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Chapter I II 

NAT URAL GAS 

INTRODUCTI ON 

Natural gas is a vital source of energy fo r the Un ited St ates, supp lying abo ut 
30 percent of our total ener gy needs and 44 percent of non-transpor tat i on, 
direct uses. Concern regard i ng i t s con t inued role as a major U.S. energy 
supply source has risen because consumpt ion has exceeded addit ions to proven 
reserves .&"ro!1 '!:~e 1m'ler conti"~ntal I1.R S+:a tps sin r.~ lQnR, (I nn heci'l.us e inter­
state natural gas pipeline companies have been i nc reasi ngly unable to meet 
their contracted delivery requirements to cus tomers in many regions of the count ry. 

Based on declining proven rese rves of oil and natura l gas. it ;s eviden t t hat 
a transition will take place over the next few decades from t hese less abundant 
domestic sources, to more abundant sources , such as coal, sola r, and nuclear 
energy. However, the prospect of increased suppl ies of natural gas supple­
ments, inc l uding synthetic gas from coal and pipeline-quali ty su bstitute gas 
from petroleum products, brightens the outlook for the natural gas indust ry. 
Al so, prospects for improving the natural gas reserves base t hrough devel op­
men t of advanced recovery techniques or new exploration co ul d be significant. 

In response to the recent natural gas shortage s, the FEA, in cooperation with 
other Federal agencies, has performed intensive analyses into the short-term, 
mid-term. and long-term projected supply and demand for natural gas. including
supplemental sources such as imported liquefied natural gas (LNG) and synthetic 
natural gas produced from coal and petroleum products. The major conclusion 
derived from these studies is that some fundamental decisions must be made 
now that will affect the contribution of natural gas and its pipeline supple­
ments during the remainder of this century. The re sul ts of these studies and 
FEA' s revised long-term forecasts are the basis for this Chapter. 

NATURAL GAS--BACKGROUND AND CURR ENT SITUAT ION 

Con sumption 

Demand for natural gas has steadily inc reased duri ng t he last ha lf century 
because of its clean-burning properti es , l ow cos t, and until recent ly, avai l­
abi lity. After World War II, the availabili ty of abundant supplies of na tural 
gas- -most of it found in the search fo r oil --and i mp roved qual i t y of pi pe 
for high-pressure, long-distance delive ry enabled the gas ut il ity indu stry to 
exp and rapidly and widely. Total U.S. energy con sumpt ion of natur al gas 
inc reased from 4 percent in 1920, to 18 percen t i n 1950 , and exceeded 30 per­
cent in 1974 (see Figure 111-1), growing at an average of 6.5 percent annuall y 
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Figure 111-1 

Growth in U.S. Natural Gas Consumption 1920-1 974 
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in t he 1950' s and 1960 's . In 1974, i t was consumed in over 40 mill ion 
residences, in al most 3.4 mil l i on commerci al es t abl ishments, and by over 
193,000 industrial users. 

Natural gas now accounts for over 50 percent of direct foss il fu el inputs to 
both the household/commercial and industrial sectors. Reliance on natural gas 
by the electric utility industry peaked in 1970, when natural gas accounted 
for almost 25 percent of total energy input. By 1974, natural gas generated 
only 17 percent of electricity, as curtailments and an inability to obtain 
long-term supply commitments affected its use. 

The growth rate of natural gas consumption was reduced dramatically in the 
1970's as compared to the previous decade. In particular, residential gas 
consumption declined in the early 1970's, following an annual growth rate of 
4.5 percent in the previous decade (see Table 111-1). Several factors 
accounting for this reduction include: the imposition of local moratoria on new 
additions of buildings to natural gas distribution lines for space heating, to 
offset rising interstate pipeline curtailments; warmer than normal weather in 
1973 and 1974; voluntary conservation effects following the 1973 oil embargo; 
an d a reversal in the decline in real prices for natural gas which prevailed 
i n the 1960's. 

Table 111-1 

SECTORAL GROWTH IN NATURAL GAS CONSUMPTION 
(Tcf) 

Annual 
Growth Rate 

1960 1970 1974 1960-1970 

Residential 3.10 4.83 4.78 4.5 
Commerci a1 1. 02 2.05 2.26 7.2 
Industrial 4.34 7.87 8.29 6.2 
Utility 1. 73 3.89 3.41 8.5 

Total* 10. 19 19.02 19.08 6.4 

Annual 
Growth Rate 
1970-1974 

-0.3 
2.4 
1.3 

-3.2 

O. 1 

* Totals slightly exceed sum of four sectors due to inclusion of 
"Other Consumers" in BOM data and rounding. 

Source : Bureau of Mines Mineral Industry Surveys--Delivered gas 
consumption 

Gove rnment moratoria restricting new additions of residential consumers during 
1974 were extensive (see Table 111-2). There were only 17 States without 
restrict i ons; these were predominantly in areas where population is relatively 
sparse (Mountain States) or where gas is being produced and sold at unregu­
lated pri ces (the West South Central region). However, 20 other States, 
)rinc ipal ly those in areas served ~y interstate pipelines underqoinq severe 
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curtai lments (Middle Atlantic, Sout h At l ant i c , and East North Cen t ral ) , had 
restrictions cover ing more than 50 percent of t heir resi den t i al ga s uti l ity 
cus tomers. 

The effect of warmer weather cannot be meas ured preci se ly. Although t he 
weather in 1974 was colder than in 1973, natura l gas consumpt i on declined, 
primarily due to a reaction to the embar go, higher pr ices, and t he recess ion . 
Further, real prices for natural gas i n the res ident ial sector dec l ined by 
1.5 percent annually between 1968 and 1972; but in 1973 and 1974 real pr ices 
increased by 0.7 percent annually. 

Natural gas consumption within the commercial sector also grew at a much less 
rapid rate in the early 1970's, as compared to the precedi ng decade. Never­
theless, the commercial sector maintained positive growth in natural gas 
consumption from 1970­1974, growing by 2.4 percent annual ly. 

The growth rate of natural gas consumption in the industrial sector declined 
in the 1970's principally due to the recession and to curtailments imposed 
by interstate pipelines and related gas utilities. The Middle Atlantic 
States experienced the largest decline in industrial natural gas consumption, 
dropping from a growth of 5.6 percent annually in the 1960's to a decline of 
2.3 percent annually in the 1970's, principally due to the effects of pipeline 
curtailments. 

However, the most dramatic change in growth of natural gas consumption 
occurred in the utility sector. Electric utilities in the Middle Atlantic 
and South Atlantic states in the 1970's shifted away from natural gas mainly 
because of pipeline curtailments (see Table III-3). In the same period, 
gas consumption in utilities located in the gas producing states in the 
West South Central region continued to grow at 3.8 percent annually. However, 
even in these producing states, utility consumption growth rates were lower 
than the 10 percent annual rates experienced in the previous decade in response 
to higher prices, the slower economy, and an inability to obtain long-term 
commitments for supplies. 

Most of the residential use of natural gas is for space heatinq (over 70 per­
cen t) and water heating (about 20 percent). The largest industrial gas users 
are chemical and allied products (about 24 percent), petroleum and coal pro­
ducts (16 percent), and primary metal industries (about 13 percent). Almost 
40 percent {about 3.5 trillion cubic feet (Tcf)) of the industrial qas use is 
for fueling boilers in the chemical, petroleum, food, and paper industries, 
mostly in the South. Gas also plays an important role as a feedstock and 
process fuel in the manufacture of ammonia, fertilizer, and methanol. 

The greatest natural gas use occurs in the West South Central census region 
(Texas, Louisiana, Oklahoma, and Arkansas). This area accounts for over 30 
percent of the country's natural gas use and more than half of the gas used by 
electric utilities. Alternatively, New England consumes less than two percent 
of the natural gas (see Figure III-2 for the distribution of delivered natural 
gas consumption by region in 1974). 
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Table II I-3 

REGIONAL UTILITY NATU RA L GAS CONSUMPTION 
(B cf/ yr ) 

Consum~tion Growth Rate 
1960 - '970 1974 60-70 70-74 

New England 13 8 11 (-4.7) 8.3Mid Atlantic 89 161 61 6. 1 (-21.5)East North Central 61 245 167 14.9 (-9.1)West North Central 245 420 365 5.5 (-3.4)
South Atlantic 147 343 240 8.8 (-8.5)East South Central 53 139 53 10. 1 (-21.4)
West South Central 657 1733 2012 10.2 3.8Mountain 135 199 210 4.0 1.3Pacific 324 645 310 7. 1 (-18.0) 

U.S . 1725 3894 3429 8.5 (-3.2) 

Source: BOM Mineral Industry Surveys - Delivered Gas Consumption 

Natural Gas Production and Distribution Industry 

The U.S. natural ga s industry is composed of producers, interstate and intra­
state pipelines, distributors, and end-users. Currently there are about 
12,000 oil and gas producers in the United States. In 1974, however, 34 
companies accounted for 96 percent of the interstate volume, and the 25 
l argest interstate pipelines carried over 95 percent of the interstate gas
(see Figure 111-3). 

Dome stic production is derived from six major producing states (accounting for 
93 percent of production): Texas, Lou isiana, New Mexico, Oklahoma, Kansas, 
and California. Some natural gas is produced from reservoirs where the gas is 
dis solved in or associated with crude oil. In 1974, 82 percent of the gas 
wa s withdrawn from wells drilled in gas reservoirs (gas wells) and the rest 
f rom oil wells; of t he total wellhead production, 19 percent of the gas was 
produced from wells on Federal lands, the remainder on State and privately 
owned lands. 

Current Regulatory Environment 

The Federal Power Commission (FPC) exercises Federal regulatory jurisdiction 
over interstate transmission and sale of natural gas. It sets the maximum 
pri ce a pipeline company may pay to producers for gas dedicated for resale to 
the i nterstate market, and controls the resale price of gas delivered to 
loca l distributing companies. Currently, a pipeline is allowed to pay a 
producer a maximum base price of 52¢ per thousand cubic feet (Mcf) for new 
gas, except on short-term emergency purchases by pipelines or purchases of 
uncommi tted gas by curtailed, high priority customers from intrastate sources, 
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Figure 111-3 

verview-U.S. Natural Gas System 1974 
(Bet) 

Total 
Supply· 
24,300 

Storage Inlec­
tlons. Fuel Use 
and Losses " 

5,200 

Deliveries to 
Consumers 

19,100 

Direct 
Consumers 

1,000 

Local 
Distributors I-_~ 

11,400 

Supplementary Supply -­....... 

Intrastate Pipe­
lines & Producers 
Direct Deliveries 

6,700 

Supplementary Supply----­

'Supply includes U.S. marketed production, withdrawals from storage, and imports. 
"Gas for such purposes as lease and plant fuel, pipeline compressor fuel, extraction loss , 

and transmission losses . 

Note Divisio ns between interstate and intrastate volumes are estimated . 

Source : Based pr imari ly on data from " Natural Gas Product ion and Consumption : 1974" 
(Washington , DC : Bureau of M ines , Mineral Industry Surveys , 1975). 
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when higher pr ices may be pai d. In contrast, unregulated prices for gas sold 
on t he i ntrasta te ma rket usuall y range between $1. 00 and $1.50 per Mcf. 

Aside from controlling pri ces, the FPC regu l ates various other aspects of t he 
interstate natu ral gas market, including t he rates charged for the trans­
portation of gas delivered into interstate commerce . Since 1970, when 
shortages first developed, the FPC has been respons i ble fo r esta bl i shin g cu r­
tailment priorities and for approving curtailment plans f i l ed by affec t ed 
pipelines. It also regulates, through a certification process , the cons t r uc­
tion and abandonment of pipeline and storage facilities . 

Because of its authority to control imports and exports, the FPC also has 
jurisdiction over imported LNG, but has jurisdiction over syn t het i c gas 
(syngas) from coal and substitute natural gas (SNG) from pet rol eum products 
or natural gas liquids only when these products are commingl ed with regular 
natural gas in interstate pipelines. Since each of these supplements costs 
pipelines more than natural, gas, the FPC decides on a case- by-case basis 
whether they can be incrementally priced to individual purchasers of the 
supplement, or whether the higher prices will be ave ra ged among all pur­
chasers of natural gas. The FPC has ruled i n favor of i ncremental pricing 
in projects reviewed to date, thereby lowering the incenti ve to obtain more 
gas from these sources, but assuring that new users pay the real marginal 
price for these costly supplements. 

Natural gas distributors are regulated by State public utility commissions or 
municipal governments. This regulation covers the utility' s service territory, 
the rates charged its customers, the construction of new faci lities, and 
local curtailment priorities. 

Natural Gas Production and Reserve Additions: The Bas i s for the Shortages 

Natural gas marketed production peaked at 22.6 Tcf in 1973 and decl ined 
si gnificantly for the first time to 21.6 Tcf in 1974, a decl ine of nearly 5 
percent. This decline in 1974 production was eq ui valent to about 170 
mi llion barrels of crude oil. Preliminary data from t he Bureau of Mines 
i ndicates that the natural gas production decline was accelerat ed in 1975, 
dropping 7 percent to about 20.1 Tcf. Additions to the inventory of natu ral 
gas reserves in the lower 48 States failed to equal or exceed production for 
t he seventh consecutive year in 1974, leaving these reserves at their lowest 
level since 1952 (see Figure 111-4). The only major reser ve addit i ons in 
recent years have been the Alaskan reserves of 26 Tcf , added in 1970. Both 
regu l ation over wellhead prices and a depl eti on of natural ga s dr illing 
prospects onshore, within the lower 48 States, cont ribu t ed to the pea king of 
natural gas reserves in 1967. 

Price regulation of producers at low price levels for wel l head production has 
affected both demand and supply of natural gas. Regu l ated natural gas pri ces 
are lower than oil, coa l , or electrici ty on a Btu basi s , and demand has been 
sti mUl ated. Environmental regulations also have made "cl ean" na t ura l gas 
desirable. Exp l ora t ory gas well compl et ion s pea ked in 1959 and began a 
decline which cont in ued unti l the ea rly 1970's. However, in the ea rly 1970's, 
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Figure 111-4 


U.S. Natu ral Gas Reserves 
(Excluding Alaska) 
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increases in the unregulated prices for natural gas i n the intrasta te Inarket 
stimulated a sharp i nc rease in expl oratory activi ty. 

The depletion of pri me nat ural gas drillin g prospects also hastened t he onset 
of natural gas shortages. The f irst natu ral gas areas expl ored are those 
least costly to dri l l and with the greatest likelihood of discovery of large 
fields. By 1974, the average reserve additions per foot drilled for explora­
tory and developmental wells was 170 Mcf per foot, compared to 485 Mcf per 
foot in 1970. 

The interstate natural gas pipelines have suffered both from a decline in the 
total amount of reserves added to the inventory and from a decline in the 
share of reserves acquired by these systems. Since natural gas produced and 
sold within the same State is not regulated by the Federal Power Commission, 
the share of new reserve dedications to pipelines crossing State boundaries 
has fallen, while the intrastate market share has risen (see Figure 111-5). 

Curtailments to Date 

Due to a continually increasing demand and a relatively stable rate of pro­

duction, the demand for gas exceeded its supply in the 1970 1 s. Many gas 

distribution companies have found it necessary to deny gas service to new 

customers and to curtai ll some existing customers. Firm curtailments 

(generally defined as contractual requirements less deliveries) as reported 

by the interstate pipelines grew from 0.1 Tcf in the 1970-71 delivery year 

(April-March) to 2.0 Tcf in 1974-75 (see Table 111-4). For the delivery 

year 1975-76, firm curtailments were projected by the FPC at 2.9 Tcf, or 

19 percent of requirements. 


Table III-4 


CURTAILMENT TRENDS* 

Year Annual Firm Heatinq Season (Nov.-Mar . ) 
(April- i'la rch) Curtailments (Tcf) Firm Curtailments (Tcf) 

1970/1971 . 0.1 0.1 
1971/1972 0.5 0.2 
1972/1973 1.1 0.5 
1973/1974 1.6 0.6 
1974/1975 2.0 1.0 
1975/1976** 2.9 1.3 

* 	Pipeline to pipeline curtailments not included in 1974/1975 data; 
contractual commitments, not incorporating an interruptible supply 
provlslon, are included. 

** Previously estimated 
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Figure 111-5 

Average Annual Reserve Additions of Natural Gas 
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In 1970-71, when the Federal Power Commission began compi l ing data on curtail­
ments, 12 of the 48 majo r i nterstate pi pelines experienced curta ilments. More 
pipe l1ines with curtai lment s have been added to the lis t in each subsequent 
year. By the 1975-76 heat i ng sea son, 31 of the 48 pi pel ines were proj ecting 
curtailments. However, six of these accounted for about 65 pe rcent of pro­
jected firm curtailments and about 40 percent of the total fi rm requ irements. 

A few key pipelines exper i enc in g substantial curtailments serve the States 
most affected (see Figure 111-6). These States are t he At lanti c States 
stretching south from New York; seve ral Mi d-Western States, such as Oh io 
and Kentucky; and California. Estimates of the nat ural gas shor tages in 
the 21 States most affected are shown in Table 111 -5. 

Due to increasing curtailments, t he FPC in March 1973, promulgated a un iform, 
nine-tier curtailment pri ority schedul e based on t he end use of t he gas and 
size of the customer. Under this schedule, res iden ti al and smal l commerc ia l 
users are afforded the hiqhest pr i ority dur ing se rvi ce curtail ments, followed 
by larqe commercial users and industrial use r s who cannot switch to alterna t e fuels. 

The priority of distribution in the fi nal ma rket usua ll y depends on pol ic i es 
established by the state regulatory agenci es, which vary subs t an t i al ly 
among states. A recent survey of 21 Sta tes~ indi cated tha t only six had 
statewide uniform curtailment pol ic i es. Sevent een of t he s t ates 
i mposed curtailmer.ts on an end-use basis, curta il ing indus t ri al , commerc i al , 
and residential customers in tha t order. The other s approved pro ra t a 
curtailment plans, usually cu rtai l ing the la rger vol ume users on an equal 
share basis, and not di stingu i shing bet ween in dustri al and commerci al usage. 
Ni neteen out of 21 States also dist i nguis hed between f i rm and in t erru pt i ble 
contracts in assigning curtailment pri or i ties. Howe ver, al l State provi ded 
residential users the highest pr i ority for continuous gas serv ice. 

Curtailments on the interstate pi peline system have not caused la rge adverse 
economic impacts to date . Most of the curta i lment s ha ve been absorbed by 
i ndustrial users on firm contracts, but having alternat e fu el use capabili ti es. 
Cus tomers on interruptible contracts frequen t ly absorbed curta ilments through 
shi fts in production schedu les and th roug h use of al t ernate f uels. However, 
curtailments beginning in the winter of 1974-1975 reached in t o l evels of the 
i ndustrial market sector which either cou l d not use alternate fu el s by nature 
of t heir processes, or which have not yet in st all ed al t erna t e f uel use 
capability. 

There is, of course, an economic impact i nvol ved i n t he shift to alternate 
fu el s . Industrial plants must event uall y reco up t he cost of hig her-pri ced 
al ternate fuels, as well as the capital cos ts of i nstalling al terna te f uel 

* Conducted by the FEA Natura l Gas Ta sk Force in the Fall of 1975. 
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Ta ble 11 1-5 

PROJECTIONS OF NATURAL GAS SHORTAGE DURING 
WINTER OF 1975-1976 IN MOST-AFFECTED STATES 

Increase Over 
Total Curtailments Last Winter 

Percent of 
Bcf Requirements Bcf 

Arizona 22 24 2 
Cal ifornia 370 34 46 
Delaware 1 12 0 
Florida 50 49 10 
Georgia 63 29 11 

Indiana 17 6 5 
Iowa 36 18 4 
Kansas 60 23 5 
Kentucky 13 10 6 
Maryland/D.C. 14 12 1 

Mi ssouri 35 15 5 
Nevada 24 51 6 

New Jersey 21 11 .(-10)
New York 41 10 6 
North Carolina 41 46 6 
Ohio 78 12 11 
Pennsylvania 37 9 10 

South Carolina 59 55 4 
Tennessee 31 22 9 
Virginia 12 14 (-1 ) 
West Virgin ia 12 13 3 

Source: FEA/FPC Distributor Survey, updated December 1975 

125 



burning facilities, through higher product prices. In add i t ion, the i ncreased 
demands for al t ernate fuels by natural gas curta i 1ees have in t ensi fied supply 
problems in other sectors of the energy industry, especially in the propane 
market. 

In the win t er of 1974-75, very litt le unempl oyment and few plant shutdowns 
occu rred di rectly as a resu l t of natural gas unavail ab il ity. Most plant 
closi ngs occurred primarily because of t he reces si on and many shutdowns were 
avoi ded by the use of al t ernate fuels (propane , but ane , distillate, or 
resi dual oil ), emergency diversion of natural gas , mild weather, or conser­
vation. The re were reports of scattered plan t clos ings for brief periods 
during the heat i ng sea son in Vi rgi ni a, North Caroli na, New Jersey and other 
States. 

NEAR-TERM OUTLOOK 

The natural gas supply available to the int ers t ate pipelines will continue to 
decline t hroughout the next several years in t he absence of a major shift in 
supplies f rom the intrastat e market . The FPC has predicted that, based on the 
total ga s reserves committed t o the i nte rstate pipelines at the end of 1974 
under al l con tract s and commitmen t s , the annual decline in deliveries would 
be about 1 Tcf t hroug h 1979 i f t hese suppl ies were not augmented (see Table 
111-6) , or a doubl ing of curren t curtail men ts wi thi n three years. Potential 
suppl y addit ions i nc lude increased producti on from newly dedicated reserves 
to the interstate market, in creased supplies from the intrastate market 
through eme rgency and shor t -term contracts, and i nc reased imports. 

The vo lume of new reserve addit i ons i s li kel y to be insufficient to replace 
the 1 Tcf/year expec t ed decline , even i f al l production from new reserves 
was dedicated to the i nterstat e ma rket, an unli kel y event. The outlook 
for increased imports throug h 1979, either by pipel ine from Canada or in the 
form of LNG, is exceedi ngl y unlikely because of recent declarations of 
energy resource conservation f r om Canada and the long lead times needed to 
obtain proj ect ap proval and to construct LNG gasification terminals. Also, 
even if pr ice s increase under dere gu l at ion. production levels will not increase 
for at leas t the next few years, although more gas wou ld be available in the 
in t erstat e market. 

FEA estimates a substantial increase i n t he natural gas shortage in 1976-77 
as the economy reaches norma l levels of activ ity . Forecast is an increase of 
about 1. 3 Tcf fo r t he delivery year and 0.8 Tef for the winter heating season 
as compared to the corresponding period in 1975- 76 . In addition, severe 
weat her cond i tions (equivalen t t o the co ldest wi nter in the last 10 years) 
coul d increase the natural gas shortage by about 200 Bef in any winter. 

The stat es mos t affected by shortages thi s year will experience greater impacts 
in the winter of 1976-77 as the supply situat i on of the interstate pipelines 
serving them continues t o deter iorate. Although t he shortage is not projected 
t o reach the residential sector, the industria l and electric utility sectors 
will experience even greater shortfalls as t he economy recovers. 
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Several factors can substantially reduce the effects of natural gas curtail ­
ments. The most important factor will be the availability and cost of 
alternate fuels. Others include the heating demand by residential and 
commercial customers which is a function of t he temperature; the extent to 
which industrial activity dependent on natural gas has recovered from the 
economic downturn, the actual supply deficits, emergency purchases of 
uncommitted gas, and fuel savings by conservation efforts. As an example, 
the warm weather in the early part of the 1975-76 heating season relieved 
the pressure in some areas, reducing by December 1975 the forecast of 
curtailments by about 160 Bef in the most seri ously impacted States. 

LONG-TERM OUTLOOK FOR NATURAL GAS 

The interstate pipeline curtailment problem facing the country in the near 
term is but a symptom of a fundamental long-term inability of domestic 
natural gas supplies to meet demand at the presently regulated price levels. 
The resulting shortage is thus focused and amplified in several States due 
to the structure of the current pricing regulations. The long-term outlook 
for natural gas supply and demand is uncertain and dependent on several 
factors. 

Long-Term Outlook f~r Natural Gas Demand 

The potential demand for natural gas in the long term is influenced by the 
following: 

~ 	 The world pricing strategy for oil, since natural gas and oil are 
close substitutes in both the utility and industrial sectors; 

• 	 The degree and structure of price regulations over domestic oil; 

• 	 Government conservation initiatives, particularly those directed 
to buildings and industry, and the degree of commercialization 
of existing energy-saving technologies in these sectors; 

• Government policy regarding the availability of natural 
for use in utility and industrial boilers; 

gas 

• The status of local government moratoria. 

The long-term forecasts for natural gas demand are highly uncertain since 
natural gas average prices have never been in the high ranges estimated for 
the 1985 strategies, and the effects of both government-induced and voluntary 
conservation cannot be established with precision. In addition, the response 
to 	higher prices in each consuming sector is uncertain since projections are 
based on current consumption patterns which are a derivative of over 20 years 
of 	price regulations, and the establishment of two distinct markets for gas-­
the controlled interstate and unregulated intrastate markets. 
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Reference Scenario Demand Forecast 

Natural gas demand in the Reference Scenario is expected to increase 

from the actual consumption of 21.2 Tcf measured in 1974 to 23. 4 Tcf by 1985 

(see Table 111-7). However, combining reported interstate curtailments of 

1.9 Tcf with actual consumption provides an indication of the "unconstrained" 
demand for natural gas of about 23.1 Tcf for 1974. Thus, aggregate demand 
for natural gas in 1985 will remain about the same as the unconstrained demand 
observed in 1974, if world oil prices remain at current levels and both new 
natural gas and oil prices are deregulated. 

Table 111-7 

1985 NATURAL GAS DEMAND BY SECTOR AND WORLD OIL PRICE 
(Tcf/yr) 

_ Oil Import Price ($/bbl) 
Refe r~nce ?cenario 1974 $8 $13 $16 

Residential &Commercial 7.3 6.4 6.2 6.3 
Industrial 9.9 13.9 13.6 13.6 
Transportation 0.6 0.8 0.8 0.8 
Utility 3.4 0.5 3.0 3.2 

Total Demand 	 21. 2 2l. 5 23.4 23.7 

Note: 	 Totals exclude about 0.2 Tcf of synthetic gas 
consumed by the sectors. 

Aggregate demand for natural gas in 1985 is not heavily influenced by the 
world price of oil, decreasing by only 8 percent (to 21.5 Tcf) if world oil 
pr ices drop to $8 a barrel, and increasing by only 1 percent (to 23.7 Tcf) 
i f world oil prices increase to $16 per barrel. 

Although there will be little change in aggregate demand for natural gas 
from the unconstrained demand level observed in 1974, large changes can occur 
in ind i vidual sectors. The industrial sector is shown in the $13 Reference 
Scenario to increase co~sumption by 3.7 Tcf (or 37 percent) over 1974 levels, 
whi l e usage in the residential/commercial sector decreases by 1.1 Tcf (15 
percent). 

Although these sectoral forecasts are consistent with trends of recent 
years , the forecast for natural gas consumption in the residential/commercial 
sector may be understated since the economic forecasting techniques employed 
are projecting from a baseline--the first half of the 1970's--that has been 
af fected by local government moratoria on connections of gas lines to new 
buil dings, interstate pipeline curtailments, and warm weather. Thus, the 
basel i ne does not represent a true unconstrained demand condition, from which 
t he unconstrained demand under unregulated conditions is being forecast. 
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The Reference Scenario sec tora l fo recast shoul d i nstead be viewed i n 

terms of the combined po ten~ ial growt h in na tu ral gas consumption i n the 

residenti al and i ndust ri al sectors. The actual distr i bution of the gas con­

sumption in these sector s wi l l depend on several factors, particularly the 

rate in which the loca l government restri ct ions on space- heat i ng addit i ons 

are removed. The forecast indicates that about 2. 6 Tcf of growth will be 

distributed in these sectors. 


At current world oil prices, natural gas usage in the Utility Sector 

declines by 13 percent to 3.0 Tcf. This means that with new natural gas and 

oil prices decontrolled, virtuall y no new gas driven turbines will be used 

to generate electricity. Availa ble gas will instead be used by industry and 

in buildings. 


An increase in the world price of crude oil from $13 to $16 per barrel 
will not have much effect on sectoral natural gas consumption. However, with 
new natural gas prices deregulated, a decrease in world oil prices to $8 per 
barrel will drive most natural gas out of uti 1i t ies. Utility gas consumption 
would decline to 0.5 Tcf as the lower oi l price causes extensive switching 
from natural gas to oil in power plants. 

Alternative Scenarios 

Uncon st rained natural gas demand does not vary significantly as different 

government actions are implemented due to the compensating movement of natural 

gas prices (see Table 111-8). However, natural gas domestic production 

declines significantly if natural gas price controls remain, leaving large 

shortfalls which must be satisfied by oil or gas imports. 


The projected aggregate demand for natural gas cannot be met in all 
scenarios combining projected domestic production with a realistic estimate of 
natural gas imports. Natural gas imports in 1985 will be composed principally of 
imported LNG and Canadian pipeline gas. Canada is expected to provide about 
0.87 Tcf/year based on the Canadian Natural Energy Board's current schedule of 
deliveries. Imported LNG is expected to vary between 0.4 Tcf and 2.1 Tcf 
annually, depending on the level of government encouragement as demonstrated 
through subsequent policy statements and further project approvals. Thus, 
realistic estimates of natural gas imports available by 1985 lie within the 
range of 1.0 to 3.0 Tcf per year. 

As shown in Table 111-8, in the Regulatory and Supply Pessimism Scenarios, 
the projected natural gas import requirements far exceed those which can 
realistically be considered attainable. Import requirements above 3.0 Tcf 
will be manifested as pipeline curtailments, and this unsatisfied natural gas 
demand will have to be satisfied through the use of alternate fuels, pre­
dominantly natural gas liquids, petroleum products, and perhaps electricity. 
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Tabl e I II -8 

1985 NATURAL GAS DEMAND AT $13/BBL OIL IMPORTS 
(Tcf /yr) 

PIES Scenario AverageU.S. Demand Production I"!ports Price*** 
Reference 

22.1BAU Supply with/ 
23.4 1.3 $2.03 


Con serva t i on 
 23.1 21.8Accelerated Supply 1.3 $1.87 

Without Conservation 26.6 
 25.3Supply Pessimism 1.3 $1.4824.7 17.2 7.5*Continued Current $1.84 

Requlation 
 23.4** 17.9 5.5*Gas Price Ceiling of $1.88 

$l/Mcf ($7.50 Regulatory) 
 24.2 17.0 7.3* $1.83 

* Exceeds maximum available natural gas imports and would have to be 
replaced by oil imports or electricity.

** Estimated. 
*** Average prices shown consist of a weighted average of domestic natural gas

~ellhead prices from all producing regions and imports, including trars­
portation costs to the city gates, to satisfy all demand regions. 

lona-Term Outlook for SUDDlies of Natural Gas and Pi 
lements 

The long-term supplies available through natural gas pipelines include 
domestic natural gas production (including Alaskan gas and supplies obtainable 
from tight gas formations, Devonian shale, and Offshore areas), pipeline 
imports from Canada, liquefied natural gas imports and natural gas manufactured 
from petroleum products (SNG) or coal (syngas). 

In viewing the total potential for natural gas supplies and its pipeline 
supplements in the long term, price, and therefore the degree of price regu­
lation, is a critical factor. However, there are other factors that could 
greatly affect domestic exploration and production, including government policy concerning: 

• Leasing of Outer Continental Shelf areas; 


• 

Timing and Ultimate construction of an Alaskan transportation system 
to transport production from the vast gas reserves at Prudhoe Bay; 

• Acceptable LNG import levels and price; 


• 
 Pricing of SNG and construction of SNG plants; 


• 

Research and Development to extend the natural gas resource base, 
including recovery from tight formations and Devonian shale; 
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Possi ble financial support and regulatory con tro l over the commercial­• 
ization of synthetic gas from coal. 

Summary of Methodology in PIES Supply Model 

The Nation's total gas production is derived from gas wells which 
produce no oil (nonassociated gas), and from oil wells which produce both 
gaseous and liquid hydrocarbons (associated-dissolved gas). The supply of 
nonassociated gas is most sensitive to wellhead pr ices, while the supply of 
associated gas is primarily dependent upon the price of crude oil. Therefore, 
two separate models are used to estimate supply from these two sources to 
obtain FEA projections for production from the lower 48 States and the Outer 
Continental Shelf. 

The FEA model for nonassociated gas supply activities has been designed 
to independently treat production rates, reserves depletion, exploration, 
drilling rates, and investment costing on a regional basis, given estimates 
of the undiscovered natural gas resource base. Provision has also been made 
to account for additional complexities inherent with exploration behavior 
under the influence of changing prices, and to capture distortions in drilling 
patterns that occur when very large gas fields are discovered in newly 
developed areas. Independent engineering estimates for a few special
geographic gas regions and geologic formations are included to complete the 
regional supply curves for nonassociated gas production over the next 15 
years. 

A second model is utilized to estimate associated gas supply. Essentially, 
historical data from each region are utilized to derive a ratio of associated 
gas production to oil production, and the resulting supply curve for 
associated gas is a derivative of the oil model's supply curve for oil (see 
Appendix A for more details on the methodology used in the models, and 
Chapter II for a discussion of the oil production price response). 

In comparison to last year's Project Independence Report, the price levels 
required to retain present production rates of nonassociated gas will be 
substantially higher. This is chiefly because the USGS reduced estimates 
of the resource base, smaller gas finding rates per unit of drilling were 
assumed, and the model was adjusted to account for the recent alterations in 
the depletion allowance. Further, new procedures were incorporated into the 
model which both related and extended estimates of the drilling and gas pro­
duction responses to higher prices, removing si mplifications in the original 
methodology. 

Previously, the level of drilling was determined using one drilling 
curve available for all prices. This curve was selected to approximate the 
drilling that would be forthcoming at wellhead prices of 80¢/Mcf in 1973 
dollars. This simplification was used in the original study because the 
judgments at that time were that these prices and quantities would be 
sufficient to achieve equilibrium, and the focus was on evaluating fuel 
substitution--not the evaluation of supply increments at higher prices. Other 
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improvements in FEA demand estimat es have altered the equilibrium price 
calculations and mot ivated the mo re extensive t rea t ment 'summari zed here . 

The revised supply model produces estimates of natural gas production 
wh ich recognize the difference in cos ts and, t herefore, pri ces of producing 
from reserves of different size and quality. This price sensitivity is 
essential in evaluating the impacts of fuel competition or in assessing the 
potential supply results from gas price deregulation. 

Domestic Natural Gas Production Price SensitivU1, 

This section describes the impact of prices on natural gas supply, 
including gas produced from domestic sources but excluding liquefied natural 
gas, synthetic gas from petroleum or coal and imported natural gas. 

If new natural gas prices are deregulated and real uncontrolled oil prices 
remain at their current level, FEA estimates that total domestic production 
will be 22.3 Tcf in 1985 at an average price of $2.03/Mcf. If current 
natural gas regulation persists, production would decline to 17.9 Tcf and the 
interstate share of this production would be reduced drastically. Alter­
~atively, if naturalaas orices are set at $1 .OO/Mcf at the wellhead in both 
the interstate and intrastate markets, this supply estimate could drop to 
17.0 Tcf. The sensitivity of these aggregate estimates can be displayed
by separating the discussion into the contribution of total supply that comes 
from nonassociated gas and that which comes from associated gas. 

Nonassociated Natural Gas Production 

Nonassociated supplies are very price sensitive, and could reach 
1974 levels of 17 Tcf by 1985 under Business-as-Usual (BAU) assumptions if 
prices are permitted to rise above $2.00 per Mcf (see Table 111-9). However, 
if price controls were extended to the intrastate market and maintained at 
the 52¢/Mcf level (which amounts to a significant rollback of current intra­
state prices), nonassociated natural gas production would fall to 5.8 Tcf by 
1985, or 66 percent below 1974 levels. 

The nonassociated gas component is forecast to decline to about 13.5 Tcf 
in 1985 from 17 Tcf in 1974 if prices are restrained at the $l/Mcf level, 
averaged over all marketed production. 

Natural gas production would begin to decline in the mid-1980's under 
BAU assumptions, even at $2 per Mcf, as remaining reserves in onshore areas 
are depleted. For this same reason, production at rrices as high as $2.80 
per Mcf under BAU assumptions peaks in 1986 and dec ines thereafter (see 
Fi gure 111-7). 
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Figure 111-7 

Non-Associated Natural Gas Production from the Lower-48 

States and the C .C.S. at Three Wellhead Price Levels 


Trillions o f Cub ic Feet 	 .., ............. --- .... ­,,' 	 --­18 .0 __ / 	 -- $280 

17.0 I ---	 . 
I' ,/ .""--."".",,_.-'-'-'­ _.-'-'- ..... 

...../_ .-' 	 .-' -16 .0 ......~. -	 - , 
'. $2.00

15.0 l"" t re:: ...... 
14 .0 

13 .0 

12 .0' ­

11.0 

10 .0 

$1.009.0 

8 .0 

o I ~ 
1975 76 77 78 79 OA a.c; A~ R7 88 8M 

NOTE: These quantities include gas used for repressur izat ion o f wells . exc ludes light gas . 
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Table lII-9 

1985 NONASSOCIATED NATURAL GAS SUPPLY RESPONSE --BUSI NESS-AS-USUAL 
(Tcf ) 

Price Nonassociated Nonassociated Gas Total Nonassociated 
$/Mcf Gas* in SEecial Regions** Natural Gas 

$0.52 5.86 .00 5.86 
l.00 13.31 . 17 13.48 
l. 70 16.12 .46 16.58 
2.00 16.64 .46 17.10 
2.80 18.20 .46 18.66 

* 	Excludes special regions. Quantities of nonassociated natural 
gas are presented for a Btu-equivalent petroleum price. 

** 	 Southern Alaska and tight gas. The non-responsiveness of 
supply at higher prices is due to logistic and institutional 
constraints. 

Most of the production response to price increases above $1 per Mcf comes 
from more intensive production on onshore fields. As natural gas prices vary 
from $l/Mcf to $2/Mcf, production would increase by 25 percent in the Western 
Gulf Basin and Mid-Continental regions and about 100 percent in the West 
Texas area (see Table 111-10). 

However, Gulf of Mexico offshore yields are constrained by the acreage 
leased by the government for exploration and drilling, which is assumed 
independent of price. The oes leasing schedule is the prime determinant of 
frontier oes gas production (given fixed geological expectations) at prices 
above about 80¢ per Mcf. In addition, the long lead times required for 
production in some frontier areas constrain the supply response to price seen 
through 1985, and thus a greater elasticity of supply may actually be shown 
in the post-1985 period. 

At $2 per Mcf, production from Louisiana and Texas would decline from 
1974 levels by about 1 Tcf, but this loss is projected to be offset by 
increased production from t he Gulf of Mex ico, bringing total nonassociated 
gas production to near-197 4 levels. 

The sensitivity of these production estimates to factors other than 
price have been examined under two separate sets of assumptions other than 
BAU. The important pessimistic or optimistic assumptions are summarized 
in Table 111-11. 
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Table Ill-ll 

OPTIMISTIC AND PESS IMI STIC OUTLOOK ASSUMPTIONS 

Pessimistic BAU Qgtimistic 

USGS 
36%* 

"Mean" Minus USGS "Mean" USGS 
36%* 

"Mean" Pl us 

18.7 Million 
Acres 

27.7 Million 
Acres 

39.7 Million Acres 

Investment 10% through 1977; 10% through 10% throughout 

Tax Credit 7% therea fter 1977; 7% 


thereafter 


* These represent ~ 1 standard deviation around the USGS "statistical" 
mean. 


** Oil leasing not separated from gas leasing here. 


The Optimistic and Pessimistic cases reflect the considerable uncertainty 
as to the size of the natural gas resource base of the United States. In recent 
years, the USGS has substantially reduced its estimates of our total undis­
covered gas (including Alaska), from 2100 Tcf in 1972 to a 1000 to 2000 Tcf 
range in 1974, and then to its most recent estimate of 322 to 655 Tcf, made 
in 1975. The mean estimate, adjusted for water depths greater than 200 meters, 
is the primary natural gas data source utilized in the BAU cases. The major 
source of reserves is still located onshore in the lower 48 States (see Table 
111-12). Optimistic and Pessimistic geological outlooks vary considerably 
in offshore areas which are largely unexplored (see Table 111-13). Historically 
most of the search for new reserves has focused on oil rather than natural gas, 
and thus the uncertainty surrounding the gas reserve estimates far exceeds 
that for oil reserves. 

Although estimates of undiscovered resources are unimportant for short-term 
(1- to 5-year) production projections, they become increasingly important for 
longer-term analysi s . If the U.S. production were to continue only from 
existing reserves through 1985, nonassociated production would drop to 5.6 Tcf 
in 1985 and to 3.4 Tcf in 1989 (see Table 111-14). Thus, the currently 
unknown amount of gas that actually exists will begin to bear heavily upon 
discovery and production rates in the mid-1980's and beyond, and becomes the 
driving factor in long-range supply projections . 

The Optimistic and Pessimistic cases also reflect the influence that 
changes in the rate of leasing of the offshore areas can have on nonassociated 
production. However, changes in geological expectations are the dominant 
factor driving differences in the production response in both the Pessimistic 
and Jptimistic cases as compared to the BAU case. 

137 



Table III-1 2 


RESERVES AND UND ISCOVERED RESOURCES OF NATURAL GAS 

FOR THE UN ITED STATES* 


(Tcf) 


Undiscovered Recoverable ResourcesReserves 
Measured Inferred Statistical Mean - ~5%-5% Range 

345 	 246-453Lower 48 Onshore 169 119 
32 	 16-5715Alaska Onshore 32 

377 	 264-506Total Onshore 201 134 
101 	 42-178Lower 48 Offshore 36 67 

44 	 8-80Alaska Offshore 0 0 
145 	 50-24867Total Offshore 36 

522 338-722202Total U.S. 	 237 

* 	 Lower 48 States offshore estimates have been adjusted for OCS resources at 
greater than 200 meters, increasing mean estimate by 38 Tcf; includes 
associated-dissolved and nonassociated gas. 

Table III-13 

ALTERNATIVE GEOLOGICAL OUTLOOKS* 
(Tcf) 

Pessimistic Business-as-Usual OptimisticCate.9..9!t 

237.1 	 237.1 237.1Measured Reserves 
201.6 	 201. 6 201.6Inferred Reserves 

Subtotal: Reserves 438.7 	 438.7 438.7 

Undiscovered Recoverable 
345 	 443Lower-48 Onshore 	 247 

52 101 	 150Lower-48 Offshore 
32 	 45Alaska Onshore 	 19 
44 	 79Alaska Offshore 	 9 

327 5t2 	 717Subtota11 

961 1156766Total 

* 	 Includes associated-dissolved and nonassociated natural gas; adjusted 
for water depths greater than 200 meters. 
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Ta ble 111 -14 

NONASSOCIATED GAS PRODUCTION FR OM RESERVES EXISTING IN 1974 

Year Prod uction 

1975 15. 1 
1977 12.9 
1980 9.6 
1985 5.6 
1989 3.4 

Under Optimistic conditions , total gas production in 1985 is estimated to 
increase above the BAU case by 2.5 Tcf (15 percent) at $2 per Mcf prices, and 
2.3 Tcf (17 percent) at the $1 per Mcf price (see Table 111-15). The Gulf of 
Mexico offshore region, most sensitive to these altered assumptions, increased 
43 percent at the $2/Mcf price and 36 percent at the $l/Mcf price level 
(see Table 111-16). Almost three-fourths of the increased production from 
the Gulf of Mexico at either price level is attributable to Optimistic 
resource estimates, virtually all of the remainder due to accelerated leasing. 

Table III-15 

NONASSOCIATED GAS PRODUCTION--1985 
(Tcf) 

Wellhead 
Price 

(1975 $) Pessimistic BAU Q£timistic 

$1.00 12.0 13.3 15.6 
$2.00 15.2 16.6 19. 1 
$2.80 16.2 18. 1 20.9 

Optimistic conditions delay the decline in nonassociated natural gas 
production (see Figure 111-8 for production estimates for all three cases 
through 1989 at $2/Mcf). Under Optimistic conditions production reaches over 
19 Tcf in 1986, while under BAU production declines after reaching 16.7 Tcf 
in 1984. By 1989, production only drops 0.6 Tcf from 1985 levels under 
Optimistic resource assessments, while under BAU, production drops over 1.8 
Tcf from 1985 levels. Under Pessimistic conditions, production rises slightly 
after 1976 to about 15.7 Tcf in 1980, and then drops to about 14.0 Tcf by 
1989. 

Drilling is expected to be extremely sensitive to price changes under 
all three outlooks. In 1974, the footage drilled for gas wells (with dry 
holes allocated) totaled about 63 million feet. However, in the BAU case 
at $2 per Mcf, the average annual footage drilled is projected at 87 million 
feet from 1975 through 1980, and 92 mi l lion feet from 1981 through 1985. 
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The cumul ative dri ll ed foo t age doubl es from 1975 throu gh 1985 in 
the BAU case as the pri ce i s i ncreased f rom $1 to $2 per Mcf (see Table 111-17). 
Drilling increases by 136 mil li on feet (1 4 percent) in 1985 at the $2 price 
level under the Optimisti c ca se, as compared to BAU conditions. In the 
Pessimistic ca se dri l ling dro ps 57 mil l i on feet as compa red to BAU at $2/Mcf. 

Table III-ll 

PROJECTED FOOTAGE DRILLED FOR GAS WELLS, CUMULATIVE FROM 1975* 
(Millions of Feet) 

Wellhead 
Price 1980 1985 1989 

Business-As $1. 00 308 404 419 
Usual $2.00 521 982 1381 

$2.80 586 1275 1970 

$1.00 446 618 618 
Optimistic $2.00 551 1118 1632 

$2.80 623 1443 2301 

$1.00 285 333 335 
Pessimistic $2.00 509 925 1210 

$2.80 561 11 05 1606 

* Includes dry holes allocated to gas wells. 

Note: 	 In 1974, a total of 63.5 million feet were drilled 
for gas wells, including dry holes allocated. 

The drilling response to increased prices results in larger additions to 
proved reserves. Most added reserves will occur in the onshore and offshore 
Gulf Coast area (see Table 111-18). Additions in the Gulf of Mexico, for 
example, could almost double current reserves, while reserve additions in the 
Western Gulf Basin will not exceed proved reserves in 1974. The annual average 
additions to reserves computed over 11 years from 1975 through 1985 at $2 per 
Mcf are comparable to the reserve additions that occurred prior to 1970, about 
15 Tcf annually. 

Associated Gas Production 

While most natural gas is supplied from wells devoted solely to producing 
gas, large amounts of production are possible from oil wells. In 1974, this 
associated gas production amounted to 4.2 Tcf . At current world oil prices and 
with domestic oil prices deregulated, associa ted gas production is forecast at 
4.9 Tcf in 1985. However, both the degree of control over domestic oil prices 
and the world price of oil will affect associated gas production. For instance, 
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Table III -18 

NONASSOCIATED REGIONAL GAS RESERVE ADDITIONS (Tcf) 
(BAU ) 

1974 Reserves Added 1975- 1985 
Proved Wellhead Prices ($/Mcf) 

Region Reserves 0.60 1.00 2.00 

Eastern Rocky Mountain (4) 4. 6 0.0 4.4 11 .3 
W. Texas - E. New Mexi co (5) 14. 4 0.0 8.9 26.2 
W. Gulf Basin (6) 59.8 0.0 17.3 38.1 
Gulf of Mexico OCS (6a) 30.9 11 .6* 51.1 51.1 
Mid Continent (7) 30.8 0.0 22.6 31. 5 
Other 21. 7 0.0 1 .0 9.8 

Totals 	 162.2 11.6 105.3 168.0 

* Drilling in region 6a commences for four years and then ceases. 

if world oil prices drop from about $13/bbl currently to $8/bbl, and domestic 
oil is decontrolled, associated gas production in 1985 could decrease 0.8 Tcf 
to 4.1 Tcf, because drilling for exploratory oil wells would decline from 
projected levels. In addition, if world oil prices remain at $13/bbl, but 
domestic oil is controlled at $7.50/bbl through 1985, then associated gas 
production will be only 3.5 Tcf in 1985, again due to the induced reduction 
in domestic dril l ing for new oil wells. 

A reduction of natural gas prices at constant oil prices through establish­
ment of a ceiling would affect oil production in addition to both associated 
and nonassociated gas production. For instance, if world oil prices were 
maintained at $13 per barrel, domestic oil prices were uncontrolled, and a 
na tural gas price ceiling was established at $1 per Mcf, combined associated 
ga s and oil production would be reduced by 2.8 Tcf, with about 65 percent 
of this loss being reduced oil production. This occurs because of the reduced 
exploration activity in geological areas which produce both gas and oil due to 
reduced expected revenues by oil and gas companies. 

The Reference Scenario 

The BAU supply curve is input into the PIES model to determine the 
Reference Scenario--that is, the mar ket clearing price at which supply and 
demand are at equilibrium in an uncontrolled market or deregulated condition. 
At current world oil prices, about 22.3 Tcf of natural gas would be produced 
domestically in 1985 at an average price of $2.03 per Mcf (see Table 111-1 9) . 
Of this production, 78 percent would be nonas sociated gas including 165 Bc f 
from tight formations. Of the remaining 4.9 Tc f of assoc iated gas, 835 Bcf 
wo uld be transported from Northern Alaska by a pipeline expected to be opera­
ti onal in the early 1980's (see later discussion in th is Chapter). 
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Table I II -l9 

REFERENCE SCENAR IO PRODUCT ION 

World Dill 1985 Dome sti c Production F cf) Pr ice $/Mcf* 

Price_ $j bbl NO lla~sQc. A_ssoc. otal Nonassoc. Assoc. --Avg. 


$8 16.3 4. 1 20.4 $1. 90 $1.67 $1 .79 
$13 17.4 4. 9 22. 3 $2.13 $1. 93 $2.03 
$16 17.4 5. 1 22. 5 $2.16 $1 .97 $2.07 

* 	The average price is the city gate pri ce fo r domes tic gas and imports; prices 
for nonassociated and assoc iated gas reflect mar gi nal wellhead prices for new 
gas. 

In addition to this domes t i c product ion, 1.27 Tcf of natural gas imports 
are purchased at the import price of $2. 14 pe r Mcf . This represents 0.4 Tcf 
of liquefied natural gas al ready contracted for and approved by the FPC, 
and 0.87 Tcf of pipeline import s from Ca nada purs uan t to the Canadian 
National Energy Board's cur rent schedule of de liveri es. 

If oil prices drop from $13 per bar rel to $8 per barrel, natural gas 
prices are pul l ed down to approximat e a Btu-equi librium with lower priced oil 
in the utility sector, and the total produ ct i on of natural gas declines. 
However, as world oil prices increase to $16 per ba rrel, little effect is noted 
on natural gas production and prices as compa red to the $13/bbl case, since 
no significant fuel switching response in the utility sector is stimulated. 

Continued Current Regulations Scenario 

To project prices and producti on l evels in 1985 if current regulations 
over natural gas were ma i ntained, a speci al methodology had to be constructed 
to model the effects of mainta ini ng two di stinct markets--the unregulated 
intrastate market and the regulated interstate ma r ket. A regulated supply 
curve was constructed and allowed to eq uilibrate wi th a regulated demand 
curve to produce a new producti on and price le ve l. The following assumptions 
were made: 

• 	 All West So ut h Central gas cons umption was considered intrastate 
gas. 

• 	 The 1974 ratio of OCS to non -OCS con t racts wil l be maintained under 
continued reg ula tion. 

• 	 The West South Central intras tate ma r ke t can be assumed representative 
of all domes ti c intrastate markets . 

• 	 Quantities under exis t i ng i nterstate contracts will continue to 
decline at a ra t e of 7 to 8 percen t per year. 

• 	 The rat io of non-West South Central, non-Alaskan production to 
West Sou t h Cent ral production wi ll con t inue at its 1974 level. 

144 

• 	 The intrastate demand curve for West South Central will be 
st able under deregulation, i.e. , the regu l ated and deregul at ed 
intrastate equ il i bria are on t he same demand curve. 

In the Conti nued Regu la t i ons Scenario on ly the intrastat e market wi ll be 
in eq uilibri um. Ga s from the on shore area s woul d be produced until demand 
in th i s ma rket is satisfied at a new contrac t price of about $1.80/Mcf. 
Offshore and Alaskan gas product ion, on t he ot her han d, wou ld be rest r i cted 
by an assumed FPC field pr i ce ce i li ng of abo ut $.60/ Mcf pl us any cost-of­
living adjustments. Total ma rketed producti on is forecast at 17.9 Tcf for 
the Nation, al though only 6. 6 Tcf of this wou ld be al located to the inter­
state market (s ee Table 11 1-20). Curtai l ed industr ial users would be 
forced to purc hase imported oil. 

Ta ble 111 -20 

PROJECTED INTERSTATE/ INTRASTATE SAL ES UNDE R DIFFERENT POLICIES--1985 

Marketed Produ ction Sales 
Gross Net* Interstate* Intrastate* 

Actual 1974 21 .6 18.8 11.6 7.2 
Present Regulation 
1985 

-
17.9 15.9 6.6 9.3 

Deregulation - 1985 
(Reference 
Scenario) 22. 3 20.0 12. 1 7.9 

* 	Gas consumed by end-users from domesti c sources, excluding 
liquefied natural gas, synthe t ic fuels, and imported natural 
gas. Total gas consumption (inc l uding these other sources) 
would be greater. 

The differences between deregula tion and regulation are substantially 
more pronounced for interstate supply than for total national production. 
Wi th the continuation of the present regulations at today's prices (in constant 
dollars), interstate supply would decline about 5.0 Tcf below its 1974 level 
of 11.6 Tcf--a reduction of 43 percent. If new gas is deregulated, the higher 
gas prices would allow large volumes of gas to enter the interstate market, 
because not only will more offshore and Alaskan gas be produced but also some 
onshore gas will be bi d away from the intrastate market. Under these con­
ditions, the decline in inte rs tate sales would be halted, resulting in slightly 
more sales than its present level by 1985. 

Alternative Scenarios 

FEA analyzed the effects of a number of possible policy variations on 
natural gas producti on, consumpt ion, and pri ce. If development of resources 
i s accelerated by increasing l easing and if geology is faVorable, production 
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possibi llities could i ncrease to more t han 25 Tcf and price would decline 

(see Accelerated Supply Scenar i o on Table 111 -21). The lower prices res ul t 

because lower cost produc t i on i s made avai lable to meet demand. In economic 

terms, the supply curve i s shifted to t he ri ght on a rel at ive ly elastic 

demand curve, yielding increased suppl i es at lower prices. 


Table III-21 

NATURAL GAS PRODUCTION AND PRICES FOR ALTERNATIVE SCENARIOS 
(~13 Oil Impo r ted) 

1985 Production Tcf Price $/Mcf 
Scenario Nonassoc. Assoc. Total Nonassoc.* Avg** 

Reference 	 17.4 4.9 22. 3 $2.13 $2.03 
BAU Supply With/ 

Conservation 16.9 4.9 21. 8 $1.98 $1.87 


Accelerated Supply 

Without Conservation 19. n 6.3 25.3 $1.59 ~l .43 


Supply Pessimism 14.2 3.0 17.2 $1. 12 $1.84 

Continued Current 

Regulation 13.9 4.0 17.9 $1 .81 $1.88 


Gas Price Ceiling of 

$l/Mcf 13.5 3.5 17 .0 $1.04 $1.83 


* Marginal price across all gas production regions of new nonassociated gas only. 
** 	 Average is weighted average of domestic natural gas and imported gas, trans­

ported to city gate for all demand regions. 


Government conservation measures tend to reduce demand, thereby reducing 

production requirements to meet demand and lowering prices. For instance, 

conservation measures added to the Reference Scenario result in the lower 

average natural gas prices observed in the BAU Supply with Conservation Scenario 

$1 .87/Mcf as compared to $2.03/Mcf in the ~cference Scenario). 


Although price regulations shown in the $1.00 Regulation Scenario and 
the Supply Pessimism Scenario succeed in holding down domestic wellhead prices, 
average natural gas (or equivalent fuel) prices will not be reduced significantly 
below those of the Reference Scenario, due to large quantities of imports 
needed to meet demand. 

Delivering Alaskan Natural Gas 

Although estimates for associated gas from the North Slope of Alaska were 

included in the Reference Scenario projections already discussed, a separate 

section is devoted here to the special problems involved in accessing this gas. 


Alaska has the larqest known U.S. reserves of undevelooed natural aas Dotential: 
26 Tcf of associated gas in the Prudhoe Bay area, 2 TCf in the Cook Inlet 
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area, and 2 Tcf in other areas. The National Petroleum Cou nc i l and t he U.S. 
Geological Survey est imates undiscovered resources ra ng in g between 16 and 57 
Tcf onshore, and between 8 and 80 Tcf offshore (95 per cent probabili ty of at 
least the f i rs t; 5 percent probabi l ity of as much as the second number in 
each range). 

In addition to the North Slope gas, there are some 3.6 Tcf of proved non­
associated gas reserves in Canada's Mackenzie Delta area; another 2.8 Tcf 
are expected to be added to the proven reserves for this area in the near 
term. Estimated future potential of Canada's Mackenzie Delta is an additional 
49 Tcf. 

The Arctic Challenge 

Transportation in the Arctic presents unusual challenges because of the 
cold climate, remoteness, long distances, and the permafrost. The land is 
permanently frozen in the Arctic (in some places to a depth of 2,000 feet) 
except for an active surface layer of a fo ot or two wh ic h thaws in summer. 
Permafrost problems are most severe near r i vers and deltas. When the moisture­
laden surface layer thaws during the summer, these areas become spongy swamps 
over which ground transport is often impossible. 

If the surface layer of moss lichen and other small plants are disturbed 
for any reason, the summer heat penetrates to the permanently frozen ground 
underneath and the ground melts. Water runoff erodes the area and disturbs 
more of the surface layer. A small wash can quickl y become a 20-foot-deep 
mud slough, which will continue to spread each summer. Off northern Alaska, 
ice conditions become so severe that in some places the sea is open for 
navigation only one or two weeks a year. 

Bringing the Gas South 

Transportation of Alaskan gas to the lower 48 States ;s the subject of 

in tense competition between two proposed alternative routes. Issues include 

the relative economics of the systems, Alaskan/Canadian environmental con­

cerns, Alaskan economic development policy, U.S .-Canada relations, Canadian 

domestic policies, financing, possibility of del ay, location of natural gas 

delivery, and l ower 48 saftey concerns. 


The Arctic Gas consortium proposes about 200 miles of line eastward from 
Prudhoe to the Canadian border, 2,400 miles of Canadian line from the Yukon­
Alaska border to South Alberta and two branches of line in the United 
Stat es: 1,600 miles in Montana, North and South Dakota, Minnesota, Iowa, 
Il lionis, Indiana, Ohio, West Virginia to Delmont, Pennsylvania; and about 280 
mi les through Idaho and Washington to Stanfield, Oregon (see Figure 111-9). 

The El Paso group proposes 809 miles of pipeline from Prudhoe along the 

Alyeska corridor to a gas liquefaction plant and t erminal in Southern Alaska. 

From there, the LNG would be shipped by cryogeni c t anke r to a receiving 

terminal and regasification plant in Southern Cal iforni a (see Figure 111-10). 

Al though the Alas kan gas would be introduced at t he West Coast, El Paso 

expects to make increasing supplies of natural gas avail ab le to the Mid-West 
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Figure 111·10 

Propose.d EI Paso System 

Figure 111 -9 

Proposed Arctic Gas System 
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and Ea st Coast by switching present East-to- West suppl ies of Gulf Coast 
natu ra l ga s f rom West Coas t market s to t he East (thi s concept is known as 
displacement). Th i s would requ i re construct i on of an add itional 540 mil es of 
pipeline in the lower 48 states. 

Further, an all -Canadian proposal by (Maple leaf) Foothills Pipeline, Ltd., 
from the Ma ckenzie Del t a south t o Al berta , i s being considered by the 
Canadian government. 

Recently Arctic Gas ha s est imated its pipeline capacity i n Alaska at 
0.8 Tcf/yr; El Paso desi gned its proposed system to fit a projected Prudhoe 
supply of 1.2 Tcf/yr. If one system is expedited and encounters no serious 
delays, the lower 48 could be receiving 0.8 to 1.2 Tcf/yr (2.1 to 3.2 Bcf/day) 
of Prudhoe gas by 1985--at an estimated cost of $2.50 to $3 per Mcf including
transportation to U.S. borders. 

Compari son of Costs and Benefits of Alternate Routes 

Final details of the two routes to the lower 48 States have not yet been 
settled. Accurate cost comparisons are not possible because each of the two 
groups used not only a different ass umed ga s supply from Prudhoe, but also 
differing base year dollar values. However , extrapolation from information 
available last fall indicated that the Arctic Gas proposal could cost between 
$8.5 and $9.7 billion (in 1975 dollars) and the El Paso proposal between $7.5 
and $9 billion. Canada's cost share of the Arctic Gas proposal could be 
$1.3 to $1.7 billion. 

The two proposals differ fun damentally, and each offers its own set of 
benefits. El Paso maintain s that its proposed system bypasses any possible 
complications arising from routing the Arctic Gas line through Canada. El 
Paso points out the advantage to the U.s. economy and the Treasury of having 
all the payments for construct i on and operation of its system accrue solely 
to the United States. El Paso also says its system will give a bigger economic 
boost to Alaska. Arctic maintains t hat the Canadian route for Alaskan gas 
that also accesses Canada's Mackenzie reserves offers better economies of 
scale and cheaper ultimate costs t o U.S. con sumers. 

Each system has its own set of potenti al environmental difficulties 
and possible sources of delays. The Arct ic proposal could threaten 
disruption of the Arct i c Na t i onal Wi l dl i fe Range in Northeast Alaska, while 
the El Paso plan may i ncrease marit i me t raff i c in the Gulf of Alaska and 
Prince William Sound. Del ays i n pro j ect completion under the Arctic plan 
could be caused by difficult ies in reso lv ing Canadian taxing issues and 
Northwest territories native claims, and by the larger requirement for 
construction activities to be undertaken north of the Arctic Circle. El Paso 
faces possible engineer i ng delays because i t would utilize larger liquefaction 
facilities and LNG tan kers t han have been previously built. 

Among the most impor t an t un reso l ved 'i ssues is the regional impact of each 
competing system. Al aska , Ca li forn ia, Mi dwestern, and North Central States 
all have a direct interes t in the decis ion, as do the shipbuilding states 
where El Paso's LNG tan kers wo uld be built. 

150 

Whereas the Arctic Gas li ne wo ul d r un onl y 195 miles through uni nhabited 
Alaskan terrain, the El Paso l i ne would l ay fo ur t imes as mu ch pipe and build 
an expensive liquefaction pl ant in Alaska--thus , conti nuing t he Alyes ka 
oil line boom in southern Alas ka . 

The El Paso system would requi re a te rmi nal , regas i fi cation plant, and 
pipeline in California to link up with exi sti ng l i nes. The Arctic Gas line 
would include pipeline construction i n Mon tana, North Da kota, South Dakota, 
Minnesota, Iowa, Illinois, Indiana, Ohi o, and Pennsyl vania. In Montana 
and western North Dakota, pipeline constr uc t ion wou l d draw out-of-s ta te 
construction workers and shift workers into constructi on from other occupations. 

In summary, although the choice between compet ing pipel i ne proposals 
cannot be made until the relative costs and benefits of the systems are more 
clearly defined, the construction of a natural gas pipeline from Prudhoe Bay 
is critical to the U.S. economic and energy interests. The 0.8 to 1.2 Tcf 
that could be available in 1982 could red uce oil import requirements ~ 
about 500,000 barrels a day. 

The Role of Imported Liquefi ed Natural Gas (LNG) 

LNG is natural gas of pipeline quality (1000 Btu/cf or higher) which is con­
verted to liquid form by reducing the gas temperature to -259°F. The 
liquefaction process reduces volume by a fac tor of 623:1, and consumes 
approximately 15 percent of the gas energy supplied at the liquefaction plant. 
Additional energy losses are incurred through production, gathering, and 
transmission from the wellhead to the liquefaction plant. 

La rge scale liquefaction and ocean shipme nt of gas as LNG are relatively 
recent developments, resulting from the fact that countries such as Abu Dhabi, 
Al geria, Indonesia, Iran, Libya, and Nigeria have developed sizable proved 
re serves of natural gas, but have no means at present to deliver this gas 
by pipeline to potentially large consuming markets. 

An average sized LNG project in internat i onal trade wou ld deliver approximately 
1 Bcf/day or over 0.3 Tcf per year. For a U. S.-Al geri a trade project delivering 
1 Bcf/day and using current design technology, one li quefac ti on facility, 
ei ght l25,000-cubic meter tankers (8 , 000-mi l e round trip t r ade) and a 
te rminal facility capable of handling one ship every 2-1/2 days would be needed. 
The following is an estimate of the investment cost fo r such a system 
del ivering gas in 1980 from Algeria to an Eas t Coast port: 

Investment Items Cost--$Million, 1975 Rate 

Liquefaction Facility 1,000 
8 Tankers (8,000 mile 

round trip, Algeria 1,300 
U. S. ) 

Receiving Terminal 	 and 
Regasification Facility 300 

Total 	 2,600 
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Thi s i nves t ment cost of about $2 .6 bi llion resul ts in considerabl e addi t ions 
t o the wellhead price of the exported natural gas for liquefaction, trans­
portation, and regasification. Consequently, at current world prices the 
producer country's "take" (prof it) from LNG exports is considerably less than 
the eq uival ent "take" f rom the export of crude oil. Based on F.O . B. prices 
of $1.30/Mcf for LNG, North Africa, and $11 .51/barrel for marker crude, 
Persian Gulf, producer country "takes" are $.30/Mcf and $ll.OO/barrel 
respectively, or 23 percent vs. 96 percent of F.O.B. price. 

The pricing strategy of some LNG exporters has been to seek an oil Btu 
equivalent price for LNG at the port of embarcation. This has been the Libyan 
strategy to date, although it has encountered severe resistance in buying 
markets. A strategy currently being followed by the Algerians in negotiations 
with U.S. companies is to price against a competing fuel in the consuming 
country. 

A major factor in determining the demand for imported LNG will be the manner 
in which the FPC allows LNG to be priced domestically. In the only two 
cases previously approved by the FPC, imported LNG was to be priced on an 
incremental basis, thereby disallowing averaging in the higher costs of LNG 
with cheaper domestically produced natural gas. 

Potential Sources of LNG 

Although Iran, and Algeria have large gas reserves, Algeria is 
the only one of these nations actively seeking a large LNG export market 
because of its substantially higher gas/oil reserve ratio and low oil export 
revenues (see Table 111-22). One country with large reserves not listed on 
Table 111-19 is the U.S.S.R. (estimated reserves in excess of 800 Tcf). 

Tab1 e I II -22 

OIL AND GAS DATA FOR POTENTIAL LNG SUPPLY SOURCES 

Oil Reserves Gas Reserves Gas: Oil Oil Production 
Countr,t: (Billion Barrels) {Tcf} Reserve Ratio (1975 MB/D) 

Algeria 7.4 126.0 17.0 935 
Indonesia 14.0 15.0 1.1 1 ,300 
Iran 64.5 329.5 5. 1 5,600 
Libya 26.1 26.3 1.0 1 ,400 
Nigeria 20.2 44.3 2.2 1 ,850 
Abu Dhabi 29.5 20.0 0.7 1 ,500 

Source: Oil and Gas Journal, December 29, 1975 
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Potential Import Leve ls 

It is unlikel y that new LNG projects will be able to come on stream 
until after 1985 unless t hey are in the initial planning stages at this time, 
due to the long lead times for the regulatory process and for construction of 
tankers and facilities. Thus, maximum LNG import quantities in 1985 are now 
defined, and several alternative levels can be assumed. 

• 	 Most conservatively, it could be assumed that only the projects 
already unconditionally-approved by the FPC will materialize, 
i.e., the Distrigas I and El Paso I ventures; this would result 
in annual LNG imports of 0.4 Tcf in 1985 (LNG Supply Case I) . 

• 	 Alternatively, it could be assumed that in addition to the above 
ventures, projects which have been submitted to the FPC 
for approval would also materialize; annual supply by 1985 would 
total 1.5 Tcf (LNG Supply Case II) 

• 	 Finally, projects announced in Iran and Nigeria but not yet 
submitted to FPC for their review could be developed, resulting 
in a 1985 supply level of 2.1 Tcf (LNG Supply Case III). 

The possible levels of U.S. LNG imports in 1980 and 1985 are shown
below: 

Table 111-23 

ALTERNATIVE LNG SUPPLY CASES 
(Tcf/yr) 

1980 1985 

Case I 
Case II 
Case III 

.4 
0.9 
1.3 

.4 
1.5 
2.1 

In all three cases, Algeria emerges as the major source of LNG imports
fo r the United States, ranging in 1985 from 100 percent of supply in Case I 
to about 70 percent in Case III. This results not only from Algeria's 
advantageous location with respect to consuming markets, but also from its 
dete rmination to market its vast gas reserves, since its oil reserves are 
rel atively limited. 

Dependence Upon LNG Imports 

Determining regional dependence on LNG imports is difficult because most 
of t he companies that import gas serve more than one region and also sell to 
t ransmission companies serving other regions. 
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Al t hou gh regional dependence could go as high as 10 percent, t he 
dependence of customers served by the import ing pipeline companies wil l be much 
greater. Of the seven projects f il ed wit h t he FPC, individual pipeline 
company i mport dependence could ra nge bet ween 9 and 29 percent of curren t 
annua l sa l es. Re gional and company dependence are impo r t ant because of the 
potentia l f or sudden in t errupt ion or abrupt i ncreas e in price. 

Other Issues 

Although dependence, vu lne rabil i ty, and prlclng are the significant major 
issues associated with LNG, t he re are several other potential problems. While 
exporting countries have t raditi onal ly con structed and owned the liquefaction 
facilities, the financing of such faciliti es has originated within the import­
ing country through government agenci es such as the Export-Import Bank of 
the United States. These Export- Import Ban k loans for liquefaction facilities, 
along with Maritime Admini stration loan guarantees and subsidies for LNG 
tankers, must be rev i ewed and coo rdinated with national policy towards LNG. 
Safety and environmen tal conce rn s have delayed the use of some terminals, 
particularly in densely popu l ated harbor areas such as the New York Harbor. 

In summary, i t is clear that some suppl emental LNG imports will probably 
be required in the next decade or two to ass ist the United States in meeting 
energy demands placed on the natural gas pipeline and distribution system. 
However, excessive dependence on the supplies must be avoided due to the 
consequent vulnerability to arbitrary price increases and sudden interruptions 
in supplies, as in the case of oil imports. 

Synthetic Gas From Coal 

The extraction of methane from coal has been demonstrated in several pilot 
plants, both in the United States and abroad. This process offers the U.S. 
a mid-term capability to make greater use of coal reserves to supplement 
domestic natural gas supplies. 

However, the commercial viability of a high Btu synthetic gas venture has 
not yet been demonstrated in the United Stat es. Present estimates indicate 
that an investment of about $1 billion will be required to construct a high 
Btu gas plant capable of producing 0.08 Tcf/yr (assuming a debt/equity ratio 
of 	75:25). About $525 million would be required to finance construction of 
a 	low Btu gas plant producing t he equivalent of 0.05 Tcf/yr (assuming a debt/ 
equity ratio of 50:50). The full costs (i .e., without incentives of both 
high and low Btu synthetic gas processes, exp ressed in 1975 dollars on an 
F.O.B. gasification plant basis, are expected to range as shown in Table 

111-24. 


Additional costs will be incurred in transmitting the high Btu gas output 
to 	consuming areas; these costs wi l l vary depending on the proximity of the 
synthetic plants to natural gas tran smission networks and consuming markets. 
Pacific Lighting estimates t hat transmission and distribution costs to its 
proposed WESCO (Western Ga s i ficati on Company) venture in New Mexico with its 
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Table III -24 

COSTS OF SYNTHETIC GAS PROCESSES IN $/MCF* 

Cost Hi gh B~u Ga~ Pl ant Low Btu Ga s Plan t 
Cate.9.2.!:.Z. Low Estimates ~Estimates Low Estimates High Estimates 

Fixed Costs 1. 02 1. 38 1.77 2.40 
Operating and 
Maintenance .82 1.01 .61 .76 

Feedstock of $11 ** 
to $17/ton 1. 19 1.84 .72 loll 

Total at Plant 3.03 4.23 	 3.10 4.27 

* 	Derived from Draft Synthetic Fuels Commercialization Report, submitted 

to the President's Energy Resources Council, dated June 1975. 


** 	 Feedstock cost of coal could also be estimated at $5 to $9/ton to 
account for East, West regional experiences in the cost of coal production; 
with this lower feedstock cost, high Btu gas would range between $2.38 
and $2.34/Mcf. 

se rvice area in Southern California would add 32¢/Mcf to the city gate price, 
increasing the price to a range of $3.35 to $4.55/Mcf. 

The technology involved in the production of low Btu gas is well developed and 
i s currently applied in many commercial plants outside the United States. 
Actually, coal gasification was prevalent in the United States for producing 
"town gas," that is, gas produced locally for community consumption purposes 
on ly, prior to the establ ishment of natural gas pipelines. A limiting factor 
in the use of low/medium Btu gas is that it is not economically feasible to 
transport it more than about 50 miles. This may be an inhibiting developmental 
factor if a plant is intended to generate electricity to residential, 
commercial, and industrial users in urban areas. 

Current Industry Plans and Major Constraints 

Although industry is considering a number of synthetic fuels projects, 
none has actually proceeded to the construction stage in the United States. 
Six major projects involving high Btu gas from coal are currently being planned. 
Several low Btu gas projects related to utility and industrial fuels have been 
suggested, but have not yet reached the level of planning associated with high 
Bt u gas projects. None of the projects has yet acquired the necessary 
f inancing and other approvals needed to proceed. Only a few projects have 
actually reached the detailed design phase. 

The major reason the projects have not proceeded is that the risks 
associated with initiating synthetic fuels projects are large compared with 
othe r investments providing an equal or higher rate of return. A major risk 
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is the uncert ain ty concerning the fu t ure pri ce of worl d oil. For i n s ta nce~ 
high Btu coal ga s i fi cat i on projects need an equi valent of $19 per barrel t o 
have an accept abl e return on inves tment . Ot he r important ri sks incl ude : 

• 	 Uncertainty about air an d wat er qual ity standards; 

• 	 Resource (coal, shale, biomass) availabil i ty as constra ined 

by leas in g rates and env i ronmen t al concerns; 


• 	 Water ava ila bi lity ; 

• 	 Federal regulation of pr i ce of fu el s; 

• 	 Availabil ity of l abor , materi al s and equipment; 

• 	 Need for envi ronmen t al control tec hnology; 

• 	 Extent of socioeconomic i mpact; 

• 	 Unforeseen pro j ect del ays. 

With the proper f i na nci al incen tives, t he development of high and low 
Btu gasification plants can accele ra te rap idl y after 1980 and could reach 
about 1,060 Bcf by 1985 and 1,440 Bcf by 1990. 

The Potential for Increased Use of Subst i tute Na t ura l Gas 

Substitute natural gas (SNG) can be made f r om liq ui d petroleum feedstock 
such as crude oil, naphtha, and LPG (propane and butane), through catalytic 
conversion of the feedstock into a metha ne-ri ch gas of high Btu content 
(about 850 Btu/cubic fee t), and fu r ther treatme nt , such as methanation, 
C02 removal or propane enr ichment whic h inc reases the heat value of the gas to 
pipeline quality. In the naphtha process, about 90 percent of the feedstock 
is converted into gas; the rema i nder i s cons umed as process fuel or lost; 
the tehcnique is general ly known as napht ha re fo rmi ng. 

Some existing SNG plants are primarily us ed for peakin g pur poses, operating 
at full design capacity for onl y 150 days per year. Certain other plants 
are running currently at less t han pra ct ical operatin g capacity for 350 days 
a year, due to insufficient feedstocks as l imited by government regulations. 
If the plants constrained by feedstoc k avail ability were provided sufficient 
feedstock, an additional 10 Bcf per year of SNG wo uld be produced . If, 
in addition, all exist i ng plants were run at practica l operating capacity, 
a total of about 95 Bcf/yr of additiona l product ion could be obtained, or 
0.4 percent of total natura l gas use. 

There are 13 SNG plants cu r rently in operat ion and three under construction 
in the United States. Ei ght of these plant s are naphtha reforming units, while 
the others are peak- shavi ng pl ants whic h utilize light pe troleum liquids as 
feedstock. The comb i ned capacity of thes e plan ts , when al l are operational, 
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is esti mated at about 0.5 Tcf/yr; all 16 fac i l it ies should be on stream by 
1977. In addit ion to t hese uni t s, there are f i ve ot her SNG pl ants in 
va rious stages of pla nn ing. The ma j or uncer t ain t y whi ch appears to be del ayi ng 
ac t ivat i on of these projects is the avai l abil ity of feedstoc k, princi pally 
na phtha. Assuming al l pl ants currently planned are constructed, the SNG 
co nt r i but ion t o natura l gas suppl y could amo unt t o approxi ma te ly 1.5 Tcf by 
1985; more realist i ca l ly , about 1 Tc f can be antici pated. 

Because of rising prices for feeds tocks an d the plant fac i lit i es, the cost 
of SNG is ext remely high (between $3.50 and $5 .20 per Mcf, as compared to 
about 52¢/Mcf for new interstate gas, and $2.30 to $3.10 for LNG), making 
it the most expensive source of gas supply available to day. For plants 
operating at less than ful l capaci ty or only for pa rt of the year, SNG cost 
is even higher because of the reduced level s of plant outputs over which 
the plant operati ng and ma in t ena nce costs must be prorated. 

The ultimate cost to the con sumer will vary depending on whether the gas is 
sold incrementally or on a "roll - i n" basis. In the event the sale of the 
SNG is subject to FPC ju ris diction (i.e., the SNG is commingled with gas sold 
for resale in interstate commerce), the Commission ha s ruled in all cases 
to date that it will be sol d on an incremental basis. For SNG subject to 
st ate regulatory jurisdiction, wh ich i s the case for most of the SNG plants 
operating or under const ruct i on today, "ro lled- i n" pri c ing has been the policy 
adopted by most states. 

Problems exist with either f orm of pricing when SNG is being added to pipe­
l i nes to supplement natural gas supplies. When pri ced incrementa lly , the gas 
is generally produced and purchased only on a seasonal ba sis to satisfy 
peak-shaving needs by utili ties. This causes ext remel y high product ion 
cos ts for SNG and a disincent ive to construct SN G plants. 

Whe re SNG prices are allowed to be "rolled-in" with cheaper domestically 
produced natural gas, there exists an economic incent i ve to run the plants 
at full capacity throughout the year and thus substitute SNG for unavailable 
domestically produced nat ural ga s suppl ies. As a result, naphtha and LPG 
feedstocks, in the absence of an al location system , would be bid away from 
traditi onal users, suc h as f armers and i ndu stri al use r s, to be used in an 
SNG produ ct ion process whe re about 10 percent of the feedstock is lost in 
conversion. 

In summary, approximatel y 1.0 Tcf of SNG from petro l eum products is forecast 
to be ava i lable in 1985 gi ven current plan t capaci ty and those expected to be 
cons t ruc ted under i ncrementa l pr i ci ng pol ici es. Si nce SNG is produced from 
petroleum, it is no t di st inguished f rom petroleum in FEA forecasts. 

Gas From Tight Formati on s 

Natura l gas is also foun d in ti ght (l ow pe rmeabi l i ty), t hick, ma ssive sand 
and shal e deposits located predominantly in t he Rocky Mountain sta t es . A 
sign i f icant portion of this resource i s beli eved to be in t he Green Ri ver Basin 
of Wyoming, the Piceance Ba sin of Co l orado and t he Ui nta Bas in in Utah. 
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The FPC has es ti mated gas reserves i n t hese areas at the fo l lowing level s 
(as compared to 439 Tcf of demonstrated and inferred reserves from other 
areas): 

Tcf 

Green River Basin, 
Wyoming 240 

Piceance Basin, 
Colorado 210 

Uinta Basin, 
Utah 150 

Total 600 

These formations require extensive fracturing, if the gas is to be produced 
on a commercial basis. There are two approaches, applying entirely different 
technology, potentially capable of creating the fracture systems for production. 
These are the nuclear explosive and the massive hydraulic fracturing methods. 
The nuclear explosive method has been tested and failed to provide access to the 
fully stimulated zone. In addition, this method has resulted in unfavorable 
public response regarding possible environmental and safety hazards, which 
could pose a major constraint in its use. 

If either stimulation process can be made effective and is properly employed, 
cumulative recovery could reach 40-50 percent of the gas in place. Estimates 
of the amount of natural gas that could be produced from these formations 
in 1980 and 1985 are difficult to derive si nce the fracturing technologies 
have not yet been fully developed. Additionally, the actual quantities of 
gas in these formations are highly speculative. 

Finally, the present controls on natural ga s pricing at the wellhead 
adversely affect the willingness of industry to proceed with commercial 
development plans. FEA estimates that 0.2 to 0.9 Tcf/yr could be produced 
by 1985, depending upon the level of investment. 

Gas From Devonian Shale Formations 

The Devonian gas shales are geologic formations underlying an area of approxi­
mately 250,000 square miles in the Middle and Eastern sections of the United 
States. Trapped within the shale is an unknown, but potentially very large 
quantity of natural gas. In order to produce gas from these shales, it is 
not possible to employ the standard drilling techniques commonly used in 
producing natural gas; rather, advanced mas s ive fracturing techniques are 
required. These techniques have been employed on a small scale, but major 
technological developments will be necessary before commercial quantities 
of gas can be extracted. 

Devonian shale formations are extensive in parts of Ohio, Illinois, Indiana, 
Kentucky, Alabama, Tennessee , West Virgini a , Pennsylvania, and New York. 
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If a major, rapi d devel opmen t program were undertaken, i t might be possible 
for suff icient qua nti ties of na t ura l gas to be produced from local resources 
t o enabl e t hese states, whi ch, in ma ny cases, are those most af fected by t he 
cur rent shortage, t o have an adequate gas resource ba se . 

The pr i ncipal difficulty stems from the lack of accura t e data on t he 
potential ly recoverable volumes of natural gas . The U.S. Geol ogical Survey 
does not incl ude ei ther gas from Devonian shal e or tight formations in 
cur rent resou rce estimates because, although both types of format ions are 
known to ha ve great poten tial, no feasible method for commercially extracting 
the gas has been found. Existing industry estimates, based on ext rapolations 
f rom l imited geological data, value the reserves on the order of 285 Tcf 
in Ohi o, West Vi rgi nia, Pennsylvania, Kentucky, and New Yo rk . This est imate 
must be evaluated in the context of a proven gas reserve estimate of 237 Tcf 
for the ent i re United States in 1974. 

On ce the gas-bearing shale formations have been located, t echnologi cal and 
economic hurdles will have to be overcome in order to deve lop t his po t ent i al 
reso urce and to produce significant quantities of natural gas . Because of 
the lower deli very rates of gas from wells drilled in Devonian shale as 
compared with sandstone formations, large numbers of we lls mu st be dr i l led 
in sha les using current technology to produce significant qua nti ties of gas. 
Col umbia Gas, for example, has estimated that using t oday' s t echnology to 
devel op 250 million cubic feet daily (91 Bcf/yr ) woul d requ ire 3200 we ll s 
the first year at a cost of $285 million. In the next 11 years, 31 00 we l ls 
and $280 million would be required to sustain that rate of gas production. 
Thus, the cost of this gas would be over $3.50/Mcf. Further research cou ld 
reduce the cost of wells as well as increase their productivity. New sti mu­
lati on t ec hnology could reduce the requirement for wel ls by as much as a 
factor of 10. Because of the high costs associated wi t h the production of 
gas from Devonian shales, higher prices and further technological developmen t 
will be necessary to obtain gas from this source. 

ERDA has contracted for three experimental wells to be drill ed in t he West 
Virgin i a-Eastern Kentucky area. This pilot projec t is primar i ly, desi gned 
to imp rove hydrauli c fracturing techniq ues and evaluate the gas ext ract ion 
potentia l from an area where much is kn own about the under lying geological 
structure . 

In concl usion , Devonian gas shale formations may produce as much as .09 Tcf/yr 
with conven ti onal technology by 1985 at a cost of over $3.50/ Mcf. Thus, 
it provi de s little prospect for near- or mid-term relief in the context of 
the current shortage. 

SUMMARY 

The most significant impact on domestic natural gas supply is derived from 
the degree of price controls extended over oil and gas (see Table 111-25 ) . 
If eXist i ng regula t i ons over natural gas cont i nue and oi l prices are decon­
trol 1ed, abo ut 17.9 Tcf of gas will be produced in 1985. Equal ly import ant is 
the fac t that und er these conditions the in terstate natural gas market woul d 
decline t o 6.6 Tcf i n 1985 from 11.6 Tef in 1974. If instead, current 
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Tabl e I II -25 

POTENTIAL SUPPLY OF NATURAL GAS AND SUPPLEMENTS 

-

Supply Source 

Lower 48 and Southern 
Alaskan (BAU),
including the North 
Slope and Tight 
Formations 

Prudhoe Bay, 

Alaska 


Offshore Areas 

Synthetic Gas From 

Coal 


SNG From Petroleum 
Products 

Imported LNG 

Tight Formations 

Devonian Shale 

Decision/Action 

.Extend controls to in~ra­
state gas market; maintain 
oil controls. 

.Extend controls to intra­
state gas market; decontrol 
oil. 

.Maintain ceiling of $1.00 
on gas and existing con­
trols on oi1. * 

.Maintain existing controls 
on gas; deregulate oil.* 

. Decontrol oil and new gas.* 

.Construct pipeline by 

1982 


.Acce1erate leasing by 

45% in acreage 


. Implement two-phase program 
-High Btu 
-Low Btu 

.Maintain incremental 

pricing method. 


.Discourage LNG imports. 


.Approve projects already 

submitted to FPC 


.Encourage LNG imports 


.Develop fracturing 

technologies 


.App1y conventional 

technology. 


Price 
($/Mcf) 

0.52 

0.52 

1.00 

1. 24 

2.03 

2.50-3.00 

2.03 

3.03-4.23 
3.10-4.27 

3.50-5.20 

2.14-3.00 
2.14-3.00 

2.14-3.00 

0.80-2.22 

Over 3.50 

* 	Includes 0.8 Tcf from Prudhoe Bay since the Alaskan Pipeline is assumed 
constructed; also includes 0.2 Tcf from Tight Formations. These are also 
included in . the totals shown in each respective supply source category. 
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regulations are extended to the intrastate market and maintained at the current 
52¢/Mcf level, along with regu l ation of oil prices, about 9.2 Tcf of natural 
gas can be anticipated in 1985 (almost 60 percent less than 1974 levels). How­
ever, if oil and gas prices are deregulated, 22.3 Tcf will be produced in 1985. 

Selection of one of the two alternative routes to transport natural gas from 
Northern Alaska could provide 0.8 to 1.2 Tcf to the "Lower 48" States by 
the early 1980 l s (0.8 Tcf is included in the Reference Scenario). Also, if 
leasing in the offshore areas is accelerated above current expectations, an 
additional 0.5 Tcf can be produced by 1985. 

The volumes of natural gas supplements available by 1985 are almost completely 
dependent on government energy policies. The announced synthetic fuels 
commercialization program could result in the production of 1.1 Tcf of 
synt hetic gas by 1985. LNG imports could increase to up to about 2 Tcf by 
1985, but would be 0.4 Tcf if no further project applications were approved. 
The availability of substitute gas from petroleum products will depend greatly 
upon the price of oi l , the availability of feedstocks and the method of 
pri cing when injected into pipelines and distribution gas lines. At current 
pri ce levels and with an incremental pricing policy maintained, about 1.0 Tcf 
of SNG will be produced in 1985 (as compared to 0.5 Tcf currently). 

If the natural gas resource base is made further accessible, such as through 
devel opment and application of advanced fracturing technologies, natural gas
from tight formations and Devonian shale would reach about 1.0 Tcf by 1985. 
(Only about 0.2 Tcf of gas from tight formations is included in the Reference 
Scena rio) . 

Thus, with no changes in geological expectations, about 23.6 Tcf of natural 
gas, 2.1 Tcf of imported LNG, 0.87 Tcf of gas from Canada, 1.0 Tcf of SNG 
and 1.1 Tcf of synthetic gas (from coal) could be available by 1985--a total 
of about 28.7 Tcf of natural gas and supplements. Figure 111-11 shows the 
potent ial contribution of natural gas and supplements through 1985. 

Natura l gas p~oduction is affected significantly by the rate of leasing in 
t he offshore areas, particularly the Gulf of Mexico, and by the actual undis­
covered resources available. If the rate of leasinq is accelerated by 45 
percent in total ac reage and the actual undiscovered resources exceed 
expect at ions by one standard deviation of the U.S . Geological Survey mean, 
natural gas production would reach 25.3 Tcf by 1985. If instead, the leasing 
rate is reduced by 32 percent in total acreage, and the actual undiscovered 
resources are less than expected by one standard deviation, natural gas 
producti on is forecast at about 20.5 Tcf. 

The dema nd for natural gas in 1985 is projected at about 23 Tcf in the 
Reference case at current world oil prices, an increase of 10 percent over 
1974 ac t ual consumption. Although the projected unconstrained demand for 
natural gas in 1985 is relatively insensitive to government regulatory 
act ions, the actual consumption of natural gas forecast in 1985 would 
decrease with continued price regulations over oil and gas due to the lack 
of available supplies, necessitating the substitution of alternate fuels 
and increased oil imports. 
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1985 
Supply 

(Tcfl. 

9.2 

10.8 

17.0 

17.9 

22.3 

0.8-1.2 

0.5 

0.6 
0.5 

1.0 

0.4 
1.5 

2.1 

0.2-0.9 

0.1 

http:0.80-2.22
http:2.14-3.00
http:2.14-3.00
http:2.14-3.00
http:3.50-5.20
http:3.10-4.27
http:3.03-4.23
http:2.50-3.00
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Chapter IV 

COAL 

COAL TH ROUGH 1975 AND SH ORT-TERM OUTLOOK 

Coal is our most abundant dome stic energy reso urce. At curren t consumption 
l evels. we have enough coal reserves to l as t at leas t 300 years. At project­
ed 1985 con sumpti on l evelS. we have enough r eserves t o la st at least 200 year s. 
Coa l accoun ts fo r about 85 percent of our foss il- f uel resou rces. However. coal 
has accounted for a declini ng portion of U.S . energy consumpt ion over the last 
80 years. 

The purpose of the f oll owing secti on of the coal chapter is to provide a 
perspective concerni ng the rol e coa l has pl ayed an d is nOw playi ng in the 
Nat i on's energy economy. The long-term outl oo k for the indus try is discussed 
in the second and thi rd maj or sec t ions of t hi s chap t er. 

His torical Perspective (th rough 1972) 

The Nation's coal indus t ry began in t he 18t h century with bi t umi nous coal mined 
in Virginia and anthraci te in Pennsyl vania. Coal production increased steadily 
t hroughout the 119t h cen t ury. Its uses incl uded space heati ng. coal gas. steam 
genera t i on. and as coke in steel product i on . By the t urn of this century. 
coa l supplied 90 percent of the U.S. energy consumpt ion. 

However . during the f i rst half of th i s century, coa l consumpt ion grew less 
rapidly t han t otal energy consumpt i on because more convenient and com­
pet i tive ly priced domesti c oi l and natu ral gas became avail ab le . and new 
uses of oi l (e.g . • automObi l es) expanded ra pid ly. By 1950. coal dropped to 
38 percent of the Nati on' s energy consumption. 

Since 1950. gove rnment ac t ions have accelerat ed coal IS declining role in the 
Nation's energy str uctu re . The stimu l at ion of nuc lear electric power reduced 
coal's ro le i n gene ra t i ng el ectr i ci ty. The 1966 el imin ati on of oil import 
quotas f or re si dual oil on t he Eas t Coast resul ted i n many large coal users 
converti ng to cheaper and more convenient foreign oi l . The implementation 
of t he Clean Ai r Act during t he 1970's created si gni f i cant uncertainties as 
t o how much coal wo ul d be permi t ted to be burned and resulted in additional 
l arge coal use rs conver t i ng to oil . By 1972, coa l accoun t ed for on ly 17 
percent of the energy consumed by the Nation. 

Th us , whil e coa l production has rema i ned almost constan t , the percen tage of 
t otal national energy consumpt i on supp l ied by coal has dec l ined dramatically 
(see Figure IV-l) . 
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