f o r  s t i l l  

another  year .  

Some of t h e  s i t e s  a r e  l o c a t e d ' s u c h  t h a t  l a r g e  populat ions 

a r e  exposed t o  t h e  hazards of l a r g e ,  a c c i d e n t a l  f i r e s .  

Since importat ion of LNG i s  a -new a c t i v i t y ,  wholly r e l e v a n t  

acc iden t  experience f o r  gauging t h e  l ike l ihood  and r i s k  of 

acc iden t s  does not  e x i s t .  Ins t ead ,  a n a l y t i c a l  methods a r e  

being appl ied  f o r  es t imat ing  t h e  r i s k s .  F i n a l  r e s u l t s  of 

t h e s e  analyses  a r e  y e t  t o  be publ ished bu t  pre l iminary  

i n d i c a t i o n s  a r e  t h a t  t h e  r i s k s  ,posed' by most of t h e  proposed 

LNG import '  p r o j e c t s  a r e  acceptable .  

Aside from f i r e  hazards,  t h e  environmental impacts expected 

from a  LNG terminal  a r e  no g r e a t e r  than f o r  o the r  i n d u s t r i e s  

and n a t u r a l  gas s to rage  f a c i l i t i e s .  The p r i n c i p a l  impacts 

a r e  the.comrnitment of land t o  t h i s  use and hence t h e  l o c a l  

d is turbance  of t h e  t e r r e s , t r i a l  and marine environments.,  On 

t h e  o the r  hand, normal te rminal  opera t ions  may be expected 

t o  genera te  n e g l i g i b l e  a i r  and water p o l l u t a n t s .  
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SECTION I V  

SITE SELECTION CRITERIA 

The purpose of t h i s  s e c t i o n  i s  t o  genera l  c r i t e r i a  

f o r  t h e ' s i t e  s e l e c t i o n  of an LNG r ece iv ing  .terminal f o r  t h e  

Northeast  reg ion  of t h e  ,United S t a t e s .  There a r e  two v i e w -  

po in t s  from which thege c r i t e r i a  a r e  der ived.  The f i r s t  

being t h a t  of t h e  var ious  regula tory  a u t h o r i t i e s  and t h e  

second, t h a t  of t h e  f i rm cons t ruc t ing  and operating. t h e  

terminal .  A complete s e t  of s i t i n g  c r i t e r i a  must meet t h e  

ob jec t ives  of .  both p a r t i e s .  

The main o b j e c t i v e s  of t h e  regula tory  bodies  a r e  t o  p r o t e c t  

the '  i n t e r e s t s  and s a f e t y  of t h e  genera l  p u b l i c  and t o  main- 

t a i n  t h e  environmental q u a l i t y  of t h e  a r e a .  The main objec- 

t i v e  of t h e  .companies cons t ruc t ing  and opera t ing  t h e  te rminal  

i s  t o  have an operable ,  e r f i c i e n t ,  and p r o f i t a b l e  opera t ion .  

Insofa r  t h a t  it i s  i n  t h e  pub l i c  i n t e r e s t  t o  have a  success fu l  

LNG import p r o j e c t ,  some of t h e  c r i t e r i a  a r e  common t o  both 

p a r t i e s .  

The fol lowing s i t e  c r i t e r i a  must be met t o  s a t i s f y  'var ious 

r egu la to ry  agencies ,  e s p e c i a l l y  t h e  Federal  Power Commission. (26) 

The s i t e  must be on soLid bedrock o r  o t h e r  geologica l  

formations support  t h e  proposed f a c i l i t i e s .  

The s i t e  should n o t  be exposed t o  s p e c i a l  earthquake 

o r  c l i m a t i c  hazards.  

The s i t e  must be ad jacen t  t o  a body o f  water o f  

s u f f i c i e n t  depth ( ~ 4 0  f e e t  o r  more) and width ( ~ 5 0 0  

f e e t  or more) t o  accommodate t h e  l a r g e  LNG v e s s e l s .  



The s i te  must a l low year-round opera t ion  f o r  base- 

load imports.  

S u f f i c i e n t  acreage must be a v a i l a b l e  f o r  l e a s e  o r  

p u r c h a s e . i n  an a r e a  appropr ia t e  f o r  i n d u s t r i a l  

zoning. Very roughly a 1 Bcf/day rece iv ing  te rminal  

may r e q u i r e  500-1200 a c r e s  of land for. docks, o f f -  

loading,  s to rage  and r e g a s i f i c a t i o n  fac i1 , i t i e s .  

The s i t e  should be loca ted  such t h a t  it does no t  

compound e x i s t i n g  a rea  s a f e t y  problems. A s  an example 
t h e  LNG r ece iv ing  terminal  should no t  be Located a t  . , 

t h e  end of an a i r p o r t  runway. 

The s i te  should be s o  loca ted  t o  minimize d i s r u p t i o n  

t o  t h e  environment of t h e  a r e a  dur ing  t h e . c o n s t r u c t i o n  

phase. . T h i s  inc ludes  t h e  a b i l i t y  t o  c o n t r o l  runoff 

e ros ion  and t h e  a b i l i t y  t o  l i m i t  damage t o  t h e  a rea  

w i l d l i f e  and f o l i a g e .  A s  an example, a rocky shore- 

l i n e  o r  s t a b l e  sand beach 2s p r e f e r a b l e  t o  a t i d a l  

marsh land. whose ecology i s  more s u s c e p t i b l e  t o  

d i s r u p t i o n s .  Deep water c l o s e  t o  shore  i s  d e s i r a b l e  

t o  minimize dredging. 

The s i te  cons t ruc t ion  should not  des t roy  e x i s t i n g  

a rcheo log ica l  and h i s t o r i c a l  q u a l i t i e s  p e c u l i a r  t o  

t h e  s i t e  a rea .  

Location of t h e  s i t e  i n  an i n d u s t r i a l  a r e a  i s  

d e s i r a b l e  t o  minimize a d d i t i o n a l  permanent damage t o  

t h e  n a t u r a l  environment and a e s t h e t i c  q u a l i t i e s  of 

t h e  area.. 

I t  i s  d e s i r a b l e  t h a t  l o c a l  community f a c i l i t i e s  

such a s  housing, schools ,  and l o c a l  t r a n s p o r t a t i o n  

be a b l e  t o  handle t h e  increased  loads during t h e  

cons t ruc t ion  phase. 



Due t o  t h e  combust ible  n a t u r e  of n a t u r a l  g a s ,  t h e  

s i t e  l o c a t i o n  must g i v e  c o n s i d e r a t i o n  t o  t h e  s a f e t y  

of t h e  l o c a l  popu la t ion  (See Sec t ion  111). 

The s a f e t y  p recau t ions  promulgated by t h e  U.S. Coast  

Guard f o r  LNG v e s s e l  c o n t r o l  must be adequate  t o  

minimize t h e  l i k e l i h o o d  - of a s p i l l  from a  tanksh ip .  

These p recau t ions  i n c l u d e  Coast  Guard e s c o r t ,  one- 

way t r a f f i c ,  movement i n  good weather and d a y l i g h t  

hours  o n l y ,  br idge- to-br idge communications between 

a l l  s h i p s  i n  a harbor ,  and adequa te  f ende r ing  wh i l e  

t h e  LNG t anksh ip  is  docked. 

The s i t e  l o c a t i o n  s e l e c t i o n  must cons ide r  t h e  l o c a l  

mari t ime t r a f f i c .  

~ i n i m a l  t r a f f i c  i s  i d e a l .  S h o r t  of t h a t ,  t h e  s i t e  . %I ..... . , 

should be l o c a t e d  such t h a t  t h e  i o c a l  mari t ime t r a f f i c  . . . . 

i s  i n t e r r u p t i b l e  wi thout  s u s t a i n i n g  a  major e f f e c t  .. . . , . . .. 

on t h e  normal s h i p  t r a f f i c  of t h a t  p o r t .  For each 

d e l i v e r y ,  it can  be expected t h a t  l o c a l  t r a f f i c  

w i l l  be t emporar i ly  i n t e r r u p t e d  t o  i n s u r e  t h e  s a f e  ..,. . . . . 
passage of t h e  LNG t a n k e r s .  Depending on t h e  t r a f f i c  . .. . . , 
and t h e  nav iga t ion  parameters ,  d e l a y s  should be  

he ld  t o  l e s s  t han  a few hours  a t  any p a r t i c u l a r  

l o c a t i o n .  (1). The frequency of L N G  d e l i v e r i e s  t h e r e -  

f o r e  becomes a  cons ide ra t ion .  

Consider ing es t imated  imports  of LNG,into t h e  North- 

e a s t  by 1985 t o  be 0.8-1.1 Tcf/year (See 'Sec t ion  V I I )  , 
t o  s a t i s f y  t h i s  demand it would r e q u i r e  approximately 

3 one t anke r  of c a p a c i t y  1 2 5  , 000 m p e r  day.  ' Fur the r  

assuming t h a t  t h e  f o u r  t e r m i n a l s  i n  t h e  Nor theas t  t h a t  

a r e  p r e s e n t l y  complete o r  a r e  nea r ly  complete w i l l  be  

f u l l y  ope rab le  by 1985, t hen  t h e  frquency of d e l i v e r i e s  

can  be reduced t o  roughly two p e r  week pe r  t e rmina l .  



From t h e  v iewpoin t  of t h e  companies t h a t  c o n s t r u c t  and o p e r a t e  

t h e  t e r m i n a l ,  t h e  s i t e  must meek most ,  i f  n o t  a l l ,  of t h e  

fo l lowing  c r i t e r i a :  

The s i t e  should be i n  p rox imi ty  t o  an  e x i s t i n g  ma'jor 

n a t u r a l  g a s  p i p e l i n e .  
, ' . A . .  - . . 

The LNG must be r e g a s i f i e d  a n d . d i s t r i b u t e d  t o  t h e  ~ 

f i n a l  customer.  his d i s t r i b u t i o n  c a n  be done through 

t h e  e x i s t i n g  network of n a t u r a l  gas  p ipe l - ines .  I n  

o r d e r  t o  minimize t h e  c o s t  of c o n s t r u c t i v ~ ~  uf  new pipe-  

l i n e s  and a d d i t i o n a l  environmental  d i s r u p t i o n ,  it i s  

necessary  t o  l o c a t e  t h e  t e r m i n a l  a s  c l o s e  a s  p o s s i b l e  

t o  an  ; x i s t i n g  major p i p c i i n c .  ~ h o  n a t u r a l  ga,s 

p i p e l i n e  network of t h e  Nor theas t  Region i s  shown 

schema t i ca l ly  i n  F igu re  2 .  

The s i t e ' f o c a t i o n  should lend  i t s e l f  :'to. -the cons t ruc-  

t i o n  of  o f f - load ing  f a c i l i t i e s . .  

A deep-water harbor  t h a t , i s  s u f f i ' c i e n t l y  s h e l t e r e d  

yea r  round i s  a  very  d e s i r a b l e  l o c a t i o n  f o r  a  r e c e i v i n g  

t e rmina l .  Deep-water o f f - load ing  v i a  i n s u l a t e d  pipc-  

, l i n e s  i s  a l s o  p o s s i b l e .  However, :Cc.~r distances 

g r e a t e r  t han  a  few thousand f e e t ,  t h e  c o s t  of such a  

p i p e l i n e  may be  p r o h i b i t i v e .  For on-shore o f f - load ing  

f a c i l i t i e s  a t  l e a s t  40-45 f e e t  'of wdLei- (mean watcr  , - 
l e v e l ,  low t i d e  minimum of 35 f e e t )  a r e  r e q u i r e d  f o r  

n a v i g a t i o n  ut t a n k e r s  of t y p i c a l  dimensions:  

l e n g t h ,  750-950 f e e t ;  beam, 120-150 fee t . ;  d r a f t ,  

3 5 - 4 0  f e e t .  1-11 .the cn3e t h a t  t h e  of f-loadi-ncj f a c i l i -  

t i e s  are o f f - sho re ,  t h e  g r e a t e s t  danger l ies  i n  

s t r u c t u r e s  t h a t  r e s t r i c t  o r  markedly, change e x i s t i n g  

w a t . e r  flow. Such chanqes can  r e s u l t  i n  b a r  r e l o c a t i o n  

and/or c r e a t i o n  and changes i n  t h e  harbor  l i n e  t h u s  

a f f e c t i n 6  a l l  i n d u s t r y  and t r a f f i c  us ing  t h e  harbor .  
I 
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Figure  7.  Major n a t u r a l  gas p ipebines  
(FPC) a s  of 31 December 1971. 



Proximity '  t o  l o c a l  u t i l i t i e s  should lend  i t s e l f  t o  

t h e  suppor t  of  c o n s t r u c t i o n  requirements  and on-going 

o p e r a t i o n a l  needs a t  t h e  t e rmina l  si te.  

P a r t i c u l a r l y  du r ing  t h e  t h ree -p lus  y e a r s  of p l a n t  

c o n s t r u c t i o n ,  t h e  l o c a l  u t i l i t i e s  must be a b l e  t o  

p rov ide  t h e  power and w a t e r  needs. A f t e r  o p e r a t i o n  

i s  underway, much of t h e  power demand can be 

s a t i s f i e d  by u t i l i z i n g  bo i l -o f f  n a t u r a l  gas .  Water 

demand w i l l  be minimal provided coo l ing  water f o r  

t h e  bo i l -o f f  compressors and other needs i i s :  ~ ' e c y c l e d .  

However, a v a i l a b l e  w a t e r  supply must be a c c e s s i b l e  

t o  3 ; l t i n f y  f i r e  p r o t s c t i  on r ~ r j t ~ l  a t i o n s .  

I n  Reference 6 t h e  fo l lowing  s i tes  were suggested 'as 

p o s s i b l e  l o c a t i o n s  f o r  LNG r e c e i v i n g  t e r m i n a l s  des igned 

t o  s e r v i c e  t h e  Nor theas t  s e c t i o n  of t h e  ,United S t a t e s :  

o Penobscot Bay, Maine - The harbor  i s  deep and t h e  

popu la t ion  d e n s i t y  i s  low, b u t  t h e  s i t e  i s  a 

s u b s t a n t i a l  e i s t a n c e  from a  major g a s  t r ansmis s ion  

l i n e .  

P o r t l a n d ,  Maine - The harbor  a 1 s o . i ~  deep and t h e  

s i t e  i s  l o c a t e d  a  s u b s t a n t i a l  d i s t a n c e  from a  major 

gas  t r ansmis s ion  l i n e .  However, t h e  popu la t ion  

d e n s i t y  i s  moderate ly  h igh  and t h e . s u r r o u n d i n g  

s h o r e l i n e s  a r e  prime r e s i d e n t i a l  and r e c r e a t i o n a l  

a r e a s .  

Boston, Massachuset ts  - There i s  an  exis.l;ing t e r m i n a l  

a t  E v e r e t t  on t h e  Mystic River .  Uorchester  (Boston 

Gas) a l s o  has  f a c i l i t i e s  f o r  unloading s h i p s .  

Although t h e  popu la t ion  d e n s i t y  i s  h igh ,  t h e  proxir i~i ty  

t o  p i p e l i n e s  and t h e  deep w a k r r  make t h i s  harbor  an  

a c c e p t a b l e  s i te .  



a Providence, Rhode Island - A terminal for off-loading 
barges is already in existence. A terminal for 

ocean-going ships is under consideration and would 

be tied into existing major gas pipeline network in 

'Massachusetts, approximately 5 miles away. Nearby 

population density is very high. 

a Conanicut Island, Rhode Island - At the entrance 
to Narragansett Bay. A good' location with an 

acceptable harbor and low population density. 

The distance to a major pipeline system is 

'about 30 miles. 

New York, New York - The demand is high with 
a good distribution system, but the population 

density .is very high.and the marine traffic 

is heavy. A terminal already exists on Staten . 

Island at Rossville. 

a Delaware River - There are several possible 
sites on the' Delaware River.   he area natural 
gas demand is high and near major natural gas 

pipelines. The area has a medium population 

density. A terminal is under construction on 

Raccoon Island, New Jersey, across .the river 

from Marcus Hook, PA. 

a Chesapeake Bay, Maryland - There are several 
possible sitgs. The demand for natural  gas  

is high,.and the population density is medium. 

There may be heavy Navy traffic in some areas. 

A large terminal is under construction at Cove 

Point. This terminal will be tied into a major 

gas.pipeline near Leesburg, VA. 

The location of these sites can be seen on Figure 8. 
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Figure  8: p o s s i b l e  and e x i s t i n g  LNG 
r ece iv ing  te rmina l  s i t e s .  



SECTION V 

The length of time required to bring an LNG import terminal 

into operation can be divided into two major sections. The 

first section is that period of time from the conception of 

the project to the granting of the project approvals by the 

regulatory bodies. The second section is that period of time 

required for detailed engineering, material and equipment 

procurement, construction and startup of the LNG terminal. 

Section I11 of this study discusses the required regulatory 

approvals.. The approval time can range from-two to perhaps 

more than four years. During this period of time the utility 

or firm, wishing to construct and operate an LNG terminal, 

must submit an environmental impact report to'the Federal 
. . 

Power Commission (FPC). The FPC reviews and comments on the 

environmental impact report and from' the information it 

contains the FPC prepares and issues, an environmental impact 

statement to the public. After a public comment period, 'a 

public hearing is held on the project. .If the findings of 

the public hearing are favorable to the project and if 

there is no negative action by a cognizant state or local 

agency, FPC approval can 'bc granted and cons Li u c ~ i u r i  can 

begin. 

During this first secti.on of the project, negotiations for a 

supply of LNG are started as well as the project financing 

arrangement. Preliminary engineering sufficient to support 

the writing of the environmental impact report and to . 

establish the project costs is performed during the first 

section of the project. 



Detailed engineering of the receiving terminal usually does 

not begin before project approval is granted. The reason 

for this is the uncertainty of what the final approval may 

require. As an example, site considerations may require . 

special environmental protection, or safety equipment to be 

incorporated into the basic design of the facility, thus 

invalidating some or all of the detailed engineering which. 

did not include such features. Equipment procurement and 

construction starts soon thereafter. 

Figure 9 provides an overview of an T,NG receiving termirial 

schedule. The solid lines represent a normal schedule with 

the dashed lines showing the effects of various delays in 

schedule. In sulmnary it requires nine to ten years to 

complete the full project cycle. 

Not shown on the schedule in Figure 9 are those activities 

required to bring an LNG liquefaction facility into 

operation to support the receiving terminal or those activi- 

ties required to .provide a fleet of LNG. ships to transport 

the LNG. Both groups of these activities must parallel the 

- LNG terminal activities. 



SECTION V I  

PROJECTED AVAILABILITY AND RELIABILITY OF SUPPLY 

Table 4 d e t a i l s  t h e  world 's  proved rese rves  of n a t u r a l  gas 

by regions.  Table 5 es t imates  u l t i m a t e  recoverable  n a t u r a l  

gas reserves .  A s  can be seen t h e  l a t t e r  d a t a  a r e  only 

est imated ranges, and a s  such, do no t  r ep resen t  accura te  

values.  Table 6 provides d a t a  on t h e  wor ld ' s  1 9 7 2  n a t u r a l  

gas  production. I n  examining these  t h r e e  t a b l e s ,  probably 

t h e  most s t r i k i n g  f e a t u r e  i s  t h e  United S t a t e s  production 

r a t e  which is  approximately equal  t o  t h e  r e s t  of t h e  world 

combined. 

The purpose i n  present ing  these  t h r e e  t a b l e s  i s  t o  he lp  

i d e n t i f y  poss ib le  import sources of LNG f o r  t h e  Northeast  

reg ion  of t h e  United S t a t e s .  I n  i d e n t i f y i n g  some poss ib le  

sources t h e  following c r i t e r i a  can be appl ied:  

.The s e a  rou te  between t h e  Northeastern region and 

t h e  source of n a t u r a l  gas should no t  be excessively 

long s o  a s  t o  minimize t h e  necessary f l e e t  s i z e ,  

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

This r o u t e  should probably be l e s s  than 9,000 miles .  

This  c r i t e r i a  would.el iminate  t h e  Far Eas t  and t h e  

~ a c i f  i c  Oceania a reas  from cons idera t ion .  

The import source of LNG should have s u f f i c i e n t  

proven reserves  of n a t u r a l  gas t o  support  t h e  major 

production of LNG f o r  approximately twenty yea r s .  

An example would be one b i l l i o n  cubic  f e e t  pe r  day , 

f o r  twenty years .  This would r e q u i r e  a  proven rese rve  

of approximately seven t r i l l i o n  cubic f e e t .  
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Pre-engineer in^ A c t i v i t i e s  
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P u b l i c  H e a r i r g s  

Miscel laneous  Local  Approvals 

P r o j e c t  A p p r c - ~ a l  

Minimum P r o j e c t e d  Time 

Maximum Prc . jec ted  Time 

Years 1 

Receiving Terminal  . . 

Scoping F a c i l i t i e s  

D e t a i l e d  ~ n g . i n e e r i n g  

S i t e  p r e p a r a t i o n  - C i v i l  

P o r t  C o n s t r u c t i o n  

P l a n t  C o n s t r u c t i o n  
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LNG D e l i v e r y  

Minimum P r o j e c t e d  Tine 

M.3ximum P r o j e c t e d  Time 

Months 1 2  2 4  36 48 60 72 84 96 108 120 

2 1 3  4 5 6 7 .  . 8 9 10 



TABLE 4 ( 2, 

WORLD NATURAL GAS RESERVES (1972) 
( T r i l l i o n  Cubic F e e t )  ' 

Proven  Rese rves  

Nor th  Arner  ica 

Canada 55.5 
Mexico 11 .'5 
U n i t e d  s ta tes  237.0* 

T o t a l  Nor th  America 304.0 

S o u t h  America 

. A r g e n t i n a  
B o l i v i a  
B r a z i l  

' c h i l e  
Columbia 
Ecuador 
P e r u  
T r i n i d a d  and ~ o b a g o  
Venezuela  
. ' T o t a l  S o u t h  America 

A£ r i ca  

A l g e r i a  106 .0  
Angola ' 1 . 4  

Egypt  7 .5  
Libyan  Arab R e p u b l i c  27.5. 
N i g e r i a  40.0 
T u n i s i a  1 .5  
O t h e r  A f r i c a  - 6.6  

T o t a l  A f r i c a  190 .5  

Europe  

~ l b a n i a  
A u s t r i a  
B u l g a r i a  
~ z e c h o s l o v a k i a  . .  
Denmark 
F r a n c e  
German Democra t ic  Repub l i c  
F e d e r a l  Repub l i c  o f  Germany 

* 14ungary 
T t a l y  

* 
Proved  Rese rves  as o f  December 1'974 

(17 )  



TABLE 4 (Con t inued)  

Proven  R e s e r v e s  

Europe  (Con t inued)  

Ne the r  l a n d s  
Po land  
Romania 
U n i t e d  Kingdom 
USSR 
Yugos lav ia  

T o t a l  Europe  

A s i a  

Af y h a n i s t a n  
B a h r a i n  
Bangledesh  
Brune i  
P e o p l e ' s  R e p u b l i c  o f  China . 

R e p u b l i c  of  China (Taiwan) 
I n d i a  
I n d o n e s i a  
I r a n  
Iraq 
J a p a n  
Kuwait 
M a l a y s i a  
Oman 
.Pakistan 
Q a t a r  
S a u d i  A r a b i a  
S y r i a n  Arab Repub l i c  
Turkey 
Un i t ed  Arab E m i r a t e s  

T o t a l  A s i a  

Oceania  

A u s t r a l i a  
N e w  Zealand 

T o t a l  Oceania  

TOTAL WORLD 1 ,899 .3  



TABLE 5 ( 2  

ESTIMATED WORLD ULTIMATE RECOVERABLE 

NATURAL GAS RESERVES ( 1 9 7  2 ) 

( T r i l l i o n  C u b i c  F e e t )  

N o r t h  Ameri.ca 

C a n a d a  1 0 0  - 1 , 0 0 0  
Mexico 1 0 0  - 1 , 0 0 0  
U n i t e d  S t a t e s  1 , 0 0 0  - 1 0 , 0 0 0 *  

T o t a l  N o r t h  A m e r i c a  1 , 2 0 0  - 12,OO 

S o u t h  A m e r i c a  

A r g e n t i n a  . 1 0  - 1 0 0  
B o l i v i a  1 0 0  - 1 , 0 0 0  
B r a z i l  1 0 0  - 1 , 0 0 0  
C h i l e  1 0  - 1 0 0  
Co l . umbia  1 0  - 1 0 0  
E c u a d o r  1 0  - 1 0 0  
P e r u  1 0  - 1 0 0  

T o t a l  S o u t h  Axr-erica ' . 3 4 0  - 3 , 4 0 0  

A f r i c a  

A l g e r i a  
Ango 1 a 
B o t s w a n a  
Congo  
E g y p t  
E t h i o p i a  
G a b o n  

' K e n y a  
. L i b y a n  A r a b  R e p u b l i c  
Mozambique  
N i g e r i a  
S o u t h  A f r i c a  
Zaire 

T o t a l  A f r i c a  

E u r o p e  

- .  
F r a n c e  1 0  - 1 0 0  
German  Dem0crat.i.c: Re'pi.ihlic 1 0  - 1 0 0  
F e d e r a l  R e p u b l i c  of G e r m a n ,  * 1 0  - 1 0 0  
I r e l a n d  1 0  - 1 0 0  

*More r e c e n t  e s t i m a t e s  of U.S.  u l t i m a t e  recoverable r e s e r v e s  
i n d i c a t e  t h a t  1 , 0 0 0  Tc f  may be t h e  u p p e r  l i m i t .  



TABLE 5 (Continued) 

. Europe (Continued) 

Ireland 
,Italy 
Netherlands 
Norway 
Romania 
United Kingdom . 
USSR 
Total Europe 

Asia 

Afghanistan 
Bahrain 
Bangladesh 
nuitma 
People's Republic of China 
Illdid 
Indonesia 
Iran 
Iraq 
Republic of Korea 
Kuwait 
~alaysia 
Mongolia 
Oman 
Pakistan 
Phillippines 
Qatar 
Saudia Arabia 
United Arab Emirates 
Total Asia 

Oceania 

AuoCralia 
New Zealand 
Total Oceania 

TOTAL WORLD 



TABLE 6 ( 2 )  
, , 

WORLD NATURAL GAS PRODUCTEON (1'972) . 
( T r i l l i o n  Cubic  F e e t )  

Nor th  Aherica 

Canada 2.9 
Mexico 

(17 )  0.7 , 
Uni t ed  S t a t e s  21 .3  - 

T o t a l  Nor th  America 24.9 
S o u t h  America 

A r g e n t i n a  0.3 
B o l i v i a  0 .1  
C h i l e  . . 0.3  
Columbia 0 . 1  
T i n i d a d  and  Tobago 0 . 1  
Venezuela  1 .7  
O t h e r  S o u t h  America -. 0 . 1  

T o t a l  Sou th  America 2.7 

A f r i c a  

- A l g e r i a '  0 . 1  
Egypt  0.2 
Libyan  Arab  ~ e ~ u b l i c  . 0.5  
N i g e r i a  0 .6  
O t h e r  A f r i c a .  0.1. 

~ o t a l  A f r i c a  
- 
1 . 5  

Europe  

F r a n c e  
F e d e r a l  Repub l i c  of  Germany 
~ e r m a n  Democra t ic  R e p u b l i c  

, . Hungary 
I t a l y  . .  

N e t h e r l a n d s  
P o l a n d  
Romania 
Un i t ed  ~ i n g d b m  

' USSR 
O t h e r  Europe 

T o t a l  Europe 

A s i a  

A f g h a n i s t a n  
I n d o n e s i a  
I r a n  
Kuwait 
P a k i s t a n  
~ a u d i '  A r a b i a  
O t h e r  A s i a  

' r o t a1  A s i a  

Ocean ia  

A u s t r a l i a  0 . 1  
New Zealand '0.01 

T o t a l  Oceania  0 .1  

TOTAL WORLD 47.3 



The sou rce  coun-t ryjs  energy wea l th  should be  g r e a t  

enough t o  suppor t  domestic growth c a p a b i l i t i e s  a s  

-wel l  a s  expor t ing  s i g n i f i c a n t  q u a n t i t i e s  of n a t u r a l  

gas .  This  c r i t e r i a  would e l i m i n a t e  a l l  of Europe 

w i t h  t h e  p o s s i b l e  excep t ion  of  Western Russia.  

The r e s u l t s  of  app ly ing  t h e s e  c r i te r ia  narrow t h e  p o s s i b l e  

LNG e x p o r t  c a n d i d a t e s  t o  t h e  fo l lowing  c o u n t r i e s :  

kbu Dhabi Libya 

Alge r i a  N ige r i a  

I r a n  Saudi Arabia 

I r a q  Venezuela , 

Kuwait . Western Russia  
. . 

Indones ia ,  wh i l e  f a r t h e r  away-, has a  l a r g e  p o t e n t i a l  supply 

of n a t u r a l  gas  and i s  c u r r e n t l y . e x p o r t i n g  LNG t o  Japan.  

The s t a t u s  of United S t a t e s  LNG import  c o n t r a c t s  i s  n o t  

c l e a r .  For example, on March 9 ,  1972, t h e  Fede ra l  Power 

Commission (FPC) f i r s t  au tho r i zed  D i s t r i g a s  of Boston t o  

import  15.4 b i l l i o n  cub ic  f e e t  of LNG p e r  yea r  f o r  a  pe r iod  

of twenty y e a r s .  A t  t h a t  t ime t h e  FPC he ld  t h a t  it had no 

j u r i s d i c t i o n  over  t h e  LNG r e c e i v i n g  t e r m i n a l .  L a t e r ,  a f t e r  

Q i s t r i g a s  had completed t h e  t e r m i n a l ,  t h e  F'PC r eve r sed  i t s  

p o s i t i o n  and r e q u i r e d  D i s t r i g a s  t o  see;: c e r t i f i c a t i o n  of 

t h e  completed f a c i l i t y .  During t h i s  pe r iod  of t i m e  mercury 

c o r r o s i o n  problems reduced t h e  produc t ion  a t  t h e  Skikda,  

A lge r i a  f a c i l i t y ,  l i m i t i n g  L N G  p roduc t ion  t o  e a r l i e r  

commitments t o  Gaz de  France. Because of t h e  produc t ion  

problems and t h e  FPC a c t i o n s ,  t h e  Alger ians  cance l l ed  t h e  

c o n t r a c t  w i t h  D i s t r i g a s .  F u r t h e r ,  Eascogas LNG Company 

r ece ived  FPC c o n d i t i o n a l  approval  on December 28, 1973 t o  

import  4.7 t r i l l i o n  cub ic  f e e t  of LNG over  a  22  year  per iod .  

Again because of  extended d e l a y s  i n  FPC r e g u l a t o r y  a c t i o n s  



t h i s  c o n t r a c t  was a l s o  cance l l ed .  I t  i s  c l e a r , , .  however,, 

t h a t  FPC. ju r i ' sd i c t i on  does i nc lude  any i n t e r s t a t e  f low of , . 

gas  b u t  does n o t  i nc lude  i n t r a s t a t e  f low. 

Japan has  been r e c e i v i n g  LNG from Alaska f o r  s e v e r a l  yea r s .  

The main r ea son  t h a t  t h e  LNG was n o t  t r a n s f e r r e d  t o  ano the r  

American p o r t  w a s  t h a t  t h e  Jones  sh ipp ing  a c t  r e q u i r e s  t h a t  

on ly  American-flag v e s s e l s  be  used f o r  c o a s t a l  t r a f f i c .  

During 1974 and e a r l y  1975 no LNG w a s  imported t o  t h e  , 

un i t ed  S t a t e s .  However, du r ing  t h e  f a l l  and l a t e  summer 

of  1975 approximately fou r  b i l l i o n  c u b i c  f e e t  of LNG w e r e  

imported i n  t h e  Nor theas t  r eg ion  by D i s t r i g a s ,  under 

c o n t r a c t  w i t h  A lge r i a .  ( 1 4 )  

Table 7 l i s ts  a l l .  of t h e  LNG baseload l i que fac t io -n  f a c i l i t i e s  

i n  t h e  world t h a t  are e i t h e r  under c o n s t r u c t i o n  o r  ope ra t ing .  

  able-8 l is ts  a l l  of t h e  Nor theas t  r e g i o n  LNG r e c e i v i n g  

t e rmina l s  t h a t  are e i t h e r  p r e s e n t l y  planned,  under cons t ruc-  

t i o n  o r  ready t o  ope ra t e .  It i s  impor tan t  t o  no te  t h a t  t h e  

o p e r a t i n g  and planned Nor theas t  r e c e i v i n g  t e r m i n a l s t  com- 

bined c a p a c i t y  exceeds t h e  l i q u e f a c t i o n  c a p a c i t y  of  t h e  . ,  

combined o p e r a t i n g  and planned North Afr ican  f a c i l i t i e s .  

I n  a d d i t i o n ,  t h e  Nor theas t  r eg ion  of t h e  United S t a t e s  i s  

competing n o t  only  w i t h  o t h e r  r eg ions  of t h e  United S t a t e s  

f o r  t h e  Af r i can  source  of LNG,  b u t  a l s o  w i t h  Europe. 

I t  is  impor tan t  t o  no te  t h a t  t h e  combined world LNG 

r e c e i v i n g  t e rmina l  c a p a c i t y ,  o p e r a t i o n a l  and planned,  i s  

more than twice  t h e  co~nbined world LNG l i q u e f a c t i o n  f a c i l i -  

t ies t h a t  a r e  o p e r a t i o n a l  and planned,  

Table 9 l i s t s  LNG import  arrangemen,ts w i t h  v a r i o u s  c o u n t r i e s  

which have been a t  l e a s t  considered by American f i r m s .  None 

of t h e  p o s s i b l e  arrangements l i s t e d  p r e s e n t l y  r e p r e s e n t s  a  

working r e l a t i o n s h i p  w i t h  r o u t i n e  LNG d e l i v e r i e s .  



T a b l e  7  

Company 

P h i l l i p s - M a r a t h o n  

Came 1 

B r u n e i l i n g  

Es  s o  

S o n a t r a c h  

S o n a t r a c h  ( P h a s e  I )  

S o n a t r a c h  P h a s e  11) 

S o n a t r a c h  ( P h a s e  111) 

Aku Dhafji Gas 
L i q u e f a c t i o n  20. 

P e c i f i c  A l z s k a  

P e r t a m i n a  

P e r t a m i n a  

EL P a s o  A l a s k a  

B a s e l o ~ d  L N G  L i q u e f a c t i o n  ? a c i l i t i e s  ( 3 )  

Liqi lef  a c t i o n  
P l a n t  S i t e  Cap. -14MCFD 

K e n a i ,  . .4i3ska 9 0 .  

f i r zew,  A l g e r i a  200 

B r u n e i ,  B c r n e o  7  50 

B a r r a  e l  B r e g a ,  L i b y a  3  & 5 

Arzew , A l g e r i a  1100  . . 

S k i k d a ,  A l g e r i a  430 

S k i k d a ,  A l g e r i a  1 7 0  

~ k i k d a  , X l g e r i z  3  50 

D a s  I s l a d ,  Abu Dhabi  . 350 

Cook I n l e t . ,  A l a s k s  ( P e n d i n g }  . 400 
. . 

S u m a t r a ,  Bndont=sia . 1 2  0  0  

K a h m a n t ~ n  ,. I n d ~ n e s i a  550 

P o i n t  G r a v i n a ,  A l a s k a  3375  , 

S t o r a g e  
Cap. -?4MCF 

Year of 
O p e r a t i o n  



T a b l e  8 ( 3 )  

Company 

D i s t r i g a s  C o r p o r a t i o n  

PSE&G CD.  N . J .  

Columbis LNG, Co . 
Algonquin LNG Co. 

T r a n s c o  Te rmina l  Co. 

Texas E a s t e r n  

N o r t h e a s t  R e c e i v i n s  Te rmina l s  

R e g a s i f i c a t i o n  
P l a n t  S i t e  Cap. -MMCFD 

E v ~ r e t ' t , ,  M a s s a c h u s e t t s  13  5 

S t a t e n  I s l a n d ,  New York 3 60 

Cove Poin ' t  , Maryland 1.2 0  0  

P r o v i d e n c e ,  Rhode I s l a n d  675 

Raccoon I s l a n d ,  New J e r s e y  (850)  

West Dop t fo rd ,  New J e r s e y  [ . . . . . . . . . 

S t o r a g e  Year o f  
Cap. -MMCF O p e r a t i o n  

[ . . ( I n - P l a n n i n g )  . . ... ] 
( I n - P l a n n i n g )  . . . . . :. . . . I  



TABLE 9  

LNG IMPORT CONTRACTS THAT HAVE BEEN CONSIDERED BY U.S.  FIRMS 
-, 

Source of O r i g i n a l  P r o j e c t e d  
LNG D e l i v e r y  D a t e  

A l g e r i a  1 9 7 1  

A l g e r i a  1 9 7 5  

A l g e r i a  

A l g e r i a  

C o m p a n i e s  Involved 

SONATRACH 
A l o c e a n  L t d .  
D i  strigas C0rp. 

SONATRACH/E~ P a s o  
G a s  C o .  . ' 

subs id ia r i e s  
C o l u m b i a  LNG C o r p .  
C o n s o l i d a t e  N a t u r a l  

G a s  C o .  
Southern E n e r g y  ' . 

SONATRACH 
D i s t r i g a s  C o r p .  
SONATRACH/E~ P a s o  

G a s  C o  . 
T r a n s c o  E n e r g y  C o .  
A m o c o  
N a t u r a l  G a s  P i p e l i n e  

P r o j e c t e d  V o l u m e s  

l o 6  CF/Day  

4 2 

A l g e r i a  1 9 7 6  SONATRACH/El P a s o  
G a s  CO. 2 5 0  

A l g e r i a  1976/1977 a BONATRACN 5 O 0 
P u b l i c  S n r v i c e  of NbT 
P h i l a d e l p h i a  G a s  Works 
A l g o n q u i n  G a s  C o .  
L o w e l l  G a s  C o .  

~ e n e z u e l a  1 9 7 6 / 7 7  V e n e z u c l c a n  G o v e r n m e n t /  
U n k n o w n  6 5 0  , 

N i g e r i a  1 9 7 7   hilli ips P e t r o l e m /  
U n k n o w n  1 0 0 0  

~ i g e r i a  1 9 7 8  G u l f  O i l  C o . / U n k n o w n  5 0 0 
N i g e r i a  1 9 7 8  S h e l l  I n t e r n a t i o n a l  

G a s  C u . / U n k n o w n  6 5 0 



SECTION V I I  

PROJECTION OF FUTURE IMPORTS TO THE NORTHEAST REGION 

A. 1985 Import P r o j e c t i o n s  

The fo l lowing  t a b l e  p r o j e c t s  t h e  range of f o r e i g n  LNG imports  

t o  t h e  Nor theas te rn  r eg ion  of t h e  United S t a t e s  f o r  t h e  yea r  

1985: 

T r i l l i o n  cub ic  F e e t  

C a s e  I 0 

Case I1 0 .8  

Case I11 1.1 

A s  i n d i c a t e d  by C a s e  I ,  t h e  minimum LNG import  f o r  t h e  North- 

e a s t e r n  r eg ion  could be zero .  C a s e  I could be caused by e i t h e r  

one o r  bo th  of  t h e  fo l lowing  i tems:  

-The f a i l u r e  of r e g u l a t o r y  bodies  t o  g r a n t  

t h e  necessary  approva ls  

-Foreign sou rces  of LNG being unwi l l i ng  t o  p rov ide  

LNG a t  a  p r i c e  a c c e p t a b l e  t o  t h e  American consumer. . 

, The a c t i o n  of import ing an energy source  and p a r t i c u l a r l y  

a  new energy source  runs  coun te r  t o  t h e  g o a l s  and o b j e c t i v e s  

of P ro j ec , t  Independence. 

The impor t a t i on  of  LNG i n  s i g n i f i c a n t  q u a n t i t i e s  n o t  on ly  

r e p r e s e n t s  a  major out-f low of funds  i n  t h e  a r e a  of i n t e r n a t i o n a l  

balance of payments, it a l s o  i n c r e a s e s  t o  some degree  our  de- 

pendence on f o r e i g n  energy s u p p l i e s .  While t h i s  c o n s i d e r a t i o n  

may n o t  be an  o v e r r i d i n g  f i c t o r  i n  any a c t i o n s  taken  by a  

Fede ra l  r e g u l a t o r y  agency, the.  g o a l s  of P r o j e c t  Independence 

w i l l  shade' any r e g u l a t o r y  agency ' s  a c t i o n s .  S t a t e  and l o c a l  

r e g u l a t o r y  bodies  may a l s o  p r e s e n t  roadblocks  t o  t h e  impor t a t i on  

of LNG. The concerns of t h e s e  agenc ie s  may c e n t e r  around 

environmental  i s s u e s  such a s  i n d u s t r i a l  u t i l i z a t i o n  of c o a s t a l  

x e a s  and s a f e t y  i s s u e s .  



The second i t e m  which may s e r i o u s l y  l i m i t  import  of LNG i s  

p r i c e  and a v a i l a b i l i t y  of LNG. I t  i s  very  d e s i r a b l e  t o  have 

a  long t e r m  c o n t r a c t  f o r  t h e  supply of LNG be fo re  committing 

t h e  l a r g e  c a p i t a l  necessary  f o r  t h e  LNG r e c e i v i n g ,  handl ing ,  

and d i s t r i b u t i o n  f a c i l i t i e s .  These c o n t r a c t s  a r e  u s u a l l y  

15  t o  20 y e a r s  i n  d u r a t i o n .  A s  developing n a t i o n s  r each  t h e  

e a r l i e r  s t a g e s  of i n d u s t r i a l i z a t i o n ,  they  may become l e s s  

w i l l i n g  t o  e n t e r  i n t o  long term c o n t r a c t s  f o r , t h e  expor t  

of a  resource ,  a s  v a l u a b l e  as,  n a t u r a l  gas .  An example of 

t h i s  t ype  of a t t i t u d e  i s  Saudi Arabia .  I n  t h e  development of 

t h e  Arabian. o i l  f i e l d s  of AbqaTq and Ghawar, t h e  methane 

c o n s t i t u e n t s  of t h e  a s s o c i a t e d  n a t u r a l  g a s  i s  e i t h e r  r e i n -  

j e c t e d  i n . t h e  producing zones of t h e  o i l  f i e l d ,  consumed a s  

f u e l ,  o r  f l a r e d .  More than  100 m i l l i o n  cub ic  f e e t  p e r  day 

of n a t u r a l  g a s  i s  consumed a s  f u e l  f o r  t h e  pumps used i n  mas- 

s i v e  w a t e r - i n j e c t i o n  programs a t  t h e  Ghawar o i l  f i e l d .  Another 

400 m i l l i o n  cub ic  f e e t  pe r  day of n a t u r a l  gas  i s  s t o r e d  v i a  

r e i n j e c t i o n  programs. A d d i t i o n a 1 , q u a n t i t i e s  a r e  pumped i n t o  

a t r u n k  p i p e l i n e  system se rv ing  o t h e r  i n d u s t r i e s  i n  t h e  

Abqaiq Dhahran a r e a .  I n  s h o r t ,  Saudi Arabia  is consu~nirly 

n a t u r a l  gas  i n  o r d e r  t o  produce more v a l u a b l e  c rude  o i l  and . .  

l i q u e f i e d  petroleum gas .  

Case I1 assumes t h a t  t h e  f o u r  Nor theas t  LNG r e c e i v i n g  . t e rmina l s  

which are e i t h e r  p r e s e n t l y  complete o r  n e a r l y  complete w i l l  

be i n  f u l l  o p e r a t i o n  by 1985. The f o u r  t e r m i n a l s  ' a re :  

Company P l a n t  S i t e  Cap. MMCFD 

D i s t r i g a s  Corpora t ion  E v e r e t t ,  Mass. 135 

PSI3 & G Cnmpany, M . J .  S t a t e n  Island, NY 360  

Columbia LNG Company Cove ~ A i n t ,  MD 

Algonquin LNG Company Providence,  R I  675 

c a s e  I1 probably r e p r e s e n t s  t h e  most r e a l i s t i c  case .  The 

l i m i t a t i o n s  of C a s e ' I I  a r e  t h e  same a s  Case I ,  r e g u l a t o r y  



approva ls  and LNG s u p p l i e s .  There e i t h e r  are p r e s e n t l y ,  o r  

s h o r t l y  w i l l  b e , s u f f i c i e n t  LNG t a n k e r s  a v a i l a b l e  t o  import  

t h e  0.8 t r i l l i o n  cub ic  f e e t  of LNG t h a t . C a s e  I1 r e p r e s e n t s .  

But, C a s e  I1 r e q u i r e s  approximately 8 0  p e r c e n t  of t h e  

o p e r a t i n g  c a p a c i t y  of a l l  t h e  LNG l i q u e f a c t i o n  f a c i l i t i e s  

t h a t  are e i t h e r  under c o n s t r u c t i o n  o r  i n  o p e r a t i o n ,  and 

t h a t  are s o  l o c a t e d  s o  as t o  be  a b l e  t o  supply LNG t o  t h e .  

Nor theas t  reg ion .  

The r ea son  Case I1 is  l i m i t e d  t o  t h e  r e c e i v i n g  t e r m i n a l s  

and l i q u e f a c t i o n  f a c i l i t i e s  p r e s e n t l y  ready t o  o p e r a t e  o r  

under c o n s t r u c t i o n  can be  seen  from F igu re  9. Figure  9 

p r o j e c t s  a  minimum and maximum l e n g t h  of t i m e  it might 

r e q u i r e  t o  b r i n g  an  LNG r e c e i v i n g  t e r m i n a l  i n t o  ope ra t ion .  

I n  summary t h e  t i m e  span r e q u i r e d  f o r  t h e  v a r i o u s  a c t i v i t i e s  

a r e  as fo l lows:  

Years -- 
FPC Approval 3 t o  4 y e a r s  

D e t a i l  Engineering 2 t o  2.5 y e a r s  

Procurement and Cons t ruc t ion  4 t o  5 y e a r s  

Checkout and S t a r t u p  0 .5  t o  1 yea r  

Also du r ing  t h i s  pe r iod  of t i m e  it is  necessary  t o  p rov ide  

t h e  l i q u e f a c t i o n  f a c i l i t i e s  r e q u i r e d  t o  suppor t  t h e  .LNG 

recei.v.i.ng, t e rmina l  as  well as t h e  necessary .  f l e e t  of LNG 

t a n k e r s .  

With t h e  t i m e  r e s t r a i n t s  being between n ine  t o  t e n  y e a r s ,  

it would be o p t i m i s t i c  t o  expec t  a  f a c i l i t y  t o  be on l i n e  

by 1 9 8 5  t h a t  i s  n o t  now f a i r l y  w e l l  a long  i n  t h e  scoping 

p h a s e  of t h e  p r o j e c t .  



Case I11 represen t s  an o p t i m i s t i c  case  i n  which an a d d i t j o n a l '  - 

one b i l l i o n ' c u b i c  f e e t  per  day, which is  approxirrately '0.35 

t r i l l i o n  cubic  f e e t  per  y e a r ,  i s  imported over and above 

t h a t  i d e n t i f i e d  i n  case 11. Case I11 would r e q u i r e  t h a t  one 

o r  more a d d i t i o n a l  r ece iv ing  te rminals  and l i q u e f a c t i o n  fac i1 i . -  
t i e s  be i n  opera t ion  by 1985. Two such poss ib le  s i t e s  might - 
be Raccoon I s l and ,  New Je r sey  and W e s t  Deptford, New Jersey .  

The source of t h e  a d d i t i o n a l  LNG might be from an expanded 

North Afr ica  program,, t h e  Middle Eas t ,  South America, o r  

even Indonesia.  

B) Year, 2000 LNG Import P ro jec t ions  

The "Federal  Power Commission National Gas Survey" Volume 

I Chapter 10") t a b u l a t e s  LNG import for .ecasts  through t h e  

end of t h i s  century.  This t a b u l a t i o n  inc ludes  seven d i f f e r e n t  

sources.  The ranget of t h e s e  f o r e c a s t s  i s  between 2.1 t o  

4 . 1  t r i l l i o n  cubic  f e e t  per  year  f o r  t h e  l a s t  decade i n  t h i s  

century.* Assuming approxirrately ha l f  of t h e  LNG imported 

iritv t he  Uni ted  s t a t e s  i s  received by Northeast  reg ion ,  

between one t o  two t r i l l i o n  cubic f e e t  per  year  could be 

expected t o  be imported t o  t h e  Northeast  during t h e  year  2000. 
.A. 

*In re fe rence  8 of t h i s  t a b u l a t i o n ,  "Dupree and West, 
Department of I n t e r i o r ,  1972" 11.1 t r i l l i o n  cubic f e e t  
per year a r e  l i s t e d .  A review of t h e  o r i g i n a l  re ference  
shows t h a t  t h e  f o r e c a s t  cras 11.1 b i l l i o n  cubic  f e e t  per 
day which i s  approximately eaua l  t o  4 . 0  t r i l l i o n  cubic  
f e e t  2er  year .  



SECTION V I I I  

COST PROJECTIONS 

Probably t h e  most r e c e n t  c o s t  in format ion  publ i shed  on t h e  

c a p i t a l  c o s t s  of LNG f a c i l i t i e s  can be  found i n  t h e  June 

1975 i s s u e  of t h e  " P i p e l i n e  and Gas Jou rna l .  " ( 3 )  The Western 

LNG Terminal Company i s  p r e s e n t l y  apply inq  f o r  approval  t o  

o p e r a t e  on t h r e e  LNG t e r m i n a l s  t o  be  l oca t ed  i n  C a l i f o r n i a  ' 

a t  P o r t  Hueneme, P o i n t  Conception, and t h e  Los Angeles H a r -  

bor ,  The t o t a l  p r o j e c t e d  c o s t  of t h e s e  t h r e e  t e r m i n a l s  i s  

$1.7 b i l l i o n  which inc ludes  bo th  t e rmina l  c o s t s  and some 

p i p e l i n e  a d d i t i o n s  and expansions .  Each of t h e  t h r e e  

sites are t o  have fou r  550,000 b a r r e l  s t o r a g e  t a n k s ,  

r e g a s i f i c a t i o n  systems,  and unloading f a c i l i t i e s .  The 

e s t ima ted  c o s t  range f o r  such a t e rmina l  i s  between $375 

m i l l i o n  t o  $390 m i l l i o n .  The c a p a c i t y  of each of t h e s e  

s i tes  ranges  from 3,300 t o  5,000 m i l l i o n  cub ic  f e e t  pe r  

day. 

The c o s t  of t h e  l i q u e f a c t i o n  f a c i l i t i e s  t o  suppor t  t h e s e  

t e r m i n a l s  i s  less w e l l  de f ined .  The source  of LNG i s  

expected t o  be l i q u e f a c t i o n  f a c i l i t i e s  i n  Alaska and 

Indonesia .  Indonesia  i s  supplying t h e  c a p i t a l  f o r  t h e i r  

l i q u e f a c t i o n  f a c i l i t i e s  and s e l l i n g  t h e  LNG as FOB Indo- 

n e s i a .  I t  i s  es t imated  t h a t  t h e  1 ,200 m i l l i o n  cub ic  f e e t  

pe r  day l i q u e f a c t i o n  f a c i l i t y  on North Sumatra w i l l  c o s t  

approximately $650 m i l l i o n  d o l l a r s .  

I t  i s  a l s o  es t imated  t h a t  it w i l l  r e q u i r e  n ine  125,000 cub ic  

m e t e r  c a p a c i t y  LNG s h i p s  t o  suppor t  t h e  Indonesian o p e r a t i o n .  

The t o t a l  c o s t  of t h e s e  s h i p s  i s  es t imated  a t ' S 1 . 5  b i . l l i o n  

o r  $167 m i l l i o n  each.  



A s  would be expected t h e  c o s t  of imported n a t u r a l  g a s  has  

fol lowed th,e r a p i d  rise in t h e  c o s t  of c rude  o i l .  The 

Southern C a l i f o r n i a  Gas Company s igned  a LNG c o n t r a c t  w i t h  

PERTAMINA i n  September 1973 a t  a  c o s t  of $0.63/MMBTU 'FOB 

Indones ia  f o r  t h e  d e l i v e r y  of 620 b i l l i o n  BTU,per day f o r  

twenty yea r s .  A t . t h e  t i m e  Indonesian c rude  o i l  w a s  s e l l i n g  

f o r  $3.73 p e r  b a r r e l .  By December 1973 crude o i l  s o l d  f o r  

$6.00 p e r  b a r r e l  .and one month l a t e r  it s o l d  f o r  $10.80 p e r  

b a r r e l .  Today t h e  c rude  sells f o r  $12.60 pe r  b a r r e l .  The 
~ n d o n e s i a n s  r e n e g o t i a t e d  t h e  September 1973 $0.  63;l~MBTu 

c o n t r a c t  t o  $1. ~ ~ / M M B T U  w i t h  an  e s c a l a t i o n  c l ause .  a t t a c h e d  ' 

t o  t h e  p r i c e  of c rude  o i l .  The n a t u r a l  gas  c o n t r a c t  and t h e  

t e r m i n a l  p r o j e c t s  awa i t  approva l  by t h e  FPC. 

On J u l y  8 ,  1975 D i s t r i g a s  Corporat ion of Boston, Massachuset ts  

f i l e d  a n  a p p l i c a t i o n  w i t h  t h e  Fede ra l  Power Commission t o  

purchase  950,000 cub ic  meters  of LNG f o r  import  t o  t h e i r .  

E v e r e t t ,  Massachuset ts  t e rmina l .  The c o s t  of . t h i s  LNG i s  

s t a ' t ed  a s  $2.30 p e r  m i l l i o n  BTU d e l i v e r e d  t o  E v e r e t t ,  ~ a s s a - ' ,  

c h u s e t t s .  The c o s t  of  $2.30 p e r  m i l l i o n  BTU inc luded  t h e  

c o s t  of t h e  LNG, in su rance  on t h e  LNG,  and t h e  c o s t  of t r a n s -  

p o r t a t i o n ,  'The a p p l i c a t i o n  proposes  t h a t  t h e  LNG would be 

r e c e i v e d  on t h e  fo l lowing  schedule: . 

7/76 t o  1/77 - 200,000 cub ic  meters  

1/77 t o  7/77 - 3UU,UUU cub ic  meters  

7/77 t o  1/78 - 4 5 0 , 0 0 0  cub ic  mekers 

P r e s e n t l y  t h e r e  a r e  no r o u t i n e l y  scheduled imports  of LNG 

t o  t h e  United S t a t e s .  

A s  can be seen from c a p i t a l  c o s t s  s o  f a r  ou t l i ned ,  an LNG 

import  complex i s  c a p i t a l  i n t e n s e .  That  i s ,  it r e q u i r e s  a 

v e r y  l a r g e  amount of t o t a l  c a p i t a l  investment  t o  b r ing  a 

complex i n t o  ope ra t ion .  



Table  10 p rov ides  a  c o s t  breakdown f o r  a ~ o r t h e a s t  r e g i o n  
. 

LNG te rmina l .  There a r e  t h r e e  major components i n  t h e . c o s t  

of ,LNG: 

a .  t h e  o r i g i n a l  n a t u r a l  gas ,  

b. c a p i t a l  c o s t s ,  and 

c. o p e r a t i n g  c o s t s .  

Capital .  c o s t s  a r e  a p p l i c a b l e  t o  t h e  l i q u e f a c t i o n  f a c i l i t i e s ,  

t r a n s p o r t a t i o n ,  and r e c e i v i n g  t e r m i n a l .  For t h e  purpose of 

t h i s  paper a  c a p i t a l  c o a t  of 25 p e r c e n t  pe r  yea r  o f .  t h e  i n i t i a l  

investment  i s  assumed. The c a p i t a l  c o s t s ,  a s  used,  i n c l u d e  

recovery of t h e  i n i t i a l  c a p i t a l  expend i tu re ,  ~ l u s  a l l  i n t e r e s t  

accrued from t h e  borrowing of t h a t  c a p i t a l ,  p l u s  a  p r o f i t  o r  

r e t u r n  on investment .  The c a p i t a l  recovery  f a c t o r ,  a s  .expressed 

CRF = P 
i (l+i) 

(l+i) n-l 

r e p r e s e n t s  t h e  recovery  of t h e  c a p i t a l  p l u s  accrued i n t e r e s t .  

An a s  example, i f  - t h e  c a p i t a l  i s  borrowed a t .  10 p e r c e n t  i n t e r e s t  

f o r  20 y e a r s  t h e  c a p i t a l  recovery f a c t o r  i s  0.1175 o r  an 

annual  c o s t  of 11.75 p e r c e n t  of c a p i t a l  investment .  This  . . 

a l lows  a r e t u r n  on investment  of 13.25 p e r c e n t  b e f o r e  t axes .  

The p r i c e  of t h e  n a t u r a l  gas  t o  be  l i q u e f i e d  a s  t h a t  gas  i s  

c o l l e c t e d  a t  t h e  w e l l  head has  t h e  g r e a t e s t  deg ree  of uncer- 

t a i n t y .  I n  s h o r t ,  t h e  p r i c e  of t h e  n a t u r a l  g a s  i s  de te rmined-by  

how w i l l i n g  t h e  supplying count ry  i s  t o  s e l l  i t s  energy r e sou rces .  

The n a t u r a l  g a s  p r i c e  can s t r o n g l y  a f f e c t  t h e  o p e r a t i o n a l  c o s t s  

of l i q u e f a c t i o n ,  t r a n s p o r t a t i o n ,  and r e g a s i f i c a t i o n  because 

each of t h e s e  s t e p s  consume some p o r t i o n  of  t h e  n a t u r a l  gas 

c o l l e c t e d  . 



TABLE 1 0  

SUMMARY ,OF COSTS* 

R a n g e  cf 6  
C a p i t a l  C o s t s  SX10 C o s t  $ / l o 6  BTU 

A .  COST AT ;AS FIELD OF NATJR3L GAS 0 . 0 0  1 . 5 8  

B. , CAPITAL ZOSTS 

1) G a s  F i e l d  a n d .  L i q u e f a c t i o n  6 5 0  - , 9 0 0  0 . 4 5  - 0 . 6 2  

2 )  T r a n s p o r t a t i o n  (8.-LNG . S h i p s )  8 0 0  - 1 , 2 0 0  0 . 5 5  - 0 . 8 3  

3)  R e c e i v i n g  a n d  ~ i s t r i b u t i c n  - 3 5 0  - 4 0 0  0 . 2 4  - 0 . 2 7  
T e r m i n a l  

1 , 8 0 0  - 2 , 5 0 0  1 . 2 4  - 1 - 7 2  

C. OPERATICNAL COSTS 

1) - G a s  F i e l d  a n d  L i q u e f a c t i o n  0. .12 - 0 . 4 4  

2 )  T r a r - s p o r t a t i o n  (8-LKG S h i p s )  0 .11 '  - 0 . 2 0  

3 )  R z c e i v i r g  and D i s t r i b u t i o n  T e r m i n a l  0 . 0 3  - 0 . 0 6  

TOTAL COSTS FOB NORTHEAST UNITED STATES 1 . 5 0  - 4..00 per MMBTU 

* B a s e d  o n  a 1 , 0 0 0  MMCFD conplex w i t h  t h e  gas f i e l d s  a n d  l i q u e f a c t i o n  f a c i l i t i e s  
located i n  N o r t h  A f r i c a .  



The p r i c e  of t h e  c o l l e c t e d  n a t u r a l  gas ,  as used i n  t h i s  

Sec t ion ,  i s  a premium charged i n  excess  of o p e r a t i n g  and 

c a p i t a l  recovery c o s t s  i n c u r r e d  i n  t h e  c o l l e c t i o n  and t r a n s -  

p o r t a t i o n  of t h e  n a t u r a l  gas  t o  t h e  l i q u e f a c t i o n  f a c i l i t y .  

The p r e s e n t  world p r i c e  of  o i l  i n c l u d e s . s u c h  a  premium. 

The range of t h e  n a t u r a l  g a s  p r i c e  o r  premium as shown i n .  

Table 10 ranges  .between zero  t o  $1.58 p e r  MMBTU. The- lower 

l i m i t  assumes no premium i s  charged f o r  t h e  n a t u r a l  gas  and 

on ly  c a p i t a l  recovery  and o p e r a t i n g  c o s t s  are charged.  The 

upper l i m i t  of $1.58 per.MME3TU a p p l i e s  t h e  same premium 

charged f o r  o i l  t o  n a t u r a l  gas .  The upper l i m i t  p r i c e  assumes 

t h a t  approximately e i g h t  d o l l a r s  of t h e  twelve d o l l a r s  a  b a r r e l  

charge f o r  world o i l  i s  a premium. Based on e q u i v a l e n t  c o s t  

per.MMBTU f o r  o i l  and g a s  t h e  upper l i m i t  i s  e s t a b l i s h e d  as 

$1.58 p e r  MMBTU. 

The o p e r a t i n g  c o s t s  are t h e  sum of t h e  energy c o s t s ,  l a b o r ,  

s u p p l i e s ,  p o r t  f e e s ,  maintenance,  and insurance .  A s  indic 'a ted 

e a r l i e r ,  17 p e r c e n t  o f  t h e  n a t u r a l  gas  c o l l e c t e d  i s  consumed 

i n  l i q u e f a c t i o n  w i t h  6 p e r c e n t ,  1 p e r c e n t  and 2 p e r c e n t  

consumed i n  t r a n s p o r t a t i o n ,  s t o r a g e ,  and r e g a s i f i c a t i o n  

r e s p e c t i v e l y .  For t h e  upper range of  o p e r a t i n g  c o s t s  t hose  

energy c o s t s  a r e  assumed based on t h e  c o s t  of t h e  n a t u r a l ,  

gas .  ~ i n o r ' l a b o r  c o s t s  a r e  assumed f o r  t h e  l i q u e f a c t i o n  

f a c i l i t y  w i t h  seven p e r c e n t  p e r  y e a r  of t h e  o r i g i n a l  c a p i t a l  

c o s t  being assumed a s  maintenance and equipment replacement 

c0s t . s .  Operat ing c o s t s  of  approximately f i v e  m i l l i o n  d o l l a r s  

p e r  yea r  per  LNG s h i p  a r e  assumed. (18)  For t h e  LNG r e c e i v i n g  

te rmina l  a  p a y r o l l  of $1.8 m i l l i o n  i s  assumed based on an 

o p e r a t i n g  s t a f f  of 90 .people .  Maintenance and replacement 

c o s t s  a r e  assumed t o  be 3 p e r c e n t  of t h e  o r i g i n a l  c a p i t a l  

pe r  yea r .  



I n  summary t h e  c o s t  of n a t u r a l  gas from an LNG te rmina l  

l oca ted  i n  t h e  Northeast  r.egion of t h e  United s t a t e s  could 

be expected t o  range from $1.50 t o  $4.00 pe r  MMBTU. 

The ques t ion  of what t h e  c o s t  of imported LNG w i l l  be t o  

t h e  r e s i d e n t i a l  customer i s  'a complex one. Table 11 shows 

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

gas  inc luding  purchases from producers and imports ,  and s a l e s  . 

of n a t u r a l  gas  t o  i n d u s t r i a l  u s e r s ,  r e s e l l e r s ,  and res iden-  

t i a l  customers. A s  can be seen from Table 11 t h e  purchase 

p r i c e  of n a t u r a l  gas  t o t a l s  approximately $0.37 per  thousand . 

cubic  f e e t  w i t h  t h e  sa1,es p r i c e  t o  i n d u s t r i a l  u s e r s  a t  

approximately SO. 7 U per thousand cubic fee t  and $1.50 per 

thousand cubic  f e e t  t o  r e s i d e n t i a l  customers.  

The i n t r o d u c t i o n  of r e g a s i f i e d  LNG a t  an e f f e c t i v e  producers 

' purchase p r i c e  of $4.00 p e r  thousand cubic  f e e t 2 w i l l  n o t  

cause t h e  r e s i d e n t i a l  customer 's  c o s t s  t o  r i s e  t o  $4.00 

because t h e  customer w i l l  .be r ece iv ing  a mix of r e g a s i f i e d  

LNG'and n a t u r a l  gas .  ' But.  t h e  e f f e c t i v e  p r i c e  o t  r e g a s i f  i e d  

L N G  t o  t h e  r e s i d e n t i a l  customer would be $4.00 p l u s  t h e  

markup experienced i n  d i s t r i b u t i o n .  From Table 11 t h e  markup 

from t h e  n a t u r a l  gas  r e s e l l e r s  a t  t h e  en t rance  t o  t h e  

d i s t r i b u t i o n  system i s  approximately $0.60. Therefore  it 

might be expected t h a t  t h e  $0.60 d i s t r i b u t i o n  c o s t  would 

be added t o  t h e  $1.50 t o  $4.00 pe r  m i l l i o n  BTU f o r  a  

r e s i d e n t i a l  customer c o s t  of $2.10 t o  $4.60 per  m i l l i o n  

BTU . 

Table 1 2  demonstrates  t h e  e f f e c t s  of d i s t a n c e  of t h e  tankship 

r o u t e  on t h e  c o s t  of LNG.  This  t a b l e  assumes t h e  fol iowing:  

125,000 c u b i c  meter t anke r s  

,365 days pe r  year  ope ra t ion  



TABLE 1.1 (25) 

i g a t u r a l    as P r i c e s  R e p o r t e d  by Major  I n t e r s t a t e  P i p e l i n e  Companies  

PURCHASES SALES 

From 
D o m e s t i c  Canadian TO 
P r o d u c e r s  a n d  Mexican T o t a l  I n d u s t r i a l  To 

F i e l d  P r i c e  S o u r c e s  P u r c h a s e s  Users R e s e l l e r s *  

C e n t s  p e r  t h o u s a n d  c u b i c  f e e t  

1973  December 2 4 . 5  47.6  2 6 . 3  46 .4  52.2  

. 1974  J a n u a r y  24.3  42.7 25.7  4 8 . 1  5 5 . 0  
F e b r u a r y  25.4 43 .2  26.8  49 .8  56 .4  
March 25.7  43.2 27 .0  50.8  56 .9  
A p r i l  25 .8  46.4  27.4  49.3  57 .6  
May 25.7 49.3  2 7 . 5  49.9 5 8 . 6  
J u n e  26.0  47.7 2 7 . 5  50 .8  59.4 
J u l y  26 .3  58 .7  28.6 5 2 . 5  6 2 . 0  

I A u g u s t  2 6 . 1  5 7 . 5  28.4 55.2  64.4  
S e p t e m b e r  27 .3  5 8 . 8  29 .5  54 .7  6 5 . 2  

. P O c t o b e r  2 7 . 5  58 .9  2 9 . 9  56 .3  64 .4  
I November 2 8 . 5  70.9  31.7 58.7  66 .8  

December 32.6 74 .5  35.8  6 0 . 3  67.2  

1975  J a n u a r y  29 .8  1 0 4 . 0  35 .2  67 .6  7 1 . 1  
F e b r u a r y  29 .5  , 1 0 5 . 8  35 .2  7 0 . 1  7 4 . 1  
March 31 .6  1 0 2 . 5  37.0  70.4  77 .8  

* I n c l u d e s  t h e  c o s t  o f  g a s  t o  t h e  d i s t r i b u t i n g  u t i l i t y  a t  e n t r a n c e  
o f  d i s t r i ~ u t i ~ n  s y s t e m  o r  p o i n t  o f  r e c e i p t .  

Average  R e t a i l  P r i c e s  f o r ' ~ a t u r a 1  Gas S o l d  t o  R e s i d e n t i a l  C u s t o m e r s  

P r i c e  i n  C e n t s  
P e r  Thousand 
C u b i c  F e e t  

,1974 J a n u a r y  1 1 3  
F e b r u a r y  1'1 5  
March 117  
Apr i 1 11 8  
May 1 2 0  
J u n e  1 2 0  

P r i c e  i n  C e n t s  
P e r  Thousand 
C u b i c  F e e t  

J u l y  
Augus t  
Sep tember  
O c t o b e r  
November 
December 

P r i c e  i n  C e n t s  
P e r  Thousand 
C u b i c  F e e t  

1 9 7 5  J a n u a r y  138  
F e b r u a r y  1 4 1  
March 1 4 3  
Apr i 1 1 4 7  
May 1 5  0  

T o t a l  
S a l e s  



117 miles  per  hour t r a v e l  r a t e  

two days a t  t h e  loading p o r t  and two days a t  t h e  
rece iv ing  te rminal  

25 percent  c a p i t a l  recovery r a t e .  
. . 

  he c o s t s  shown a r e o n l y  c a p i t a l  c o s t s .  Thes6 c o s t s  a r e  ' 

complexed by inc reas ing  opera t ing  and energy c o s t s  caused 

by expanded d i s t a n c e s .  This genera l ly  r e i n f o r c e s  t h e  

requirement t h a t  t h e  supply of LNG be wi th in  9 , 0 0 0  mi les  

of t h e  rece iv iny  teciuiiial . 



TABLE 12 

TRANSPORTATION COSTS FROM 

VARIOUS SOURCES 

Approximate Distance 
Of Sea Route Number of Range of. Capital 

To US East .Coast Ships Required ' Investment $xlob 

Venezuela 1700 5 500 - 750 

Iran (i 1 86:IO 18 1,800 - 2,700 

(2 1 Iran 11,000 22 . . 2,200 - 3,300 
Indonesia 12,000 2 4 2,400 - ~3,600 

Using the Saez Canal 

Not Using the Suez Canal 

Capital 
Recovery Costs 

Cost $/lo6 BTU 
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SECTION I X  

SECONDARY BENEFITS 

Importing LNG i n t o  t h e  Nor theas te rn  United S t a t e s  buys t i m e  

f o r  t h i s  r eg ion ,  a s  a l t e r n a t i v e  energy sou rces  a r e  developing.  

I n  a s ense  one ..of t h e  secondary b e n e f i t s  i s  t h e  avoidance 

of a c r i p p l i n g  n a t u r a l  gas. s h o r t a g e ,  a g a i n  u n t i l  a l t e r n a t i v e s  

a r e  developed. 

Cpns t ruc t ion  of LNG r e c e i v i n g  . t e rmina l s  and a s s o c i a t e d  

s t o r a g e ,  v a p o r i z a t i o n  and d i s t r i b u t i o n  f a c i l i t i e s  can ~ r o v i d e  

approximately 1,000 - 2,000 jobs (peak work f o r c e )  w i t h  

g r o s s  wages of an  es t imated  $40 - $50 m i l l i o n  d o l l a r s ,  t o  

t h e  l o c a l  r eg ion  of such a t e rmina l .  Of t h e s e  g r o s s  wages, 

f o r  a n  a n t i c i p a t e d ' 4 0  month c o n s t r u c t i o n  p e r i o d ,  approximately . 

$28 - $35 m i l l i o n  i s  d i s p o s a b l e  income. Depending on t h e  

s i t e  l o c a t i o n ,  t h i s  could be .a major boos t  t o  t h e  l o c a l  

economy. The l a b o r  f o r c e  and s k i l l s  necessary  f o r  cons t ruc-  

t i o n  would be  r e c r u i t e d  p r i m a r i l y  from t h e  Nor theas t .  Under 

normal o p e r a t i o n s ,  t h e  o p e r a t i n g  s t a f f  might number 90, 

. employees, w i th  g r o s s  annual  wages e s t ima ted  t o  be  $1.8 - $ 2 . 0  

m i l l i o n  ( d i s p o s a b l e  income i s  then  $1.37 - $1.52 m i l l i o n ) .  (12)  

The n e t  e f f e c t  undoubtedly w i l l  be  an i n c r e a s e  i n  t h e  county 

t a x  base .  During c o n s t r u c t i o n  s e v e r a l  even t s  w i l l  add t o  

l o c a l  revenues .  The work f o r c e  r e q u i r e d  f o r  c o n s t r u c t i o n  

w i l l  i n c r e a s e  l o c a l  r e t a i l  sales. Large m a t e r i a l  expendi- 

t u r e s  t o  l o c a l  s u p p l i e r s  can be  expected.  Proper ty  t a x e s  

on t h e  un f in i shed  s t r u c t u r e s  and land  w i l l  i n c r e a s e  revenues  

t o  l o c a l  u t i l i t i e s ,  s choo l s ,  h o s p i t a l s ,  m u n i c i p a l i t i e s  and 

s o c i a l  s e r v i c e s .  Following complet ion,  assessments  based 



on a  n e t  worth of $350 - $ 4 0 0  m i l l i o n  f o r  t h e  f a c i l i t i e s  

would inc rease  t h e  l o c a l  t a x  revenues,  o f f s e t t i n g  t h e  

increased p o l i c e  and f i r e  p r o t e c t i o n  s e r v i c e s  requi red  f o r  

t h e  t y p i c a l  20  year  economic l i f e t i m e  of such an LNG 

te rminal  .pro jec t .  

An inc rease  i n  LNG i m p & t s  i n t o  t h e  Northeast  w i l l  r e q u i r e  

a d d i t i o n a l  tank s h i p s .  A s  long a s  t h e  c o s t  of domestic 

cryogenic s t e e l  remains s i g n i f i c a n t l y  'lower than  t h a t  of 

f o r e i g n  n i c k l e  s t e e l ,  fo re ign  b u i l t  LNG tankers  w i l l  

rcmain comparable i n  p r i c e  t o  those built domestically, 

even wi th  t h e  more s t r i n g e n t  U . S .  Maritime regu la t ions .  
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Appendix. A: The Western European Question 

The effective competition between the Northeastern Region 

of the United States and Western-Europe for North African 

LNG is difficult to assess. Several general considerations 

lead to the conclusion that it is Western Europe, rather 

than the U.S., that is in an excellent position to import 

LNG both on a preferred basis and more economically. There . 

are four situations which tend to imply this conclusion. 

First, a review of LNG carrier production indicates that 

Western Europe has built a significant fleet of LNG tankers, 

most of which remain.under Western European flags. Table 

A-6 'at the end of this appendix lists those LNG carriers 

built or on order in Western Europe,and the U.S. since 1958. 

The number.of those on order for the U..S.. is indicative of 

t-he current LNG receiving facilities proposed or built on 

the East and West coasts.. 

A summary tally.of existing and ordered LNG carriers built 

in Western Europe, derived from Table A-6, follows: 

Existing LNG CarrLers' 

No. of 
Ships - Flag 

R r i  t.a in 
France 
Italy 
Norway 
Spain 
Liberia 
Algeria 

Capacity x lo5 m3 



On-Order LNG Carriers 

No. of 
Ships Flag 

1 Britain 
1 France 
6 Liberia 

16 USA* (Total) 
.11 East Coast USA* 

5 3 Capacity X 10 m 

Assuming that LNG carriers sailing under Western European 

flags are or will be dedicated to that country, an indica- 

tion of the potential import flow rates can be calculated. 

This assumption does not account for any LNG carriers' under 

these tlags which are chartered for delivery 'to other 

countries: However, the resulting over estimation is 

certainly balanced by not including any deliveries to 

Western European LNG receiving facilities from charter 

vessels under flags such.as Norway or ~iberia.   his tends 

to make the following, calculations conservative estimates. 

Flow rates in cubic meters of LNG per day into, t-he .four 

principal Western European importing countries were based 

upon a 344 working day year for the LNG  carrier^..' This 
was then divided by the round trip time to each respective 

port, multiplied by the net carrier capacity per country. 

The final flow was then calculated by dividing the delivery 

capacity by 365, essentially to get a number comparable to 

a steady regasif ication. capacity per country. The fol.l,ow.i..ng 

table (A-1) dctails the resul.tt-,s of these estimates. For 

direct comparison, Table A-2 shows the storage and re- 

gasification capacites of Western Europe and the U.S. 

East Coast 

*All USA-flag carriers are built in the U.S.A. 

- 82 - 



Table A-1 

WESTERN.EUROPE LNG IMPORT PROJECTIONS 
BASED ON LNG CARRIER CAPACITY 

Britain 10 days per round trip 

Existing Carriers 0.59 X lo5 m3/day LNG - - 
On-Order Carriers 0.07 X lo5 m3/day LNG ' - - 

Total 0.66 X lo3 m3/day 

France 9.4 days per round trip to La Havre - 12% 
4.5 days per round trip to Fos - 88% 
Existing Carriers 0.47 X lo5 m3/day LNG 

On-Order Carriers 5 3 0.25 X 10 m /day LNG 

Total 5 .3  0.72 X 10 m /day 

Spain 7.7 days per round trip 

Existing Carriers 5 ,  3 0.05 X 10 m /day LNG 

Italy 7.7 days per round trip 

Existing Carriers 5 3 0.15 X 10 m /day LNG 

Western Europe Total 5 3 1.58 X 10 m /day LNG 

Table A-2 

IMPORT RECEIVING TERMINALS STORAGE AND 
REGASIFICATION CAPACITY (ACTUAL & PLANNED) 

Storage Capacity Regasifi ation S Cubic Meters LNG Capacity m /day LNG 

England 

France 

Spain 1.7 x lo5 0.10 x lo5 

Italy 

Total Western Europe 6.3 X lo5 0.65 X 10 5 

. . 
E. Coast U.S.A. 

Japan 20.9' X 10 5 1.71 X lo5 



It can be seen that Western Europe's potential carrier 

capacity is 2.43 -times its regasification capacity. Two 

things should be- noted with regard to this ratio. First 

that several European LNG carrier interests are leasing 

their carriers to Japan, and second that expansion of 

regasification facilities in Europe can be anticipated 

with possibly less regulatory delays than met in the U.S. 

The estimated import flow into the ~ a s t  Coast is calculated 
5 3 in the same manner to be a maximum of .72 X 10 m /d,  all 

of which involvco on-ordcr L N C  carricrc. The regasification 
5 3 

capacity of East Coast facilities is seen to be 1.44 X 10 m /dl 

thus the import flow is only 50% of the LNG regasification 

capacity. These estimates indicate that the U.S. does not 

have the fleet capacity to maximize its LNG facilities, 

whereas Western Europe's L N G  carrier fleet seems to point 

to further development in LNG imports to Western Europe. 

An additional concern related to the LNG carrier fleet size 

is the respective transportation costs. Table A-3'tabulates 

some transportation costs for LNG imports into several Western 

European ports. This table is based on a one Bcf/d delivery 

of regasified LNG from a particular site, and is constructed 
\ 

identically to Table 12, Section VIII of this report for 

direct comparison. Transportation costs to' the United States 
6 

range from $0.55 - $0.83/10 BTU, whereas Western Europe 
6 

costs are on the order of $0.20 - $0.40/10 BTU. Not only 

does Western Europe have a distinct advantage in this 

regard, but the low transportation costs put them in a 

very good bargaining position with LNG exporters. Con- 

sidering OPEC's agreement to keep CIF* costs for oil main- 

tained at an equal level for all importing interests, it 

is certainly a strong possibility they will do the same 

*Cost, Insurance and, Freight. 



TABLE A-3 

.Transportation Costs for lBcf/d ~elivery .from 

Several Western European Countries* . ' 

(A-6) 
Capital Capital 

Nautical Round Tri # Ships Req.'.d P Investment** ~ecovery 
Miles Time (A-6 Additionally , $ .Million $/lo6 BTU 

LeHavre, France - 
Arzew, Algeria 1410 . 9.4d 2 - $'200-300 .14-. 21 

I 
Fos, France - OD 

VI Skikda, ALgeria 400 4.5 1 $100-150 .07-.10 
I 

Convey Istad, UK - 
Arzew, Algeria 1540 10.0 

La Spezia, Italy - 
Libya . 990 7.7 .2 $200-300 .14-. 21 

Barcelona,  fain - 
Libya 10 60 

* computations exclude currently owned and operating LNG tankers. 
3 **  based on $100-'150 million/120,000 - 125,000 m LNG tanker. 



for LNG exports. Thus, where countries desiring to purchase 

LNG have low transportation costs, the FOB costrof the 

energy resource to those countries can be higher, bringing 

in a greater profit to the exporting countries. This 

situation. definately could.give the Western European interests . 

a preferred customer status with OPEC and other LNG exporters. 

A second consideration is that while projected LNG imports 

into the U.S. represent a larger percent of the .gas supply 

to the U.S. than do LNG imports in Western Europe as a per- 

cent of the gas supply, (see Table A-4) the intent of Project 

Independence wili be very sensitive to the balance of imports 

and supplies. This possibly could result in slower regulatory 

approval times in the U.S. than in Europe. -It is likely. 

that Western European.. countries could bring LlUG r e c e i v i ~ q  

terminals on line faster than .in the U.S., since more import 

facilities in the U.S. represents more dependence upon 

foreign energy. . . 

The third concern is the status of Japan's natural gas 

demand. Table A-5 represents estimates of unfulfilled 

natural gas demands for the U.S., WesLein Europe and Japan. 

While the U.S. and Western Europe will suffer comparable 

short falls, as per cent of demand, Japan will be suffering 

a tremendous shortfall partly due to their lack of domestic 

gas supplies but turther compounded by the end,uf Alaska11 

,LNG imports in the near future. .From Table A-4 it is apparent 

that Japan is or will be dependent up on'^^^ imports for 

better than 80% of their natural gas demands and hense this 

tends to put Japan in a position to bargain harder and to 

invest more heavily in LNG operations to assure their energy 

demands can be met. 



TABLE A-4 

LNG & NEW'GAS SUPPLY: 1975-85 

(Million Cubic Feet Per Day) 

1975 1980 19 8 5 U.S. 

Iridig'enous Production (a) 55,000 55,000 '55,000 
(b) Supplementary Gas Supply 3,600 , 5,500 11,800 

Increment (C 1 -- '1,900 8,200 
(dl LNG 1mpo.rts 40 4,135 6,425 

~btal. New ~ a - s  Supply Over ' 75 - - 6,035 14,625 

LNG as % Mew Supply -.- 68.6 - 43.9 

WESTERN EUROPE 19 7 5 1980 1985 

Indigenous Production 17,000 25,000 28,000 

Supplementary Gas Supply (dl 84 0 1,190 5,200 
(C l Increment - - 9,150 15,360 

LNG Imports 845 2,395 4,845 

Total New Gas Supply Over '75 - - 11,545 20,205. 

LNG as % New Supply - - 20.7 24.0 

JAPAN 

(el Indigenous Production 250 600' 9 0 0 

Increment - 350 650 . 

LNG Imports 6 7 5 2,970 5,110 

Total New Gas Supply Over -I75 - 3,320 5,760 

LNG as % New Supply - 89.4 88.7 

(a)~vefage of AGA alternative forecasts 

( b ) ~ ~ ~  (1975) includes Canadian imports, oil and coal 
gasification, Alaskan imports and advanced fracturing 

(C)~dditions to indigenous and supplementary after 1975 

(d)~onsists of pipeline supp1.i~ from USSR and cuppl . ies  
from Algeria 

( e ) ~ ~ ~ n  estimate 

SOURCE: "What's Ahead .for LNG?" Ocean Industry Digest of 
a Gastech paper by E. K. Fa.r.idany, Ocean Phoenix 
Transport Inc.,   on don. Ocean Industry, November 1975 



TABLE A-5 

UNFULFILLED NATURAL GAS DEMAND: 1975-1985 

(Million Cubic Feet per Day) 

Annual % Growth 
U.S. 1975 1980 , 1985 75/85 

~otentia.1 NG  erna and'^) 65,600 76,100 88,500 3.0 
(b) Total Gas Supply 58,640 64,635 73,225 2.3 

~nful f illed Gas Demand 

As %'Total Demand . 

WESTERN EUROPE 

.Potential NG Demand ( c )  

Total Gas Supply (b 

Unfulfilled Gas Demand 

As % Total Demand 

JAPAN 

Potential NG Demand (dl 

Total Gas Supply (a) 

Unfulfilled Gas Demand 

As % Total Demand 

Annual % Growth 
7 5/8 5 

9.7 

Annual % ~rowth 
75/85 

26.5 

( a ) ~ ~ ~  (1975) assumes a 3% annual growth rate over 1975 

(b) sunuktion of % indigenous production + supplementary, gas 
supply + LNG imports 

( C ) ~ ~ ~ ~  estimate (1975); $9 crudd oil case 

( d ) ~ ~ ~ ~  high forecast (1979) 

SOURCE: "What's Ahead for LNG?" Ocean Industry Digest .of a 
Gastech paper by E. K. Faridany, Ocean Phuerlix 
Transport Inc., London. Ocean Industry, November 1975 



The fourth observation that. leads to the conclusion that 

Western Europe can be a very strong competitor for North 

~frician LNG concerns the proximity of the various. LNG soyrces 

available to Western Europe. Of the entire fleet listed in Table 

A-6 (end of this Appendix) only four tankers are on order 

to service European LNG facilities that are too large to 

pass through the Suez canal fully-loaded (LNG capacity 
3 greater than 120,000 m ) .  Whereas all LNG carriers on 

order to supply the U.S. East Coast. are of- 120,000 m 3 

capacity, which is too large to use the Suez Canal. The 

. capabilities ~f the European fleet to economically import 

Persian Gulf LNG and Arabian peninsula LNG, utilizing the 

Suez Canal, extends the range of European sources at still 

an economic advantage. 

This discussion has treated Western Europe as a united 

consumer, rather than considering each country's respective 

situation. Certainly, the United States is in a strong 

competitive position with individual countries, provided 

the U.S. consumer is willing to pay more dollars for the 

imported natural gas than European consumers will have to 

pay. If cartel agreements to hold CIF prices firm do not 

apply to ~ ~ ~ . e x p o r t s ,  then the U.S. could essentially outbid 

Western European competitors. ,However, this is definitely 

a worst-case .option. Considering the relative strength nf 

the European econo~ic community, Western Europe as'a group 

or in parts could become an active force in the development 

of gas fields and liquefaction facilities, leading to 

favored contracts. 

Drewry reports (A-2) that a letter of intent was signed 

between a Western European seven-company consortium repre- 

senting West Germany, Belgium, Austria, Switzerland, France, 



and the Algerian LNG exporting interest ~onatrachfor 

eventual imports of ..33 ~ c f  /yk (gas) , which is. equivalent 
to 1.5mmcfd (LNG) 0;. 0.43 X lo5 m3/d (LNG) . Should support- 

for-development agreements be signed by consortiurns of this 

sort, for the preferred contractor status for LNG, Europe 

could readily develop and consume .reserves in North Africa. 



E x i s t i n g  Worldwide LNG C a r r i e r s  

C a p a c i t y  
S h i p  Name Flag/Owner S h i p y a r d  y e a r  3  

(m 1 

p a r a m e n i a n  M o b i l e ,  Alabama 1 9  5  8 5 , 1 2 3  
USA 

Methane P r i n c e s s  B r i t i s h  B a r r o w - i n  F u r n e s s ,  1964  27 ,400  ' 

E n g l a n d  

 ethane P r o g r e s s  B r i t i s h  B e l f a s t ,  I r e l a n d  1964  2 7 , 4 0 0  

P y t h a g o r e  F r e n c h  LeHavre ,  F r a n c e  . 1964  630 

J u l e s  Verne  . F r e n c h  L e T r a i t ,  F r a n c e  1 9  6  5  2 5 , 5 0 0  

A r t i c  T o k y ~  L i b e r i a n  Malmo, Sweden 1 9  6  8 7 1 , 0 0 0  

P o l a r  A l a s k a  L i b e r i a n  Malnio,  swede^ 1969  . 7 1 , 5 0 0  

E s s o  Brega  I fa l  i a n  Genoa,  I t a l y  

E s s o  ~ o r t c v e r e s e  I t a l i a n  Genoa,  I t a l y  1 9 6 9  4 0 , 0 0 0  

E s s o  L . i g u r i a  I t a l i a n  Genoa , I t a l y  1.9 6  9  40;OOO 

L , a i e t a  S p a i n  E l  F e r r o l ,  S p a i n  1970  4 0 , 0 0 0  

K a s s i  F.'Mel 

D e s c a r t e s  

A l g e r i a  LeSeyne , F r a n c e  1 9  7 1  7 1 , 5 0 0  

L i b e r i a  LeHavre ,  F r a n c e  1971. 4 , 0 0 0  

F r a n c e  . S t .  Naza.i.re , 1 9 7 1  5 0 , 0 0 0  
F r a n c e  

G r a d i n a  B r i t a i n  S t .  N a z a i r e ,  1 9  72 
F r a n c e  . . 



TABLE A-6 ( C o n ' t )  Capac i ty  

(m3 

75,000 

Flag.  Owner Shipyard  S h i p  Name 

G r a d i l a  B r i t a i n  S t .  'Naza i re ,  
France  

B r i t a i n  ~ a ~ e ~ n e ,  France  

Peder  Smedvig 

Ben F r a n k l i n  

C h a r l e s  T e l l i e r  

Norway Moss, Norway 

France  L a C i o t a t ,  France  

France  L a C i o t a t ,  France  

LNG C h a l l e n g e r  B r i t a i n  S tavanger ,  Norway 

G a r i  

Gouldi a 

Ga.s t r a n a  

B r i t a i n  S t .  N a z a i r e ,  '. 

France  

B r i t a i n  I ,aCi ;o ta t ,  France  

B r i t a i n  . S t .  Naza i re ,  
Fra.nce 

H u l l  177 

Montana 

Geornitra 

Norway Moss, Norway 

Norway LaSeyne, France  

BL i L a i n  I . a S e y n ~ ,  France 



On-Order Worldwide LNG C a r r i ' e r s  

TABLE A- 6 (Con'  t)  

C a p a c i t y  

S h i p  Name F l a g  Owner S h i p y a r d  Year (m3 ) 

~ e n o t a  B r i t a i n  LaSeyne,  F r a n c e  1975 75 ,000  

H u l l s  198 ,199 ,200  L i b e r i a  S t a v a n g e r ,  Norway 1975 125 ,000  ea. 

H u l l  608  

H u l l  2266 

H u l l  2267 

U.S. * 

U.S. * 

U.S. 

Newport  News, Va. 1975  . 125 ,000  
USA ' 

New O r l e a n s ,  La.  1975  125 ,000  
USA 

New O r l e a n s ,  La.  1975  125 ,000  
USA* 

2  c r y o g e n i c  B a r g e s  U-.S. USA(?)** .19 75 1 2 , 0 0 0  

H u l l s  609 ,610  U.S. ( ? )  Newpprt News, Va. 1975  125 ,000  ea. 
USA 

H u l l s  283 ,284 ,287  C h a r t e r ( ? )  . Donkerque ,  
F r a n c e  

H u l l s  4.1,42,46 U. S. 

H u l l  2268 U,. S  . 

Q u i n c y ,  Mass. 
USA* * 

1975 125 ,000  ea. 

1976 . 1 2 5 , 0 0 0  ea. 

New O r l e a n s ,  La. 1 9  76 125 ,000  
USA* 

H u l l  302 F r a n c e  L a C i o t a t ,  F r a n c e  1 9  76 120 ,000 .  

H u l l  1220 ,1221  L i b e r i a  Kobe, J a p a n  1 9  77 128 ,600  e a .  

H u l l  83 L i b e r i a  K i e l ,  Germany 1977  125 ,800  

Hullc A2€,B2G ( 7 )  

K i e l ,  Germany 1 9  7.7 1 2 5 , 0 0 0  

S t .  N a z a i r e ,  ,1977 ,122 ,260  
F r a n c e  



TABLE A-6 ( C o n ' t )  

C a p a c i t y  

F l a g  Owner S h i p y a r d  Year 
3 

S h i p  Name (m ) 

U.S. ( ? )  Q u i ~ c y  , Mass. 1 9  77 
USA 

U.S. New,Orleans, La. 1979  . 
USA 

1 2 5 , 0 0 0  ea. 

1 2 5 , 0 0 0  ea. 

5 F u l l s  ( ? I  . A l g e r i e n n e  C i e  1977 /78  1 2 5 , 0 0 0  ea. 
N a t i o n a l  d e  Naviga-  
tion (CNAN j 

* E a s t  C o a s t  . 

**  W e s t .  C o a s t  
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Appendix B: Methanol Versus LNG 

Since t h e  processing, ,  t r a n s p o r t a t i o n ,  and s ' torage of n a t u r a l  

gas  a s  LNG involves  working i n  a cryogenic  regime, t h e  ques- 

t i o n  has  been asked a s  t o  whether t h e r e  might be a b e t t e r  

form i n  which t o  t r a n s p o r t ,  and s t o r e  n a t u r a l  gas .  One 

p o s s i b i l i t y  suggested i s  t h e  convers ion of n a t u r a l  gas  t o  

methanol. 

The methanol could be shipped and Btored very much l i k e  any 

o t h e r  l i g h t  petroleum product .  I n  o rde r  to'  r e p l a c e  o r  _sup- 

plement n a t u r a l  gas  s u p p l i e s ,  t h e  methanol would have t o  be 

r e g a s i f i e d  o r  reformed back t o  methane. Although t h i s  i s  

poss ib l e ,  d i r e c t  u se  o f  t h e  methanol a s  a l i q u i d  f u e l  would 

probably be a more . reasonable  use.  One such use  would be 

a s  an automctive f u e l  a s  indica, ted by EPA-460. 1 

The fol lowing t a b l e  compares.methane and methanol: 

Neat ,  of combustion 
Kg calor ies /gram moles 

Heat of combu~t ion  
BTU/ 1.b 

Heat of combus.tion' ( l i q u i d s )  
 gal 82,900 63,340 

Liquid d e n s i t i e s  (g/cc) 

- For a o n e - t r i l l i o n  BTU p e r  day d e l i v e r y  system, approximately 

one-b. i l l ion cubic  f e e t  per  day of n a t u r a l  gas  would have t o  

be l i q u i f i e d ,  o r  49,000 tons  pe r  day of methanol would have 

t o  be processed.  



A f lowsheet  f o r  t h e  commercial product ion of methanol from 

n a t u r a l  gas can  be  found i n  a McGraw-Hill p u b l i c a t i o n  

e n t i t l e d ,  "107 Process  Flowsheets." The process  r e q u i r e s  

7 5.0PSIG and 400°F ope ra t ing  temperature.  . I d e a l l y ,  t h e  

r e a c t i o n  i s  a s  fo l lows:  

The r e a c t i o n  i s  c a r r i e d  o u t  over a. copper-based . c a t a l y s t  

and y i e l d s  9 9 . 9 9 %  pure  methanol. 

Reference 1 r e p o r t s  on , two  s e p a r a t e  methanol p l a n t  s t u d i e s .  

B o t h ' s t u d i e s  addressed s i n g l e  t r a i n  u n i t s  of 5,000 tons  pe r  

day methanol product ion  c a p a c i t i e s .  T h i s  i s  approximately 

twice  t h e  s i z e  of any u n i t s  ope ra t ing  today. Based on t h i s  

d a t a ,  a 49,000 t o n . p e r  day methanol product ion  f a c i l i t y  would 

c o s t  between $750 t o  $1,000 m i l l i o n  d o l l a r s ,  o r  approximately 

15% more than  an flow liquefaction f a c i l i t y  of t h e  same BTU 

c a p a c i t y  . 

The methanol t a n k e r s  could be of t h e  same des ign  as t h e  very 

l a r g e  crude c a r r i e r s  (VLCC),  upwards of 350,000 deadweight 

tons .  These t anke r s  would be approximately f i v e  t i m e s  the 

DWT of the  125,000 cub ic  meter LNG sh ips ,  and approximately 

2.75 t imes t h e  BTU capac i ty .  Whereas e i g h t  LNG c a r r i e r s  

would be r e q u i r e d  t o  t r a n s p o r t  a t r i l l i o n  BTU pe r  day of 

L N G  from A l g e r i a ,  only t h r e e  n~eLhansl tanlccrs would be needed. 

If t h e  ~netharlol w e r e  .to be used as a l i q u i d  ' f i .~el. ,  t h e  r e c e i v i n g  

t e rmina l  could be a normal petroleum tank  farm a t  a c o s t  of 

- approxi.mntcly 30% of an LNG te rmina l .  But i f  t h e  methanol 

were t o  he converted t o  SNG, s y n t h e t i c  n a t u r a l  gas ,  t h e  

r ece iv ing  t e rmina l  could be expected t o  c o s t  approximately 



t h e  same a s  the  methanol product ion fac i l i ty- -$750 t o  $1,000 

mi l l ion .  The reason t h a t  t h e  c o s t s  a r e  t h e  same i s  t h a t  t h e  

p r 0 c e s s . i ~  t h e  same, only i n  reverse .  

' To br ing  t h e  r e g a s i f i e d  methanol back t o  p i p e l i n e  q u a l i t y  

'SNG, t h e  carbon d ioxide  and water must be removed. 

The following i s  a summary of the .  pro jec ted  c a p i t a l  and 

opera t ing  c o s t s  of a o n e - t r i l l i o n  BTU pe r  methanol, both a s  

a . l i q u i d  f u e l  and a s  a .replacement f o r  nalzural gas .  



A. Cost a t  Gas F i e l d  3f 
Natural  Gas 

SUMMARY OF COSTS* 

USING METHANOL AS A SOJRCE OF SNG 

Range of 6 Capi ta l  Costs Sx10 c o s t  $/ lo6 BTU 

B. Cap i t a l  Costs. 

1) Gas f i e l d  and methanol 
prod:~c t i o n  

2 )  Transpor ta t icn  

3). Reseiving and SNG 
production f a c i 1 i t i e . s  

C. Operating Costs 

1) G a s  f i e l d  and methanol 
production 

3 )  Receiving and SNG 
p .~ocuc t ion  S a c i l i t i e  . 

*Based on a 1 x lo1* BTU/day complex or  1 x 10' SCF of SNG a t  1000 BTU per SCF of SNG. 



A. Cost a t  Gas Fiodd of 
Natural  Gas 

SUMMARY OF COSTS* 

USING METHANOL AS A L I Q U I D  FUEL 

B. Cap i t a l  Costs 

1) Gas f i e l d  and methanol 
production 

2 )  Transportat ion ( 3  sh ips )  

3.) Receiving terminal  

C .  Operating Costs 

1) G a s . f i e l d  and methanol 
p r ~ d u c  t i o n  

2) Transportat ion 

3 ) Receiving terminal 

Range of 
C a ~ i ' t a l '  CO'S ts' 'Sx1'0 

6 6 Cost $ / l o  . BTU 

0.00 - 1.58 

*Based on a 49,000 ton per  day complex o r  a 1 x 1 0 1 2  B T U / ~ ~ ~  complex with t h e  
methanol production f a c i l i t y  i n  North Afr ica.  



I t  is  important t o  no te  t h a t  c o s t  i s  no t  t h e  only considera- 

t i o n  i n  t h e  comparison of an LNG energy system t o  a  methanol 

system. F i r s t ,  methanol production f a c i l i t i e s  of 2,000 tons  

pe r  day do e x i s t ,  bu t  t h e r e  i s  a  major ques t ion  a s  t o  t h e  

t e c h n i c a l  f e a s i b i l i t y  a  49,000 tons  per  d a y - f a c i l i t y .  A 

49,000 tons  pe r  day f a c i l i t y  would genera te  methanol a t  a  

r a t e  of approximately 10,000 ga l lons  p e r  minute. ,Next, a  

l a r g e  amount of f r e s h  water i s  requi red  f o r  production of 

methanol - approximately 0.5 tons  per ton  of methanol. This  

amounts t o  approximately 25,000 tons  of water per  day o r  

2  b i l l i o n  g a l l o n s  p e r  year .  An LNG f a c i l i t y  r e q u i r e s  v i r t u a l l y  

no f r e s h  watcr ,  The c o s t  summary for t h e  methanoi syseem 

d i d  n o t  inc lude  t h e  c o s t s  of providing t h i s  water . i n  a  d e s e r t  

l o c a t i o n .  F i n a l l y ,  methanol is a  very t o x i c  chemical. A - 

major s p i l l  of methanol may p resen t  a  g r e a t e r  . hea l th  and 

s a f e t y  than  an LNG s p i l l .  A d e t a i l  s a f e t y  a n a l y s i s  

would have t o  be performed t o  e s t a b l i s h  t h e  consequences of 

p o s s i b l e  s u r f a c e  and ground water contamination r e s u l t i n g  

,from a  methanol s p i l l .  

In .  summary, t h e  fol lowing conclusions can be made: 

- The use  of methanol compares favorably with LNG 
when t h e  methanol i s  used a s  a  l i q u i d  f u e l .  

- The use  of methanol a s  a  source of SNG t o  supple- 
ment n a t u r a l  gas  supp l i e s  cannot economically 
compete wi th  LNG.' 

- Major t e c h n i c a l ,  s a f e t y ,  and environmental 
ques t ions  must be resolved before  the widespread 
use of methanol f u e l s  could begin.  
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