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FOREWORD 

This repor t  i s  one of a number of i s sue  papers prepared a s  

pa r t  o f  the Brookhaven ~ a t i o n a l  Laboratory Northeast Energy ., 
Perspectives Study. The analyses 'in these papers were performed 

spec i f i ca l ly  t o  a s s i s t  us i n  our f i r s t  in tegrated study of the  

energy future  of the  northeastern unitedM Sta tes .  

~ o p i c s  covered by the  i s sue  papers. include the p o t e n t i a l '  

supply of energy t o  the Northeast from coal ,  o i l ,  natural  gas,  

. .  l iquef ied na tura l  gas ( L N G ) ,  nuclear power, municipal waste, so la r  
. . . . 

energy, and wind power, and the  .demand for  energy i n  the North- . 

e a s t .  from the i n d u s t r i a l  ,. t ranspor ta t ion ,  'and r e s iden t i a l  and 

commercial sec tors .  . 1n each case a range of estim'atds of energy 

supply o r  demand was constructed t o  r e f l e c t  not only a va r i e ty  of . 

possible policy and technological developments, but  a l so  the  . . 
. . 

bas ic  uncer ta in t ies  bf a l l  'such fu ture  projections.  The in t e -  
. , 

gra t ive  analysis  which r e l a t e s  khe supply &nd demand p ic ture  i s  

presented i n  "A perspective on the Energy Future of the  Northeast 

United S ta tes .  " 

The issue papers prepared for  the  Northeast Energy perspectives 

' s tudy and the  summary repor t  w i l l  be avai lable  from: 

National Technical ~nformat ion Service 
U.S .  ~epa r tmen t  of Commerce 

. . 
5285 Port Royal Road 
Spr ingf ie ld ,  VA 2 2 1 6 1  

The issue papers and summary repor t  a r e  l i s t e d  below. 

- '  iii - 
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ABSTRACT 

� he Northeast  i s  h e a v i l y  dependent on o i l  (63%*) t o  meet i t s  

'energy demand. The second l a r g e s t  f r a c t i o n  (18%) i s  provided by 

n a t u r a l  gas.  I n  1972, .the Region consumed 2.3 t r i l l i o n  cub ic  f e e t  

of g a s ,  o u t .  of which 0.5% was imported from Alger ia  ( a s  l i q u i f i e d  

n a t u r a l  gas )  and Canada. About 3% was produced w i t h i n  t h e  Region 

and about 96% came from t h e  r e s t  of ' t h e  n a t i o n ,  mainly t h e  Gulf 

Coast a r e a .  I n  terms of  end use,  t h e  r e s i d e n t i a l  s e c t o r  consumed t h e  

l a r g e s t  p o r t i o n  (46%) ; only  5% was used'  i n  genera t ing  e l e c t r i c i t y  . 

( i n  c o n t r a c t  t o  t h e  n a t i o n a l  average of 20%). 

Due t o  t h e  shor tage  of  n a t u r a l  g a s ,  e s p e c i a l l y  on t h e  i n t e r s t a t e  

market, t h e  Northeast  has  s u f f e r e d  c u r t a i l m e n t s  of i t s  f i rm-contrac t  

s u p p l i e s  i n  recent  years .  The cur ta i lmen t  p r i ' o r i t i e s  a r e  r egu la ted  

by t h e  Federa l  Power Commission and t h e  i n d i ~ i d u a l  s t a t e  based. on 
I 

end use m i x  a s  w e l l  a s  t h e  amount of gas  each p i p e l i n e  company has 

a v a i l a b l e .  

Nationwide gas  production reached i t s  peak of 22.6 t r i l l i o n  

cub ic  f e e t  i n  1973 and has  been de'clining ever  s i n c e .  Th i s  s i t u a t i o n  

i s  f u r t h e r  aggrevated by t h e  two-t iered p r i c e  s t r u c t u r e .  The 

d i s p a r i t y  between i n t e r s t a t e  and i n t r a s t a t e  gas  p r i c e s  g i v e s  t h e  

gas  producing s t a t e s  a  compet i t ive  edge i n  secur ing  newly d i s -  

covered. gas  r e s e r v e s  and r e s u l t s  i n  t h e  f u r t h e r  sh.ortage of 

n a t u r a l  gas  a v a i l a b l e  t o  o t h e r  s t a t e s .  P a r t i a l l y  b'ecause of t h i s  

reason,  t h e  continued p r i c e  r e g u l a t i o n  has  become a ve ry  c o n t r o v e r s i a l  

i s s u e .  

Based on e s t i m a t e s  of t o t a l  U.S. gas. r e s e r v e s  (discovered a s  

, w e l l  a s  undiscovered).  and applyinq a 'modi f i ed  Hubbert method t o  a  

* A l l  f i g u r e s  given a r e  those  of 1972 u n l e s s  o therwise  s p e c i f i e d .  



number of  assumptions, pro jec t ions  of n a t u r a l  g a s  productLon were 

made f o r  1985 and 2000. From t h e s e ,  t h e  .amount of gas  supp ly  

a v a i l a b l e  t o  t h e  Northeast  was p r o j e c t e d  based on f u r t h e r  

assumptions,. e.g.  i f  t h e r e  i s  gas  d e p o s i t  on t h e  A t l a n t i c  Outer 

Con t inen ta l  S h e l f ,  whether it w i l l  be  developed i n  t ime,  how much 

of t h e  Alaskan gas  i s  a v a i l a b l e  t o  t h i s  p a r t  of t h e  na t ion ,  e t c .  

The-conclus ion  i s  t h a t  under most s c e n a r i o s  t h e  supply of n a t u r a l  

g a s  t o  t h e  ~ o r t h e a s t  w i l l  be s e v e r e l y  cons t ra ined .  
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I. INTRODUCTION ' 

~ e m o r i e s  of t h e  1973-74 o i l  embargo . . a r e ' p a r t i c u l a r l y  c l e a r  

i n  t h e  N o r t h e a s t e r n  Un i t ed  ' s t a t e s .  S i n c e  t h i s  r e g i o n  depended on 

f o r e i g n  c rude  o i l  f o r  42%* of. t h e  r e f i n e d '  pe t ro l eum ' p r o d u c t s  i t  

consumed, it is  no s u r p r i s e  t h a t  t h e  embargo-induced need t o  r e l y  

s o l e l y , o n  domes t i c  p r o d u c t i o n  and s t o r e d  s u p p l i e s  became known a s  

1 t h e  ene rgy  crunch'. Impor t s  o f  n a t u r a l  g a s ,  by c j n t r a s t ,  c o n s t i t u t e d '  

o n l y  0.6% of t h e  supp ly  r each ing  t h e  N.ortheast  i n  1973,  making t h e  

r e g i o n  ( l i k e  t h e  e n t i r e  coun t ry )  dcipendent a lmos t  exc luHive ly  on . 

domestkc p roduc t ion .  Y e t  t h e r e  i s ,  a cco rd ing  t o  r e c e n t  e s t i m a t e s ,  

o n l y  roughly  a s  much g a s  a s  o i l  (conpared i n  t e r m s  o f  h e a t  v a l u e )  

l e f t  t o  be  recovered  i n  t h e  u n i t e d  S t a t e s . ,  Indeed ,  t h e  . g a s  supp ly  
\ 

s i t u a t i o n  i n  t h i s  c o u n t r y  i s  coming i n c r e a s i n g l y  t o  b e  regarded  a s  

a  n a t u r a l  g a s  c runch ,  which,  l i k e  i t s  oil-em5argo c o u n t e r p a r t ,  . 

c runches  h a r d e s t  u p m  t h e  N o r t h e a s t .  

The n a t u r a l  g a s  s e c t i o n  o f  t h i s  s t u d y  a d d r e s s e s  t h i s  i n -  

' c r e a s e d  awareness  o f  g a s  snpp ly  s h o r t a g e  b y  p r e s e n t i n g  a  back- 

ground p r o f i l e  ~f  t h e  n a t u r a l  g a s  s i t u a t i o n  i n  t h e  reg ion- .and  

t h e  Nat ion.  I n  a d d i t i o n ,  t h i s  s t u d y  w i l l  d e a l  w i t h  supp ly  p r o s p e c t s  

i n  t h e  f u t u r e  - n o t a b l y  t h e  y e a r s  1985 and 2000-and w i l l  - d e l i n e a t e  

some,of  t h e  p o l i c y  c o n s i d e r a t i o n s  t h a t  may i n f l u e n c e  f u t u r e  supply .  

A 
*Est imate  i s  f o r  1972, t h e  base-year  o f  t h i s  s t udy .  
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11. CURTAILMENTS 

The problem can be  s t a t e d  simply. 1n t h e  Nor theas t ,  a s  i n  

o t h e r  p a r t s  of t h e  c'ountry, t h e  demand f o r  n a t u r a l  g a s  i s  ou t  - 
d i s t a n c i n g  t h e  a v a i l a b l e  supply. The most pa lpab le  e f f e c t  of 

1 . .  t h i s  supply-demand imbalance h a s  been. t h e  cur ta i lmen t  of supply 

t o  d i s t r i b u t i o n ~ c o m p a n i e s  (gas  u t i l i t i e s )  by  t h e  i n t e r s t a t e  p i p e  - 
. . 

l i n e  companies t h a t  s h i p  t h e  gas  from t h e  w e l l . '  During t h e  w i n t e r  

of  1974-75', f o r  example, t h e  p i p e l i n e  companies f e l l  s h o r t  by 
9 C 
L ,  2 168 b i l l i o n  cubic  f e e t  (Bcf) o f  " f i rm-contrac t"  gas.  This  

means t h a t  gas  u t i l i t i e s  were s h o r t . b y  168 Bcf i n  t h e  amo.unt 

they  needed t o  s e r v i c e  a l l  h o l d e r s  o f  f i r m  o r  non - i n t e r r u p t i b l e  

c o n t r a c t s .  

However, s u p p l i e s  t o  most f i rm-contrac t  consumers were not .  

a c t u a l l y  c u r t a i l e d .  Data a r e  d i f . f i cu , l t  t o  g e t ,  b u t  one s u r v e y ' o f  

s t a t e  agenc ies  i n d i c a t e s  t h a t  few i f  any i n d i v i d u a l  f i r m  cus tomers1-  

s u p p l i e s  were shut  o f f  . 3  The 168 Bcf c u r t a i l m e n t  of t h e  u t i l i t i e s '  

g a s  l a s t  w i n t e r  was l a r g e l y  balanced by supplements from o t h e r  

sources ,  u s u a l l y  imported g a s . o r  g a s  synthes ized  from petroleum 

feeds tocks  such a s  naphtha. 

The cur ta i lmen t  of f i rm-contrac t  gas  is  i n  a d d i t i o n  t o  t h e  

cur ta i lmen t  of gas intended f o r  h n l d e r s  of i n t e r r u p t i b l e  c o n t r a c t s .  

I n t e r r u p t i b l e - c o n t r a c t  consumers, u s u a l l y  i n d u s t r i e s ,  have t h e  

c a p a b i l i t y  of using o t h e r  f u e l s ;  t h e i r  i n t e r r u p t i b l e  s t a t u s  g a i n s  

them reduced r a t e s  a t  t h e  expense of occas iona l  i n t e r r u p t i o n .  I n  

t h e  l a s t  few y e a r s ,  a s  t h e  u t i l i t i e s '  supply has  worsened, t h e s e  

occas iona l  i n t e r r u p t i o n s  have lengthened i n t o  t h e  e n t i r e  w i n t e r  

season i n  most of t h e  Northeast  region.  
4 

Table 1 g i v e s  a  breakdown of f i rm-contrac t  c u r t a i l m e n t s  by 
. . 

s t a t e .  



T a b l e  1 

A c t u a l  . . P r o j e c t e d  
Wint.er Winter  

' S t a t e  1974-75 1975-7:6 . I n c r e a s e  

C o n n e c t i c u t  
Maine 
M a s s a c h u s e t t s  
New Hampshire 
~ h o d e  I s l a n d  . ' 

Vermont 
New York 
New J e r s e y  
Delaware 
Maryland 
P e n n s y l v a n i a  
D.C. 

T o t a l  

Cul u ~ ~ i L i a  
T e x a s    astern 
Tenneco 
Transnn 

T a b l e  2 

A c t u a l  P r o j e c t e d  
Winter  . Winter  

1974-75 1975-76 I n c r e a s e  



The f o u r  i n t e r s t a t e  p i p e l i n e  companies l i s t e d  i n  T a b l e  2 a r e  t h e  

main s u p p l i e r s  o f  g a s  t o  t h e  r e g i o n  ( t h e  s m a l l e r  p i p e  l i n e s  wAthin 

. . t h e  r e g i o n  r e c e i v e  t h e i r  g a s  from t h e s e  l a r g e r  companies) .  The 

N o r t h e a s t  b o r e  37% of  t h e s e  companies '  c u r t a i l m e n t s  d u r i n g  t h e  

1974-75 h e a t i n g  season .  Between October  31, 1970, and March 31, 

1975, c u r t a i l m e n t s  o f  f i r m - c o n t r a c t  g a s  a l o n e  have t o t a l e d  4.5 

t r i l l i o n  c u b i c  f e e t  (Tcg) .  
2 

The F e d e r a l  Power Coinmission (FPC) h a s  j u r i s d i c t i o n  o v e r . t h e  

c u r t a i l m e n t  o f  s u p p l i e s  t o  d i s t r i b u t i o n  companies and t o  i n d u s t r i e s  

t h a t  buy g a s  d i r e c t l y  from t h e  i n t e r s t a t e  ' p i p e l i n e s ;  i n d i v i d u a l  

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

s u p p l i e s  t o  i n d i v i d u a l  e n d , u s e r s  by  t h e  d i s t r i b u t i o n  compan,ies. 

FPC r e g u l a t i o n  is  p r e d i a t e d  on an  end-use c u r t a i l m e n t  p l a n  (see 

T a b l e  3 ) .  I n  e f f e c t ,  t h e  amount o f  g a s  a  d i s t r i b u t o r  r e c e i v e s  i s  

based  on t h e  end-use mix r e p r e s e n t e d  by i t s  cus tomers  a s  w e l l  a s  

on t h e  amount of g a s  i t s  s u p p l i e r  h a s  a v a i l a b l e .    he manner i n  

which each  i n d i v i d u a l  g a s . u t i . l i t y .  a p p o r t i o n s  g'as t o  consumers i s  

n o t  r e g u l a t e d  b y  t h i s  FPC c u r t a i l m e n t  p l a n .  More d e t a i l e d  i n f o r -  

mat ion on c u r t a i l m e n t  p o l i c i e s  a t  t h e  s t a t e  l e v e l  f o r  r e g u l a t i n g  . 

d i s t r i b u t i o n  appor t ionment  t o  end u s e r s  i s  g i v e n  i n  r e f s . ,  3  and 7,  . 

The t y p i c a l  c u r t a i l m e n t  p l a n  is  e i t h e r  a n  FPC-like end-use o r  a  

p r o  r a t a  p l a n .  

Whether g a s  u t i l i t i e s  i n  t h e  N o r t h e a s t  w i l l  c o n t i n u e  t o  be 

a b l e  t o  meet demand w i t h ' i m p o r t s  ,and s y n t h e t i c s  i s  u n c l e a r .  
. . 

~ n t e r s t a t e  p i p e l i n e  c u r t a i l m e n t s  look t o  be  i n c r e a s i n g  i n  

t h e  n e a r  f u t u r e ,  and t h i s  h a s  l e d  some p roponen t s  o f  d e r e g u l a t i o n ,  
5 

i n c l u d i n g  P r e s i d e n t  Ford ,  t o  a s s e r t  t h a t ,  beg inn ing  t h i s  w i n t e r  

(1975-76) ,  u t i l i t i e s  w i l l  no l o n g e r  b e  a b l e  t o  meet t h e  r equ i r emen t s  

o f  f i r m - c o n t r a c t  cus tomers  and w i l l  be f o r c e d  t o  s h u t  o f f  s u p p l i e s  

t o  consumers w i t h  no c a p a b i l i t y  f o r  u s i n g  a l t e r n a t e  f u e l s .  Some 

.. p ~ s s i b l e  c a u s e s  o f  t h e  c u r t a i l m e n t  o f  n a t u r a l ' g a s  i n  t h e  i n t e r s t a t e  . '  
market a r e  o u t l i n e d  in .Appendix  B. 



Table 3 . 

FPC END-USE'CURTAILMENT PRIORITIES .(FROM FPC Order 467-B, MARCH 2, 1973) 

(Listed in order of decreasing priority, i.?., first group 

. listed is last to be' cut off) 

1,. ~esidential) small commercial (<50 ~cf*/peak day). 

2. Large commercial (~5OMcf/peak day). ; f irm-contract industrial 
requirements for plant protection, feedstack, and process needs; . 
pipeline customer storage injection; firm industrial sales up 
to 300 ~cf/day. 

3. :All industrial requirements not specified in items.2, 4, 5, 
and 6. 

4. Firm-contract industria1,requirements for boiler fuei use at 
<3000 Mcf/day but >I500 Mcf/day, where.alternate fuel 
capabilities can meet ,such requirements. 

5.. . Firm-contract industrial re,quirements for large volume (2 3000 
. Mcf/day) boiler fuel use where alternate fuel' capabilities 
can meet such requirements. 

J 6 . .  Interruptible requirements >300 Mcf/day but <1500 Mcf/day, 
where alternate G e l  capabilities can meet such requirements. 

7. Interruptible requirements of intermediate volumes (from 
1500 Mcf/day to 3000 Mcf/day), where alternate fuel 
capabilities can meet such requirements. 

8. Interruptible requirements >3000 Mcf/day but <lO,OOO~~cf/day, 
where alternate fuel capabilities can meet such requirements. 

9. Interruptible requirements >10,000 Mcf/day, where alternate 
fuel capabilities can meet such requirements. 

* Mcf = ' thousand cubic feet 



1 n . o r d e r  t o  understand t h e  impl ica t ions  of t h e  c u r r e n t  s u p p . 1 ~  

s i t u a t i o n ,  one should recognize t h e  unique p o s i t i o n  of t h e  Northeast  

region w i t h i n  t h e  n a t i o n a l  gas system. One of t h e  most s i g n i f i c a n t  

ways i n  which t h e  region d i ' f f e r s  from t h e  rest of t h e  country i s  i i i '  

. the  p r i c e s '  i t  pays f o r  n a t u r a l  gas.  Tables 4 and 5 show wholesale 

and r e t a i . 1  p r i c e s  both  w i t h i n  and wi thout  t h e  region.  p r i c e s  i n  

Nor theas tern  c i t i e s  a r e  s y s t e m a t i c a l l y  h igher  than i n  o t h e r  p a r t s  

of t h e  country ,  because of both t ransmiss ion  and d i s t r i b u t i o n  c o s t s .  

The h igher  t ransmiss ion  c o s t  i s  due . s imply  t o  t h e  d i s t a n c e  between 

t h i s  region and t h e  source of supply. The inc reased  d i s t r i b u t i o n  c o s t  

is more d i f f i c u l t  t o  exp la in ,  b u t  is due p a r t l y  t o  t h e  use  o f . h i g h e r .  

p r i c e d  imported and synthes ized  gases  by u t i l i t i e s  i n  t h e  Northeast  
. . .  

t o  supplement p i p e l i n e  supp l i e s .  

The h igh  p r i c e  of gas  i s  one of t h e ' f a c t o r s  t h a t  have shaped 
C 

t h e  use  p a t t e r n  i n  t h e  region (Figure  1). Whereas t h e  region houses 

>26% of t h e  N a t i o n ' s  popula t ion  and consumes almost 22% of t h e  

c o u n t r y ' s  r e sources ,  it r e c e i v e s  only  about 10%.of n a t i o n a l  n a t u r a l  

gas  production.  

The apportionment of t h i s  g a s  aniong,types' of end use i s  a l s o  

. c h a r a c t e r i s t i c a l l y  d i f f e r e n t  from t h e  n a t i o n a l  norm (Figure  2 ) .  

Almost h a l f  t h e  gas  so ld  i n  t h e  region i s  f o r  r e s i d e n t i a l  consumption, 

compared w i t h  a  n a t i o n a l  average of 30%. This  tendency t'oward 

r e s i d e n t i a l  use  of g a s  a'nd away from i t s  use a s  a  b o i l e r  f u e l ' b y  

= n d u s t r i e s  and e l e c t r i c  u t i l i t i e s  i s  a tendency toward'what the . 
'... 

FPC c a l l s  h igh  p r i o r i t y  uses .  

This  means t h a t  t h e r e i s  l i t t l e  f l e x i b i l i t y  i n  t h e  r e g i o n ' s  

gas  consumption p r o f i l e ;  cu r t a i lmed t  of s u p p l i e s  would c u t  i n t o  . . 

high  p r i o r i t y  i n d u s t r i a l ,  com-nercial, and e v e n t u a l l y  r e s i d e n t i a l  

requirements  more qu ick ly  i n  t h e  Northea,st than  i n  o t h e r  p a r t s  pf .  



Table 4 .. - 

WHOLESALE GAS PRICES~ * (PRICES PAID TO PIPELINE .COMPANY BY DISTRIBUTOR, "Mcf) 

1973 ; 
_ ) .  ' 1973 Distributor 

7/1/68 7/1/69 7/1/7.0 7/1/71 7/1/72 , . Retail*, margin 

In Reqion 

Bos t 01-1 61/34 69.21' 68.39 76.17 76/73 '217.0 , %  
14'0.27 

~ashingt'on 46.71 4'6.71 49.73 61.64 .60.29 ' 138.7. ' 78.41 
Philadelphia , . 41,,86 43.56 , . 43.69' , 46 ..go 53.. 28 143; 5, 90.22 
Balt i~nore 41.50 41.58 ' 4.4.73 5?.60. 53.22 138.7 . 85.48 
New York - 40.73 . 41'.63 .43'.69 45.98 '.51'. 93 ' 1'63; 9. ' 111..97 

. .  , 

Outside Reqion 
71.98 Chicago 29.61 29-12 . 3.3.31 . 36.04 '36..65. 108.63 

San ~rancisco 28.13 ,. 29.71 33,. 28 35.17 36.52 77.60 41; 10 
Los Angeles . 2 9 .'24". 30.85 36.98 38.78 40.74' ' 76.60 35.86 
Minneapolis . . 35.46 36.72 36,29 42.59 4.5.14 . 99.90. 54.7.6 

* Prices'paid to di*tributor by consumers; in t.his case residential:consumers. 
Retail price may also reflect a more expensive admixture,of.imported and/or . . . . 

, , 
synthetic gas. 

.. . . 
Table 5 - 

9 
RETAIL - GAS PRI&,, 1974 ($/lo6 Btu) 

Residential 

Nation 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Islarid 
Vermont 
N e w  J e ~ s e y  
Mcw York 
Pennsylvania 
Delaware 
D. C. 
~a-ryland 

Other 



Other  

Population Energy Use Oil. . 'Electricity Coal Natural Gas 

F i g u r e  1. Energy u s e  i n  t h e .  Nor theas t  a s  
a percentage .  of  t h a t  i n  t h e  ~ a t i 0 n . l  

' Northeast  reg ion  

Industr ia l  29;3% 

Other 

F i g u r e  2. Comparison of g a s  end u s e s ,  1972. 19 



t h e  country.  Consider use  by  e l e c t r i c  u t i l i t i e s ,  which t h e  FPC 

c o n s i d e r s  low p r i o r i t y  and is  t r y i n g  t o  discourage:  of t h e  gas  

used f o r  e l e c t r i c i t y  genera t ion  i n  t h e  u.S.' i n  1972, t h e  Northeast  

consumed on ly  3.1%, whereas t h e  s t a t e s  of Texas, Louis iana ,  and 
9  

Oklahoma consumed > 48%. 

The s h o r t  supply and h igh p r i c e  of g a s  i n  t h e  n o r t h e a s t  not  

. only  have brought  about  a  p a t t e r n  of h igh  p r i o r i t y , e n d  use b u t  a l s o  

have con t r ibu ted  t o  t h e  r e g i o n ' s  heavy dependence on o i l ,  F igure  3 

shows how t h e  Nor theas t  s a t i s f i e s  i t s  energy demands. O i l  provided 

63% o t  t h e  energy i n  1972, b u t  gas ,  d e s p i t e  t h e  smal l  s h a r e  of t h e  D 

 nation'^ cupply coming t o  t h e  region,  provided the secand- larges t  

f r a c t i o n  of t h e  energy,  18"/0. C l e a r l y ,  n a t u r a l  gas  i s  an important 

p a r t  of t h e  r e g i o n a l  energy p i c t u r e ,  and gas  shor tages  would pose 

s e r i o u s  problems concerning t h e  p o s s i b i l i t y  -- and d e s i r a b i l i t y - -  

of  f u e l  s u b s t i t u t i o n .  

An i n v e s t i g a t i o n  of t h e  problem of g a s  shor tage  must begin  

w i t h  t h e  source  of 95% of t h e  r e g i o n ' s  c u r r e n t  p i p e l i n e  supply,  

t h e  domestic n a t u r a l  gas  indus t ry .  . Figure  4  shows n a t u r a l  g a s  

product ion  i n  t h e  Nation dur ing  t h e  l a s t  15 yea r s .  Up t o ' 1 9 7 0 ,  

t h e  amount of gas  produced increased f a i r l y  s t e a d i l y ;  then  t h e  
. 

r a t e  of i n c r e a s e  slowed down f o r  3  years .  I n  1973, t o t a l  marketed 

product ion  reached a  peak of 22.7 Tcf .  I n  1974, f o r  t h e . f i r s t  

t ime i n  h a l f  a  cen tu ry ,  gas  product ion  dec l ined  from the  previous  

yea r .  F igures  f o r  t h e  f i r s t  3 q u a r t e r s  of 1975 i n d i c a t e  a f u r t h e r  

10% drop from t h e  1974 l e v e l .  
23 

Furthermore, u n t i l  1967, t h e  amount of gas  d iscovered  each 

y e a r  exceeded t h e  amount produced i n  t h a t  year .  S.ince then,  t h e  

r e v e r s e   ha^ becn t r b c ,  cltccpt for 1370, whcn ga3 was discovered 
12 

i n  t h e  Prudhoe Bay a r e a  of A'laska. 



Northeast region Nation 

Hyd./ 
Nucl. 

. , 

F i g u r e  3 .  Comparison of  f u e l  mixes,  1972. 
1' 

Y E A R  

F i g u r e  4.  H i s t o r i c a l  n a t i o n a l  &no producti0.n. 
20 
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I V .  OVERVIEW O F  DOMESTIC NATURAL GAS INDUSTRY 

Figure 5 shows the flows of na tura l 'gas  from producers t o  

consumers; Figure 6 s,hows t h a t  95% of .the gas reaching the North- 

eas t  o'riginates in  the Texas-Louisiana Gulf Coast area; e i the r  on 

or offshore. . > 

/ 

As it comes from the ground, natural  gas is  primarily methane 
/ ( the  simplest hydrocarbon) with small amounts of more. complex . 

hydrocarbons such as  ethane, propane, and butane, which a re  

.- . usually removed and sold separately,  so tha t  the  marketed gas i s  

almost pure methane. The chemical simplicity. of natural  gas 

accounts i n  pa r t  f o r  i t s  increased popularity i n  -recent years. 

Unlike coal or o i l ,  methane is  a negl igible  producer of su l fur  

oxides o r  pa r t i cu la te  emissions. Although gas does produce measur- 

able amounts of. nitrogen oxides during combustion, i t  has a much' 

smaller overa l l  environmental e f f e c t  than do a l t e rna t ive  hydrocarbon 

fue l s  and i s  therefore a logica l  subs t i tu te  fo r  coal and o i l  i n  the 

face of environmental cont.ro1 laws. 

Gas i s  brought from ground t o  consumer by a three-stage.  

' dat ional  gas industry: the producing company, which' removes the 
\ 

gas from the ground; the pipel ine company, which t ransports  i t  t o  

d i s t r ibu t ion  points ;  and the gas  u t i l i t y ,  which 5 s  the f i n a l  d i s t r ibu to r .  

The d i s t inc t ion  between these stages i s  sometimes blurred,  a s  a 

s ingle  company often has a f inancia l  i n t e r e s t  i n  two or more of them; 

but the U.S. natural  y a s  spsLem can be visualized a s  hourglass 

shaped,. with a few majoi pipel ine companies ,.(and .- 100 smaller 

pipel ines)  connecting thousands ~ f . ' ~ r ' o d u c e r k , w i t h  thousands of 
. . 

d i s t r ibu to r s .  

The important d i s t inc t ibn  between pipel ines  ,is whether or  not 

they cross s t a t e  boundaries. , I n t e r s t a t e  pipel ines  f a l l  under Federal 

control and a re  regulated by . the  FPC a s  required by the Natural Gas 

Act of 1938. Companies tha t  operate purely i n t r a s t a t e  a re  not 

subject t o  ~ e d e r a l  regulation. 



(billions of cubic feet per year) / . '  
. . 

F i g u r e  5. I n t e r s t a t e  n a t u r a l  g a s  movements, 1970. 9 

Conoda 
3.7 B c f  

19  F i g u r e  6 .  Gas' f l ows  t o  the ~ o r t h ~ a s t ,  1973: 



V. THE REGULATION CONTROVERSY 

The most controversial  aspect of FP% regulation i s  control of 

the p r i c e ' t h a t  producers may charge the i n t e r s t a t e  companies, the  

wellhead p r i ce  of the gas. Regulation has kept the pr ice  a t  leve ls  
14 described as  a r t i f i c i a l l y  low i n  both industryl0and FPC writ ings.  

Some people consider the low pr ice  respon'sible for  the decline 

of gas production i n  the l a s t ' f e w  years because, they argue, low 
1 . . 

pr ice  has made gas a t t r a c t i v e  t o  the consumer (thus increasing demand) 

while deckeasing the producers' incentive t o  explore for  new sources 
\ .  

o r  t o  develop marginally productive f i e l d s  (thus reducing production). 

They therefore advocate deregulation of wellhead p r i ce  and return 

t o  a free-market system i n  order t o  l e t  pr ices  r i s e  and demand f a l l  

so tha t  incentives t o  producers a s  well  a s  supplies would increase,  

the  ultimate r e su l t  being equilibrium between supply and demand. 

Other people look upon the current gas shortage as  having 

nothing .to do with pr ice  regulation, being merely the r e s u l t  of 

monopolistic prac t ices  by the industry,  a manufactured shortage 

designed t o  force higher pr ices  i n  unregulated markets and thus 

t o  w i n  increased pr ices  o r  deregulation from the Government. 

C r i t i c s  have accused the  industry of understating reserves and 

interrupt ing production i n  order t o  influence the debate over 

price regulation. 

A t h i r d  group considers the problem t o  be more technological 

and geological than economic. ' I n  t h e i r  opinion, both supply and 

demand a re  inherently insens i t ive  t o  pr ice  a t  t h i s  stage i n  the 

exploi ta t ion of domestic gas potent ia l ,  and a pr ice  increase,  . 

which would be inf la t ionary  and a l so  hard on consumers, would 

nei ther  markedly reduce the demand f o r  gas nor increase the 

avai lable  supply. 



Each of t h e s e  t h r e e  p e r s p e c t i v e s  i m p l i e s  a d i f f e r e n t  p o l i c y  

cho ice .  I f  t h e  s h o r t a g e  is  regu1 ,a t ion  induced,  t h e n  d e r e g u l a t e  

we l lhead  p r i c e s .  I f  t h e  s h o r t a g e  is monopoly induced ,  t h e n , s t a n d  

f i r m  on p r i c e  c o n t r o l s  and t a k e  l e g a l  a c t i o n  a g a i n s t  t h e  monopol is ts .  

I f  t h e  s h o r t a g e  is  n o t  an  economic p,roblem a t  a l l ,  t h e n  keep  

consumer p r i c e s  a s  low a s  p o s s i b l e  w h i l e  i n t e n s i f y i n g  e f f o r t s  a t  

s e c u r i n g  g a s  from a l t e r n a t i v e  s o u r c e s  ( o f f s h o r e  and Alaskan 

p r o d u c t i o n ,  s y n t h e s i z e d  o r  imported g a s ) .  

l.t is i n t e r e s t i n g  t h a t  t h e  F e d e r a l  Power.Commission i t s e l f  

is  i n  f a v o r  o f  d e r e g u l a t i n g  g a s  p r i c e .  l2 The FPC t h i n k s  t h a t  the  

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

p r i c e  of g a s  w i l l  c o n t i n u e  t o  rise even under  t h e  p r e s e n t  system. 

E i t h e r  because  of  u n d e r u t i l i z a t i o n  of  p i p e l i n e  t a c i l i t i e s  o r  

because  of  t h e  i n t r o d u c t i o n  o f  h igh-cos t  supplementary g a s  s u p p l i e s  

such  a s  s u b s t i t u t e  n a t u r a l  g a s  o r  l i q u i f i e d  n a t u r a l  gas. '  According 

t o  t h e  FPC, s i n c e  g a s  c o s t  w i l l  r ise  w i t h  o r  w i t h o u t  d e r e g u l a t i o n ,  

t h e  publ ic  would b e  bet ter  se rved  under  d e r e g u l a t i o n ,  which would 

l e s s e n  t h e  t r a u m a t i c  burden  o f  c o n t i n u i n g  g a s  s h o r t a g e s  b y  t e n d i n g  

t o  r e s t o r e  t h e  c o m p e t i t i v e  p o s i t i o n ' o f  t h e  i n t e r s t a t e  s e c t o r  and 

t h u s  making g r e a t e r  ' s u p p l i e s  a v a i l a b l e , t o  b o t h  i n t e r s t a t e  and 

i n t r a s t a t e  customers .  "But w i t h  d e r e g u l a t i o n  must come an a s s u r a n c e  

o f  p r o t e c t i o n  o f  t h e  p u b l i c  i n t e r e s t .  P r i c e s  must b e  r e p o r t e d  . '  

r e g u l a r l y  and moni tored  t o  make c e r t a i n  t h a t  p roduce r s  do  n o t  u s e  

t h e  p r e s e n t  s h o r t a g e  s i t u a t i o n  as a n  o p p o r t u n i t y  t o  i ndu lge  i n  

p r a c t i c e s  which r e s u l t  i n  r e s t r a i n t  of  t r a d e .  There  must be 

s t r ic t  s u r v e i l l a n c e  b y  t h e  FPC, t h e  Department of  J u s t i c e ,  and 

o t h e r  a g e n c i e s ,  and s t r i c t  enforcement  of  a n t i t r u s t  laws t o  . 

sa fegua rd  a g a i n s t  a n t i c o m p e t i t i v e  conduct  i n  any market a r e a .  ,, 12 

The FPC f u r t h e r  s t a t e s  t h a t ,  i f  t h e  d e r e g u l a t i o n  of wel lhead  

p r i c e  cannot  b e  ach ieved ,  a t  l e a s t  t h e  N a t u r a l  Gas A c t  must b e  

amended t o  a u t h o r i z e  t h e  FPC, i n  s e t t i n g  r a t e  l e v e l s ,  t o  go beyond 



. . 
"current  cos t s "  and consider o ther  economic and market f a c t o r s ,  . . . 

including the  pri=&s of competitive f u e l s  and a l t e r n a t e  sources 

of supply. The FPC hopes t h a t  i n  t h i s  way the  demand f o r  n a t u r a l  

gas w i l l  be decreased even though the  supply w i l l  not be increased.  
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V I  . THE INTRASTATE VERSUS INTERSTATE. MARKET 

The i n t e n t  of  t h i s  r e p o r t  i s  t o  d e s c r i b e ,  no t  t o  r e s o l v e ,  t h e  
. . 

complex i s s u e s  involved i n  p r i c e  r e g u l a t i o n .  There is,  however, one 

e f f e c t  o f . c o n t r o l s  t h a t  i s  u n i v e r s a l l y  agreed t o  b e  d e l e t e r i o u s  t o  

i n t e r s t a t e  (and consequently   or the as tern) gas supply. 

S ince  gas s o l d  w i t h i n  t h e  boundaries  of t h e  s t a t e  t h a t  produced 

i f  i s  no t  s u b j e c t  t o  FPC r e g u l a t i o n ,  producers  can e a s i l y  r e c e i v e  

s i g n i f i c a n t l y  h igher  p r i c e s  by s e l l i n g  t o  i n t r a s t a t e  r a t h e r  than t o  

i n t e r s t a t e  p i p e l i n e s ,  which consume about  7% of a l l  n a t u r a l  gas .  

produced i n  t h e  U.S. The e x a c t  l e v e l  of  p r i c e s  pa id  w i t h i n  t h e  

i n t r a s t a t e  market i s  d i f f i c u l t  t o  determine. One es t ima te  pu t s  t h e  

average wellhead p r i c e  a t  $1.25 p e r  thousand cub ic  f e e t  (Mcf) , lo and 

a spokesman f o r  P r e s i d e n t  Ford has  claimed t h a t  p r e v a i l i n g ' p r i c e s  a r e  

c l o s e r  t o  $ 2 / ~ c f ,  whereas t h e  p r i c e  allowed , for  s a l e s  t o  i n t e r s t a t e  

p i p e l i n e s  i s  52C/~cf  (which roughly corresponds t o  $3/bbl  of o i l  i n  

terms o f '  h e a t  con ten t .  ) 

The n e t  e f f e c t  has  been t o  g i v e  t h e  i n t r a s t a t e  companies a  

compet i t ive  edge i n  secur ing  d e d i c a t i o n s  of  newly found gas 

r ese rves .  F igure  7 demonstrates  t h e  r e c e n t  upsurge i n  t h e i r  

a c q u i s i t i o n  of 'new suppl ies .*  

* Usual ly  when gas  r e s e r v e s  a r e  d iscovered ,  a f t e r ' t h e i r  e x t e n t s  
and p roduc t ive  c h a r a c t e r i s t i c s  have been proved, they  a r e  
promptly committed b y ' t h e  producers  t o  p i p e l i n e  companies, 
i n t e r s t a t e  o r  i n t r a s t a t e ,  under long-term (e .g . ,  20-year) gas  
.purchase c o n t r a c t s .  I n  r e c e n t  y e a r s ,  because of t h e  shor tage ,  
i n t e r s t a t e  p i p e l i n e  companies have been makinb advance payments 
t o  producers  t o  explore  new r e s e r v e s ,  and, i n  r e t u r n  f o r  t h e s e  

, i n t e r e s t - f r e e  loans ,  hold  t h e  exc lus ive  r i g h t  t o  n e g o t i a t e  f o r  
any gas  d iscovered .  S t a t i s t i c s  on t h e  gas  s u p p l i e s  ded ica ted  
t o  i n t e r s t a t e  p i p e l i n e s  a r e  r epor ted  t o  t h e  FPC b y . e a c h  
company on FPC Form 15.12 



l NTRASTATE 

Figure  7. ~omp'arison of i n t e r s t a t e  and i n t r a s t a t e .  
average annual a d d i t i o n s  t o  dedicated rese rves .  l4 

Fbnm viewpoint of the Northeast, wh.ich r e l i e s  almost 

exclusively on t h e  i n t e r s t a t e  system (Table B), iecjula.tisn ha5 

given the gas sboktage'a double-barreled character:  ' not only 

i s  t o t a l  production declining (s ince 1974) but a l so  the share of 

i t  reaching the ~ o r t h e a s t  (Table 7 ) .  The share of t o t a l  national 

production received i n  the reyiu~l  dropped by > 0.3% bctween 1971 

and 1973; an extragolat ion.of  t h a t  trend would iower the region 's  

share t o  9.47; by 1980.. I n  coritra.st, the pgrcentag.e share of 

i n t e r s t a t e  gas .received by the Northeast-shows no c lear  trend; P 

. . 

i n  f a c t ,  i n  1972. the region 's  share of i n t e r s t a t e  gas  was r i s ing  

while i t s  share of t o t a l  prpduction . . was fa l l ing .  



T a b l e  6 

SOURCES O F  GAS TO THE 'NORTHEAST, l9 1 9 7 2  

. Q u a n t i t y  ( B c f )  %. of T o t a l  
. . 

1n-region p r o d u c t  i o n  7 7 . 9  
I m p o r t s  f r o m  C a n a d a  10.1 
I m p o r t e d  f r o m  A l g e r i a  2 . 0  
G a s  f r o m  i n t e r s t a t e  p ipel ines  2 2 4 8 . 1  

T a b l e  7 

NET. RECEIPTS FROM' U. s . PIPELINES (CONSUMPTION AND LOSSES) INCLUDING 

C o n n .  55.3 
a 

M a s s .  136.9 
P.Ib . 2 1 . 4  
V t .  ( 1 . 5 )  

' N.H. + Me.  5 . 7  
C 

N.Y. 643.3 ' 

P e n n .  6 6 8 . 7  
N . J .  2 8 1 . 2  
Md. + D.C. 155.8 
D e l .  . 2 4 . 3  

T o t a l  1 ' 9 9 2 .  5 

' N e t  U.S. pro- 
d u c t i o n  ( T c f )  19.8 

R e g i o n  as  "/o 
, of  ati ion 10.1 

a 
LNG i m p 3 r t s  f r o m  A l g e r i a  and C a n a d a  r e m o v e d .  

~ l l  gas  t o  ~ e r m o n t  i s  f r o m  ~ a n a d a . '  
C 

. I m p ~ r t s  f r o m  C a n a d a  r e m o v e d .  
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VI I. THE NATIONAL SUPPLY.' SITUATION 

The a b i l i t y  of d i s t r i b u t o r s  i n  t h e  region t o  meet. demand 

w i l l  depend on t h e  a v a i l a b i l i t y  of supply.  from t h e  n a t i o n a l  

system. A s  shown i n  ~ i g u r ;  8-, t h e  fut.ure of n a t i o n a l  supply 

i s  not  ' a t  a l l  c e r t a i n .   his maze of p r o j e c t i o n s  is, reviewed 

i n  some d e t a i l  i n  Appendix A;  on ly  s e l e c t e d  p r o j e c t i o n s  a r e  
' .  . discussed  he re  (Figure  9 ) .  

The high and middle c a s e s  a r e  t w o ' ~ r o j e c t  Independence (PI3 

scenario 's ,  l1 a c c e l e r a t e d  ' (ACC) and b u s i n e s s  a s  usual  . (BAU) . . . 

The l a t t e r  r e q u i r e s  no new government p o l i c i e s  o r  a c t i o n s  o the r  

than  d e r e g u l a t i n g  wellhead g a s  p r i c e ,  b u t  t h e  former r e q u i r e s  

more. T h e . 1 0 ~  c a s e  i s  t h e  conse rva t ive  r e a l i s t i c  c a s e  of t h e  

FPC "s Nat ional  Gas Survery. 

The P I  were made i n  1974.   he methodology used 
h ' 

by both  t h e  o i l  arid, g a s  t a s k  f o r c e s  was a  modif ica t ion  of t h a t  u s e d  

by t h e  National  Petroleum Council  (NPC). E s s e n t i a l l y ,  assumptions 

were made on l e a s i n g  p o l i c i e s  and schedules ,  d r i l l i n g  r a t e s ,  

find.ing r a t e s ,  and percentage  of  gas  produced from new rese rves .  

 his was done f o r  each NPC region s e p a r a t e l y .  . 

The b a s i c . d i f f e r e n c e s  between t h e   and and t h e  ACC c a s e  r e s u l t  

from ( a )  d i f f e ' r e n t  t iming and magnitude of o f f s h o r e  l e a s e  s a l e s  

and (b)  h igher  d r i l l i n g  e s c a l a t i o n  i n  t h e  ACC case .  For example, 

. f o r  t h e  BAU case ,  i t  i s  assumed t h a t  3  mi l ' l ion  a c r e s  of o u t e r  

c o n t i n e n t a l  s h e l f  (OCS) would b e  o f f e r e d  f o r  l e a s i n g  through 

1990 and 55% of t h a t  o f f e r e d  would a c t u a l l y  be . leased .  This  i s  

roughly c o n s i s t e n t  w i t h , t h e  c u r r e n t  l e a s i n g  schedule published by t h e  

~ u r e a u  of Land Management. (BLM) . ' I n  c o n t r a s t ,  t h e  assumed l e a s i n g  

program f o r  t h e  ACC c a s e  c a l l e d  f o r  an' o f f e r i n g  of 3 . m i l l i o n  a c r e s  
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Figure 8 .  Some prominent recent national gas 
. production ptoj  e~tionfi.25,27,30,32,34,35 

2 4 

Tcf  2 0  

20 

2 6  

/ 
,P PROJECT . . - , , IPJDEPENDEFICE 

I I I I 

I , ' P ~ O J E ~ T  I 

- INDEPENDENCE 
,/ ACCELERATED CASE 

/' ,/.' BUSINESS AS USUAL 

, 
"b FEDERAL POWER 

COMMISSION CASE II 

. : 

.. . . .I. 
I 0'19k0 1965 19'70 19'75 1980 19b5 1990 19;s 2 A 0 0  

. YEAR . . 

Figure 9 .  Summary of national gaa production . , .  

pro j ect  ions.  



of OCS i n  1977, inc reased  t o  10 m i l l i o i . b y ~ ~ 9 0 . , , ,  , a . g ~ ~ i n  wi th '55% 

leased .  Under t h i s  assumed s c h e d ~ 1 . e ~  f o r  t h e  f u l l  1974-1990 

p e r i o d ,  -106 m i l l i o n  a c r e s  would be. of£ered.  . and ,  -50 mi l l . ion  ' a c r e s  . 

a c t u a l l y  l eased ;  t h i s  is > 6. t imes  t h e  amount of ' ad1  O0S:land l e a s e d  , . 

through t h e  end of .  1973. By 1985, much of t h e  inc rease .  i n  d r i l l i n g  
. . 

between. t h e  two c a s e s .  iS a l l o c a t e d  t o  t h e  t h r e e  o f f  shore a r e a s .  

Higher d r i l l i n g  r a t e s  a r e  used i n  t h e  ACC than i n  t h e  BAU 

.case ( s e e  Appendix A , .  Table A - 1 ) ,  b u t  t h e  f i n d i n g  r a t e  and t h e  

pe rcen t  r e s e r v e  produced a r e  assumed t o  b e  t h e  same f b t  bo th  

cases .  The r e s u l t i n g  r e s e r v e  a d d i t i o n s  and "productions a r e  
6 

given i n  Figues 9 and 10 a n d . i n  Tables  A-2 and Ab3. 

The PI pr 'o jec t ions  have two major drawbacks. (1) The 
. ,. 

NPC methodology adopted is  p r i m a r i l y  a bookkeeping procedure 
. . 

l i n e a r l y  conver t ing  i n p u t s  i n t o  ' ou tpu t s ,  and no measure . o t h e r  ' 
. . 

than  g r o s s  q u a l i t a t i v e  i n s p e c t i o n , i s  a v a i l a b l e  f o r  judging 

whether t h e p r o j e c t i o n  can b e  reasonably '  r e l a t e d  to '  t h e  r e a l  

world. I n  t h e  words of t h e  PI  Nafural  Gas   ask Force i t s e l f ,  . 

"no one r e a l l y  knows how r e l i a b l e  t h e  r e s u l t s  a re . "  (2) A s  

seen i n  ~ i g u r e  10,  t h e  r e s e r v e  a d d i t i o n  r a t e s  p r o j e c t e d  and . . 

necessary  t o  : ach ieve  t h e  p r o j e c t e d  .p roduc t ion  r a t e s  a r e  ' r e l a -  

t i v e l y  high.  ' I n  t h e  ACC c a s e ,  more g a s  would have t o  be  

d iscovered  i n  1985 than i n  t h e  bumper yea r  1955. T h i s  may b e  

over ly  o p t i m i s t i c ,  a l though it can b e .  argued t h a t ,  - i f  gas  

p r i c e s  r i s e  drallzatically undcr d e r e g u l a t i o n  and if s.upply i s  

responsive  t o  p r i c e ,  then  t h e  PI  p r o j e c t i o n s  would d e s c r i b e  t h e  . 

e f f e c t  on product ion  more a c c u r a t e l y  than  o t h e r s .   everth he less, 
. . 



f o r  reasons  d e t a i l e d  i n .  Appendix A ,  t h e  PI - p r o j e c t i o n s  a r e  used, i n  

t h i s  r e p o r t .  

The Nat ional  Gas Survey (NGS) p r o j e c t i o n s  were.made i n  1973, 

when t h e  average wellhead gas  p r i c e  was ,around 25C/Mcf: - NGS case  11, 

chosen . fo r  t h i s  r e p o r t ,  i s  based on t h e  fol lowing assumptions. 

( a )  Onshore: t h e  p r o j e c t i o n  f o r  non-associated. .gas,  which forms 
. ~ 

t h e  bu lk  of  t o t a l  supply,  i s  based on a h y p o t h e t i c a l  wellhead p r i c e  
. . 

ranging from 34C/~cf  i n  1975 t o  58C/Mcf i n  1990, and t h a t  f o r  
. . 

a s s o c i a t e d  g a s  i s  based: on crude o i l  (b) Offshore: 

, , development would occur i n , a l l  t h r e e  o f f s h o r e  a r e a s ,  b u t  5 yea r s  

behind t h e ' c u r r e n t  schedule.  Note t h a t  Alaskan p i p e l i n e ,  and 

LNG imports were a l s o  p r o j e c t e d  by NGS b u t  .are  n o t  included i n  . . 

t h i s  r ~ p o r t .  
. . 

Considering t h a t  the .average .we l lhead  p r i c e  has  a l r e a d y  
. . . .. 

reached 52C/Mcf i n  1975  and is s t i l l  r i s i n g ,  one could argue t h a t  

t h e  p r i c e  assumption on which t h e  f o r e c a s t  o f , t h e . l a r g e s t  s i n g l e  
. . 

s.upply (onshore,  non-associated)  i s  based ' i s . t o t a l l y  u n r e a l i s t i c  

and t h e r e f o r e  t h i s  e n t i r e  p r o j e c t i o n  should be dismissed; . .  . . On t h e  
. . 

b a s i s  of p r i c e ' a l o n e ,  t h i s  would be  so:, however, a.s segn i n  Figure  . . 

, 10,  t h e  r e s e r v e  a d d i t i o n  r a t e  necessary  t o  mainta in  t h e  p ro jec ted  

product ion  r a t e  compares q u i t e  favorably  wi th  t h e  average rese rve  
' 17'' 

a d d i t i o n  ra ' te  's ince . 1960, . and i t s  achiavemont i o  probable i l l  view 

of t h e  i n c r e a s e  i n  d . r i l l i n g  . a c t i v i t i e s  dur ing  t h e  p a s t  few years .  

( D r i l l i n g  a c t i v i t y  i n  1'974 was t h e  h ighes t13  s i n c e  1956 and i s  s t i l l  
23 

r i s i n y  i n  1 9 7 5 .  ) .  Included i n  Figure  1.0 f o r  comparison i~ t h c  

r e s e r v e  a d d i t i o n  r a t e ' i i p ~ i e , d  by  NGS cake I ( t h e  l o w e s t ,  of t h e  four  
. . 

r 
NGS p r o j e c t i o n s ) ,  which i s  i n  t h e  v i c i n i t y  of t h e  average r a t e  s ince -  

Note t h a t ,  f o r  t h e  o f f s h o r e  g a s  supply a t  l e a s t ,  it i s  assumed 

i n  a l l  t h e s e  p r o j e c t i o n s  t h a t  t h e r e  would b e  an adequate number o f  

d r i l l i n g ' r i g s ,  necessary  equipment, and trained personnel ,  Wcre 



t h i s  no t  t he  case ,  t he  es t imates  of f u t u r e  gas  supply would be 

more pe s s imi s t i c .  

A completely d i f f e r e n t  approach was taken i n  p ro j ec t i ng  gas  

production i n  t h e  year  2000.- The f a c t  is t h a t  'only a  f i n i t e  amount 

of ga s  remains t o  be u l t ima t e ly  d iscovered,  and t he r e fo r e  accelerat .ed 

production i n , t h e  near  term can only l ead  t o  reduced production i n  

t h e  f u t u r e  (and v i ce  v e r s a ) .  How much . today 's  production r a t e  w i l l  

a f f e c t  tomorrow's, and when t he  t o t a l  gas  resource w i l l  be com- 

' p l e t e l y  dep le ted ,  depend mainly on how much gas  t h e r e  i s  a l t oge the r .  
* 

The e s t ima t e s  of u l t ima te  p o t e n t i a l  ga s  supply t h a t  a r e  

probably inost r e l i a b l e  a r e  those by M.K. ~ u b b e r t ~ l  and by t he  U.S. 
. . 

Geological Survey. l5 The former i s  '1050 . ~ c f  f o r  t h e  lower 48 

s t a t e s  and 150 Tcf f o r  Alaska; t h e  l a t t e r  i s  1158 t o  1280 Tcf f o r  

t h e  lower 48 s t a t e s  and 77, 124 t o  180 Tcf f o r  Alaska. 

Appl ica t ion  of Hubber t ' s  method ~ f ' ~ r e d i c t i n ~  gas  prod.uction 

r a t e ,  which is based .on  h i s t o r i c a l  f a c t s ,  t o  t he se  t h r ee  s e t s . o f  

f i g u r e s  g ive s  a  range of gas  p r o d u c t i o n ' r a t e s  . . f o r  the  year  2000 

( see  Appendix A ) .  The h igh  r e s u l t ,  17.9 Tcf ,  corresponds t o  1280 

T c f ' f o r  t h e  lower 48 s t a t e s  and 124 Tcf f o r  Alaska; t h e  medium 

r e s u l t , , 1 5 . 3  Tcf ,  t o  1158 Tcf and 124 Tcf f o r  t h e  two a r ea s ,  r e spec t -  

ive1y;and t h e  low r e s u l t ,  11.81 Tcf ,  t o  1050 Tcf and again 124 Tcf.  

  he BAU and t h e  ACC production f o r e c a s t s  f o r  1985 were t r e a t e d  

a s  da t a  i n  making t h e  year  2000 p ro j ec t i on ,  bu t  the  d . i f ference  

between them was so  small  t h a t  it. hardly  con t r i bu t e s  t o  any s i gn i -  

f i c a n t  r a t e  d i f f e r e n c e  i n  t h e  year  2000. A s  explained above, almost 

a l l  t h e  d i f f e r e n c e s  between t he  t h r ee  pr'oduction r a t e  ' r e s u l t s  f o r  

year  2000 a r e  due t o  d i f f e r e n t  e s t imates  of  u l t ima t e  p o t e n t i a l  supply. 

The above r e s u l t s  a r e  summarized i n  Table 8  and Figure 11. . . 

* A s  of t he  end of 1 9 7 3 , . a  t o t a l  of 705 Tcf of  gas  had been 
discovered (673 Tcf i n  t he  lower 48 s k a t e s  and 32 Tcf i n  
Alaska) ,  of which 455 Tcf had been produced and consumed. 
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A s  seen i n  Table 6 ,  onshore product ion  of n a t u r a l  gas  w i t h i n  

t h e  region (pr ' imari ly i n  ~ e n n s y l v a n i a )  accounts  f o r  on ly  a  small  
' .  

p a r t  of t h e  gas  consumed i n  t h e  Nor theas t ,  l i t t l e  more than 3% i n  

A 1972. 

One p o t e n t i a i l y  ve ry  important indigenous source of gas., however; 

i s  t h e    ti antic o u t e r  c o n t i n e n t a l  s h e l f  (OCS). The most ' recent  U.S. 

Geological  Survey e s t i m a t e 1 5  of t h e  amount, of g a s  beneath t h e  

A t l a n t i c  o f f s h o r e  region is  between 0 and 2 2  Tcf ,  about two-thirds 

of it being i n  t h e  Georges Bank and Baltimore Canyon a r e a s  (Figure  
. . 

12): Severa l  e a r l i e r  e s t i m a t e s  of g a s  beneath t h e  A t l a n t i c  OCS 

ranged from 35 , t o  55 Tcf.  .Few g e o l o g i c a l  d a t a  'are  a v a i l a b l e  on 

t h e s e  regions ,  and no exp lo ra to ry  d r i l l i n g  whatever has  y e t  been 

A l l  p r e d i c t i o n s  of gas  con ten t ' a ' nd .even tua1  g a s  product ion ,  
. . 

t h e r e f o r e ,  n e c e s d a r i l y  b e a r  a  h igh  degree of u n c e r t a i n t y ,  and t h i s  . . 

caveat  should be kept, i n  mind throughout a l l  c o n s i d e r a t i o n s  of t h e  

OCS. 

.The p r o j e c t i o n s  of Georges Bank and Balt imore Canyon g a s  

product ion  f o r  t h i s  s tudy were based o n l t h e  1974 repor t ,  t o  t h e  . 
I 

Pres iden t  on OCS,o i l . and  gas  prepared by t h e  Council  on Environ- - , . 

' 16 
mental Q u a l i t y  (CEQ) . ~ h e s e  p r o j e c t i o n s ,  219 Bcf i n  1985 and 987 

' 1  . . 

Bcf i n  2000 from each area' ,  a r e  averages  of t h e  high and low ca'ses 

i n  t h a t  . r e p o r t ;  they  were d a l c u l a t e d  wi th  use  of t h e  l a r g e r  gas  

resource  e s t i m a t e  f o r  t h e  OCS., and thus. might b e  considered 'some-.  

what. o p t i m i s t i c .  Never the less ,  t h e  CEQ numbers provide  some 

q u a n t i t a t i v e  b a s i s  f o r  e s t ima t ing  t h e  c o n t r i b u t i o n  of indigenous 

gas  r esources  t o  t h e  r e g i o n ' s  supply,  should such resources  e x i s t .  

, The i s s u e  of o f f s h o r e  develbpment i s  surrounded by c o n t r o v e r s i e s  

of s e v e r a l  types,. The i s s u e s ,  such a s  t iming and s a f e t y  of develop- 

.merit, economic impacts,  e t c . ,  



F i g u r e  12.  P o . t e n t i a 1  gas-producing a r e a s  i n  
the a t l h n t i c  o f f s h o r e  r eg inn :  



I X .  SCENARIOS OF' NORTHEAST GAS .SUPPLY . . 

~ a t i o b a l . i n t e r s t a t e  g a s  and ~ . t l a n t i c  OCS g a s  w i l l  b e  t h e  
. 

s o u r c e s  of  domes t i c  ' n a t u r a l  g a s  supply t o  t h e  N o r t h e a s t e r n  

Un i t ed '  S t a t e s  d u r i n g  t h e  n e x t  q u a r t e r - c e n t r u y .  (imported g a s  

and s y n t h e t i c  g a s  a r e  c o n s i d e r e d  e l s ewhere  i n  t h i s  s t u d y ,  BNL- 

50556, Supply of  L i q u i f i e d  ~ a t u ' r a l  Gas t o  t h e  Nor theas t  ~ e g i o n . )  

Even g i v e n  some i d e a  of how much o f  e a c h ' t y p e  of  g a s  w i l l  

b e  a v a i l a b l e  i n  a  g i v e n  year ;  one must still d e c i d e  how t h e  g a s  

w i l l  be appor t i oned  among reg , ions  of  t h e  Uni ted  S t a t e s  i n  o r d e r  
. . 

t o  de t e rmine  t h e  amount coming t o  t h e  ~ o r t h e a s t .  Because of  t h e  

ne twork- l ike  s t r u c t u r e  of t h e  i - n t e r s t a t e  p i p e l i n e  system,  an 

a n a l y s i s  o f  supp ly  d i s t r i b u t i o n . r e q u i r e s  s imul t 'aneous c o n s i d e r a t i o n  

of t h e  demand, p r i c e ,  and t r a n s m i s s i o n  f a c t o r s  i n  f o r c e  i n  a l l  

of  t h e  c o u n t r y ' s  g a s  marke ts .  Such an  a n a l y s i s  would r e q u i r e  a  

h i g h l y  d e t a i l e d  modeling e f f o r t ,  t h e  r e s u l t s  o f  which would b e  

l i m i t e d  by  t h e  u n c e r t a i n t i e s  i nvo lved  i n  p r o d u c t i o n  and p r i c e  

e s t i m a t e s .  

A s i m p l e r  approach  is  t h e  s c e n a r i o  method, which i s  used h e r e ;  

i t  i s  b a s e d  on acknowledging t h e  u n c e r t a i n t i e s  i nvo lved  b u t  never-  

t h e l e s s  is ing t h e  a v a i l a b l e  supp ly  e s t i m a t e s  t o  s e t  l i m i t ' s  on t h e  

. amount o f  g a s  p o t e n t i a l l y  a v a i l a b l e  t o  t h e  r e g i o n  under  d i f f e r e n t  

s e t s  o f  assumpt ions .  

I£ t h e  OCS r e g i o n  b e g i n s  producing a  s u b s t a n t i a l  amount o f  

g a s ,  and i f  a l l  t h i s  OCS g a s  i s .  used wi th i ' n  t ,he N o r t h e a s t ,  how 

w i l l  t h e  p e r c e n t a g e  s h a r e  of i n t e r s t a t e  gas .  s e n t " t o  t h e  r e g i o n  

b e  a f f e c t ' e d ?  

S c e n a r i o  1:' I n . t h e  most o p t i m i s t i c  c a s e ,  t h e  r e g i o n  cou ld  

u s e  a l l  o r  most o f  t h e  g a s  from t h e  OCS and s t i l l  r e t a i n  i t s  

p r e s e n t  s h a r e  o f ' p i p e l i n e  g a s  ( i f ,  f o r  example,  d e r e g u l a t i o n  

a l lowed t h e  r e g i o n ' s  i n t e r s t a t e  . s u p p l i e r s  t o  o u t b i d  h e a v i l y  t h e i r  

. . . . . , 
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i n t r a s t a t e  r i v a l s  f o r  new g a s  c o n t r a c t s ) .  

Scenar io  2:  Suppose t h a t  t h e  i n t r a s t a t e  u s e r s  of n a t u r a l  

gas  i n  t h e  South ( p r i m a r i l y  T e x a s , ' ~ o u i s i a n a ,  and Oklahoma) never 
19  

u s e  more than 7.7 ~ c f / y e a r ,  t h e  antount they  used i n  1972, leaving 

t h e  remainder of t h e  y e a r ' s  product ion  t o  e n t e r  t h e  i n t e r s t a t e  system. 

Then t h e  Nor theas t  would g e t  i t s  h i s t o r i c a l  s h a r e  of t h i s  remainder 

and would a l s o  g e t  most of t h e  gas  produ'ced a t  G e o r g e s ' ~ a n k  and 

Bal t imore  Canyon. 

Scenar io  3: This  c a s e  is  t h e  same a s  s c e n a r i o  2, except  

t h a t  t h e  i n t e r s t a t e  s h a r e  l e f t  a f t e r  t h e  i n t r a s t a t e  market c u t .  , 

c o n t a i n s  no g a s  from Alaska in urder to show t h e  effect  ei.t.hel: 

of  no Alaskan development o r  o f '  a l l  Alaskan.gas  be ing absorbed 

by t h e  West Coast .  

Each of t h e s e  t h r e e  s c e n a r i o s  can be  , opera ted  . w i t h  o r  wi thout  

. i n c l u s i o n  of t h e  OCS product ion .  

Table 9  'summarizes t h e  p r o j e c t i o n s  of r eg iona l '  supply 

cons t ruc ted  by. using t h i s  s c e n a r i o  approach. The  h igh,  medium, 

and low e s t i m a t e s  f o r  f u t u r e  i n t e r s t a t e - s y s t e m  c o n t r i b u t i o n s  

were based on t h e  h i g h , .  middle,  and low n a t i o n a l  product ion  

ex t ima tes .  . I f ,  by  yea r  2000 A l t a n t i c  OCS gas  is  not  be ing produced 

( e i t h e r  because it does not  e x i s t  o r  because it  h a s  not  y e t  been 

d iscovered  and developed) ,  obvious ly  t h e  Northeast  would not  
. . 

o b t a i n  t h e  1730 ,Bcf p r o j e c t e d  h e r e ,  and t h e  t o t a l  amount of 

domest ic  n a t u r a l  g a s  a v a i l a b l e  t o  t h e  region would range only  

f r o m  30 t o  1740 Bc,f, most l i k e l y  f a l l i n g  far s h o r t  of  demand. 

TO fil3 t h e  gag t h e  Northeast  would have t o  .switch t o .  o t h e r  f u e l s  

o r  i n c r e a s e  i t s  use  of s y n t h e t i c  gas  (SNG) o r  l i q u i f i e d  n a t u r a l  

gas (LNG), 

Figure  13  d i s p l a y s  t h e  p r o j e c t i o n s  g r a p h i c a l l y .  The e s t i m a t e s  

f o r  1977 and 1980 were obta ined by .app ly ing  s c e n a r i o  1 t o  t h e  P I  

ACC e s t i m a t e  f o r  those  y e a r s  and by applying s c e n a r i o  2 t o  t h e  

P I  BAU e s t i m a t e s .  The l i n e s  connect ing t h e  d a t a  p o i n t s  a r e  

a r b i t r a r i l y  s t r a i g h t  t o  g i v e  an i n d i c a t i o n  of t r e n d .  
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Table 9 

1972 ( a c t u a l )  

Onshore i n  region . 
b 

OCS gas 
C '  

. Canada 10.1 

~ n t e r s t a t e :  2248 ( i n c l .  l o s s e s )  
. . 

Scenario 1 (high) 2540 1740 

Scenario 2 (medium) 2100 ' 1050 

Scenario 3 (low) 1360 30 

. . 
Tota l  2 3 3 6  

Scenario.  1 

Scenario 2 2620 2780 

Scenario 3 1880 17 60 
. . 

a 
Based on t h e  P r o j e c t  Independence BAU es t ima te  f o r  NPC re.gion.10 
(Appalachia) ,  reduced by the  . h i s t o r i c a l  f r a c t i o n  of region 10 gas  
produced wi th in  t.he Northeastern s t a t e s  considered i n  t h i s  s tudy.  
This  s o i r c e  of g a s .  i s  assumed n e g l i g i b l e '  by 2000. 

Based on CEQ inidd1.e e s t ima te ,  ass\?minb,.all  of .Georges Bank and 
three-four ths  of Balt imore Canyon gas  w i ' l l  go t o  region.  

C Future  gas  imports a r e  not a p a r t ' o f  t h e  n a t u r a l  gas supply sec- 
t i o n  of t h i s  s tudy.  Canadian export  i s  a n e g l i g i b l e  source of 
gas  t o  t h e  Northeast a s  a whole. 



Figure  13 .  Summary of supply p r o j e c t i o n s  f o r  
Nor theas t  region.  . . 



X. SUMMARY ' 

' The amount of nat .ura1 g a s  a v a i l a b l e  t o  t h e  Northeast  i n  t h e  

coming y e a r s  w i l l  depend. on t h r e e  th ings :  t h e  amount o f . g a s  

produced i n  t h e  United S t a t e s ,  t h e  r a t e  of development of 'nearby 

o u t e r  c o n t i n e n t a l  s h e l f  g a s ,  .and t h e  d i s t r i b u t i o n  of  gas, from 

both  t h e s e  sources  among t h e .  s t a t e s .  The f a c t o r s  t h a t  w i l l  
, , 

. . in f luence  t h e s e  t h r e e  v a r i a b l e s  a r e  more d i f f i c u l t  t o  a s s e s s ;  
2 .  

p o l i t i c s  w i l l . b e  important ,  a s  w e l l  a s  economics, g'eology., and . . 

technology. : 

I n  t h i s  r e p o r t  s t a t e -o f - the -a r t  e s t i m a t e s  have been provided 

f o r  n a t i o n a l  and l o c a l  OCS g a s  s u p p l i e s  i n  1985 and 2000, and t h e  

e s t i m a t e s  have been coupled w i t h  a  schematjzed s e t  of p o s s i b l e  

apportionments.    his approach is  h e l p f u l  i n  t h e  c o n s i d e r a t i o n  

of t h e  p o l i t i c a l  and economic a s p e c t s  of gas  d ' i s t r i b u t i o n  because 

it shows c l e a r l y  t h e  upper and lower bounds and g i v e s  some idea  

of t h e  d i f f e r e n t i a l  e f f e c t s  of v a r i o u s  p o l i c y  o p t i o n s  ( s u c h . a s  OCS 

development ), . 
This  r e p o r t  a l s o  p rov ides  background information on t h e  gas  

s i t u a t i o n  i n  t h e  Northeast  region,  , i n c l u d i n g . t h e  types  of use ,  

which may provide  u s e f u l  i n s i g h t s  i n t o  t h e  e f f e c t s  of p o s s i b l e  

n a t i o n a l  and s t a t e  p o l i c i e s .  . For example, ' s ince  t h e  wellhead 

price oL yds i s  only  a  small  p a r t  of t h e  p r i c e  pa id  f o r  gas  i n  

t h e  Nor theas t ,  de regu la t ion  (which could t r i p l e  t h e  wellhead p r i c e )  

would be expected to. have l e s s  e f f e c t  i n  t h i s  region than  elsewhere; 

indeed,  s i n c e  t h e  region 'must  now use  expensive s y n t h e t i c  gas  

t o  make up f o r  the  . s h n r t  i n. te rs , ta to .  oupply, d e r e y u l c l t i ~ n ,  because' 

it would i n c r e a s e  . t h e  i n t e r s t a t e  supply,  might 'not t a i s e  g a s  

p r i c e s  a t  a l l  i n  ,some a r e a s .  



Other p o l i c i e s  tha t  have been contemplated a t  the nat ional  

l eve l  include an end-use tax  t o  discourage the use of gas f o r  

puta t ive ly  low-priority 'ends and d i r e c t  imposition of an end 

use curtailment plan on a l l  gas  u t i l i t i e s .  Because of the  end 
. . 

. u s e  mix c h a r a c t e r i s t i c  of the Northeast (heavily weighted toward 

high-prior i ty  r e s iden t i a l  and commercial uses) , these ' plans would 
. . 

l i k e l y  a f f e c t  this.  pa r t  of the country l e s s  than other p a r t s  such 

a s  the producing s t a t e s  on the Gulf Coast. Such, plans would. 
. . 

benef i t  'the Northeast by rewarding the  types of end uses common 

here while taxing or  curtail ir ig the t y p c ~  cornmon.elsewhere, ' thus 

'freeing .mure yas f o r  use here. 

. , 



. , 

'APPENDIX A 

. . 
VARIOUS PROJECTIONS OF NATURAL GAS SUPPLY 

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

The n a t u r a l  gas  resource  system i n  t h e  United S t a t e s  d i f f e r s  

i n  two no tab le  ways from t h e  o i l  a n d  coa l  sypply  indus t r , i e s .  

u n l i k e  o i l ,  n a t u r a l  g a s  cannot e a s i l y  b e  shipped i n  from over- 
. . 

s e a s  (with p r e s e n t  f a c i l i t i e s )  t o  augment d e f i c i e n t  domestic 

product  ion. ~ u r t h e r m o r e ,  - t h e  ' p r e s e n t  downturn i n  gas  product ion  

(and concomitant shor tages )  p o i n t s  t o  t h e ' . l i m i t s '  o f  n a t u r a l  

g a s  supply -- a  s i t u a t i o n  markedly d i f f e r e n t  from t h a t .  o f ' t h e  

coa l  i n d u s t r y ,  which i s  exper iencing and a n t i c i p a t i n g  i n c r e a s e s  

i n  product ion ,  *' and whose resource  base  i s ,  by a l l  pronouncem~nts ,  

ex tens ive .  

.In genera t ing  n a t i o n a l  produdt ion  p ' ro jec t ions  f o r  n a t u r a l  

. gas; then ,  o n e ' i s  d e a l i n g  wi th  a  system t h a t  i s  almost .  e n t i r e l y  , 

, i s o l a t a b l e  from e x t e r n a l  supply i n p u t s  and i s  governed, a t  l e a s t  

i n  t h e  long run,  by c o n s t r a i n t s  of supply r a t h e r  than  by 

consumer demand. T h e s e  r a t h e r  unsub t l e  a b s e r v a t i o n s  .make a  
' 

u s e f u l  s t a r t i n g  p o i n t  f o r  t h e  development of na.tlona1 p r o j e c t i o n s .  

The r11.1.estion of how t u  proceed from t h i s  s t a r , t i n g  p o i n t  h a s ,  

however, no s t r a i g h t f o r w a r d  answer. P r o j e c t i o n  i s ,  fundanen ta l ly ,  

t h e  technique  of e x t r a p o l a t i n g  forward' . in  t ime t h e  opera t ion  of 

a h i g h l y  complex system. The amount of n a t u r a l  gas  produced and 

s o l d  i n  any year  i s  an . imposs ib ly  complex func t ion  of economic, ' 

> 

p o l i t i c a l ' ,  and t e c h n i c a l ,  v a r i a b l e s ;  to1 reduck t h i s  . f ~ ~ n c t i o n  t o  

t r a c t a b l e  for.m, onc c r e a t e s  models t h a t  i d e a l i z e  t h e  *unction 

. . i n t o  analogous systems of varying degrees  of complexity.  
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The prdblem i s  exacerbated somewhat when one i s  attempting 

t o  project  a s  kar a s  a  quarter-century i n t o  the future;  i n  
' 

general ,  the very de ta i led  models adapted t o  near-term projection 

lose  v a l i d i t y  i n  the  more d i s t a n t  future;and simplified models- ' 

useful i n  long-range estimation normally neglect short  term 
' : ,  . . 

f luctuat ions.  . ' .  ' . 

The purpose of t h i s  report i s  t o  demonstrate tha t  one can 

a t t ack  the with the avai lable  s e t  of models and, by 

making some.st.raightforward assumptions about the natural  gas 

resource system, develop a . r e a 1 . i ~ - t i c ,  up-to-date, and se l f -  

cons is ten t .  s e t  of project ions f o r  '1985 and 2000 ..-- project ions 

tha't enjoy the benef i t s  of complex modeling where useful and : 

yet are based 1317 crer;?, si.mp1:e- and. fundainental reasoninq. 

. . _ . .  . . . 

Resource P r o ~ e c t i o n  Methodoloqies 

.. . .. , 

 he extant methods of 'mathematical resource projection 
. . 

' can be ordered on a  spectrum ranging from. econometric analysis  

t o  approaches of the l o g i s t i c  equation type. .The former method 

dea ls  e x p l i c i t l y  with selected econom!ic var iables  af fe,cting 

production: one ca lcula tes  the  necessary parameters by f i t t i n g  

h i s t o r i c  ddCa, d i ~ d  thcn extrapnl a t e s  fo~wnrd. A s  t h e  published 

l i t e r a t u r e  amply demonstrates, t h i s  Lype uL a n a l y c j ~  often ignores 
. .  . .  

the  cons t ra in ts  imposed by the ult imately recoverable resource ' 

. . 

base or by technical -1imitatioqs on annual production. And even 

the, most carefu l  of these forecasts  have l i t t l e  validity 'beyond, 

a t  bes t ,  a  'decade and.. a ha l f  i l l L l s  thc f u t u s ~ ,  at which point the 
. . 

e r r o r  bars on the economic parameters begin t o  grow rapidly wi-th 

time . . . 



Figure '  8 showed some of t he .  most prominent  r e c e n t  p ro-  

j e c t i o n s .  Those by  MacAvoy and Pindyck 2 5 1 2 6  and by  Hudson and 

, JorgensonZ7 a r e  economet r ic .  The former ;  f o r  example, u s e s  

1 ine .a r  l e a s t - s q u a r e s  f i t  t o  h i s t o r i c  d a t a  f o r  a  myriad of  p a r a -  

m e t e r s , - d e s c r i b i n g  such  q u a n t i t i e s  a s  p r i c e s  o f  g a s ,  p r i c e s  o f  

o i l ,  numbers o f  w e l l s  d r i l l e d . ,  d r i l l i n g  r i s k s ,  c a s h  f l ows ,  s i z e s  

o f  new d i s c o v e r i e s ,  e t c .  

H u b b e r t ' s  A n a l y s i s  

The Gauss ian  shapes  i n  F i g u r e  8  a r e  l o g i s t i c  c u r v e s ,  o f t e n  

c a l l e d  Hubbert  21.28 cu rves .  Un l ike  t h e i r  economet r ic  coun te r -  

p a r t s ,  t h e  ~ u b b e r t  c u r v e s  a r e  d e r i v e d  from a  l e a s t - s q u a r e s -  f i t  

o f  o n l y  two a r b i t r a r y  c o n s t a n t s .  S i n c e  t h i s  method p l a y s  a  r o l e  

i n  t h e  a n a l y s i s  used  f o r  t h i s  st .udy,  i t  i s  i n s t r u c t i v e  t o . e x a m i n e  

the 1 . o g i s t i c  e q u a t i o n  t e c h n i q u e  i n  some d e t a i l .  

One b e g i n s ,  i n  t h i s  approach ,  w i t h  t h e  assumption t h a t  t h e  

cumula t ive  p r o d u c t i o n  o f  a  r e s o u r c e  th,roi .ghout i t s  h i s t o r y  can  

r e a s o n a b l y  be d e s c r i b e d  by t h e  fo l l owing  equa t ion :  

where Qe, t h e  cumula t i ve  p r o d u c t i o n ,  i s  t h e  t o t a l  amount o f  t h e  

r e s o u r c e  removed from t h e  ground s i n c e  t h e ' b e g i n n i n g  of  t i m e ;  

Q- is the amount u l t i m a t e l y  r e c o v e r a b l e ;  t i s  t ime  ( w i t h  an  

a r b i t r a r y  z e r o  p o i n t ) ;  and a  and b  a r e  c o n s t a n t s  t o  be de t e rmined ,  

by means of  l i n e a r  r e g r e s s i o n ,  from h i s t o r i c a l  d .a ta .  (Rear ranging  ' 

t h e  e q u a t i o n  and t a k i n g  l o g s ,  one f i n d s  t h a t  

which i m p l i e s  t h a t  s o l u t i o n  f o r  a  and b is  e a s y  by  us ing  l i n e a r  

r e g r e s s i o n  on h i s t o r i c  v a l u e s  of  Q f o r  a  g i v e n  Qa.)  
e  



The express ion  f o r  Q i s ,  f i r s t  of a l l ,  doubly asymtot ic ,  . e  
r e s t i n g  a t  z e r o  f o r  t = - OD and bounded by Qw f o r  t = + 
Q u a l i t a t i v e l y ,  t h i s  i s  t h e  asymto t i c  behavior  one would demand 

of  a  model of  resource  u t i l i z a t i o n .  F igure  A-1  i l l u s t r a t e s  t h e  

behav io r  of Q i n  more d e t a i l :  During t h e  e a r l y  h i s t o r y  of t h e  
e  

r e s o u r c e ,  t h e  exponen t i a l  t e r m  dominates,  g i v i n g  an exponen t i a l  

rise i n  production.. L a t e r ,  a s  t h a t  term approaches a  va lue  of 

one, t h e  p rogress ion  i n  cumulative product ion  becomes n e a r l y  

l i n e a r ,  and t h e  s l o p e  beg ins  g e n t l y  t o  t u r n  over.  It i s  h e r e  

t h a t  t h e  s l o p e  i s  s t e e p e s t ,  . i . e . , . t h e  r a t e  of product ion  i s  

g r e a t e s t .  A s  the resource becomes dcp lo tad ,  the expanen t i a l  

t e r m  approaches ze ro  and Qe approaches Qm. 

The exac t  shape of t h e  curve  i s  governed by t h e  va lues  

of a  and b. But i n  t h i s  form, t h e  curve i s  near1.y symmetric 
I .  

around the  p o i n t  of peak product ion  a n d ' s o  i s ' i t s -  d e r i v a t i v e ,  

t h e  annual  production:  

One can ,  however, in t roduce  a  parameter s ,  f o r  skew, t o  d i s t o r t  

t h e  shape of  t h e  curves  wi thout  changing t h e i r  g e n e r a l  p r o p e r t i e s :  



. Figure. A-1. Typical l o g i s t i d  curves 'of 
cumulative production. 

Figure A-2. The e f f e c t  of skew on a .Hubbert 
curve . for  f ixed Qm. 



From a  g i v e n  QOD and h i s t o r i c a l  d a t a  on Q c o n s t a n t s  a  and b  can 
e  ' 

a g a i n  b e  de t e rmined ,  by  means of  l i n e a r  r e g r e s s i o n ,  f o r  any  g i v e n  

s. However, a  and b s o  de te rmined  w i l l  b e  d i f f e r e n t  f o r  d i f f e r e n t  

v a l u e s  of .s. 

F i g u r e  A-2 shows t h e  e f f e c t  o f  skew on t h e  annua l  p r o d u c t i o n  

r a t e .  Each c u r v e  r e p r e s e n t s  t h e  r a t e  f p r  a  g i v e n  skew and, i t s  

c o r r e s p ~ n d i n g  a  and b, t h a t  is ,  n o t  o n l y  skew b u t  a l s o  a  and b . . 

v a r y  from c u r v e  t o  cu rve .  An exponent  of u n i t y  p roduces  t h e  most 

, ' n e a r l y  symmetric c u r v e ;  exponen t s  < 1 t e n d  t o  sha rpen  t h e  peak 

w h i l e  d i m i n i s h i n g  r a t e s  o f  f u t u r e  p r o d u c t i o n ;  and exponents  > 1 

2 tend t o  smooth t h e  C U L V ~ ' ~  peak w h i l c  i n c r e a s i n g  f i ~ t u r e ~ p r o d u c t i o n .  

The c e n t r a l  argument a g a i n s t  t h e  l o g i s t i c  cu rve  approach  i s  

t h a t  i t  i s  e s s e n t i a l l y  a  p h y s i c a l l y  bdsed model ( i t s  most impor t an t  

pa rame te r  b e i n g  t h e  p h y s i c a l  q u a n t i t y  Q ) t h a t  does  n o t  d e a l  
OD 

e x p l i c i t l y  w i t h  t h e  economics of  t h e  r e s o u r c e .  Proponents  o f  t h e  

method a r g u e  t h a t  t h i s  subsumption c o n s t i t u t e s  a  r e a s o n a b l e  and 

a c c u r a t e  t r e a t m e n t  o f  t h e  economics;  opponents  a r g u e  t h a t  t h e  

economics shou ld  be i n c l u d e d  more e x p l i c i t l y  i n  any model. Indeed,  

a c t i v e  d e b a t e  c o n t i n u e s  r e g a r d i n g  t h e  v a l i d i t y  o f  H u b b e r t ' s  L 

a n a l y s i s  ( a l t h o u g h  most . o f  t h e  c o n t r o v e r s y  a d d r e s s e s  t h e  u s e  of 

1ogis t . j .c  c u r v e s  as p r e d i c t o r s  o f  Q '  r a t h e r  than ds 
OD 

from a n  assumed.Q ) .  
OD 

2 9  
It i s  n o t  Che i n t e n t i o n  h e r e  to enter  t h e  

- . d e b a t e ,  b u t  sol-rie j u s t i f i c a t i o n  f o r  t h e  u s e  o f  l o g i s t i c  i u r v e s  i n  

t h i s  r e p o r t  i s  i n  o r d e r .  

From a  h i s t o r i c a l  p e r s p e c t i v e ,  one can s a f e l y  a r g u e  t h a t  a t  

t . =  -= and t = + a t h e  annua l  consumption of  a  r e s o u r c e  is  ze ro :  

a l l  consumption h a s  o c c u r r e d  i n  between. Thus t h e  annual proauc-  

t i nn  cu rve  must b e  f i x e d  a t  z e r o  a t  t h e  i n f i n i t i e s .  Fur thermorc ,  . 

t h e  t o t a l  amount consumed, i . e . ,  t h e  i n t e g r a l  o v e r  t ime  of arinuai 

consumption,  must approximate  t h e  amount o f  t h e  r e s o u r c e  i n  t h e  

ground ( o r ,  more p r e c i s e l y ,  t h e  amount t h a t  was c o n s i d e r e d  t o  be 



economica l ly  removable f r o m . t h e  ground) .  

. . From t h i s  p o i n t  o f  view, one can imagine t h e  annua l  p r o d u c t i o n  

cu rve  a s  a  d r a f t s m a n ' s  s p l i n e .  clamped t o  a  t a b l e - t o p  a t  bo th  ends 

and a l lowed t o  b u l g e  up i n  t h e  middle.  T h e ' b u l g e  r e p r e s e n t s  Q , 
Q) 

t h e ' a r e a  under  t h e  annua l  p roduc t ion  c u r v e .  With i t s  ends  clamped, 

t h e  s p l i n e  can b e  made t o  assume any d e s i r e d  shape w i t h o u t  

changing t h e  a r e a  of  t h e  S u l g e .  A Hubbert cur.ve can be thought  of 

a s  a  convenien t  mathematical  r e p r e s e n t a t i o n  of  such a  s p l i n e ;  and 

t h i s  p a r t i c u l a r  mathemat ica l  form was chosen because  i t  provided  

. t h e  bes.t f i t '  t o  t h e  h i s t o r i c a l  d a t a  o f , a l l  t h e  c u r v e s  Hubbert 

cons ide red .  

The c e n t r a l  advantage  of  t h e  Hubbert cu rve  ( a s i d e  froin 

s i m p l i c i t y )  i s  t h a t  it . p r e d i c t s  t h e  t o t a l  amount o f  a  r e sou rce .  

D e s p i t e  t h e  d e b a t e ,  t h e  t o t a l  r e s o u r c e  b a s e  i s  what must be , 

cons ide red  i n  c a r r y i n g  o u t  p r o j e c t i o n s .  A s  F i g u r e  8 showed, 

t h e  l o g i s t i c  c u r v e s  s e r v e  a s  a  handy v i s u a l  q u i d e  t o  what o v e r a l l  

p r o d u c t i o n  r a t e  i s ' a l l o w e d  and make it  easy  t o  t e l l  what v a l u e  of  

Q i s  impl ied  by  t h e  cu rve  a f  a  p a r t i c u l a r  p r o j e c t i o n .  P roduc t ion  
iD 

r a t e  c u r v e s  w i t h  nonuni ty  skew a l s o  r e t a i n  t h i s  f e a t u r e ,  p e r m i t t i n g  

easy  assessment  of  t h e  f u t u r e  e f f e c t  of  an a c c e l e r a t e d  near- term 

r a t e .  and,  c o n v e r s e l y ,  of  t h e  long-term e f f e c t  of  a  c u r r e n t l y  

reduced r a t e .  

06erview o f  Publ i shed  P r o j e z t i o n s  
-----------.- - -.-.---.--- 

The p r o j e c t i o n s  i n  F i g u r e  8 a r e  a  mixed l o t , .  o b t a i n e d  by  

b o t h  econometr ic  and more p h y s i c a l l y  based  methods. Of t h e  

MacAv~y-Pindyck and Hudson-Jorgenson p r o j e c t i o n s  which a r e  

econometr ic ,  t h e  former  appea r  t o  b e  u n j u s t i f i a b l y  sanqu ine  

and t'he l a t t e r ,  i n  comparison w i t h  t h e '  Hubbert  c u r v e s ,  i s  

d i f f i c u l l .  t u  b e l i e v e  a t  t h e  y e a r  2000. 



Othe r  p r o j e c t i o n s ,  s p e c i f i c a l l y .  t h o s e  o f  t h e  FEA's P r o j e c t  
3'1 

Independence (PI) , 30 t h e  FPC' s N a t i o n a l  Gas Survey (NGS)  , . and 
32  t h e  N a t i o n a l  Pe t ro leum Counci l  (NPC), a r e  p r i m a r i l y  p h y s i c a l l y  

based  models. Unl.ike t h e  Hubbert  a n a l y s i s  '(which might b e  

d e s c r i b e d  a s  a  s i m p l i f i e d  o r  n o n d e t a i l e d  p h y s i c a l  a n a l y s i s ) ,  

t h e s e  p r o j e c t i o n s  model p h y s i c a l  v a r i a b l e s  i n  a  compara t ive ly  

d s t a i l e d  way. They do n o t ,  however, u s e  p r i c e  a r  c o s t  v a r i a b l e s  

i n , t h e  f o r m u l a t i o n  of t h e  ~ r o d u c t i o n  p r o j e c t i o n .  Ra,ther, p r i c e  

c a l c u l a t i o n s  ( i n  t h e  P I  and NPC c a s e s )  become a f t e r t h o u g h t s . ,  con- 

s t rucLed  on t h e  b a s i s  o f  assumpt ions  about  p r o d u c t i o n  c o s t s  and 

rates of r e t u r n  w ~ i  i ~ i v s s . t m c n t o ,  and are i n t ended  o n l y  t o  i n d i c a t e  

t h e  l e v e l  of   economic^ a c t i v i t y  imp l i ed  by t h e  p h y s i c a l  r e s u l t s  

. c a l c u l a t e d .  

The most impor tan t  o f .  t h e  p h y s i c a l  i n p u t s  a r e  t,he p r o j e c t e d  

d r i l l i n g  r a t e s  (numbers o f ' f e e t  d r i l l e d  p e r  y e a r )  and t h e  f i n d i n g  

r a t e s  ( a r n o ~ n t s  of  g a s  r e s e r v e s  added p e r  f o o t  d r i l l e d ) .  (See 

T a b l e  A-1.)  The g e n e r a l  approach i s  t o  c o n s t r u c t  a  p r o j e c t i o n  

f o r  d r i l l i n g  a c t i v i t y ,  t o  c a l c u l a t e  v a l u e s ' , f o r  f i n d i n g  r a t e s  from 

e i t h e r  h i s t o r i c  d a t a  o r  g e o l u y i c a l  . i n fo rma t ion ,  and t h e n  t ~ o  

fo ' rmulate  y e a r l y  p r o d u c t i o n  on t h e  b a s i s  of  y e a r l y  a d d i t i o n s  t o  

. ryqprves .  

Tn t h e  NGS 14' 311 3 3  ae thod  t h e  coun t ry  i s  d i s b g g r e g a t e d  i n r u  

geologica . l  r e g i o n s  ( s t a n d a r d  NPC r e g i o n s ) .  Gas s o u r c e s  a r e  the11 

c l a s s i f i e d  acco rd ing  t o  " v i n t a g e "  ( y e a r  of  d i s c o v e r y ) ,  and a  

" n a t i o n a l  a v a i l a b i l i t y  'curve" ( a  f u r l c t i o n a l  r e l a t i o n  between annual  

pro'd,iint.ive c a p a b i l i t y  and t h e  d e p l e t i o n  s t a t e  of t h e  g a s  s o u r c e ,  

drawn from indus t ry - s t l pp l i ed  d e l i v e r a b i l i t y  d a t a j  . is used t o  c v ~ ~ ~ p u l t :  . 

anni-la 1. produc t ion .  
3 2  

The NPC methodology 1s s i m i l a r :  it pos tu l a t i e s  s c e n a r i o s  fus  

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

schedi l le  of f a c t o r s  t o  r e l a t e  y e a r l y  r e s e r v e  ad3 i . t i ons  i n  cazh r eg ion  

'of  p r o d u c t i o n  r a t e s .  Once t h e  p r o d u c t i o n  s c e n a r i o s  have been  

e s t a b l i s h e d ,  t h e  ave rage  g a s  p r i c e  i s  c a l u l a t e d  which would p r o v i d e  



T a b l e  A - 1  

3 0 
GAS DRILLING ESCALATION FACTORS AND PROJECTED GAS WELL FOOTAGE 

Year - .  

P e r c e n t  a n n u a l  i n c r e a s e  Gas w e l i  f o o t a q e *  ( 1 0 6 f t )  

B AU - A c c e l e r a t e d  

59.7 . 59.7 
62.6 . 64 :6 
66.1  74.6 
70.1  84.5 
74.6 94.5 
79.8 99.5 
8 5 . 8  104.4 
92.7 109.4 

100.6 114.4 
110.6 11.9. 3 
117.3 . 124.3  
123.2 ' 129.3  
126.9  134.3 
128.1  -139.3 
128 .1  144.3 

. , 

* I n c l u d e s  a l l o c a t e d  d r y  h o l e  f o o t a g e .  

a  g i v e n  r a t e ' o f  r e t u r n  on t h e  t o t a l  inves tment  needed t o  a c h i e v e  

t h e  v a r i o u s  produ 'c t ion  l e v e l s .  
34 ,35  The. I n s t i t u t e  o f  Gas Technology (IGT) model d e a l s  

e x p l i c i t l y  w i t h  annua l  p r o d u c t i o n ,  cumula t i ve  p r o d i ~ c t  i nn,  ' and 

cumulaLive d i s c o v e r i e s  a s  v a r i a b l e s ;  i t  r e l a t e s  t h e s e ,  ' i n  two 

e q u a t i o n s  l i k e  H u k b e r t ' s  e q u a t i o n ,  t o  s e v e r a l  empirically . 

( h i s t o r i c a l l y )  f i t t e d  pa rame te r s .  The IGT c a s e s  i n  I?igure 8 

w e r e  c a l c u l a t e d  by a  " f i x e d  s t a t i c  l i f e - i n d e x "  method, i n  which 
, , 

annua l  , p roduc t inn  v a l u c u  were regu ' l a ted  i n  such  a  way t h a t ,  f o r  ' 

any y e a r ,  t h e  proven r e s e r v e s  d i v i d e d  by t h e  annua l  p r o d u c t i o n  



never exceeded a  given value, i n  t h i s  case, e ight .  The reserves-to- 

production (R/P) r a t i o ,  a l so  ca l led  the  s t a t i c  l ife-index, gives 

the number of years proved reserves would l a s t  a t  a  given r a t e  

of production. It is  often des i rable  t o  keep the R/P raFio a t  a  

minimum a s  a  way of acknowledging tha t  production has physical 

l imi ta t ions  (notably a  decrease in  reservoir  pressure) a s  the  

working resource base becomes depleted. This s e t  of I G T  project ions 

a l s o  involved an "economic incentive f ac to r , "  defined as  the 

r a t i o  of the weighted average wellhead p r i ce  of o i l  and gas 

divided by the square of the average well  cost .  This fac tor  was 

h i s t u r i c a l l y  detprmined and inser ted i n t o  the equations i r i  an 

appropriate way, making the model vaguely euonomctric. The IGT 

curves i n  Figure 8 assume a Q of 1447 Tcf. 
Q) 

The Project ~ n d e ~ e n d e n c e ~ ~  project ions were made by the  NPC 

method. The FEA Natural Gas Task Force did,  however, modify the 

economic aspect of the  NPC algorithm, inser t ing  a  .system t o  

ca icula te  "minimum accept ible  pr ices"  by using a discounted 

cash flow technique. The net e f fec t  i s  s imilar  t o  the  economics 

of the  NPC report .  

Discri~ti inations'  Among the Projections 
-- 

A s  ~ i ~ u r c  8 demonstrate's, the  s e t  of' project ions considered 

o f f e r s  a predic t ive  range comparable i n  scope t o  tha t  of the 

~ e l p h i c  Oracle. Clearly,  one must d is t inguish  among them. The 

case against  the  econometric forcas ts  has already heen discussed. 

The I G T  project ions might a l so  be'eliminated because t h e i r  wide 

range l i m i t s  t h e i r  operational usefulness,. and, more signi.gicantly, 

the cuyves are, manifestly ,unable t o  follow t h e  trend presented by the 

1972 through 1975 da ta ,  even though they were obtained f r o m  a 

report  dated 1974. Of the remaining project ions,  the most recent 

a re  from Project Independence, which was completed between April 



and October-, 1974. The NPC p r o j e c t i o n s  u se  d a t a  t h rough  1971,  

whereas  P r o j e c t  Independence had t h e  b e n e f i t  o f  1973 d a t a .  

The NPC and NGS c u r v e s  a r e  r e a s o n a b l y  congruent  b o t h  i n  . 

t r e n d  and i n  s p r e a d  of  p o s s i b i l i t i e s .  P r o j e c t  Independence,  

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

c o n t i n u a t i o n  of  t h e  p r e s e n t  downward movement f o r  t h e  n e x t  few 

y e a r s  fo l lowed by  a n  upswing. I f  1975 g a s  p r o d u c t i o n  c o n t i n u e s  

a t  t h e  r a t e  imp l i ed  by f i r s t - q u a r t e r  f i g u r e s , . p r o d u c t i o n  t h i s  

y e a r  w i l l  b e  10% less t h a n  l a s t  y e a r ,  a lmos t  e x a c t l y  t h e  p r e d i c -  

t i o n  of t h e  P I  cu rves .  Fur thermore ,  t h e  q l ~ a l i t a t i v e  b e h a v i o r  o f  t h e  

P I  p r o j e c t i o n s  i s  r e a s o n a b l e  i f  one admi t s  t h e  v a l i d i t y  of t h e  

view exp re s sed  b y  FPC and i n d u s t r y  t h a t  t h e  p r e s e n t  slump is  due 

t o  government p r i c e  c o n t r o l s ,  which keep  t h e  market v a l u e  of  g a s  

a r t i f i c a l l y  below t h a t  o f  a l t e r n a t i v e  f u e l s .  According t o  t h i s  

view,  i f  p r i c e s  were  r a i s e d  and/or c o n t r o l s  were l i f t e d ,  t h e  

i n d u s t r y  would respond w i t h  i n c r e a s e d  d r i l l i n g  and e v e n t u a l l y  

i n c r e a s e d .  p r o d u c t i o n .  

The n a t i o n a l  a v e r a g e  we l lhead  p r i c e , o f  n a t u r a l  g a s  i s  now 

510 p e r  thousand  c u b i c  f e e t ,  j6 a lmos t  t w i c e  t h e  27C i n  f o r c e  u n t i l  

1973,  and a n  i n c r e a s e  o v e r  t h e  42C l e v e l  set i n  e a r l y  1974. 
37 

A t  p r e s e n t ,  s e v e r a l  n a t u r a l  g a s  b i l l s  a r e  b e f o r e  Congress ;  t h e i r  

t e r m s  r ange  from complete  ( though  "phased")  d e c o n t r o l ,  t o  r e s t r i c . -  

t i o n  o f  gas .  p r i c e s  t o  t h e  e q u i v a l e n t  p r i c e  o f  o i l  (51C co r r e sponds  
8 

t o  abou t  $3 p e r  b a r r e l ) .  The p r o s p e c t s  f o r  i n c r e a s e d . , . i n c e n t i v e s  , 

a r e  t h u s  good. 

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

upswing i s  t h e  'Hubbert curve :  c o n t i n u a t i o n  of  t h e  p r e s e n t  t r e n d .  

obv ious ly .wou ld  imply an  u l t i m a t e  cumula t i ve  p r o d u c t i o n  f a r  below 

even t h e  111ust c o n s e r v a t i v e  e s t i m a t e  of  QcD. (Th i s  means t h a t  t h e  

r e s o u r c e  b a s e  o b t a i n a b l e  w i t h  p r e s e n t  econon~ ic s  i n  f o r c e  i s  less 

t h a n  t h a t ' p r e d i c t e d  by t h e  l o g i s t i c  c u r v e s ,  which a r e  computed 



from h i s t o r i c  product ion  l e v e l s  r e p r e s e n t a t i v e  of a  more favorab le  

p a s t  economic c l i m a t e ,  i . e . ,  a  r e t u r n  t o  those  p u t a t i v e l y  more 

f a v o r a b l e  c o n d i t i o n s  could r e s u l t  i n  more gas.)  

S i n c e  t h e  PI  p r o j e c t i o n s  a r e  (1) r e c e n t ,  (2)  ' a c c u r a t e l y  

p r e d i c t i v e  of 1975 behavi'br, and (3)  q u a l i t a t i v e l y  reasonable ,  

t h e y  a r e  , u s e f u l  base-case and. upper l i m i t  p r o j e c t i o n s  f o r  1985. 

These p r o j e c t i o n %  a r e  summarized i n  Table A-2 f o r  t h e  lower 48 

s t a t e s  . . by NPC reg ions ;  they  corresp,ond t o  a  $ 2 / ~ c f  p r i c e .  S ince  

. the  p r e s e n t  s l o p e  of t h e  product ion  r a t e  curve  i s ,  n e v e r t h e l e s s ,  . 

d r a s t i c a l l y  nega t ive ,  it would seem ser is ib le  t o , i n c l u d e  the 

p o s s i b i l i t y  t h a t . t h i s  t r end  w i l l  no t  change completely and 

t h e r e f o r e  t o , c o n s i d e r  a  more conse rva t ive  lower l i m i t .  ,Th i s  i s  

i l l u s t r a t e d  i n  F igure  10. The two lower s c e n a r i o s  f o r  y e a r l y  

r e s e r v e  a d d i t i o n s  correspond t o  NGS c a s e s  I and 11. The average 

of year19 a d d i t i o n s  s i n c e  1968 I s  9.5 Tcf; ?into b960. i..t, i .s  14.7. 

Because t h e r e  do seem t o  be, po ten t ' i a l  i n c r e a s e s  i n  i n c e n t i v e s  fo'r 

d r i l l i n g  ( a s  w e l l  a s  p re l iminary  i n d i c a t i o n s  t h a t  d r i l l i n g  has i n  f a c t  

inc reased)  , 38 Case 11 ,  a  r e t u r n  t o  t h e  1960-73 average.  seems a  reason- 

a b l e  lower l i m i t .  Furthermore, ~ i ~ u r e  8  i n d i c a t e s  t h a t  i n  1985 NGS 

Case I1 c l o s e l y  approaches t h e  analogous NPC prediction. 

Extending t h e  1985 P r o j e c t i o n s  

The Hubbert a n a l y s i s  . .  can be  used t o   extend t h e s e  1985 projec-  

t i o n s '  t o  2000 by inc lud ing  a s  d a t a  not  on ly  a c t u a l  h i s t o r i c  f i g u r e s  

b u t  a l s o  t h e  va r ious  p r o j e c t i o n s .  This  al.l..ows t h e  EIubbert curve ,  

ob ta ined  by' mearis sf lesot--cquares f i t ,  t o  a,pproximate t h e  t r e n d '  

impl ied  by the p r o j e c t i o n .  Next, t h e  skew parameter  i s  ad jus ted  

t o  f u r c e  t h e  curve to pans through the 1985 value  of t h e  p r o j e c t i o n  

i n  ques t ion .  Th i s  g i v e s  an i n d i c a t i o n  of t h e  e f f e c t  a t  2000, f o r  a 

g iven resource  b a s e ,  of near-term product ion  according t o  t h e  1985 ' 

\ 



TABLE 'A- 2 

Non-Associated 
Region 1974. ,1977 1980 1985 1988 
2 .216 .202 .184 .208 .221 
2A .028 -025 .045 -113 .155 
3 .592 -612 .586 .578 .609 
4 .353 '.394 -411 .503 .574 
5 1.972 1.687 1.80; 2.118 2.284 
6 6.514' 6.080 5.605 5.158 4.912 
6A 3.377 3.531 4.244. 5.630. 5.966 
7 3.070' 2.880 2.544' 2.333 2.320 . 
8&9 .023 -034 .035 .035 .035 
10 ,. .375 .479 -562. .683 -742 
11 . - - - - .OOL .004 -005 

- - -- - - . -020. .213 11A - - - - 
Total 16.550 15.924 1'6.025 , 17.383 18.036 

LOWER 48 STATES ( T c f )  
B ! t s i n c s s  As Usual ---.-- 

I . Non-Associated 
R e g i o n =  1977 1980 1985 J9& 

2 .216 .203 .I95 .225 .23,8 , 

2A .028 -031 -091 .251 -345. 
. 3  .592 .615 . -608 .614 .640 
4 -353 -398 .437 .540 .600 
5 1.972 1.704. 1.931 2.261 '2.356 
6 6.544 6.116 , 5'1856 5,449' 5.066 
6A 3.377 '3.560 4.635 6.388 6.717 
7 3.070 2.894 2.642 2.464 2.413 
8&9 .023' .034 .037 .038 '.038 
10 .375 .486 .607 -739 .781 
11 - - - - :001 .004 .006 

A - -- - - .168 .509 11A - - - - ,- 

Associated-Dissclved Total 
1974 1977 1980 1985 1988 1974 1977 1980 . 1985 1988 - - - - - - -  - - 

Accelerated Development 

Associated Dissolved- ' Total . 
1974 1977 1'980 1985 1.988 1974 1977 1980 1985 1988 - - - - - -  - - . - -  

Total 16.550 16.041 17.040 19.141 19.709 3.650 3.171 3.025 3.297 3.395 20.200 19.212 20.065 '22.438 23.104 

*Represents all gas produced excluding qas used for reservoir.pressure maintenanc; and gas used for Field use. Non-associated 
gas prduction has been reduc.ed approximately 6 percent and associated-dissolved gas producticg has been reduced approximately . 
13 percent to reflect the hisrorical rate of gas lease use, fuel use, and 1.osses. 



scenarios.  Figures- A-3 and A-4 i l l u s t r a t e  t h i s  procedure f o r  the 

P I  BAU and ACC cases. 

For b , e s t ' r e s u l t s ,  production in  the lower 48 s t a t e s  should 

be cons idered&epara te ly  from Alaskan production. The lower 48 

s t a t e s  a re  not an optimum system fo r  ' ~ u b b e r t  ana lys is ,  since it 

i s  necessary t o  include the unknown offshore domains-of the  East 

and West.Coasts, but t h i s  system i s  s t i l l  preferable  t o  one 

including Alaska, where the uncertaint ies  a re  inherently even 

grea ter .  

Projections a re  av i lab le  f o r  Alaska separately,  a s  a re  

resource. sst j .mat .es .  Here again the project ions a re  used a s  

data  points  ( i n  the P I  project ions sh,own in  Table A-3, only tk~e  . 

1974 f igures  a re  qc tua l )  , and, fo r  d i f f e ren t  Alaskan values of 

Q . ,  the  skew.parameter i s  adjusted. For.Alaska, however, the 
m 

skew adjustment optimizes q u a l i t a t i v e  f i t  t o  the 1975-1985 

project ions,  and it a l so  produces an approximate minimum.in 

mean and root-mean-square f i t t i n g  er ror .  Figures A-5' and A-6 

show some typica l  r e s u l t s .  

For the  lower 48 s t a t e s ,  the data used.were values of net 

production, which i s  defined a s  a l l  the gas reinoved 1r0ii1 the 

ground minus the gas ' r e in jec ted  t o  maintain reservoir  pressure. 

T h i s  d i f f e r s  from markete'd prodilctiur~ by the amount of gas 1 os,t 

i n  transmission o r  f o r  other reasons. The net f igure  i s  preferable ,  

s ince the ult imate resource base i s  independent of whether the 

gas withdrawn i s  used or  l o s t .  Values of marketed production 

predicted from.the Hubbert curves have.been reduced from net 
, . 

values by 6.5%, a  weighted average of h i s t o r i c  loss  f igures  Lor 

both oil-associated and non-dssociated gac. Given uncertaint ies  

i n  Alaskan predict ion,  the  d i s t i n c t  i o n  between net and n 1 d ~ b . e  kcd 

seems superfluous and was not made. 
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Figure A-3. Hubbert curves, with PI BAU 
projections as  'data, skewed to pass through 
PI 1985 projections. ,. 

I I 1 . 1- I 
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Figure A-4. Hubbert curves, with PI ACC 
projections as data, skewed to pass through 
PI 1985 projections. 
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P I  BAU Alaskan product ion p r o j e c t i o n .  . . 
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. . . , 

Table A-3 

Year - . BAU* ,, . . . . . . ACC* - 

. . 

* High cases only. 
** Includes associated-dissolved gas production projections for 

South Alaska made by the Oil Task Force. 

. . 

Table A-4 

SUMMARY OF PROJECTIONS FOR HIGH (ACC) AND MEDIUM (BAU) CASES (TC~) 
. . .  : (Projection for low case ' (NGS case XI) not s l iuwr~)  

BAU - 

U.S. Marketed ~roduct'ion Lower 48 States " . . 

1050. : 20.3 8.4 ' ' .3.4 22.4 . 7.5 2.1 
11 5 8 20.3 11.5 6.1 , 22.4 11.4 . 5.'0 
1280 20.3 13.7 8.7 '22.4 " 14'. 3 . 8 ; '2 . 

. Alaska Marketed :production 



The Resource Base . 

Since  t h i s  t y p e  of  a n a l y s i s  i s  s e n s i t i v e  t o  t h e  va lue  of 

Q , c a r e  s h o u l d . b e  e x e r c i s e d  i n  s e l e c t i n g  an  u l t i m a t e  resource  
a0 

f i g u r e .  Much has  been publ ished about t h e  w i l d l y  c o n f l i c t i n g  

e x t i m a t e s  0 f . Q  i n  c i r c u l a t i o n  dur ing  r e c e n t  yea r s .  39140 The 
.a0 . 

con t roversy  a r o s e  from t h e  d i s p a r i t y  between h igh (-2000 Tcf)  

e s t i m a t e s ,  t y p i f i e d  by  t h e  1972 U.S. Geologica l  Survey (USGS) 

e s t i m a t e I 4 l  and low (- 1000 Tcf)  e s t i m a t e s ,  such a s  t h a t  of 
' 

Hubbert . '21 Some r e p e t i t i v e  s t u d i e s  have c a s t  doubt on a l l ,  

c u r r e n t .  methods of  r e source  es t ima t ion .  42 

I n  response t o  t h e  accusa t ion  t h a t  i t s  e s t i m a t e s  were h igh,  
40 

t h e  USGS launched a massive r e e s t i m a t i o n  of U.S. o i l  and g a s  re-  

sources .  The r e s u l t s ,  l5 publ ished i n  A p r i l  1975, a r e  cons ide rab ly  

lower than t h e  1972 e s t i m a t e s .  They were obta ined by a probabi- 

l i s t i c  a p p r o a c h ' t h a t  s e t s  p r o b a b i l i t y  l i m i t s  on a l l  q u a n t i t i e s  ' 

es t ima ted  and i s  t h u s  no t  s u b j e c t  t o  most of t h e  c r i t i c i s m s  . 

l e v e l e d  a t  c u r r e n t  e s t i m a t i o n  methods. The lowered e s t i m a t e s  

seem t o  have q u e l l e d  t h e  cont roversy  cons ide rab ly  and have 

s a t i s f i e d  even s o  voca l  a c r i t i c  a s  Hubhert. 
43,44 

For t h e  lower 48 s t a t e s ,  then ,  it i s  f a i r l y  s a f e  t o  t ake  

t h e  USGS lower estimntc of 1158 Tcf l o r  Q ( t h e  so-pal-led 95% 
w 

c e r t a i n t y  e s t i m a t e )  a s  a middle case. '1'111s i s  hraclcot.ed by t h e  

median USGS e s t i m a t e  of 1280 Tcf and Hubbert l s  own es t imate2 '  of 

1050 Tcf t o  p rov ide  a u s e f u l ,  i f  somewhat conse rva t ive ,  range. 

For  Alaska, wi th  i t s  u n c e r t a i n t i e s ,  t h e  USGS high,  medium, and low 

f i g u r e s  of 179.6, 123.6, and 76.b 'lief die as good a s  any a v a i l a b l e .  

Table A-4 shows .a t y p i c a l  p r o j e c t i o n  obta ined on t h i s  b a s i s ,  

and t h e  o p t i o n s  a r e  shoQn g r a p h i c a l l y  i n  Figures .A-7 and A-8. 

Navig,ating middle c o u r s e s  through t h i s  kind of network diagram 

seems a reasonable  method of e s t a b l i s h i n g  working f i g u r e s  f o r  

low, medium, and h igh  s c e n a r i o s  of g a s  supply. Averaging t h e  middle 



. . 
e s t i m a t e s  f o r  each  Q (1050, 1158, and 1280 ~ c f )  p roduces ,  ' a t  

m 

t h e  y e a r  2000, e s t i m a t e s  of , l 1 . 8 ,  15.3;  and 17.9 Tcf p r o d u c t i o n ;  . . 

any a t t empt  t o  squeeze  h i g h e r  accu racy  from t h i s  method i s  

numeric.al  f o o l i s h n e s s .  The f i n a l  r e s u l t s  a r e  shown i n  Table  A-5 . .  

T a b l e  A-5 

SUMMARY OF. Q PROJECTIONS ( T c f )  CLUSTER - 

Low Medium High 

, . . .  
1 9 7 2  ( a c t u a l )  .22.8 . . 2 2 1 8  " 2 2 . 8  

* '  FPC case I1 f o r  l o w e r  4 8  s tates.  
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F i g u r e  A-7 .  1985 p r o j e c t i o n  o p t i o n s  f o r  
p r d j  ec t independence,  c a s e s .  
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F i g u r e  A - 8 .  T y p i c a l  o p t i o n  diagram f o r  yea r  
2000 p r o j  e c  Lions of marketed p roduc t ion .  



. . APPENDIX ' B 

SOME CAUSES OF NATURAL GAS CURTAILMENT I N  THE INTERSTATE ~ I & T  ' 

by  T. .H.  McCoy 

The c u r t a i l m e n t  o f  n a t u r a l  g a s  i n  t h e  i n t e r s t a t e  market h a s  

p r o g r e s s i v e l y  worsened i n  t h e  p a s t  few y e a r s .  S i n c e  supp ly  c o n t r a c t s  

between prodi lce rs  and ' i n t e r s t a t e  p i p e l i n e s  a r e  s g b j e c t  . t o  approva l  

b y  t h e  F e d e r a l  Power Co~nmission (F,PC) and a r e  based  on proven  r e s e r v e s  

r a t h e r  t h a n  f u t u r e  d i s c o v e r i e s  of n a t u r a l  g a s ,  i t  is b y  no means 

c l e a r  why p r o d u c e r s  should  b e  unab le  t o  meet t h e i r  c o n t r a c t u a l  

o b l i g a t i o n  and hence  c u r t a i l  t h e i r  supp ly  t o  i n t e r s t a t e  p i p e l i n e s .  
. . 

An at t 'empt  is  made h e r e  t o  answer t h i s  q u e s t i o n  p a r t i a l l y  by  c i t i n g  
l 

a  few s p e c i f i c  examples.  ' 

1. Reserves  Ded ica t ed  t o  C o n t r a c t  Les s  Than Expected 

Normally,  a  c o n t r a c t  between a p r o d u c e r ' a n d  a  t r a n s m i s s i o n  
\ company s p e c i f i e s  t h e  p a r t i c u l a r  f i e l d  from which g a s  w i l l  b e  

sup? l i ed  and t h e  .amount of g a s  r e s e r v e  a v a i l a b l e .  Problems soine- 

t i m e s  o c c u r  when t h e  amount of r e s e r v e  p r o v e s  t o  b e  less t h a n  

expec t ed ,  and ,  worse  s t i l l ,  i n  some c a s e s  g a s  i s  expec ted  t o  be  

s u p g l i e d  o n l y  from a  g e n e r a l  a r e a  and no s p e c i f i c  r e s e r v e s  a r e '  

d e d i c a t e d .  I n  e i t h e r  c a s e ,  p r o d u c e r s  e v e n t u a l l y  become unable ,  

t o  meet t h e  demand r e q u i r e d  :by .the c o n t r a c t s .  

A good example of  t h e  l a t t e r  s i t u a t i o n  is  a  c e r t a ' i n  c o n t r a c t  

betwee11 Gulf U i l  C o r p o r a t i o n  and Texas  E a s t e r n  Tra,nsrnission 
; 

C ~ r ~ j r a t i o n ~ ~  c a l l i n g  f o r  d t l i v e r i e s  o f  5 0 0 m i . l l i o n  c u b i c  f e e t  (MMcf) 

p e r  day.  S i n c e  Texas  E a s t e r n  r e c e i v e d  a  d a i l y  ave rage  of  o n l y  398 

MMcf i n  1974 and 373 MMcf d u r i n g  t h e  f i r s t  s i x  months of  1975., it has  

had t o  cuxti i . . l .  i t s  s u p p l y  to d i s t r i b u t o r s  i n  15 s t a t e s  from Texas t o  

New York. I n  1963, t h e  FPC a u t h a r i z e d  Gulf O i l  t v  s e l l  4.4 Tcf o f  g a s  

. t o  Texas   astern ove r  2 6  y e a r s .  No s p e c i f i c  r e s e r v e s  were d e d i c a t e d ,  

a l t h o a g h  most o f  t h e *  g a s  was expec ted  t o  cone from t h e  West D e l t a  



Block i n  southern Louisiana. Gulf O i l  estimated reserves in  tha t  

' . f i e ld  a t  about 2 .7  Tcf and sa id  i t  had addi t ional  gas avai lable  t o  

f u l f i l 1 , t h e  contract . .  In  1971, when Gulf O i l  determined.that the 

'West Delta Block reserves were - l e s s  than e x p e c t e d , . i t  sought t o  

amend the contract  but was denied by , the FPC: Late i n  1975, the 

FPC ordered Gulf O i l  t o  present evidence on what had been done t o  

meet t h e  del ivery obl igat ions under i t s  cont rac t ,  t o  present ,  evi- 

dence'on a l l  riew i n t r a s t a t e  s a l e s  and emergency i n t e r s t a t e  s a l e s  

begun by it under cont rac ts  on o r  a f t e r  January 1, 1973, and t o  

explain why the gas from each such s a l e  was not dedicated t o  the 

of i t s  contract  with Texas Easten. 

2 .  Fai lure  t o  Develop Reserves 

I n  order t o  maintain o r  increase the, de l ive rab i l i ty  from a 

gas f i e l d  with known reserves,  i t  i s  necessary t o  d r i l l  additional 

wel ls .  Producers sometimes f a i l  t o  do so for  a var iety of reasons, 

the majbr ?ni '  be ing  e ' c ~ n o m i c s . ~ ~    he f a i l u r e  t o  d.evelop reserves 

occurs i n  both 0nshor.e and, offshore areas.. For example, the .FPC 

recent ly charged47 tha t  Mobil O i l  ~ o r p o r a t i b n ,  which operates 

several  f i e l d s  i n  the offshore ~ o u i s i a n a  area,  apparently has not 

been maintaining prod.uction by d r i l l i n g  a su f f i c i en t  number of 

a d d i t i u ~ ~ a l '  wellc,  , fn  the meantime, two i n t e r s t a t e  pipel ines  

(Continental O i l  a id  ~ewmont O i l )  supplied hy ~obi .1 .  O i l  have. 

requested explanations f o r  the 'decreases  i n  gas production. 

The s i t u a t i o n  becomes more complicated when two or more 

producers operate a f i e l d  jo in t ly ,  a s  they capnot always agree 

on the  need fo r  d r l l l i n g  11ew wello, This a l s ~  contributes t o  

the lack of development o f . e x i s t i n g  f i e l d s  and the d.e'crease of 

gas production. The portion of Che B a s t i a n  Bay f i e l d  operated 
' 48 

by ~ e t t ~  O i l  Company and Tenneco . O i l  Company i s  an example. 

It s t a r t ed  producing i n  1962, and annual production reached i t s  



peak of about.160-Bcf i n  1968, but  by 1974 it  f e l l  t o  64 Bcf. 

A s  a  consequence, United Gas Pipe Line and Tennessee Gas P ipe l ine ,  

which a r e  supplied by Getty O i l  and Tenneco O i l  r e spec t ive ly ,  

a r e  faced with curtai lment problems. 

Garden Ci ty ,  another l a rge  gas  f i e l d  i n  southern Louisiana,  

which i s  operated j o i n t l y  by Exxon Corporation and Quintana 

Petroleum Corporation, seems t o  have s imi l a r  problems. 
49 

This 

f i e l d  has been prod.ucing f o r  > 20 years  but  s t i l l  has .at l e a s t  

670 Bcf of gas reserves .  considering . that  t.he producing l i f e  of . 

most gas f i e l d s  is.between 15' and 25 years  and t h a t  Columbia Gas 

Transmission,Corporation received only 38.5 Bcf r a the r - than  the  

an t ic ipa ted  50 Bcf i n  1974,' it seems l i k e l y  t h a t  the  Garden- Ci ty  

f i e l d  has not been properly developed. 

3 .  Fai lure  t o  Maintain Output From Producing Wells 

A number of f a c t o r s  could a f f e c t  the  performance of producing 

wel ls .  Decreased. gas pressure ,  mechanical d i f f i c u l t i e s ,  r epa i r  

work, and na tu ra l  d i s a s t e r s  a r e  a  ,few examples. 

The pressure  of a  reservo i r  decreases a s  gas i s  produced, 

eventual ly  going so low t h a t  compression is  necessary t o  with- 

. draw the remaining gas and feed i t  i n t o  a  p ipe l ine  a t  a  given 

pressure .  Since i n t e r s t a t e  p ipe l ines  a r e  usual ly  operated a t  .a 

hig'her pressure than some small l o c a l  p ipe l ines ,  compression i s  

even more imp3rtant t o  those reserves  dedicated t o  the  i n t e r s t a t e  

market. The insta. l l .at ion of c s n ~ p ~ e s s i o n  f a c i l i t i e s  is  of ten  

speizified i n  ' sa les  cont rac t s  between producers, and ' pipe-l ines.  
. . . . 

However, i n :  some cases ,  e i t h e r .  pa r ty  can i n s t a l l  such f a c i l i t i e s  

but  ne i the r  j,s obligated. t o  do ' so  under the  cont rac t .  Rather 

than i n s t a l l i n g  compressors, sometimes the  p s r t i e s . i nvo lved  ' 

choose t o  terminate t h e i r  contract  before i t  exp i r e s ,  a n d  t he  

r2~11dining low .pressure  gas i s  sold by the:producer  on the  1,ocal - 
. 'marke t  while the  p ipe l ine  faces  a  shortage of gas supply. 



I n  r e c e n t  y e a r s  a  number o f  p rocedure s  and p i p e l i n e  companies 

have been  o r d e r e d  by t h e  FPC t o . s h o w  cause  why t h e y  d i d  n o t . v i o l a t e  

t h e  N a t u r a l  Gas A c t  by abandoning s a l e s ,  s e r v i c e s ,  and , f a c i l i t i e s  

i n  such  a  f a s h i o n  and w i t h o u t  p r i o r  FPC a u t h o r i z a t i o n .  Among 

them a r e  a  Texas  p roduce r ,  B r i g h t  and S c h i f f ,  and i t s  g a s  p i p e l i n e  

pa rchase r ' ,  South  Texas N a t u r a l  Gas Ga the r ing  Company. 50 The 

l a t t e r  r e s e l l s  t h e  g a s , t o  T r a n s c o n t i n e n t a l  Gas P i p e  Line  Corpor- ' 

a t i o n  ( T r a n s c o ) ,  which p robab ly  faced.  a  g r e a t e r  s h o r t a g e  of g a s  

d u r i n g  t h e  w i n t e r  o f  1975-76 t h a n  any o t h e r  major i n t e r s t a t e  

p i p e l i n e .  The g a s ,  w e l l  i ~ i v o l v c d  i n  t h i s  c a s e  i s  "Reynolds Number, 

One i n  Whit ted F i e l d ,  Texas, 

F l o r i d a  Gas T ransmis s ion  Company and i t s  two prod.ucer.s, S k e l l e y  

O i l  Company and Pe t ro leum Management, I n c .  (PMI),  w e r e  a l s o  o r d e r e d  
51 

by  t h e  FPC t o  show cause .  I n  1956 t h e  g a s  from t h e  Arkansas  

P a s s  F i e l d  i n  Texas  was d e d i c a t e d  t o  ~ l o r i d a  Gas und.er ,a  20-year 

c o n t r a c t ,  and, t h e  two p r o d u c e r s  s topped d e l i v e r i e s  i n  ~ e c e m b e r  

1972 and J a n u a r y  1973 w i t h o u t  FPC app rova l .  ' S i n c e  t h e n ,  PM1,has 

been  s e l l i n g  t h e  low p r e s s u r e  g a s  t o  t h e  Lo-Vaca Ga the r ing  Company, 

a  l o c a l  p i p e l i n e ,  on a  day  t o  d a y  b a s i s .  

I n  b o t h  c a s e s  t h e  p i p e l i n e  companies were  made r e s p o n d e n t s  
50 ,,51 

in the  p roceed ing ,  because  t h e  FPC c o n s i d e r s  t h e  p i p e l i n e s  

t o  b e  i n t e g r a l  p a r t s  of  i n t e r s t a k e  gas  s a l e s  and t h e r e f o r e  L a  

have r e s p o n s i b i l i t i e s  under '  t h e  N a t u r a l  Gas A c t  t o  p u r s u e  a l l  

a v a i l a b l e  a d m i n i s t r a t i v e  and j u d i c i a l  remedies  w i t h  r e s p e c t  t o  

t h e  p r o d u c e r s '  f a i l u r e  t o  meet '  t h e i r  d e l i v e r y  o b l i g a t i o n s  under 

t h e  c o n t r a c t s  a u t h o r i z e d  by t h e  FPC. 

, Another  cause  of d e c l i n i n g  g a s  p roduc t ion  ca'n b e  t h e  unexpected,  

u r luun t ro l l ab l e  en'croachment of w a t e r  i n t o  t h e  w e l l s ,  t o  t h c  point 

t h a t  f u r t h e r  p rod .uc t ion  becomes uneconomical.  T h i s  k ind  of 
49 

mech.anica1 d i f f i c u l t y  i s  f a i r l y  common i n  s o u t h e r n  ~ o u l s i a n a .  

~ n .  o f  £shore  a r e a s , ,  w e l l s  could.  d e t e r i o r a t e  because  o f  cor ro ' s ion .  
52 



Natural d ikas ters ,  such as   hurricane^,^' a l so  incapac i t a t e  gas 

wells. The extensive damage 47 '53 done by Hu'rricank Carmen i n  the 

summer of 1974 forced the shutdowi of several  large wells owned by 

Citie 's  Service O i l  Company, ~ e n n e c o  O i l  Company, and Continental 

O i l  Company, the f i r s t  of which supplies Transco and the other two 

supply the' Tennessee Gas Pipeline Company. The repair  work las ted  

well i n t o  the following winter and caused a major increase of 

curtailmqnts by Transco (an addi t ional  15 Bcf) and Tennessee Gas 

(13% instead of the projected 6%) . 
I n  order t o  minimize waste and,  t o  protect  ' the individual 

owners of wells t h a t  share a s ingle  reservoi r ,  various s t a t e s  have 

ru les  l imit ing the r a t e  of .  production. A t  times of peak demand, 

gas 'wells a re  usually permitted to. produce more than the allowable 

amount, say 25%, of the w e l l ' s  potent ia l  productive capacity,  and 

the overproduction i s  then balanced during warm .seasons when .demand ' 

i s  low. However, i n  some cases47 regulatory agencies have ordered 

wells shut down during the winter ko compensate for  overproduction 

and thus caused unnecessary, shortage and hardship. Another reason' 

for  shutdown i s  repai r  work on gas wells. . Although unavoidable, 

major repai rs  and' maintenance should be scheduled during seasons 

of low demand. Unfortunately the idea l  does not always t ake  place 

. and unnecessary curtailment during the winter heating season can 
53 occur. 

4. ~ i v e r s i o n  of Gas From I n t e r s t a t e  t o  Intrastate Markets 

Diversion could take various forms. Sel l ing low pressure gas 

on the loca l  market,rather than i n s t a l l i n g  compression f a c i l i t i e s  

i s  one form. Sel l ing Federal offshore g.as t o  i n t r a s t a t e  pipe- 

l i n e  i s  another .  ~ c c o r d i n ~  t o  the FPC, for  examplo,54 the Trl l l recO 

O i l  culupaqy has,  for  the  l a s t f e w  gears ,  diverted > 2 ~ c f / y e a r  of 

~ f f s h n r e  gao' from the 'l'enneskee Gas Pipeline Company t o  Creole Gas 
. . 



pipel ine Company, an i n t r a s t a t e  Louisiana pipeline.  I n  the meantime, 

the customers of Tennessee Gas were faced with curtailment. ' 

5.  Conculsion 

The above l imited e f f o r t  to.probe the causes of curtailment 

of na tura l  gas on the i n t e r s t a t e  market i s  by no means conclusive 

or exhaustive., Two.further fac tors  a re  worth pointing out. 

a .  Even though producers a re  under contractual obl igat ions 

t o  de l iver  ce r t a in  amounts of natural  gas t o  in te r s t a t e .  pipel ine 

companies, thc l a t t e r  ,seem t o  be . re luctant  t o  take action against  

the producers Wiel~ Ll~cy are  nnt. meeting t h e i r  obligations.  I ~ i s t e a d ~  

the pipel ine companies e i the r  simply pass the deficiency on t.n their 

customers by curtailment or  make emergency purchases of na tura l  gas ,  

SNG,  o r  LNG a t  considerably higher pr ices  and pass the pr ice  d i f f e r -  

e n t i a l  on .to their ,  customers. In . ' e i ther  case,  i t  i s  the customers 

who..suffer. I t  i s  not c l ea r  why the pipel ines  r a re ly  pursue 
. . 

administrative o r  judic ia l  remedies with respect  t o  the producers' 

f a i l u r e  to  car ry  out the requirement of the contracts  authorized by 

the FPC. Speculations regarding t h e i r  reasons for  inaction cover 

a  wide range, from sheer incompetence t o  the chumminess .often found 

within any one indus t ry ,  and t o  de l ibera te  e f f o r t s  toward making 

la rger  p r o f i t s .  Both the FPC .and .the Congress have conducted some 
47,55 

invest igat ions . i n  t h i s  a rea ,  although it i s  hard t o  t e l l  

whether there i s  t ru th  i n  any of these a l lega t ions .  However, one 
. .  , 

does wonder whether a  contractmeans very much when both .the pipe- 
' 

Line a.nd .the producer a re  subsidiar2es of the same holding company," 

and whether one subsidiary could reasonably be cxpcated t o  take the 
. . 

other t o  court .  

*For example, the  producer Tenneco O i l  Company.and the i n t e r s t a t e  
pipeline Tennessee Gas Pipeline Company, invo lved in  some of the 
cases discussed above, a re  both owned'by Tenneco, Inc. 



U n f o r t u n a t e l y ,  t h e  FPC a p p a r e n t l y  h a s  n o t  c a r r i e d .  o u t  i t s  

f u l l  r e s p m s i b i l i t y  i n , , t h i s  r e g a r d  e i t h e r .  56 For  example, even 

though t h e  volume requi rement  1s e s s e n t i a l  f o r  ma in t a in ing  ' 

d e l i v e r a b i l i t y ,  some c o n t r a c t s  c e r t i f i e d  by t h e  FPC have no 
> 

s p e c i f i c a t i o n  of  volume requi rement .  T h i s  c a m e . t o  l i g h t  d u r i n g  

a  Congres s iona l  h e a r i n g  i n  1975, when t h e  t h e n  FPC chairman 

John  Nass ikas  a d m i t t e d  t h a t  t h e  FPC had no idea  o f  t h e  number of 

such  c o n t r a c t s  o r  o f  how 1 o n g . t h i s  p r a c t i c e  h a s  been  go ing  on.  

b .  A s  a  r e s u l t  of  t h e  g a s  supp ly  and demand s i t u a t i o n ,  t h e  

FPC i n  October  1975 i s s u e d  a  pol . icy s t a t emen t57  r e i t e r a t i n g  i t s  

a u t h o r i t y  and i n t e n t i o n  t o  e n f o ~ c e  g a s  d e l i v e r a b i l i t y  a s  r e q u i r e d  

by t h e  N a t u r a l  Gas A c t .  The s t a t e m e n t  " d i r e c t s  t h a t  f u t u r e  

c e r t i f i c a t e s  i s s u e d  by t h e  FPC w i l l  b e  s p e c i f i c a l l y  c o n d i t i o n e d  

t o  r e q u i r e  companies t o  r e p o r t  t o  t h e  FPC w i t h i n  30 days  of t h e  

i n i t i a l  r e s e r v e  d e t e r m i n a t i o n  o r  any subsequent  r e d e t e r m i n a t i o n .  

C e r t i f i c a t e s  w i l l  a l s o  be c o n d i t i o n e d  t o . . r e q u i r e  t h a t  . i f  t h e  com- 

pany h a s ' n o t  s ecu red  a n  a p p r o p r i a t e  c e r t i f i c a t e  amendment and 

t h e r e  a r e  c i r cums tances  r e s u l t i n g  i n  d e l i v e r y  of  a  l e s s e r  quan- 

t i t y  ~ f ' . ~ a s  t h a n  any  c e r t i f i e d  d e l i v e r y  o b l i g a t i o n ,  t h e  company 
. . 

s h a l l  f ' i l e ,  f o r  each  c o n t r a c t  y e a r  q u a r t e r ;  a  v e r i f i e d  r e p o r t  

s e t t i n g  o u t  t h e  c i rcums. tances  of  t h e  l e s s e r  d e l i v e r i e s  and 

t h e  c o r r e c t i v e  a c t i o n s  proposed t o  b e  under taken  t o  meet any 

expe r i enced  d e l i v e r y . d e f i c i e n ' c y ,  These v e r i f i e d  r e p o r t s  a r e  due 

w i t h i n  10  c a l e n d a r  days  a f t e r  e x p i r a t i o n  of  each c o n t r a r t  y e a r  

yudrter." It f u r t h e r  s t a t e s  t h a t  t h e  FPC w i l l ,  ."on i t s  own 

motion,  unde r t ake  a p p r o p r i a t e  enforcement  p r o c e e d i n g s ,  e i t h e r  

w i t h i n  i t s  own j u r i s d i c t i o n  o r  t h e  C o u r t s ,  t o  e n s u r e  compliance 

w i t h  g a s  d e l i v e r y  o r  p r o d u c t i o n  r equ i r emen t s  under  c e r t i f i c a t e s  

i t  i s s u e s . "  



Such .a policy,  s tatement,  by i t s e l f ,  w i l l  not solve any 

However, i t  does- point  out t he  .d i rec t ion  i n  which 

the  FPC w i l l  t r y  t o  improve the  gas s h o r t a g e s i t u a t i o n  i n  
i .  

the  shor t  term. .And, a s  the  curtai lment of gas supply.worsens, 

it w i l l  a l s o  help  t o  g ive  the soc ie ty  some idea of where 

t he  r e s p o n s i b i l i t i e s '  l i e .  
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THE BROOKHAVEN NATIONAL LABORATORY 
REGIONAL .ENERGY STUDIES PROGRAM 

The Brookhaven National Laboratory Regional Energy Studies Program 
is part o f  a national effort supported by the U.S. Energy Research and 
Development Administration (ERDA) to  create an energy assessment 
capability which is sensitive to  regional conditions, perceptions, and 
impacts. Within ERDA, this program is supported by the Division o f  
Biomedical and ~n i i ronmenta l  Research and includes, in  addition to  
a concern for health and environmental impacts of  energy systems, 
analysis of the complex trade-offs between economics, environmental 
quality, technical considerations, national security, social impacts, 
and institutional questions. The Brookhaven Program focuses on the 
Northeast, including the New England states, New York, ~enns~lvania,  
New Jersey, Maryland, Delaware, and the District of  Columbia. The 
content of  the program is determined through an identification of the 
major energy planning issues of the region and in  consultation with 
state and regional agencies. A major component of  the program in 
1976 is the Northeast Energy Perspectives Study which examines the 
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implications o f  alternative energy s ~ ~ p ; ! ~ - d e m a n d  possibilities for 
the region. 




