INTRODUCTION

.Pi.

LMOST from the date of passage of t l ~ oNatural Gas Act
of 1938, there has been a recurrent legal controversy
over whether Congress intended in that statute to regulate
field prices of natural gas, as well as the prices charged by
interstate gas pipe lines for the gas they sell. More fundamental than the question of whether field prices were subjected to regulation by the legislation, is whether such prices
should be regulated. A corollary question is how prices
should be regulated if regulation be desirable. These questions have, inevitably, been cIoseIy intertwined in the continuing debates over natural gas legislation. It is with the
principaI economic question involved in this controversy that
this study is concerned.
The legal issue of whether Congress did, in fact, intend to
regulate field prices of gas charged by non-integrated producers to interstate buyers is of minor interest to us here.
Suffice it to say here that t l ~ eNatural Gas Act delegates to
the Federal Power Commission the duty to regulate "the
sale in interstate commerce of natural gas for resale for ultimate public consumption . . . for any use.'% (Note that direct
interstate sales are exempt.) At the same time "production
and gathering" of gas were specifically e ~ e m p t e dThe
. ~ legal
question has been whether prices paid to producers on sales
for resale are regulable. In the Phillips case in 1954, the
Supreme Court decided that such prices were to be regulatede3And the controversy has now passed to the legislative area.
Neither is it the purpose of this study to answer directly
the other questions on the desirability and types of regula1
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tion. Rather our purpose is to analyze for this industry the
central economic issue present in deciding whether any
industry should be regulated, viz., whether there is "workable7' (effective) competition present. To some, perhaps to
most, economists the answer to this central economic issue
would in itself tell us whether regulation is necessaxy. An
affirmative establishment of the existence of effective competition would indicate that regulation is unnecessary; conversely, proof of the absence of conlpetition would indicate
the desirability of regulation. The reason for this is that in
the absence of competition certain unfortunate economic
results occur; these are tile economic consequences of monopoly. I n the presence of effective competition these undesirable consequences are absent. Apart from over-riding
political, social, or ethical considerations, the presence or
absence of the consequences of monopoly is, to many economists, the primary determinant of the need for direct regulation of prices and output. Shonlcl other than economic
considerations prevail and a competitive industry be regulated or a noncompetitive industly not be regulated, these
economists-with whom this writer is largely in sympathy
-would warn us of the inevitable economic price which must
be paid.
Such a black-and-white view of the necessity for direct
regulation of industry may not be taken by all economists.
Some might feel that the competition-monopoly issue is only
one of several. However, a substantial majority of the profession undoubtedly considers tile presence or absence of
competition to be one primary question to be settled before
proposing regulation, if not the question. For example, Senator Douglas laid great weight on the (in his view) lack of
effective conlpetition in the natural gas producing industly
as he advocated price regulation :
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It is clearly apparent that we are dealing with an industry which is monopolistic in character from the well to
the burner tip. The major oil companies and a few large in. dominate the sale of natural gas in interstate
dependents
. There is no real or effective comcommerce for resale.
petition so far as the big producers and gatherers are concerned?

..

..

Similar views were expressed by President Truman in
vetoing the Xerr bill, which was designed to exenipt nonintegrated producers from regulation:

..

The . characteristics of the natural-gas business impose
natural limitations upon effective competition among sellers.
Competition is further limited by the degree of concentration
of ownership of natural-gas reserves, While there are a large
number of producers and gatherers, a relatively small nwnber
of them own a substantial majority of the gas reserves. . .
Under these circumstances there is a clear possibility that
competition will not be effective, at least in some cases, in
holding prices to reasonable levels.6

.

Professor Galbraith has recently approved price regulation
because gas production is "an administered price industry,"
and administered prices are not compatible with the existence of effective c~mpetition.~
Likewise, the minority of the House Committee which
approved the Harris-Fulbright bill of 1955, a proposal designed to end field regulation in part, claimed that it is
"elementaiy" that the "way in which the commodity natural
gas is supplied to consumers in any given area is necessariIy
monopolistic."'
On the other hand some economists feel that effective,
workable competition does exist in the field market for natural gas and that this is sufficient reason for not regulating.
For example, Professor Lindahl has said that,

..

. the degree of concentration appears t o be on the low
side. WhiIe by no means a perfect market, it would seem that
workable con~peiitioncan prevail in such a market in the
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absence of collusion. There seems to be no evidence of significant changes in the market structure in recent years
which has weakened the competitive force."

Hence Professor Lindahl approved the Harris-FuIbright bill.
Again, Professor McKie in approving such legislation
stated that,
The gas production industry has become highly interdependent. No part of it is insulated from the effects of competition. . . . If any gas producer sl~ouldattempt to hold
out for a higher price than the other producers, he will
simply lose his market.0

Wllile there is a divergence of opinion among these commentators as to the degree of competition, it is apparent that
there is agreement that its presence or absence is significant, if not per se determhative of whether there should be
regnlation. Among economists who have discussed the matter, only Professor Glaeser has indicated some dissent from
the belief that ille degree of competition is an important
matter in this controversy. Commenting on Lindahl's paper
in 1955, he stated that consumers will get snlall comfort out
of Lindahl's market analysis showing competition; and he
endorsed cost regulation which, in his view, might well
not create "so many oil and gas millionaires, though it might
spoil a part of the market for that paragon of the motor age:
the new Continental Motor."10 However, in his 1957 text on
public utilities, he has said that Congress must decide "whether the lack of competition is such as to require regulation
to take its place."ll
With the possible exception of Professor Claeser, then, the
economists who have written on the subject hold the presence or absence of competition in the field market for natural
gas to be a factor of decisive importance in evaluating the
need for regulation of field prices. It is the primary purpose
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of this inquiry to attempt to determine, with such factual evidcnce as can be assembled, how conlpetitive this market actually is. Is "gas production an administered price industry"
(Galbraith) where there is "no real or effective competition"
(Douglas)? Or is this market one where "workable competition can prevail" (Lindahl) and, where no part . . . is insulated from the effects of competition" (McKie)?
In examining this question we shall first review briefly in
the remaining pages of this introduction the meaning of
"effective" or "workable" competition, Then we shall examine in order: the growth of tile natural gas market and the
history of field prices (Chapter I ) ; the market structure
(Chapter 11); and other factors than market structure which
may affect competition in gas production (Chapter 111).
6C

TVhile it is not necessary to examine exhaustively the
meaning of the term "competition" here, it is in order to
define the term as it will be used in this study. To some
people (pel*hapsto most people) "competition" is a synonym
for "ri\ralryY7;in classical econonlics it was something very
different, Classical economic theory proclaims the ideal rnarket structure to be 'herfect" competition, or in its less rigorous version, "pure" competition. A perfectly competitive industry is defined as one with an aln~ostinfinitely large number of small firms, none of which has s d c i e n t capacity relative to the industry to be able to influence market price by
changing its output. This is the required "market structure,"
that is, the required number and relative sizes of firms. As
such, it is the most important characteristic, Perfect competition also requires freedom of entry for new fil~nsinto the
industry (a significant patent would be incompatible with
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perfect conlpetition). As a result of free entry, profits can
never be "abnormally" high for long. Lesser requirements
of the textbook concept are perfect knowledge of the intentions and desires of sellers and buyers, perfectly homogeneous products, and, of course, the absence of collusion
anlong buyers or sellers. In such a market, price is set by the
interaction of "supply" and "demand." "Supply" reflects the
amounts producers would sell at various prices, while "demand" reflects the amounts consumers would take at various
prices. In a given period the market price will be that price at
wllich the amount consumers will buy is equal to the amount
producers will sell; at no other price can there be "equilibl-iun~,"since price will always tend toward this level.
Less rigorous and more realistic than perfect conlpetition
is "pure" coinpetition, which will settle for a finite large
number of firms (100 of equal size nliglit give pure competition), relatively free entry, and some knowledge of market
conditioas. Such an industry might be agriculture, cotton
textiles, or bituminous coal. A purely competitive industry
achieves the results of perfect conlpetition for all practical
purposes.
There are many purported econonlic and political advantages to perfect and pure con~petition.Here we shall 111ention
only the two principal economic advantages: (1)the proper
allocation of goods and services among consumers in the
short run when there is a given amount of capacity available
in tfie industry; and (2) the proper allocation of resources to
the industry over the long run as consrtmers' basic desires
for the product change relative to their desires for other
products.
Perhaps the first of these purported advantages can be
most readily disposed of by pointing out what happens if
some authority attempts to hold a market price at a level
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other than that which would equate supply and demand.
One example is in agriculture, where a price artificially held
higher than a free market would bring has led to more production than consumers will take at that price. Conversely,
a price held lower than that the free market would set will
call forth more demand than producers are able to satisfy,
e.g., price and rent controls during World War 11. A corollary of price ceilings during war-time is rationing. Indeed,
the function of price is nothing more or less than that of rationing scarce commodities among consumers, In the short
run the purely competitive market sets price where less eager
consumers get less or none of tlle product and less eager suppliers offer less or none of the product, while the more eager
consumers and suppliers participate to a greater extent. In
war we substitute rationing based on some ethical concept,
perhaps share-and-share-alike, for free market rationing.
Market rationing is based on individual consumers' desires
and abilities to pay for various quantities of a given product,
relative to their corresponding desires for other products.
Some may think that some other rationing device like shareand-share-alike is more appropriate than rationing based on
the economic ability and desire to pay which is re3ected in
free competitive market prices. This may be; but if such a system is substituted by an authority, then the authority must assume the pricing function fonnerly held by the market. If an
authority sets price, say, below the market level for noneconomic reasons it ?-nust assume the rationing function and
choose those consumers who will and will not get the quantities they would have paid for under a free market. Even in a
totalitarian state, government cannot effectively change consumers' basic desires simply by substituting its price for that
which reflected those desires.
In the long run the perfect or purely competitive market
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also allocates goods and services in accord with supply and
demand. In the long ml, however, allocation is not simply
a matter of allocating supplies produced by a given capacity,
but of changing an industry's ccpacity to produce as consunler choice changes. This the conlpetitive market does
through the operation of the price mechanism and through
temporary periods of "abi~ormai"profits and losses. (Abnormal profits are profits higher than those available in industries of comparable risks and hence high enough to make investment in the industry in question attractive.) For example, assume that demand increases for the product of a
particular industry. Where demand has increased, a properly
functioning economic system should attract capital to the
industry until the increased requirenlents of consumers are
satisfied relative to heir demands for other products, If
there is an increase in demand in a conlpetitive market,
price rises initially. This in turn leads to higher-than-normal
profits for existing firms; they, and perhaps new firms, react
to the higher profits by expanding capacity. Since many
firms react independently in the same way, the result is a
multiple expansion of supply. The increase in supply tends
to drive price down until profits return to a "normal" level.
Hence in a conlpetitive market high profits associated with
increased demand inevitably cariy with them the seeds of
their own destmction; but whenever they appear, they exercise a signifkant and essential function in attracting more
capital to the indushy.
The opposite procedure may well have occurred in other
industries in which demand has decreased ( a well-worn example is the buggy vs. the automobile), A balancing of demand for the product in question with demand for other
products occurs when the return on capital in the affected
industries becomes about equal after allowing for any differ-
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ences in risk. Output has then been expanded in the favored
industry to a point where consumers are no longer willing to
pay a price which will give (premium) proEts sufficiently
high to provide investors with the incentive to commit additional capital to that industly instead of to others.
In summary, the perfect or purely competitive market
price mechanism attracts more capital after an increase in
consumer demand up to the point where consumers are no
longer willing to pay for more capacity. And this is precisely
what should happen if consumer demand is to govern the
allocation of resources. On the other hand, if conlpetition
were not present and a monopolist controlled the supply, he
might well ~ r ' u s to
e increase output when demand increased
and instead earn the higher profits perpetually. Such profits
would serve no useful function, a ~ consumer
d
choice could
not operate. What are the characteristics of pure competition
not present in monopoly that make all this possible?
In perfect and pure competition, there are so many alternative sources of supply available to buyers that no one firm
has any control over the price. No one firm can arbitrarily
raise its price above the market level and expect to sell anything because all buyers are informed about market conditions and know full well that they have many other opportunities to purchase at the market price. Hence no firm can earn
economically useless monopoly profits in the short iun at the
expense of ill-formed buyers. Perhaps more important, in
case of a market price increase, the resultailt higher profits
earned by all firms will serve the economic function of increasing capacity because of the combined effect of the presence of many firms and the possibility of entry into the
industry. This increase in profits will be temporary because
no one firm can control price; wliereas a monopolist, free from
fear of competitive retaliation, could raise price and leave it
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there knowing that customers can take his price or leave it.
The crux of the matter is the existence of a market structure
including so many alternative sources of supply that no seller
has any real power over buyers; hence 110 seller can make
a take-it-or-leave-it offer with impunity.
At least since the 1930's, economists have been greatly
concerned about the usefulness of the notions of perlect and
pure competition as guides to public policies designed to
regulate monopoly. No industries meet the structural requirements of perfect competition. Few may even be called
purely competitive. Does this mean that all other industries
necessarily fail to achieve competitive results? I t has been
recognized that the rigorous requirements of the theoretical
concept of perfect competition are not a realistic guide to
the determination of whether an industry actually achieves
competitive results. And some economists have asserted that
the desirable results of perfect and pure competition can be
achieved with a much more realistic industrial structure,
perhaps with very few large firms. According to them, if
there are a number of real alternative sources of supply available to the consumer so that no one supplier has the extraordinary bargaining power that accrues from complete or
partial control of the market, there is no reason why competitive results cannot be obtained. An industry where such
is the case has been called one of 'workable" or "effective"
competition.
There is considerable disagreement among economists on
how large the number of alternatives must be for effective
competition to exist and on what other conditions are required.I2 An approximate consensus of the conditions required to give prices and profits like those in a purely competitive market is that:
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(1) The market must be divided among a number of suppliers;
(2) No one firm may be sufficiently large to dominate the
industry so that monopolistic, or partly monopolistic, behavior exists;
(3) Product differentiation among the suppliers must not be
so great as to give any one supplier undue bargaining
power in the distribution of his product (in other words,
the products of firm A must b e reasonably good substitutes for those of firm B);
(4) Entry into the industry should be relatively free so that
existing firms face not only actual competition from other
existing firms, but also the threat of potential new competitors should prices rise to such an extent that abnormal profits are earned;
(5) The several firms must operate independently of each
other with neither tacit nor overt colIusion; and
(6) There must be some knowledge by buyers and sellers of
market prices for a number of transactions.

Of these conditions, the first is the most important. It is
real alternative sources of supply which are the sine qua non
of effective competition. There is some disagreement among
economists (and among judges) as to just how many alternatives are required for workable competition; suffice it to
say that more than a few are desirable, if not necessary.
Regardless of the critical number, in evaluating the competitiveness of an industry the primary test is to examine its
structure to see if sufficient alternatives exist so that no one
supplier can arbitrarily raise the price. Other aspects of competition are of varying degrees of importance, but none exceeds this. Without free entry there could still be competition if there were enough existing companies. Even some
tacit coIIusion need not obviate competitive results in toto,
since ( 1 ) collusion is perforce infoin~albecause of the antitrust laws and hence may be ineffective and(2) the threat of
potential competition may keep profits at a level low enough
to make entry of new firms unattractive, It is unquestionably
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better to have free entry and no collusion; but competition
may exist in the absence of these conditions. Competition
cannot exist in the absence of some real alternative sources
of supply. Potential competition might possibly serve as a
check on the actions of a single producer, but the existence
of even a few firms means a very great improvement in the
chances for achieving competitive results relative to the
situation with only one firm.
Where there are many alternative sources of supply, with
no firm dominant, competitive performance can be expected
to exist. Indeed, in the absence of successful colusion, the
establishment of the existence of competitive structure should
be suEcient to predict wit11 confidence that competitive results will obtain unless there are most unusual problems
peculiar to the industry in question. Hence in examining the
competitiveness of the field market for natural gas, major
emphasis will be laid on its structure. In addition we shall
evaluate profits, freedom of entry, and some unique competitive problems in the market.

CHAPTER I
PRODUCTION, CONSUMPTION, AND PRICES OF
NATURAL GAS-1920-1955

I

N THE decade following World War 11, there has been
almost explosive growth in the market for natural gas,
both in total volume consumed and in the areas servecl. This
rapid growth has affected the stivcture of the industry (the
key determinant of competitiveness just discussed), the kind
of customers sellred, and (most important) the level of
field prices. Hence any inquiry into the competitiveness of
the market requires some familiarity with the locale and
volume of production, the several types of consumption, and
the behavior of prices. These are the matters at hand.
Furthermore, an understanding of changing patterns of consumption and production will help in understanding the
fundamental cause of much of the controversy over regulation of the field price of gas. The recent rapid rise in prices
is in large pal? responsible for much of the pro-regulation
feeling in the consuming states. Since changes in the volume
and geographical location of consumption are largely responsible for this price rise, it is well to comprel~endwhat has
happened to production and consumption over the years. To
these ends this chapter will be concerned with the following
for the period 1920-1955: ( A ) location and volume of production; (B) location and volume of consumption; (C) types
of end uses; and (D) price behavior.

Today the bulk of natural gas production is in five states
in the Southwest: Texas, Louisiana, Oklahoma, New Mexico,
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and Kansas (see Table 1-1).Among them these states accounted for about 87 per cent of "marketed production" in
1955. (The term "marketed production" is used to describe
gas produced and sold, as distinguished from "total ~roduction" which includes gas which is reinjected in fields to increase oil recovery, gas which is flared for want of a market,
etc.) All five states are net exporters (see Table 1-2). Texas,

Shipments
1.
2.
3.
4.
5.

Receipts

(MM c.f.)

ATet
Shipments

Per Cent of
Total Net
Shipments

Tehas
Louisiana
New Mexico
Oklahoma
Kansas
Subtotal

6. W. Virginia
'7, R'yoming

8. Mississippi

Total
Source: Shipments and receipts from Bureau of Mines.

the single largest prod~lcingstate, accounts for about half
the total. Another moderately important state in this vicinity is Mississippi, wliich provides 1.7 per cent of total production, an amount somewhat larger than its consumption.
Other states producing more than 1 per cent of total are
California, West Virginia, and Pennsylvania. Of these, California and Pennsylvania import far more gas than is produced locally. West Virginia and Wyoming are the only
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states other than the five principal producers which are net
exporters; neither contributes a very significant amount of
gas to other states.
This concentration of gas production in the Southwest has
not always existed. As is shown in Table 1-1,only 34 per cent
of total marketed production originated in the five states in
1920, and over half of this was from Oklahoma. West Virginia
was the largest producer at this time, as it had been for some
years. In 1910,'iVest Virginia alone originated 38 per cent of
total marketed production, with Pennsylvania accounting
for 24 per cent.13West Virginia reached its peak share of the
market since 1906, the first year for which respectable statistics are available, in 1912-1913, having 42 per cent of the
market in those years. Penlnsylvania's relative position had
decreased to 18 per cent by 1915, and even West Virginia's
share had begun to decline both in an absolute and relative
sense by 1920. In spite of a resurgence in production in West
Virginia after World War 11, the ~elativedecline has continued more or less uninterruptedly since 1920, until -the
combined production of West Virginia and Pennsylvania was
only 3.4 per cent of total marketed production in 1955. On
the other hand, the marketed production of Texas grew from
less than 5 per cent of total in 1920 to over 26 per cent by
1930; its share of total has almost doubled since that time.
Likewise, the share of total marketed production originating
in the other four Southwest states has grown steadily over
the past 35 years.
This shift of production away from the Eastern heating
market can be expected to be rather permanent, at least for
the next twenty years or so, The Appalachian fields are of
little importance relative to total, and no startling new discoveries are being made there. The bulk of the present proved
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reserves, which will be the source of most production for the
future, are found in the Southwest. This is shown in Table
1-3, in which shares of proved reserves for the leading states
at the end of 1955 are compared with their shares of marketed production in 1955. Note that the five states have a
TABLE1-3
SHARES
OF PROVED
RESERVES
AND MARKETED
P R O D U ~ IOF
ON
NATUI~~LL
GAS
PRODUCING
STATEB-~~~~
HELDBY LEADING
December 31 Reserves
State

Volume
(trillion cu. ft.)

Per Cent
of U.S.

-Marketed Production
Volume
(trillion cu. ft.)

Per Cent
of U.S.

1. Texas
9. Louisiana

3. hTewMexico
4. Kansas
6. Oklahoma

Subtotal
6 . California

7. Wyoming
8. Mississippi
9. Colorado
10. West Virginia
Total of Ten
Others
Total U. S,
-

Source: Reserve from American Gas Association.
Production from Bureau of Mines.

higher share of reserves than of current production (88.9
vs. 85.5 per cent). Unless a number of large fields are discovered outside of this area in the next few years, production
will continue to be concentrated at a considerable distance
from the major heating markets.
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The second significant point that must be recognized in
discussing gas production is the impressive increase in the
volume produced and marketed, particularly in the five
Southwest states. The following data from Table 1-1 summarize this growth:

Southmeut
Year

Production
(Bil. cu. ft.)

Per Cent
Change

T o t d U. S.
Production
(Bil. cu. ft.)

Per Cent
Change

Marketed production in the five states quadrupled during
the 19207s,increased by over 50 per cent even during the
depression years of the 1930's (with nearly all of this growth
in the last half of the period), increased again by over 50
per cent during World War 11, and almost tripled in the first
ten postwar years. For the country as a whole, production
in 1955 was well over twice that in 1945, about five times
that in 1935, and about eight times that thirty years earlier
in 1925. This represents a rate of growth far greater than
that of the economy as a whole. Between 1920 and 1955
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gross national product in constant dollars increased by 210
per cent, compared with the growth in gas production of
1,070 per cent. Likewise postwar growth in gas production
has been more rapid than that of the economy. Froni 1945
to 1955, gross national product in constant dollars rose by
about 21 per cent, and marketed production of gas rose by
163 per cent-again a rate of growth far greater than that
for the economy as a whole. Most significant in evaluating
the competitiveness of recent field price increases is the near
tripling of output after World War 11, since such a rapid rise
in output is likely to lead to a rise in price unless productive
capacity increases at the same rate. As will be seen below,
this is precisely what has happened.

Not only has production of gas been concentrated in the
Southwest since the mid-1920's, this area has also been the
most important consuming area. Relative shares of consunlptioil accounted for by the important producing states
are shown in Table 1-4. Observe that since the mid-1920's,
the Southwest states have accounted for over 40 per cent
of total consumption of gas in the United States; this, of
course, is a figure far greater than the proportion of the total
j~opulation which resides in those states (12 per cent in
1950). Because of widespread industrial use, including use
in the fields for drilling, per capita gas consumption is far
higher in the producing areas than in consuming areas distant from the gas fields.
Particularly important in evaluating pricing is the geographical shift in consumption which has occurred since
World War 11.Table 1-4 shows that while there was a marked
postwar growth in gas consumption in the Southwest in the

TABLE 1-4
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%urcc: Conaumption from Bureau of Mines.

1940

1946

4
1960

1055

Per
Per
Per
Per
Volume Cent Volume Cent
Volume Cent Volume Cent
0tU.S.
oi U.S.
of U S.
of U.S.

F'
z'
fn
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first postwar decade (an 80 per cent increase for the five
states from 1945 to 1955, or 6 per cent per year compounded), consumption in other areas has grown even more
rapidly. From 1945 to 1955 consumption outside the five
states increased by 194 per cent (I1 per cent per year compounded). Hence the relative share of total consumption in
the five states has declined since its 1945 peak of 55.3 per cent
to 42.7 per cent in 1955. The significance of this shift to the
problem at hand is that not only has there been a rapid increase in total productioil (as was discussed above), there
has been a marked change in the nutwe of consumption as
Iess of the total is consumed in the producing areas. This
change in the nature of consumption will be discussed in
the succeeding section.
Before proceeding to this question, it is in order to demonstrate further the magnitude of the growth in consumption of
Southwest gas outside the five states. It is this great growth
of the interstate market of natural gas that has broug'nt the
matter of its field price from one of local to one of national
significance, ( a ) by contributing to the postwar price increases and (b) by causing these price increases to affect
people in all sections of the country.
Table 1-5 shows the areas and states of destilzation of gas
shipped outside the five-state Southwest area for the years
1925, 1935, 1945, and 1955, together with the percentages
of Southwest marketed production shipped outside the area
(these figures are in the last row). Total interstate shipments
from the Southwest in 1955 were six times greater than in
1945, compared with a little Iess than twice as much consumption within the five states. In 1925 there were practically no interstate shipments, Note that only 2.7 per cent of
total Southwest marketed production was sent outside the
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TABLE
1-5
AREAS AND STATESOF DESTINATION
OF NATURAL
GAS S ~ P P E~DO
SOUTEWEST
PRODUCING
STATES^-^^%, 1935,1945, AND 1955
(Volumes in Million Cubic Feet)

J IRVE

--

1905

Destination
X ~ Englnnd
D
Connecticut
&fnssncliusetts
Kern Hnmpsllirc
Rhocle Ialnnd
Aren Tolnl
Hid-Atlantic
Netv ,Jersey
h'em York
Pennsylvania
Bres Total
Solctlr Atlantic
Delnnrare
District of Columbia
Floridn
Georgia
M~wlnnd
North Carolinn
South Carolina
Virginia
West Virginin
Area Totnl
East h'qrfh Ce~ilral
Illinoin
Indinnn
Micliignn
Ohio
Wisconsin
Aren Totnl

V e s t North Cpnlval
Iowa
hrinnesotn
Missouri
Nebrnslcr.
North Dakotn
South Dakotn

Aren T o t d
South Ea8t
Alabama
Arknnsns
Kentucky
Mississinni
..
Tennessee
Area Totnl
R o c h Xountain
Arimnn
Colorndo
Montana
Nevndn
Wyoming
Awn Totnl

Far West

California

Volume Per Cent
Received of Totnl

1935

Volt!me

Per Cent
Received of Totnl

l9I5

Volnme Pcr Cent
Received of Total

19.i5n

Volqmc Per Cent
Rece~red of Totn:
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TABLE
1-5 Continued
-

-

I925
Destinntion

Total U.S.

1955

Volume Per Cent
Received of Total
15,005

99.0

Volume Per Cent
Received of Totnl
910,975

97.0

194s

19Sia

Volume Per Cent
Received of Totnl

Volume Per Cent
Received of Total

880,009

97.6

Foreign

Cnnadn
Mexico
Totnl Foreign

Gmnd Total Eve-State
Shipments
Fine-State Marketed
Production
Per Cent of Production
SMppd

0.4
-6 64

0.4

-0,727

8.0

8,727

9.0

15,007 100.0

006,70% 100.0

603,69% 100.0

1,951,185 100.0

9.7

18.1

18,010
Z.6
-18,010
707,716 100.0
2,889,70Z
24.7

4,018,271

00.3

11 198
18:000

0.8

99,227

0.7

- - 0.1
1,077,308 100.0
8,057,661
49.8

&
oh:'
I-Texas, Louisiana, Okfahomn, Kansns, and N e v 3fesiro. Escludes sl~ipmcntsamong tlicsc skates.
a-Includes 846 million cubic fect (0.01per cent of total) originatinr: in Arkansas nnd N. Dakota.
b-Most shipments to Mississippi are in effect re-exported, slnce slilpments from that stnte (see Table 11-2)nre
only 94,000 million cubic feet greater than sh~pmentsinto the stnte.
x-Less than 0.05 per cent.
Source: Computed from Burenu of Mines data on interstate shipments nnd from nnnual reports to the+Federnl
Power Commission by El Pnso Nnturnl Gas Company and Southern Union Gas Company and other plpe lines
serving the Rorky Mountain stntes.

area in 1925 and that this went only to two contiguous states,
Missouri and Arlcansas. By the middle 1930"s more interstate
activity had developed, especially to IUinois with the completion in 1931 of the first major long distance interstate
pipe line (Natural Gas Pipeline Company). Even so, only
18 per cent of total marketed production was sent outside
the area in 1935. By the end of World War 11, m e important long-distance line to the East (Tennessee Gas Transmission) was in operation, and one-fourth of the Southwest
marketed production was being shipped outside the area.
After the war, the number of interstate systems grew quite
rapidly (see Table 1-6) and the older systems expanded their
capacities; by 1955 ljialf of Southwest marketed production
was being exported to other states. Note particularly how
many other states. By 1955 Soutl~westgas was reaching all
areas of the country except the Pacific Northwest, and shipments to this area through Pacific Northwest Pipelin, Coni-
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APPROXIMATE
CAPAC~TIES
O F ASOR OR LONG-DISTANCE
INTERSTATE
GAS

TRANSMISSION
I,INES
SERVING
THE SOUTHWEST^
1 9 4 6 . 4 ~1955
~

Company

-

-

1946

1955

----

(3lM c.f. per Day)

----

----

Tennessee Gas Transrnissior~
El Paso Natural Gas
Texas Eastern
Northern Natural
Texas Gas Transmission
Natural Gas Pipclines
Texas Illinois2

263
79

1,999
1,993
1,979
1,960
1,100
503
501

-

888

-

26s

-

Total People'; Gas
Soutitern N ~ ~ t u r a l
Panhandle Eastern and Trunklinea
Tmnscontineiztal
Colorndo Interstate
Mississippi River Fucl
Pacific North-West'
Gulf Interstate
Coastal-Houston Texas Gar"
Michigan Wisconsil~
'Imerican Louisiana

-

-

268
202
947

I , 007
1,020
890
795
607
450
377
376
370
303
300

-

139
133

-

-

Total

1,719
-

-

-

14,185
-

-

Notes: I-Escluding lines serving only producing and coiltiguous states (e.g.,
Arkansas, Louisizna, Cities Service Gas, Olin, etc.). United Gas Pipeline has some
sales in Florida. Its capacities for 1946 and 1955 were 508 and 4,181 thousand
M c.f./day respectively.
9 -Subsidiary of Peoples Gns Light and Coke Co.
3 -Subsidiary of Panhandle Eastern. Tru~klinedid not exist in 1946; its delivery capacity to Panhandle was about 265 thousand M c.f. per day in 1955.
4 - Not in operation in 1955.
Source: 1946 from Smith-Wimberl?/Report on t7zs Naiural Gas Imestigation
(April, 1948) p. 944.
1955 from F,P.C. 35th Annual E e p o ~ t 1966,
,
p. %%, except Coastal from
F.P.C. Press Release, June 21, 1956.
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pany have since begun. Hence even such distant areas as
Canada, Washington state, and New England are now being
served by Southwest gas. The most important singk receiving area in 1955 was the East North Central group of states
(Illinois, Indiana, Michigan, Ohio, and VVisconsin), which
was taking 29 per cent of total outside shipments.
After World War 11, then, there was a marked increase
in consunlption of natural gas in the traditional primary
market, the Southwest; but even more important was the
growth of distant markets tapped by a newly developed
system of interstate transmission lines, As has been pointed
out, this change in the geographical structure of the final
market for gas has resulted in an over-all cliange in the
nature of that market.
C. ENDUSES OF ISJATURAL Gas
Although it is probably not generally recognized, it must
be understood that natural gas is primarily used in the
United States for industrial pulposes. The proportion of gas
so consumed is steadily falling (this is the change in the
natul-e of the market referred to above); but as of 1955 about
70 per cent of total consumption was still in the industrial
category. Less than one-fourth was for home heating; the
ren~ainderwas used for cccommercial"purposes, principally
heating of apartments, hotels, etc.
Relative shares of total consumption accounted for by residential, commercial and several important classes of industrial customers are shown for the period 1920-1955 in Table
1-7. Note that the share of total consumption attributable
to residential and commercial heating fell abruptly between
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1920 and 1925 from 36 per cent to 23 per cent of the market.
The volume of residential and commercial consumption
actually declined somewhat in the face of about a 50 per
cent increase in total consumption. The relative decline conTABLE
1-7
CONSUMPTION
OF NATURAL
GABIN TIIE UNITEDSTATES
BY U E I E S - ~ ~ %
9 .-3~~ ~
(Volumes in Billion Cubic Feet)
Residential
Volume
Per Cent of U. S.
Commsrnal
Volume
Per Cent of U. S.
Besidentiol and Cotnmercial
Volume
P e r Cent of U. S.
Oil Faeld
Volume
Per Cent of U. S.
Carbon Black
Volume
Per Cent of U. S.
Rs n m e e
Goluie
Per Cent of U. S.
Electric Utilities
Volume
Per Cent of u.S.
Other lnduatrinl
Volume
Per Cent of U. S.
Total Indust~ial
T'olume
Per Cent of U.S.

1920

1993

1980

Is85

I940

1945

1950

1955

a

a

296.7
16.2

813.6
16.4

443.6
16.7

607.4
16.6

a

s

80.7

100.2

184.6

280.1

286.0
35.8

279.1
24.9

876.4
19.4

413.7
21.7

578.4
91.8

887.6 1686.9 a758.9
$1.5
96.3
~0.4

402.0
26.8

4B.6
95.6

723.2
87.2

680.4
30.4

711.0
96.8

917.0 1187.6 1607.8
48.5
19.7
16.7

40.6
5.1

140.4
11.8

466.6
13.7

241.8
12.6

868.8
13.9

431.8
11.0

410.9
6.8

944.8
4.7

b

87.8
7.4

98.8
6.1

80.2
4.2

108.0
4.8

358.5
8.7

455.1
7.6

625.2
6.9

95.0
8.1

46.5
3.9

190.3
6.4

125.2
6.6

183.S
6.9

846.2
8.4

628.0 1153.3
10.4
14.7

944.6

218.1

568.5

468.8

684.5 1049.5 1767.8 2786.0

612.2
64.2

910.3 1506.l? 1496.4 2076.4 3068.0 4440.2 0317.1
80.6
78.2
78.7
69.6
77.1
78.8
78.6

1198.5 2144.0
19.9
23.4
987.8

6g9.9

4.2
6.2
5.1
6.9
6.4
6.0
---

80.6
18.4
18.4
44.5
25.8
96.9
49.2
80.7
-

------------a-

Total
Volume
Per Cent of U. S.

798.2 1188.4 1941.6 1900.9 4651.6 3900.5 6090.4 9070.3
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Notea: I-Quinquenninl d a b .
a-Not available se srately before 1980.
b--Included in "otBer Industrial."
Source: Consumption from Bureau of Mines.

tinued somewhat farther for the next five years; but after
an upswing in the early 1930's, which is attributable to the
decline of industrial production in the depths of the depression, residential and commercial consumption together accounted for about 22 per cent of total through World War 11.
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Thereafter the percentage began to rise, reaching 30 per
cent in 1955. In absolute terms, residential and commerciaI
consumption in 1955 was over three times the 1945 level;
this is a more rapid rate of increase than that of any important industrial category except electric power utilities. It
should also be observed from Table 1-7 that in one industrial category, viz., the production of carbon bIack from natural gas, consun~ptionhas actt~allyfallen in absolute terms
since the end of World War 11. Whereas, carbon black production once accounted for almost 14 per cent of the market,
its share has now fallen below 3 per cent; and the absolute
level of such consumption is roughly half the amount consumed in 1945.
There are two primary reasons for this shift in total United
States consumption away from industrial use toward residential use: (1)the change in location of consumption and
(2) the postwar increase in price. Most important in explaining the change in residential and commercial consumption
relative to total industria1 consumption (ignoring for the
moment the kind of industrial consumption), is the change
in the geographical structure of the market. This is perhaps
best demonstrated by comparing the relative importance of
various uses of gas in the Southwest with areas more distant
froin the fields, Table 1-8 compares combined consumption
of gas for residential and commercial purposes with industrial consumption for the five major Soutl~westproducing
states and for three Appalachian states. The last states were
chosen because they are now important consuming centers
distant from markets, as well as once having been important
psoducers. (West Virginia, as was pointed out above, still
produces somewhat more than it consumes.) This table shows
that industrial use in the Southwest is much more irnpoi-tant
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relative to total consumption than in the East. Since the mid1920's, when production began to develop in earnest in the
Southwest, industrial consumption has accounted for about
90 per cent of total consumption in this area. Since World
War I1 there has been a modest decline in the share of total
CONSUXPTION
0s GASF O B VARIOUS PURPOSES
I N LEADING
~ ~ O D U C I NSTATES
Q
1920-1955'

Resid. & Commercial
Year

Industrial

Total

Volume Per Cent Volume Per Cent Volume Per Cent
(MM c.f.) of Total (MM c.f.) of Total (hfM c.f.) of Total

I1 Appalachian*
1920
1935
1930
1935
1940
1945
1950
1955

184,051 46.2
163,503 63.6
166,677 56.1
126,479 50.3
154,892 47.1
189,35% 46.2
389,748 54.1
595,967
56.8

214,507
142,191
130,239
124,781
173,734
220,755
330,318
453,184

53.8
46.5
45.9
49.6
52.9
5S.S
45.9
43,s

398,558
305,694
296,916
251,960
328,626
410,107
720,006
1,049,151

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

Notes: 1--Quinquennial data.
%-Texas, Louisiana, Oklahoma, Kansas, New Mexico
3-West Virginia, Pennsylvania, and Ohio
Source: Consumption from Bureau of Mines.

Southwest consumption attributable to industrial use (from
91.1 per cent in 1945 to 89.4 per cent in 1955); but in the
Southwest, gas is the fuel, industrial and residential. Of
course, total industrial fuel consumption would be expected
to be relatively more important in the Southwest because of
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the milder winter climate and lower heating requirements
for homes and because of higher usage in drilling. But more
important is the fact that in the Southwest, many miles distant from coal production, gas commands a competitive price
premium over that important Eastern industrial fuel.
In the Southwest, gas consumption is clearly predominantly for industrial use. On the other hand, in the three
Eastern states industrial consumption has represented only
43 to 54 per cent of total consumption over the past 35 years.
This was even true when the Appalachian region was an important producing area. For the three states in TabIe 1-8,
there is a relative downward trend in industrial use since
World War 11, with 57 per cent of total consumption in that
area attributable to residential and commercial use in 1955.
In some other important consuming states, e.g., Illinois,
there is a higher proportion of industrial consumption than
of residential and commercial (61 vs. 39 per cent in 1955);
but in general, residential and commercial consumption is
much more important in the East than in the Southwest.
Even in California, where the climate is warmer than in the
East and where there is active drilling and considerable field
use of gas, residential and commercial consumption amounted
to about 37 per cent of total in 1955.
While industria1 consumption is still about 90 per cent of
total in the Southwest, there has been a considerable change
even in these states in the types of industrial use. This is
shown in Table 1-9, using Texas as an example. This table
indicates the proportions of total industrial consumption attributable to field use (for drilling, pumping, etc.), carbon
black manufacture, refinery fuel, electric power generation,
and other genera1 industrial use. As was pointed out earlier,
carbon black production, which once took 40 per cent of

TABLE1-9

INDUBTRIAL
USEOF GASIN T E X A S - I ~ ~ O - I ~ ~ ~

d

(Volumes in Billion Cubic Feet)

DCD

Field
Year

Vol'
1920
1925
1030
1956
2940
1945
1960
1965

30.6
61.8
163.5
199.9
810.4
453.2
601.3
772.3

Per Cent
of Total

77.3
48.6
83.7
41.1
37.9
55.7
35.3
37.5

Carbon Black

VoI.

Per Cent
of Total

Refinery

Val.

-

-

a

16.9
176.4
180.5
530.7
371.7
313.0
154.6

19.3
36.4
37.1
40.3
29.2
18.3
7.6

a

25.8
25.5
66.4
167.0
243.2
3Z8.7

Per Cent
of Total

7

6.3
6.2
8.1
13.1
14.3
16.0

Electric Power

Other Industrial

Val. Per Cent
of Total

Vol'

Per Cent
of Total

Total Industrial

Val.

-

1.4
n

43.9
31.3
61.3
104.1
165.4
37S.S

3.5

-

9.0
6.4

6.3
8.2
9.7
13.3

7.6
48.6
75.5
49.6
60.7
175.3
383.4
530.0

19.P
38.9
15.6
10.2
7.4
13.8
%2,4
Z6.7

39.6
127.3
485.1
486.8
819.5
12.71.3
1705.3
R058.9

P

Per Cent
of Totrrl
-

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

Notes: a-IncIuded in "otl~erindustrial"; not available separately.
b-Percentages not precisely co~npnrablewith Iatcr years, since some regnery use is included in 1920 and refinery and electric
power use are included in 1925.
Source: Bureau of Mines.
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industrial consumption in Texas, now takes a much smaller
total volume (and of course a smaller share of total in an
increasing market). The reason for this is that increased prices
have diverted gas to other uses, primarily general industrial
use and as a boiler fuel for electric power generation, where
the resource is used as a fuel instead of as a raw material for
the production of carbon. In addition to industrial heating
and the generation of electric power for general use, gas is
used in Texas today for refinery fuel, chemical plant fuel,
generation of electric power for aluminum production, and
as a raw material for petro-chemical production. All of these
industries utilize gas for more productive ends than the
burning off of the hydrogen to get a carbon residue; hence
all are able to pay a higher price, and carbon black has been
largely priced out of the market. Likewise, field use is not
so important relatively as it was in the 192OYs,but apparently
field use has begun to grow somewhat once more relative to
total after a decline through the war years and much of the
postwar period.
It may be concluded that even though the consumption
of natural gas is still primarily for industrial purposes in the
country as a whole (and especially in the Southwest), the
changing geographical pattern of the market will lead to an
ever-increasing share of total consumption for residential
and commercial heating. Even in the Southwest, in the absence of a sha-p decline in price, gas will continue to be used
more and more as a general industrial fuel or as a raw material for highly valuable petro-chemicals, and not as the
raw material for carbon black production. It might be noted
in passing that liquefied petroleum gases (ethanes, butanes,
propanes, etc.), which are not now readily transportabIe over
long distances as is dry naturaI gas (methane), sell for a
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lower price than gas in the Eeld and have therefore become
the primary raw material for carbon black production, Should
dry gas prices be driven down appreciably by bonanza discoveries or by regulation, the production of carbon black
might once more begin to utiIize large quantities of methane.
Should prices continue to rise, gas might even be driven out
of use as a boiler fuel in the Southwest in favor of fuel oil.

Field prices of natural gas in tile United States averaged
about 10-11 cents per thousand cubic feet (M c.f.) in the
early 1920's. In the last half of the 1920's, average prices fell
somewhat with the beginning of flush production in the
Southwest and reached the 8-cent level in 1930 (see Table
1-10). Under the impetus of decreased demand, prices fell
steadily over the next five years. Demand began to increase
in the latter part of the 193OYs,
but more large discoveries kept
prices around five cents until 1947. The lowest annual average was 4.5 cents in 1940.
In Texas, as an example of the Southwest, average prices
fell more rapidly in the 1920's and reached the 2-cent level
in 1931. The minimum average price was 1.8 cents in 1940,
and the average remained around two cents until 1946.
Average prices in Texas did not exceed five cents until 5952.
These Bureau of Mines average prices indicate directions
of movements; but they will not do as measures of absolute
price levels for new gas sales, except possibly
in the 1920's
and early 1930's. Since the late 1920's, Inore and more gas
has been sold under long-term contracts of 20 years and
longer. Average prices for all gas sales in any given year
will, therefore, reflect transactions conducted at various
times in the past, perhaps as much as a quarter-centtwy in
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the past. The proper measure of prices in a given year is an
average of prices on new contracts. If such current spot
prices remained constant over long periods, the inclusion in

Total U. S.

Texas

--

Price

Year

(6 Per M c.f .)

Year

1995
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
193s
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955

5.2
5.7
4.4
3.4
3.3
3.6
2.2
2.8
2.4
2.2
2.1
2.3
2.3
9.2
2.1
1.8
2.0
2.5
9.4
2.5
2.6
3.0
3.7
4.5
4.6
4.7
5.4
6.2
7.6
8.5
8.0

1925
1926
1927
1928
1999
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955

Source: U. S. Bureau of Mines, Jfinerals Yearbook.

Price
(#Per M c.f.)
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the average of sales from earlier years would not matter;
however, spot prices in this market have risen since the war.
The earlier, low-priced sales depress over-all postwar averages; hence some other measure is required for this period.
Likewise, an accurate appraisal of the spot market in the
late 1930's is somewhat obscured by the use of the overall
average because the 2.3 cent prices around 1930 tended to
keep the average up. The Texas spot price in 1940 must have
been very low, indeed, to pull the average down to 1.8 cents;
but the absolute error in the late 1930's cannot be very
great, since the average price was so near zero.
In order to describe prices on new sales since the war, it
is necessary to use other data from unpublished sources. A
survey of interstate contracts financed by a group of producers and sponsored jointly by these producers and the
Federal Power Commission staff has provided the basic data
for postwar time series on spot prices.
Tables 1-11and 1-12 show 1956 volumes of postwar longterm sales to interstate buyers distributed by date of contract and price for two important gas-producing areas. The
areas are the lower Texas Gulf Coast (Railroad Commission
District 4) and the Louisiana Gulf Coast (South Louisiana).
The Louisiana tabulation begins in 1948 because there are
no 1946 and 1947 long-term contracts now in force there.
Both tabulations have been limited to long-term contracts
for 15 years or more, with the most common length being
20 years. Prices on 10-year and 20-year contracts are not
comparable, and the more common long-term transactions
were chosen for illustrative purposes.
The prices quoted in Tables 1-11and 1-12 are specified
"life-of-coiltract" averages. Commonly, prices are not specified at a flat rate over the 20-year period. Rather there is a
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schedule providing for escalation of the initial price in
specified anlounts at specified time periods. A common average specified step-up of the initial price is 0.2 cents per year
(or one cent every five years). Such a schedule represents not
so much varying prices as varying pIans of payment, and it
is the average expected revenue over the life of the contract
which is the true price at which the conwact is negotiated.
Thus, if a 20-year price schedule starts at 16 cents and escalates one cent every five years, the life-of-contract average
used in the tabuIation would be 17.5 cents. This ave~aging
assumes equal deliveries over time. Constant flow is not a
certainty, since a well might not live up to expectations.
Prediction of reserves is a tenuous matter; and a well might
become dry before producing 20 years, even though it was
believed capable of such production initially. However, more
or less Ievel production for the life of the contract wouId
normally be expected, since the pipe line which buys the gas
must be operated at a more or less constant throughput in
order to minimize transport costs.
If all contracts had the same type of specified escalations,
say, one cent every five years, it would not be necessary to
compute the life-of-contract average in order to cornpaw
prices. However, the scl~edulesare not the same, and some
contracts are on a flat-rate basis. There are very real differences between a contract escalating from 16-20 cents, a contract at a flat 16 cents, and a contract escalating from 16-18
cents. Use of the initial prices in each case to compare these
contracts would show them to be the same. It is, therefore,
necessary to average even for comparative purposes; and
this is certainly necessary in evaluating the absolute level of
prices.
A desirable refinement of the average just discussed would
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involve discounting the varying time spreads of payments
to present values. A Bat 17.5-cent contract is somewhat more
valuable to the producer than a 16-19 cent step-up because
more revenue is received in the earlier years. (The additional
money received in the early years can be put out at interest
or otherwise reinvested.) Test computations have shown that
the difference in present value between 17.5 cents flat and

Specified
Life-?f-Contrnet
Prlce Range
( # p e r M c.f.1

Totnl
Tl'eighted Average
Price

1956 Volumes of Sales a t 15.025 p.s.i.

(MM c.f.)

19iS

1049

1950

1051

1952

1963

1954

195b0

-------54,931

16.996

98,246

9.4f

lO.l#

10.46

99,050 106,985 116,892
11.36

18.7f

19.86

46,175

82,6&6

19.6b

19.66

Note: a-Includes a small amount of estimated volumes for contracts under which deliverics did not
beqin until lqtc in 1956. Estimate is from contracts filed mith the F.P.C.
bource: Pr~cescomputed from contracts filed mith the F.P.C. Volumes from 1958 pipe line annual
reports t o the F.P.C. (F.P.C. Form 9.

16-19 cents escalated over 20 years is not great. Hence we
shall not refine the data in Tables 1-11and 1-12 to this extent.
There is one instance where at least qualitative recognition of the present value problem is important. This occurs
when a prospective pipe line signs contracts for gas with
delivery not scheduIed to begin for two or three years. Such
contracts are clearly less valuable than would be contracts
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at the sane price with immediate delivery. The prices between 23 and 24 cents in South Louisiana in 1953 are in this
category, since they are fro111 contracts on which deliveries
did not begin until 1956. Likewise the small volume shown
between 16 and 17 cents in District 4 in 1955 is an estimate
of annual deliveries under contracts which were signed in
December, 1955, but under which there were no deliveries
until 1957.
TABLE
1-12
LONG-TERM
INTERSTATE
CONTR.~CTS
BY PRICE RANOES,
TEXAS
RAILROADCOMMISSION
DISTRICT4-1940-1955

~ I S T R I B ~ T I O NO F

Specified
Life-of-Contract
Price Range
( 6 P e r M c.f.)

15 to 10
18 to 1-7

1950 Volumes of Sales a t 14.65 p.s.i.
(MiM c.f.)
194%

1947

1948

1949

1960

1951

195%

1963

1954

19j68

1,oes
----------

Totnl
6.709
Teighted
AveragePrice 5.78

Note: a-Jncludes

45.997

24.602

94.595

79.870

6.46

5.811

6.76

8.16

90,640
9.76

109,468

45,970

90,707

47,481

11.36

l8.6b

19.96

19.46

a small amount of estimated volumes for contracts under which deliveries did not begin until late

n 1950.Est~mateis from contracts filed with F.P.C.
Source: Prices computed from contracts filed with the F.P.C. Volumes from I956 pipe line annual reports to the
F.P.C. (F.P.C. Form 9.

In addition to the specified price schedule, there are indefinite pricing provisions in most postwar contracts. These
cannot be quantified readily; and they are, therefore, necessarily ignored in Tables 1-11and 1-12. Since the basic purpose of these cIauses is to guard against future changes in
the spot market price after a long-term contract is signed,
they should probably not be reflected in these tabulations of
spot prices, even if quantification were possible. The eco-
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nomic significance of the indefinite pricing clauses will be
discussed in Chapter 111.
What do the price tabulations for District 4 and South
Louisiana show? In both areas prices were rather stable
through 1950. Late in 1951 and in 1952, sharply higher
prices appeared. And the average price level of 1953-1955
was rather stable at approximately twice the level that existed before 1951. This change in field prices is summarized
in the following table:
AVERAGE
L~E-or-CONTRACT
PRICES
FOR LONG-TERX
INTERBTATP
SALES
IN DIBTRICT
4 AXD SOUTH
LouIBIA~A'--~~~~-~~~~

--

Year

South Louisiana*
District 4
--Cents per M c.f. a t 14.65 p.3.i.-

-

5.7
6.4
5.8

N.A.
N.A.

1946
1947
1948
1949
1950
1951
195%
1953
1964
1965

8.1
9.7
11.3
ls.6
13.3
13.4

9.3
9.S
10.1
11.1
18.3
19.1
19.0
19.1

1946-50 Average
1953-55 iiverage

7.1
13.2

9.9
19.1

6.7

Notes: 1. Weighted by 1956 vol~~mes
2. Prices in Table 1-12 are at tlie Louisialin standard pressure base of
16.075 p.s.i.; these are converted to the Texas standard of 14.65 p.s.i.
in this table for comparability with District 4 prices.
Source: Tables 1-11 and 1-19

Before the price rise of 1951-1952, District 4 prices averaged
7.1 cents; after 1952 they averaged 13.1 cents, an increase of
86 per cent. Similarly average South Louisiana prices rose
from 9.9 to 19.1 cents (at 14.65 psi.), an increase of 93 per
cent. The difference between the prices in the two areas
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reflects primarily the additional 500 or so miles of pipe required to reach the lower Texas Coast from the north.
The sharp increase in field prices over the space of a year
or so is undoubtedly responsible for much of the political
support of price regulation for the industry. Such a rapid rise
in prices is, of course, quite possibly compatible with the operation of a competitive market where consumption increases
rapidly and where a good part of the increase is in higher
value uses, as has been shown to be the case in this industry, Total marketed production averaged 5.1 trillion cubic
feet per year for the country as a whole in the period 19461950, compared with 8.8 trilIion from 1953-1955, an increase
of about 75 per cent, compared with the 86 and 93 per cent
increases in price in the two areas discussed. The reIative
price increases are not appreciably greater than the relative
increases in consumption for the nation as a whole; and in
these two areas marketed production was probably up more
than the national total.
Nonetheless, the very rapidity of the increase in price has
doubtless led to a suspicion of monopoly pricing. It is now
in order that we appraise the structure of the indushy as the
first, and most important, step in determining whether monopoly pricing has, in fact, occurred since 1951.

CHAPTER I1
STRUCTURE OF THE FIELD MARI(ET
FOR NATURAL GAS

I

T HAS been pointed out that the sine qua non of competi-

tion on the selling side of a market is that there be a
number of real alternative sources of supply available to
buyers. The question at hand is the extent of these alternatives in the field market for natural gas. In describing market
structures these are usually (at least) three fundamental issues
present: (1)what products should be considered to be part
of the market, sometimes described as the problem of "interproduct competition;" (2) what is the proper measure 01
relative size of firms; and (3) what is the appropriate geographical market area. In the gas market there is also a
unique fourth problem concerning long-ten11 contracts. It
is necessary that these problems be discussed before proceeding to an examination of the market structure. After this
discussion the order of procedure will be to analyze: shares
of total current sales held by the larger selIers; shares of
c ~ ~ r r esales
a t made under recent contracts; changes in shares
of sales over time; expected future market structure; and,
in summary, the competitive signihance of the market structure in this industry.
(1)Inter-product Competiiion-Here we shall limit ourselves to a consideration of natural gas alone, although gas,
coal, and fuel oil are at least as competitive as are cellophane
and aluminum foil, which have been held to be legal competitors.14 In so limiting the inquiry, it must always be remembered that the existence of competitive fuels constitutes
40

The Field Market for Natural Gas

41

a further source of competition for gas producers. Oil is perhaps less important than is coal in assessing alternative
sources or' fuel supply because most gas is produced by companies which also produce oil and hence compete with themselves in a sense. But many coal mines are, in a very real
sense, competitors of gas producers in a substantial part of
the gas market. In evaIuating the competitiveness of other
industries, the existence of such a force in the 'market"
(broadly defined) might well be of critical importance to the
inquiry, as it was to Du Pont in the cellophane case. However, here it will be sufficient to say, qualitatively, that the
existence of coal mines makes gas more competitive than
would appear to be the case horn examining only the gas
producers; in other words, our computations will understate
competitiveness. As will be seen, quantification of this proposition will not be necessary.
(2) Measui'enze~ztof Relative Size-Insofar as the proper
measure of the size of firms is concerned, it is, of course, not
sufficient simply to count the firms. One very large firm and
many small firms make for entirely different competitive conditions from those that would exist with the same number of
small firms. I t is the number and relative size of firms which
is important. This is usually measured by "concentration
ratios," i.e., by the percentage of the industry accounted for
by, say, the top four, or eight, or twenty films-usually the
top four. Such a measure is defective in that it tells us nothing about the relative sizes of firnls within the first four. An
industry where the largest firm has 45 per cent of the market
and the next three have one per cent each, has a concentration ratio of 48 (based on the top four); so does an industry
where the top four firms each have 12 per cent, but competitive conditions in the two will doubtless be very different
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indeed. By this measure, two market structures which are
actually quite different appear to be the same.
What is needed is a measure of relative size all along the
line from largest to smallest. A device for this purpose is
the "concentration curve," which shows cumulative shares
of the market held by the firms ranked by size. By this measure, in the first example above the top firm has 45 per cent,
the two top firms together have 46 per cent, three have 47
per cent, four have 48 per cent. On the other hand, this
measure applied to the second example would show 12 per
cent for one, 24 for two, 36 for three, and 48 for four. Hence
two industrial structures which are actually very different
are shown to be different by this system of measurement of
"concentration." In this study we shall use as a measure of
industrial concentration the shares of the market held individually and cumulatively by the top 20 companies.
Another question associated with the proper measure of
relative size of firms is the type of measure. Should relative
size be measured by value added, by dollar sales volume,
by physical sales volume, by capacity, by the number of
employees, by assets, etc.? This is often a question of some
controversy,f5However, it is this writer's opinion that in a
situation where products are homogeneous and easily measurable in physical terms, either physical productive capacity
or physical output is the most acceptable measure of the
alteimatives available to buyers, Where products are not so
homogeneous, dollar sales volume may be preferable (a case
might be made for counting Fords and Cadillacs by value
instead of by numbers of cars). Of the two physical measures, capacity is preferable if there is no great problem of
obsolete facilities, which might distort relative sizes if some
firms have more of such capacity than do others. I t is, after
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all, relative capacities to produce which are most important
to the prospective customer when he is evaluating the true
extent of his potential alternative sources of supply. Whether
company A has 50 per cent of employees, or 40 per cent of
assets measured by book costs incurred over thirty years, is
really of little consequence to the buyer except indirectly
as these data may reffect A's ability to produce; what really
matters is how much A can deliver relative to B and C.
Unfortunately, in the gas producing industry, capacity
data are of limited availability. Because of their necessarily
speculative nature such data would be of limited usefulness
even if they were widely pblished, Hence we shall be
forced to rely primarily on volumes of sales of gas. The
tabulations of sales will measure what actually happened,
not necessarily what could have happened, as would tabulations of concentration of capacities. Some evaluation of what
could have happened and what can be expected to happen
in the future will also be possible.
Since a cubic foot of gas of certain quality specifications
is a cubic foot of gas, regardless of who brought it out of the
ground, gas is largely a homogeneous product when it is delivered to the pipe line. Hence the Ford-Cadillac product
differentiation question does not exist. Valuation of sales is,
therefore, unnecessary; and physical volumes will constitute
an acceptable measure of concentration.
(3) Geographical Extent of the Ma~<lcet-Thethird issue
mentioned above was that of the pToper geographical extent
of the market. In the instant case it is possible to make a
rather good case for the existence today of a near-national
market in gas production, Such is often not the case in many
industries (and it was probably not the case in gas production before the widespread building of interstate transmis-
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sion lines after World War 11). For example, to the movie
goer in, say, Boston it is a matter of little direct concern
whether there are 5 or 50 exhibitors in New Orleans. Here
the relevant geographical market is Boston. To the gas pipe
line company planning a new line to serve Boston, if such
were permitted under the law, the choice of fields where it
can buy gas is widespread: from Mexico to Canada, north
and south; fro111 the Four Corners to Mississippi, east and
west. There is even some gas available in California and the
Appalachian fields, but only in ,amounts which are small
relative to local consumption; there are no interstate sales
from California iields.
On the other hand, an existing pipe line system which
wishes to sell more gas may find it cheaper to expand the
capacity of an existing line than to lay a new one. In this
event, it must get the supplies from the area along the line.
Hence there are some instances where the relevant marltet
is a given producing area. This situation has led to the r'atuous "garden hose" argument that there is no competition in
the gas fields because a pipe Iine is not movable like a garden
hose; it is tied to the sellers in its area. This proposition is
doubly defective in that, first, it ignores the fact that the
bulk of supplies for a line are contracted on a 20-year basis
prior to construction; otherwise neither financing nor a certificate of public convenience and necessity could be had.
As has been noted, before construction the line may be
planned to go almost anywhere in the Mid-Continent producing area. Second, the argument assumes implicitly that
further supplies bought after the line is laid are boug-htunder
monopolistic conditions; this is only true if (1)there are a
very few sellers along the line or (2) there is collusion among
many sellers. Furthermore, there are today three large sys-
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tems which have lines in two primary producing areas (Panhandle-Hugoton and the Gulf Coast), with others in process.
Such lines are not even dependent on one area for small expansions of existing lines.
Nonetheless, in some instances a pipe line will be dependent upon the producing area it selves for gas. This is
particularly true for small expansions, which represent a
minor part of purchasing; for large expansions, any line can
always build a new branch to territory heretofore untapped
by it if it finds gas prices there sufficiently low to offset any
extra capital outlays required for the new line.
Hence the true geographical market lies somewhere between total nation-wide production and area production,
with the nation-at least that part where interstate sales are
made-being closer to actuality for large-scale buying by the
interstate carriers. In order to deal with this problem, we
shall evaluate the market, where possible, on a dual basis:
(1) all areas of the country where interstate sales occur,
omitting California and covering primarily the five states discussed in Chapter I; and (2) the Gulf Coast, as an important
example of the situation existing in a more limited supply
area.
Consideration of all such sub-areas as the Gulf Coast is
not feasible here because of the labor involved in computation. The Gulf Coast was cl~osenas the more limited area for
study because it has been very important in recent years.
Of all 1955 sales to interstate pipe lines under contracts dated
1951-1955, 45 per cent were made from the Gulf Coasts of
Texas, Louisiana, and Mississippi. About 10 major interstate
pipe line systems purchase gas along the Gulf Coast, while
only a very few of the principal transmission lines have no
direct connection with the area. For these reasons, the Gulf
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Coast is an acceptable example of a sub-national producing
area. The true picture of the market typically faced by the
buyer of gas will, then, lie somewhere between the total
interstate and Gulf Coast pictures to be drawn below.
(4) Long-Term Contracts and Concentration-Before proceeding, one problem in the measu~ementof industrial concentration which is peculiar to natural gas must be mentioned. In the usual industry where sales are made on a dayto-day or short-term contractual basis, market alternatives
can be shown by shares of total sales (or capacity). However, in the market for natural gas a great many sales are
made under 20-year contracts. Hence some sellers may have
all their capacity committed for 20 years and thus actually
not be alternatives available to new buyers, even though they
appear in a tabulation of sellers in the market today. It is
theoretically conceivable that a tabulation of the top 20
sellers in 1955might not contain any sellers who actually had
gas available for sale in that year, or who lzad had any for
sale for many years. This problem is particularly important
in evaluating the competitiveness of prices negotiated after
1951, when substantial increases began to occur. The fact
that there were many sellers of gas at the time would not, in
itself, necessarily prove that there were many sellers who had
gas available in 1951. In short, there could from time to time
conceivably be quasi-monopolistic results in an industry
where sales are made on a long-term basis even though there
are many sellers in total, The existence of free entry would
in the long-run mitigate considerably the problem of having
only a few sellers actually in the market from time to time;
but the limited alternatives would be of real concern to any
buyers who needed badly to buy at those times.
We shall deal with this question by considering, in addi-
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tion to total sales, volumes of sales made in various time periods and by predicting the future structure of the industry
on the basis of current exploratory activity, i.e., on the basis
of current activity designed to develop new capacity. However, we shall begin by describing the over-all structure of
the market without reference to date of contract.

In evaluating the market structure on an over-all basis
without consideration of the date of sales, we shall examine
three primary measures of structure: (I)all sales to interstate
buyers; (2) reserves; and (3) Gulf Coast sales to interstate
buyers. In addition, one tabulation of sales to all buyers (including intrastate buyers) will be discussed.
(I) Distribution of All Sales to Interstate Buyers-Table
11-1shows the distribution of all sales to all interstate buyers
in the United States in 1955 (as measured by 1955 volumes
of sales). These buyers are principally interstate pipe lines,
including subsidiaries of distributing utilities; but in some
cases the sales are made directly to distributors who have
the gas transported on a contract-carrier basis by a nonintegrated pipe line. Table 11-1, which will serve as a prefiminay evaluation of the structure of the field market for
natural gas, shows that the top four sellers held 23 per cent
of total sales to interstate buyers in 1955;the top eight held
35 per cent; and the top twenty held 54 per cent. The largestseller had 8.74 per cent of total sales. Note also that there is
a gradual decline in the size of sellers, with the first being
half-again as large as the second, the second a fifth larger
than the third, etc. Appraisal of the competitive significance
of such an industrial structure will be made in detail later;
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SHARESOF TOTAL
SALESOF NATURALGAS TO INTERSTATE
BUYERBHELDBY TBB
TWENTY
LARGESTSELLERS-AS MEASURED
BY 1955 VOLUMEB
O F ALL CONTRACTS

Seller

1955 Volumes

(M c.f. at 14.65 p.s.i.)

Cumulative
Per Cent
Total

Per Cent
of Total

1. Phillips
Standard (Indiana)
Humble
Union Producing
Cities Service
Shell
Magnolia
Chicago Corp.
9. Gulf
10. Texas Company
11. Atlantic
12. Shamrock
13. Pure
14. Sun
15. Ohio
16. Tidewater
17. Sunray
18. Slcelly
19. Southern Production
20. Superior
2.
3.
4.
5.
6.
7.
8.

T o t d of 20
All Others
Grand Total
-

Source: Computed from pipe line annual reports t o the F.P.C. (F.P.C. Form 9,).

but it inay be said here that this is not by any means a high
degree of concentration. Neither is there anything like a dominant firm which is much Iarger than any of its competitors.
Some discussion of the source and pitfaIls of the data used
in computing Table 11-1 is in order, particularly since the
same source will be used for a number of tables in this chapter. The data are derived from annual reports to the Federal
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Power Commission by interstate buyers of gas (F.P.C. Form
21, not to be confused with annual reports to stockholders.
The first point to be noted is that the data cover only sales
to interstate buyers. As such they exclude sales to some intrastate customers, the data for which are available only on
a fragmentary basis. However, Table 11-1does include intrastate sales which are made to pipe lines which also sell
in interstate commerce-notably to United Gas, which has
extensive distributing facilities in the producing areas. The
sales in the table account for 5.85 trillion cubic feet, relative
to a total marketed production in the United States excluding the Far West of 8.87 trillion, or 66 per cent of total. A
third, then, of the total volume in the area giving rise to interstate saIes is not covered by the table, However, the total
volume subject to federal regulation is covered.
Furthermore, it should be pointed out that an expansion
of the nlarket covered in a study of concentration would
probably, although not necessarily, lead to a decrease in the
shares of the market held by any given number of leading
selIers, W e s s all firms operate in all areas, it is a mathematical certainty that increasing the size of the market:
studied will decrease concentration at some point in an array
of cumulative percentages of the market because, say, 100
firms nlay have the total volunle in the sub-area while, say,
200 have the total in the whole area. Since all gas producers
do not operate in every supply area or in both interstate and
intrastate commerce, it can be said with some confidence that
the addition of more sales to a tabulation being studied
would decrease the share of the total held by the larger firms
as measured by the share of, say, the top 15 or 20 (or, conversely, that decreasing the total would increase the share
of the top 15 or 20). However, this is not necessarily true for
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TABLE 11-%
SHARESOF SALABLEGASPRODUCTION
IN TEXASHELDBY THE TWENTY
L.~RQEST
BT DECEMBER,
1953 VOLUMES
SELLERS-ASMEASURED
-

Seller

December, 1953
Volumes
(M.c.f. a t 14.65 p.8.i.)

1. Phillips

9, Humble
3. Standard (Indiana)
4. Sun
5. Union Producing
6. Colorado Interstate
7. Magnolia.
8. Gulf
9. J. S. Abercrombie
10. Texas Company
11. Shell
12. Shamrock
13. Cities Service
14. Atlantic
15. Natural Gas Pipe Line Co.
16. Chicago Corp.
17. Skelly
18. Sunray
19. Tidewater
90. La Gloria

30,533,656
07,107,927
16,739,075
12,949,387
12,028,679
11,700,210
11,705,540
11,408,570
10,873,678
8,966,551
8,663,098
7,926,056
7,9%1,6%6
7,287,603
6,630,735
6,242,842
5,721,101
5,670,179
5,008,716
4,596,467

Per Gent
of Total
7.50
6.66
4.11
3.18
2.95
2.89
2.87
2.80
2.55
9.80
2,13
1.95
1.95
1.79
1.63
1.53
1.41
1.39
1.03
1.19

7.50
14.16
18.127
21.45
24.40
27.89
30.16
32.96
35.51
37.71
39.84
41.79
43.74
45.53
47.16
48.69
50.10
51.49
52.72
53.84

-- --

-

Total of 80

219,955,509

53.54

All Others

187,954,730

46.16
-

407,190,239

100. OD

Total Texas

-

Cumulative
Per Cent
of Total

Source: Computed from data tabulated from tax records of the Texas Comptroller by the C. S. Lockmood Co. a t the request of HumbIe Oil & Refining Co.

the share of the market held by the top few firms, since it is
conceivable that one seller might have all the additional volume which is added to the tabulation. I t is conceivable, for
example, that one seller might have nearly all the intrastate
volume not covered by Table 11-1, perhaps 30 per cent of
total; in this event the true over-all market structure would
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be very different indeed from that indicated by this table.
We might possibly have a market with one film having 30
per cent, while the next largest had only about 6 per cent.
Actually, this is not by any means the case. While we do
not know the structure of the entire market for the whole
Mid-Continent supply area, a good idea of this structure can
be had from Table 11-2, which shows shares of all sales held
by the 20 largest sellers in Texas in December, 1953. These
data are derived from tax records of the Texas Comptroller.
These figures are not published regularly, but are 'available
for examination. Since the tabulations are extremely laborious, we have used here one that happens to be available;
the period does not: coincide with that in Table 11-1, but it
will do for general comparative purposes. Table 11-2, which
covers a state that accounts for half of the total marketed
production in the United States, indicates clearly that total
sales are as widely distributed anlong sellers as &e sales to
interstate buyers. Note the close correspondence of shares
of total interstate and total Texas sales held by various numbers of firms:
Share Held

by Top
4
8
12
16
20

All U. S.Interstate
Sales in 1955
23%
35
44
49
54

All Texas Sales in
December, 1953
21%
33
42
49
54

For our purposes it will undoubtedly be safe to rely on sales
to interstate buyers as a guide to the structure of the field
market for natural gas.
A second potential pitfall in the interstate figures is that
reports are not required for individual sellers for sales of less
than 100 thousand M c.f, per year in any given field or sup-
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ply area, compared with total sales by the largest seller of
511,000 thousand M c.f. However, many of the large buyers
report individual sales individually without the use of a
(<
miscellaneous" category; and the amount aggregated in
miscellaneous sales because of low-volume individual sales
cannot be very great. A summary by the F.P.C, staff indicates that the total of (1)sales by producers having identified
sales which amount to less than 100,000 M c.f. per seller and
(2) sales listed as "various" and not identified, was only 78
billion cubic feet in 1955, or just over one per cent of all
sales to interstate buyers.16 And this total includes some
identified sales.
Related to this question of unreported small sellers is a
more important criticism of the data. In some cases all individual sales do not appear (even individual sales greater
than 100,000 M c.f.) because the sales are made from a field
or gasoline plant which is jointly ownecl but which is operated by one company that delivers to the pipe line for the
other owners. I n such an instance, the pipe line sometimes
reports the total volume as being attributable to die operator.
If the operator acted, in effect, as the agent of the other
owners in negotiating the contract, the total volume is not an
invalid figure to use when measuring the alte~nativesavailable to brtyers, since what the buyer faced in that field or
at that plant was the one sellex. However, in some cases the
other sellers negotiated their own contracts with the buyer
and were free, in so doing, to sell to other buyers, In such
a situation, attributing the total volume to the operator call
overstate his share of the market; and the reporting of total
volumes under the operator's name occurs in the reports of
a number of large buyers, e.g., in the reports of Tennessee
Gas Transmission, one of t l ~ elargest buyers in the country.

1956

Buyer

Operator

Field

Volume

1955

"ported
by Buyer
Under
Operator's
Name

Volume
Actually
Owned by
Operator

Operator's
Total
Volume
Reported
by All
Buyers

Overstatement RS
Per cent
of Total
Reported
Volume

3,154
1D,9G1
3,706
10,284

9,053
150,237

34.8
8.6

Overstatemerit

(%)

MhI c.f. a€ 14.65 p s.i.
1. Tennessee
2. Tennessee
9. Transcontinental

Tennessee

Lyman
Chicago Corp.
Western Nat.
Western Nat.

Total of (3)
4. Tcxits Illinois
Tennessee

Western Nat.
Atlantic
Atlantic

Total of (4)
5. Transcontinental

Atlmtic
Sun

Capt. Lucey
San Salvador
St. Charles
San Salvador

6,811
21,080
7,016
11,el2

3,657
8,119
3,310
928
4,238
4,638
6,964

13,990
10,052
152,746

60,731

16.9

Hagist Ranch
Mustang Is.

18,918
14,690
19,710

Starr County

34,400
10,774

11,602
4,543

92,798
6,231

124,791
82,351

18.3
7.6

--

-

-

Source: Buyer reports from pipe line annual reports to F.P.C. (F.P.C, Form 2). Volumes o.r+>ledby operators from producers'
annual reports to F.P.C. (P.P.C. Form 301),
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Some extreme examples of the considerable errors of overstatement of sales by a given seller wl~ichmight result from
this quirk in the basic data are shown in Table 11-3, which
covers some important sales in Railroad Commission District
4 of Texas. It is apparent from this table that the reporting
system can overstate a seller's own sales. For smaller sellers,
e.g., Lyman, the overstatement can be considerable. The
table sho~vsthat the particular overstatement cited here accounts for 35 per cent of Lyman's total reported sales. However, in the case of the larger sellers shown in Table 33-1,
the discrepancy is less important. For example, Atlantic's
total is shown to contain about 23 billion cubic feet of nonowned gas from the two examples here, relative to total reported sales of about 125 billion. Even if all of this non-owned
gas were sold by the owners 'and Atlantic's true sales were
thereby reduced to 102 billion, its share of the market as
reported in Table 11-1would fall by only about half a percentage point (from 2.13 to 1.74 per cent) with a corresponding small reduction in the share of the larger sellers as a
group. Unless a large seller serves as the operator of many
joint ventures where it does not control the supply, the reporting errors should not appreciably affect Table 11-1.
Note that it is usually, though not always, the larger companies which serve as operators. Since the reporting tends to
overstate an operator's sales, any errors that do exist will in
all likelihood tend to make the market appear more eoncentrated than it actually is, in that errors will tend to give the
larger firms a higher share of the market than is actually the
case, at least the larger firms as a group. However, there will
be some tendency for the errors to compensate as among the
larger sellers. Large selIer A may have a volume overstated
because of a joint venture which he operates, but for which
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sales are actually made independently by most of the sellers;
on the other hand he may have an interest in some other
jointly owned field in which sales are made independently
but where large seller B is the operator and where the total
is credited to B. In one case his share is overstated; in the
other it is understated. Among the larger sellers who are operators there is, then, a mitigating force present which should
tend to minimize overstatements relative to each otlze~.But
this compensation will not tend to work as between the
larger and smaller sellers as groups, since the smaller are
less frequently operators and hence have less opportunity to
be credited with volumes of other companies. I t is even possible that some small sellers might not appear at all in buyers'
tabulations because their volumes are totally concealed in
volumes attributed to larger operators. Where these small
sellers sold independently and could have sold to some other
buyer, an error of some small magnitude will occur in the
direction of overstating concentration.
S d c e it to say in summary, that there are potential pitfalls present in these data on interstate sales (as is usually
the case in economic studies); but the quirks should not be
overly important, and the figures should, all other things
being equal, give us a reasonably good statistical description of the market.
(2) Distribution of Reserves-An alternative measure of
market structure without regard to date of contract would
be a tabulation of shares of gas reserves held by the larger
companies. There are no complete data of this type; and
even if there were such data, they would necessarily be
rather speculative. Even reserve data for the country as a
whole are somewhat speculative because the total reserves
in a field are never known precisely until the field is ex-
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hausted. However, in the case of estimates of proved
reserves for the country as a whole there is a chance of having optimistic estimates offset by pessimistic estimates. With
smaller numbers, say the reserves for one company, the
clzance for offsetting errors decreases. In addition, it would
be expected that the distribution of gas sales would correspond in general with the distribution of the reserves which
are committed to support those sales, since it usually takes
large reserves to make large sales. For this reason, the market
structure should be approximated by actual sales even if a
reserve tabulation were the ideal measure.
While no perfect set of company reserve figures exists (or
could exist), there have been two recent surveys of the matter. A Federal Power Commission study covering such companies as had released data showed that in 1954 t l ~ etop four
sellers had 24 per cent of national total reserves, the top eight
had 32 per cent, and tile top twenty had 43 per cent.17
Standard and Poor's Corporation estimated that in 1955 the
top four had 27 per cent, the top eight 38 per cent, and the
top twenty 53 per cent.18 This estimation attempted to cover
all companies, not just those which had published some sort
of information. The following summary shows that these
figures are of the same magnitude as those for sales sllown
in Table 11-1and Table 11-2.
Sales to
FPC Reserve Standard & Interstate
Share Held Study of
Poor's Esti- Buyers in
BY TOP
1954
mate of 1955
1955
4
8
20

24%
32
43

27%
38
55

23%
35
54

Sales to All
Buyers in
Texas in
Dec., 1953
21%
33
54

Of the three measures of concentration, the interstate sales
are probably best, since they show what happened in the
whole producing area; and they are not significantly d8er-
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ent from total sales, &/loreimportant, they do not represent
an incomplete tabulation of published figures on a basically
speculative quantity, as do the F.P.C. data, Neither are they
an estimate of speculative quantities, as are the Standard
and Poor's data. Of the two reserve tabulations, it is hard to
say which is better for four and eight companies; but Standard and Poor's is probably better for twenty companies because any informed guess would doubtless come closer to
the actual than would a tabulation which omits some of the
top twenty entirely.
(3) Distribution of All Gulf Coast Sales to Interstate Buyers
-It has been pointed out that the whole national market, at
least the partbf it where there are interstate sales, is available to a pipe line planning a new line. However, for small
expansions, pipe lines must rely chie3y on the area where
existing lines are laid. Hence it is necessary to examine the
competitive structure of a sub-area. The area chosen for purposes of illustration here is the Gulf Coast, which accounts
for almost half of total interstate sales, and which is served
by all but two or three of the primary pipe line systems. As
defined here, the Gulf Coast area covers Railroad Commission Districts 2, 3, and 4 in Texas, South Louisiana, and Mississippi. Data for this area similar to those shown in Table
11-1 for total interstate sales are in Table 11-4. These are
1955 volumes of sales to interstate buyers originating along
the Gulf Coast. The top four sellers accounted for 26 per
cent of such sales, the top eight for 42 per cent, and the top
twenty for 67 per cent. As has been pointed out earlier, the
reduction of the area covered by a concentration table would
be expected to lead to a greater increase in concentration for
the larger number of firms than for the first few firms, because there are fewer firms operating in a sub-area than in
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the whole market. This happens as between the Gulf Coast
and the whole interstate market. However, the difference is
not great, as is shown by the following summary:
Share Held
by TOP
4
8
12
16
20

Total Sales
to Interstate
Buyers
23%
35
44
49
54

Gulf Coast Sales
to Interstate
Buyers
26%
42
52
60
67

The market faced by new lines and large expansions of existing lines is better described by the former; that for small
expansions is better described by the latter. Neither, as we
shall see, could be considered a very concentrated market.
It has been pointed out that tabulations of sales (or of
capacity) in a given year are theoretically deficient in evaluating the structure of this market in that it is possible, because
of long-term contracts, that in a given period only a few
companies might actually have had new gas for sale regardless of how many may have been selling under old contracts.
In order to evaluate the structure of the market at a given
time insofar as existing alternatives are concerned, we should
need to know the distribution of all uncommitted reserves
at that time, Such data would be even more speculative than
a tabulation of proved reserves of the type discussed above,
since they would include estimates of total reserves in undeveloped fields. In any event, the figures are not available.
However, a very good approximation to the alternatives that
were available at a given time can be had from sales actually
made under contracts negotiated at that time. Such figures
are available for sales to interstate pipe lines from the same
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source used for Tables 11-1 and 11-4, the pipe line annual
reports to the F.P.C. (F.P.C. Form 2).
Of particular interest in studying the competitive structure
of the market for natural gas is the period after the recent
substantial increases in price (see Tables I-ll and 1-12}.
These higher prices first appeared on a scattered basis in
1951, with more in 1952, and with a general covering of the
market in 1953-1954. By 1955 the market price appears to
have stabilized, with changes in 1956-1957 being of lesser
magnitude. Hence it is in order to try to establish the alternatives available to buyers in tlais period. This has been done
here by computing the shares of new sales to interstate pipe
lines held by the top 20 sellers during the period 1951-1955
in the whole interstate supply area and in the Gulf Coast
sub-area.
(1) All New Sales t o Interstate Pipe Lines, 1951-1955Table 11-5 shows the distribution by sellers of all new sales
to interstate pipe lines in the years 1951-1955, as measured by
1955 volumes sold under those contracts. These are sales
from contracts signed during the period; hence the figures
show alternatives actually available during the pesiocl,
Since these volumes cover only sales that were actually
made to interstate buyers, they understate the total auailable
supply in that (1) some reserves were not committed and (2)
some gas was sold to intrastate customers. As we have seen,
decreasing the total covered in a tabulation of concentration
tends possibly to increase concentration for the top few
firms and almost certainly to increase concentration for
larger numbers of firms. Hence t l ~ edata in Table 11-5probabIy tend, for this reason, to overstate concentration. On the
other hand, part of the sales in the tabulation (probably a
small part) represent contract renegotiations which occurred
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Seller
I.
2.
3.
4.
6.
6,

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

1955 Volumes

(M c.f. a t 14.65 p.s.i.)

Per Cent
of Total

Cumulative
Per Cent
of Total

Humble
Standard (Indiana)
Shell
Union Producing
Gulf
Atlantic
Magnolia
Texas Co.
Sun
Chicago Corp.
Sunray
Pure
Tidenrater
Ohio Oil Co.
Union Oil of Calif.
Union Oil and Gas of La.
La Gloria
Delhi-Taylor
Superior
Standard of California
Total of 90
All Others
Total Gulf Coast

Note: 1-Covers South Louisiana, the Texas Gulf Coast (Railroad Commission
Districts 2, 3, and 4), and Mississippi (a small part of total).
Source: Computed from pipe line annual reports to the F.P.C. (F.P.C. Form 2).

when buyers obtained larger volumes of gas from sellers in
areas covered by pre-1951 contracts; the older part of such
volumes was committed and was, therefore, not available for
the market after 1951, while the newer part was available for
sale. Hence the total volume shown is somewhat higher than
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Seller

1955 Volumes
(hi e.f. at 14.65 p.s.i.)

Per Cent
of Total

Cumulative
Per
of 'lbtnl

1. Cities Service
9. Shell

3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.

Phillips
IIurnbIe
Standard (Indiana)
Union Producing
Texas Company
Chicago Corp.
Wagnolia
Tidewater
Carthage Corp.
Southern Production
Gulf
Sunray
Warren
Delhi-Taylor
Shamrock
Union Oil of California
U~lioilOil of Louisiana
Northern Natural Prod.
Total of 20
All Others
Grand Total

1,192,593,727

46.66

2,555,754,990

100.00

Source: Computed from pipe line annual reports to the F.P.C. (F.P.C. Form 2).

was actually sold. For this reason conceiltration may tend to
be understated, thereby compensating in direction the omission of intrastate sales and reserves which were available but
not sold. On balance, then, the data should be quite representative of the market as it existed in this period.
Note that for the interstate market as a whole, the top
four sellers in this period accou~ltedfor 20 per cent of total
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sales, the top eight for 33 per cent, and the top twenty for
53 per cent. These figures are all close to the corresponding
£igures for all contracts regardless of date, as is shown by the
following summary:
Share Held
by TOP
4
8
12
16
20

Total Sales to Interstate Buyers
1951-1955
Dates
Contracts
23%
20%
35
33
44
41
49
48
54
53

All Contract

The differences are not appreciable, perhaps not significant;
and it is safe to say from Table 11-5that the theoretical objection to the use of over-all sales in measuring the structure
of this market is not actually justified in this instance. The
market in recent years is, by this measure, at least as widely
distributed as is the tabulation of all sales.
(2) New Gulf Coast Sales to Inte~statePipe Lines, 19511955-Table 11-6 shows data for the Gulf Coast corresponding to that in Table 11-5for the entire interstate supply area.
The top four firms have 27 per cent of 1951-1955 sales, the
top eight have 42 per cent, and the top twenty have 67 per
cent. Again, these percentages are quite close to those for all
sales regardless of contract date, as is shown by the following summaiy :

Share Held
by TOP
4
8

12
16
20

Gulf Coast
Sales to Interstate Buyers
All Contract
1951-1955
Dates
Contracts
26%
27%
42
42
52
53
60
61
67
67

The Field Market for Natural Gas

Seller

1955 Volumes
(M c.f. at 14.65 p.s.i.)

1. Shell

8.04
6.88
6.61
5.71
4.77
3.48
3.23
2.93
2.95
'2.89
2.86
2.85
2.02
9.01
1.87
1.85
1.74
1.57
1.35
1.19

a. Standard (Indiana)
3. Humble
4. Texas Co.
5. Chicago Corp.
6. Union Producing
7. Delhi-Taylor
8. Southern Production
9. Tidewater
10. Union (California)
11. Sunray Mid-Continent
12. Union Oil and Gas (La.)
13. Sun
14. Union Sulphur and Oil
15. California Company
16. Cities Service
17. Ohio Oil
18. Magnolia
19. Atlantic
20. Hunt Oil

-

Total Top 20
All Others
Grand Total

Per Cent
of Total

Cumulative
Per Cent
of Total
8.04
14.92
21.53
37. 24
32,01

35.49
38.72
41.70
44.65
47.54
50,40
53.25
55.27
57.98
59.15
61.00
6%.74
64.31
65.66
66.85

66.85
384,913,347
1,160,864,097

Note: I-Covers South Louisiana, the Texas Gulf Coast (Railroad Commission
Districts 2, 3, and 4), and Mississippi (a small part of total).
Source: Computed from pipe line annual reports to the F.P.C. (F.P.C. Form 2).

The tabulation based on all sales was, then, a valid indicator
of the market structure.
As would be expected, Gulf Coast concentration is higher
than over-all concentration with a somewhat expanded spread
by this measure; this can be seen from a com~arisonof the
final columns in the two preceding summaries.
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(3) Summa~y-The market structure indicated by tabulations of over-all sales is alnlost the same as that indicated by
tabuIations of recent sales. However, the near statistical
equality of the two measures need not persist in the future.
One good statistical reason for the equality found here is that
just uncler half the total sales for both the whole interstate
supply area and the Gulf Coast were made in the recent
period. In the future, current sales sl~ould constitute a
smaIler proportion of total; and a divergence in the concentration patterns would be possible. Hence we shaIl rely
principally on the theoretically preferable tabulations in
Tables 11-5 and 11-6 in later references to market structure
of the recent past. I t is now in order to turn to an examination of the market in the more distant past, and then to
attempt to predict its future structure.

What has been happening to the structure of the field
market for gas over time? As may be inferred from the fact
that half of total sales in 1955 were under contracts negotiated during the period 1951-1955, the total time for consideration is not long in this industry. Actually, it would probably
suffice simply to examine the postwar years, since this would
cover nearly all current sales. Mowever, for purposes of comparison one prewar year has been studied in one of h e tabulations below. We shall compxe sales for the period 19461950 for the whole interstate supply area and for the GuIf
Coast sub-area with the 1951-1955 tabulations just discussed;
and we shall then look at the distribution of all Gulf Coast
sales quinquennially from 1940-1955.
(1) New Cont~actsin 1946-1950 us. New Contrncts in 1951-
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Seller

1955 Volumes
(M c.f. a t 14.65 p.s.i.1

Per Cent
of T o t d

65

Cumulative
Per Cent
of

I. Standard (Indiana)
2. Humble
3. Magnolia

4. Atlantic
6 . Gulf
6. Pure
7. Phillips
8. Superior
9. Ohio
10. Western Natural
11. Sun
12. Shell
13. La Gloria
14. Cities Service
15. Chicago Corp.
16. Texas Company
17. Sid Richardson
18. Sunray
19. Continental
520. Standard of California

Total of 20
A11 Others
Grand Total
Source: Computed from pipe Iine amlud reports to the F.P.C. (F.P.C. Form 2).

1955-Tables 11-7 and 11-8 show shares of 1955 sales made
by tile top twenty sellers under contracts from the period
1946-1950 for the entire interstate market and for the Gulf
Coast, respectively. The following summary compares shares
held by given numbers of firms in the two time periods, 19461950 and 1951-1955:
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Gulf Coast Sales to
Total Sales to
Share Held
Interstate Buyers
A11 Buyers
by Top 1946-1950 1951-1955 1946-1950 1951-1955
27%
34%
26%
20%
4
8
40
33
53
42
12
49
41
65
53
16
56
48
73
61
20
62
53
78
67

Seller

1955 Volumes
(M c.f. at 14.65 p.s.i.)

1. Humble
a. ~ u l f

Per Cent
of Total
IS. 01
7.60
6.82
6.55
6.13
4.59
4.52
3.83
3.61
52.86
2.59
2.41
2.29
2.26
1.82
1.75
1.67
1.45
1.32
1.28

Atlantic
4. Magnolia
5. Standard (Indiana)
6. Superior
7. Pure
8. Sun
9. La Gloria
10. Ohio
11. Western Natural
1%.Sunray Mid-Continent
13. Shell
14. Texas Company
15. Tidewater
16. Phillips
17. Marine Gathering
18. Continental
19. Union of California
20. Union Producing
8.

Total of 20

78.36

All Others

21.64

Grand Total

Cumulative
Per Cent
of Total

1,177,294,857

Source: Computed from pipe line annual reports to the F.P.C. (F.P.C. Form 2).
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In both the entire area and the sub-area, the percentage attributable to any number of firms is unifolmly lower in the
later period. In both there has been a distinct decrease in
concentration over time, as measured by a comparison of the
first and second halves of the postwar period.
Not only has the share of the market held by any given
nwnber of leading firms declined, the make-up of the leading
firms has changed. Close inspection of Tables 11-5 and 11-7
shows that in the interstate market as a whole, only 10 of the
20 leading sellers in the period 1951-1955 were among the
top 20 in 1946-1950. Likewise, only three of the top eight in
1951-1955 were in the top eight in 1946-1950; and only one
of the top four in 1951-1955was in the top four in 1946-1950.
A similar situation exists for the Gulf Coast (see Tables 11-4
and 11-6), where 12 of the top 20 in 1951-1955 were in the
top 20 in 1946-1950, while two of the top eight and one of
the top four in 1951-1955 were in the coi-responding group
in 1946-1950. Not only, then, has the share of the market
held by the larger sellers declined during the postwar period,
there has also been considerable movement among the
market positions of the larger companies. This indicates a
considerable degree of freedom of entry into the industry
and means that the market was actually more competitive
than is indicated by a simple examination of market shares
~vithoutreference to company names.
(2) All Coni~acts,1940-1955-An alternative approach to
examining the structure of the market over time is to tabulate sales made in various years ignoring contract dates, not
sales made in 1955 under contracts with various dates. This
was done for the years 1940, 1945, 1950, and 1955 for the
Gulf Coast, It was necessary to make manual computations;
and the labor required for such computations for the whole
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interstate supply area rendered such a task infeasible with
any reasonable expenditure of resources. However, the Gulf
Coast has moved with the whole market by the measures
used above; and it is doubtless indicative of what would be
shown if the whole market were analyzed for the four years.
Table 11-9 shows the top 20 Gulf Coast sellers to interstate
pipe lines in each of these years as indicated by their volumes of sales in t12ose years, not in 1955 as in Tables 11-6 and
11-8. Note that in the very low-volume market of 1940, when
total sales were only 3 per cent of the 1955 level, the largest
firm had 26 per cent of the total volume of sales, the same
share held by the four largest sellers in 1955. The largest firm
was three times the size of the next largest, and the whole
market was more concentrated than it is today, However, the
largest firm in 1940 was a pipe line subsidiary, Union Producing,'" which sells almost excIusively to its parent, United
Gas. As among the non-integrated producers, relative sizes
were much closer together; hence even in 1940 the market
structure was not much different among the non-integrated
producers from what it is today, even though there was one
integrated firm considerably larger than the others.
The table shows a distinct increase in concentration by
1945. This is attributable primarily to the entry into the
market of Tennessee Gas Transmission, which was organized
by Chicago Corporation, the largest seller in 1945;'O again
the large sellers were integrated with pipe lines, and most
of their output went to the parents. The volume of sales in
1945 was low, with the total amounting to only 12 per cent
of the 1955 total.
When the market began to develop in size after the war,
many non-integrated producers entered the market; and concentration began to decrease. Table 11-9 shows a marked de-
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crease in the cumulative percentages accounted for by any
given number of firms as between 1945 and 1950. The total
volume in 1950 was still relatively small, amounting to only
30 per cent of the 1955 level. A further distinct decrease in
concentration occurred as the market continued to expand
so that the top four sellers accounted for 26 per cent of sales
in 1955, as compared with 45 per cent in 1940,59 per cent in
1945, and 36 per cent in 1950.
As was the case between 1946-1950 and 1951-1955, examination of company names in Table 11-9 reveals a considerable change among the top 20 selIers. Of the top 20 in
1955, only 9 were in the top 20 in 1940,8 in 1945, and only
13 as late as 1950. The last is especially indicative of movements of positions among the leaders. With long-term contracts operating there is a cumulative effect that tends to
keep a large seller in a tabulation of sellers wliicl~ignores
contract dates, eve11 though that company may not be making
new sales at the Ioixler rate; thus Humble, for example,
stands first in total sales in 1950 and 1955, but it was third
in new contracts in the period 1951-1955. Of the top eight
sellers in 1955, four were in the top eight in 1940, five in
1945, and five in 1950, with considerable shifting of position.
Three of the -top four in 1955 were in the top four in 1940
and also in 1945 (but not the same three); and two were in
the top four in 1950.
Also significant in the changing market structure shown iu
Table 11-9 is the change in the gradation of the concentration picture. It has been pointed out that in 1940 the largest
seller was three times the size of the second. In 1945 and
1950 the largest firms were twice the size of the second and
there was a different leader in each year. However, by 1955,
the largest was only half again as large as the second; and

-

Seller

CumulnPer Cent
tive
~ J M
c.f.~ of Total Per Cent
of Total

V:i",9es

Seller
-

1. Union Producing
2. Norden and Morris

8. Sllell

4. IIumblc
6. Houston Gulf Gas
6. Fohs Oil
7. Texas Co.
8. I\', IIelis
9. W.P. Luee d a1
10. Sbndurd (Ind.)
11. Republi? Natural
12 Xln nolta
13: MiAand, Gasoline
14. Stnte Mlnernl h a s o
Commission
15. Millsups Collegc
16. J. Alexander
17. Sun
18. Gulf
19. Sugar.Field Oil
10. Superlor
Total of 20
All Others
Tot111 Gulf Coast

10,292
5,370
8,661
2,955
2,443
1,806
1,694
1,524
1,953
1,076
984
90%
790

aJ.05
8.46
6.76
8.05
3.86
9.8k
1.67
2.40
1.97
1.69
1.55
1.42
1.24

25.65
54.11
89.87
44.62
48.57
51.21
63.88
56.28
68.25
59.94
61.40
62.91
64.15

-

.

~umuls1945
Cent Pertive
(volumes
M M ~ . ~ Per
Jof Total
Cent
of Total

1. Cliicngo
2.UnionProducing
8. Stnndard (Ind.)
4. IIumhIe
5. l h h s Oil
6. Sun
7. Shell
8,Gulf
9. Nordeu and Morris
10 Re uhlic Natural
11: Miiton Oil
12. Transwestern Oil
IS. Kirby Petroleum
14 r--nntinantnl
--.
A.....--.-

46,s"
18,185
63,SO6

71.88
28.66

100.00

15. Barnsdall Oil
16. W. L. Goldston
17. Whitrnan Drilling
18. Pure
19. H.H. Smith and II.J.
Mosscr
20. Texns Gulf Producioa

All Otllers
Total Gulf Coaat

2t,OS5
7.87
905,750
100.00

Note: 1-Covers Sout11 h ~ ~ i s i d n nthe
, Texas Gulf Const (Railroad Commission Districts 2, 3, arr<l 4), und &fiesirnippi ( a
finlull part of total).
Source: Compnted from pipe line rlnnual repol t~ to the F.l'.C, (12.P.C. Form 2).

Cj
n,

TABLE

II-9 (Continu4

1960

Seller

1065

Cumula1050
Volumes Per Cent
(MM c.f.1 of Totnl of Total

4. Union Producing
6. Stnndard (Ind.)
6. Sun
7. Superior
8. SllCll
9. Sunray
10. Magnolia
11. Texas Co.
12. Stnn+rd of Calif.
IS. Amer~cnnRepublica
14. Union Sulphur
15. Union Oil of Calif.
1%. Western Nnturnl
17. Gillring
18. Sincla~r
10. Midlnud Gasoline
80. R. E. Pnir

Totnl of 20

Totnl of 40

Totnl Gulf Coost

Seller
1. fIumble
a. Stnndard (Ind.)
3. Shell
4. Union Producing
6. Gulf
6. Atlantic
7. Mngnolnt
8. Texns Co.
9. Sun
10. Chicago Corp.
11. Sunray-Mid-Contincmt
12. Pure
IS. Tidewater
11. Ohio Oil Co.
15. Union Oil of Calif.
16. Union Oil nnd Gas 01'La.
17. Ln Glor~a
18. Delhi Taylor
19. Superior
00. Std. of Calif.

1. Humble
2. Chicngo Corp.
8. Gulf

All Othcrers

CumulaV ~e.f.)~ Per
~o f ~eCent
(MM
n tea l pertive
Cent
of Total

27.85
- 206,480

741,126

100.00

A11 Othcra

1,659,078
66.00

839,089
88.40
100.00

Total Gnlf Coast 3,488,007

4

r
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5

SL
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the gradation of size down the line was gradual. This means
that it does not take three or four companies to equal the
size of the largest, as would be the case in, say, the steel industry; hence the smaller sellers are more efFective competitors for the large ones. This is not to say that there has ever
been a dominant firm in the market, since the record high of
26 per cent held by the leaders in 1940 and 1945 may well
not have been enough for effective market control. Furthermore, as has been noted, these were integrated sellers wl~icll
did not sell in the open market and which, therefore, might
have been able to exercise little influence 011 it with an even
higher share of total sales (it is not inconceivable that their
parents might not have had some degree of nlonopsony
power over the market). ,4nd there has never been any great
disparity an~ongthe sizes of non-integrated producers ranked
by size. Nonetheless, the area is certainly no less competitive
for not having one seller with a fourth of total sales; and it
is probably considerably more competitive.
(3) Summarg-The only coneIusion which can be drawn
from Tables 11-7, 8, and 9 is that concentration in the 6eld
marlcet for natural gas has decreased, and decreased substantially with the great postwar expansioil of the market.
Any suggestion that the pipe lines were forced to rely on
progressively fewer sellers in this period of market growth
will not bear statistical inquiry. The distribution of sales was
rather widespread in the earlier years, as is shown by the
1950 data; and it has become still more widespread as the
marlcet has growl at an even greater sate in the latter part
of the postwar period.

D. FUTUI~E
~ ~ A R K ESTRUCTUIIE
T
We have inquired at length into the structure of the field
market for natural gas in the recent and more distant pasts,
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with "distant past" in this rapidly growing industry not going
back very many years. What can we say of the future? While
it is not possible precisely to predict the future structure of
the industry, a good idea can be had from examining the
shares of pre-drilling exploration and of current exploratory
and developmental drilling held by the larger h s , to the
extent that data are available.

Company

Number of
Wells1

Per Cent of
Total

Cumulative Per
Cent of Total

1. Texas Company2

a. ~ u i f

3. Standard of California3

I-Iumble
Socony
Standard (IndJ4
Sun
Phillips
9. Continental
10. Ohio Oil Co.
11. Sunray
12. Skelly
13. Cities Service
14. Union of California
15. Amerada
16. Atlantic
17. Tidewater
18. Pure
4.
5.
6.
7.
8.

Total of 18
All Others
Total United States
Notes: 1- Net interest except where otherwise noted; excludes others' interests
in wells drilled by the listed companies.
2-Wells operated by this company; includes others' interests, but excludes this
company's interest in wells drilled by others.
3-Includes some wells in Western Hemisphere outside of the U. S.
4-Estimated by subtracting reported Canadian wells from reported total of U. S.
and Canada.
Source: Annual reports t o stockholders.
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Company

Number of
Mrell$

Per Cent of
Total

Cumulative Per
Cent of Total

1. Texas Company2
2. Gulf
3. Standard of Califomin3
4. Socony
5. Humble
6. Standard (Ind.)'
7. Continental
8. Phillips
9. s u n
10. Ohio Oil Co.
11. Cities Service
1%.skelly
13. Sunray
14. Amerada
15. Union of California
16. Atlantic
17. Tidewater
18. Pure

Total of 18
All Others
Total United States
Notes: 1-Net interest except where otherwise noted; excludes others' interests
in wells drilled by the listed companies.
2-Wells operated by this company; includes others' interests, but excludes this
company's interest in wells drilled by others.
.?-Includes some wells in Western Hemisphere outside of the U. S.
4-Estimated by subtracting reported Canadian xvells from reported totnl of U. S.
and Canada.
a-Approximate.
b-Estimated by subtracting reported Canadian wells from reported total.
Source: Annual reports to stockholders.

Table 11-10 is an approximation of the shares of total
drilling for oil and gas in the United States accounted for by
18 of the larger companies. The data are not precisely comparable in that some companies include a certain amount of
foreign drilling in the reported data, while the total repre-
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sents only drilling in the United States, Any error present
here should overstate the share of the total held by the larger
firms. The top four companies drilled 6.7 per cent of the
wells, in comparison with the 20 per cent of total gas sales
to interstate pipe lines currently 11eId by the top four sellers.
This should not be interpreted to mean t11at there will be a
sharp decrease ill concentration, since the larger con~panies
often have higher success rates than the smaller companies.
The reason for this is that larger compa~liestend to reply
more heavily on pre-driIling exploration, while smaller companies tend to do much of their exploration with wiIdcat
drilling; hence the smaller companies get more dry holes.
Table 11-11 shows the proportions of total successful wells
heId by the same companies (here in different order because
of varying success rates among the companies). The top
four successful drillers obtained 11.1per cent of total hits of
gas and oil. Again this does not necessarily imply a distinct
decrease in concentration, since sizes of hits vary. Fmthermore, these hits include both gas and oil wells, since company data on successful gas wells are available on only a
scattered basis. Nonetheless, it is clear from the figures that
on the basis of current drilling activity there is no indication
of a future increase in concentration in the discoveiy of gas
(or of oil).
Since a large proportion of total drilling is represented by
developmental wells, the data just discussed might possibly
only i~ldicatecurrent market structure in that they represent
for the niost part development of fields which have already
been discovered. A more appropriate measure of the future
would cover exploratory activity, both pre-drilling exploration (such as leasing and seismograph activity) and exploratory drilling. Table 11-12 shows the shares of total unde-
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Company
1. Shell
2, Humble1
3. Stanolind
4. Gulf
5. Magnolia
6. Sinckir
7. Texas Company
8. Sun Oil
9. Phillips
10. Continental
11. Sta~ldardof Ca1ifonii:b
12. Superior
13. Amerada
14. Pure Oil
15. Cities Service
16. Carter1
17. Skelly
18. Atlantic
19. Union Oil of California
20. Ohio Oil Company

Undeveloped
Acreage

Per Ceut

Cumulative
Per Cent
of Total

16,899,789
15,087,263
13,106,200
12,795,168
11,455,750
11,020,622
10,877,357
9,870,419
8,693,970
S, 642,924
8, 2S8, 960
6,670,000
5,622,650
5,519,430
5,355,610
5,318,000
4,827,000
4,410,760
4,294,000
3,603,700

5.38
4.79
4.16
4.04
3.63
3.50
3.45
3.13
2.76
2.74
2.63
2.12
1.78
1.75
1.70
1.70
1.53
1.40
1.36
1.14

5.36
10.15
14.31
16.33
21.98
55.48
28.93
32.06
34. ~2
37.56
40.19
42.31
44.09
45.84
47.64
49.24
50.77
50.17
55.63
54.07

-

Total of 20

17%,312,422

54.67

All Others

148,898,931

45.33

315,911,353

100.00

Grand Total

Note: I-Humble and Carter are both sffiliates of Standard Oil (Nem Jersey).
These companies are operated independently; however, if both were consideres
as a unit, the largest company would have 6.5 per cent of total, the four largest
00.1 per cent, the ten largest 99.3 per cent, and the 20 largest 56.4 per cent (Sunray
being next after Union).
Source: iir.tion;ll Oil Scouts & Landmen's Year Book 1955-1956, Comnpanies'
iinnual reports t o ~ t ~ ~ l i h ~ l d ~ r s .

veloped acreage held under lease in tlle United States by 20
large companies in 1956. The top four companies account for
18 per cent of total, or for 20 per cent if the shares of Humble
and Carter, both affiliates of Standard (N.J.), are combined.
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SHARESOF GULFCOASTWILDC.~T
DRILLING
ACCOUNTED
FOR BY

LEADING
DRILLERS
IN 1955
Company
1. Humble
2. Sun
3. PIacid

4.
5.
6.
7.
8.
9.
10.

Texas Co.
Shell
SincInir
Continental
Standard (Ind.)
Standard of California
Union of California

Number of
Wells'
3s
35
33
30
06
28

19
17
16
16

Per Cent of
Total
1.89
1.74
1.64
1.50
1.09
1.09
0.94
0.55
0.79
0.79

-

-

Total of 10

252

152.52

A11 Others

1,761
-

87.48

2,013

100.00

Total Gulf Coast

Cumulative Per
Cent of Total
1.89
3.63
8.07
6.77
8.06
9.15
10.09
10.94
11.73
12.52

Note: &-Net interest except where otherwise noted.
Source: Confidential.

This is a figure quite close to the current share of gas sales
held by the four largest sellers.
Table 11-13shows the shares of 1955 wildcat expIoratory
drilling held by ten of the larger conlpanies on the Gulf Coast
(nation-wide data are not available except on a scattered
basis). Here the percentage is very small indeed. The top
four companies have s e v e ~per cent ancl the ten have 13
per cent. Since, as was just noted, the larger companies tend
to substitute pre-drilling exploration for wildcat drilling, it
would be expected that they should have a smaller share of
total wildcats. This table may be compared wid1 Table 11-14
which shows the share of total seismograph crew rnonills contracted for by the twenty largest companies in 1956. The top
four companies account for 24 per cent (or for 27 per cent
if the shares of Humble and Carter are aggregated), while
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Company

Crew Months

Per Cent of
Total

Cumulative Per
Cent of Total

Texas Company
Shell
Standard of California
Standard (Ind.)
Phillips
Gulf
Humble
Magnolia
Sinclair
10. Continental
11. Carter
12. Amerada
13. Sun
14. Atlantic
15. Pure
16. Tidewater
17. Sunray
18. Standard (Ohio)
19, Skelly
00. Cities-Service
1.
2.
3.
4.
5.
6.
7.
8.
9.

Total of 20
All Others
Grand Total

-

1,629

43.91
-

6,813

100.00

Source: Company data confidential.
Total from Interstate Oil Compact Commission.

the top twenty companies have about 76 per cent. Concentration of future discoveries and the sales which will result
therefrom should lie somewhere between the distributions
of exploratory drilling and seismograph crew months,
I n conclusion, it may be said that there is clearly no reason
to expect the future structure of the production of gas and oil
to be any niore concentrated than the past. This conclusion
assumes that small firms will not engage in widespread sales
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of successful properties to large firms. This has been most
uncommon in recent years, and there is no reason to expect
such a development in the future.

The preceding tables have shown that the field market for
natural gas is characterized by the existence of a number of
alternative sources of supply. Past, present, and future we
find sales to interstate buyers distributed among a number of
sellers. In recent years, the 20 leading sellers in the whole
interstate market have just over half the total sales, while the
four leading sellers have one-fifth of total. What is the
economic significance of such a market structure?
This is distinctly not a case of competition among the few.
Indeed, in comparison with other industries concentration is
low. Recent tabulations from the 1954 Census of Manufactures show that 315 out of 426 manufacturing industries, or
74 per cent of totd, had a concentration ratio of 20 per cent
or more for the &st four firms, as measured by value of shipments,"' The comparable figure for all recent sales of gas to
interstate buyers is 19.98 per cent. Hence about three-fourths
of manufacturing industries are more concentrated than is
the field market for natural gas.
It is important to note in comparing concentration in gas
production with that in other industries that the same firms
have not always been the leaders, as is often the case in many
industries. A concentration ratio of 20 per cent for the same
four leading fims year after year indicates a less competitive
situation than a concentration ratio of 20 per cent for four
differing leaders. In the latter case, there is movement among
the leaders; hence there is clearly competitive rivalry among
them. When the concentration ratio for the top four firms is
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as low as 20 per cent, this point is not too important because
the industry is probably competitive in any event; but movement among the leaders indicates even more colnpetitive
bel~avior.
Relative to other industries, concentration is clearly low.
In absolute telms, what does the structure of the field market
for gas mean in regard to the importance of the alternative
sources of supply available to potential customers? A goodsized new pipe line has a throughput capacity of perhaps
300 million cubic feet per day, or about 110 million M c. f.
per year. Table 11-6 indicates the number of sellers 7;vllom a
particular potential buyer for this volume would have had to
approach on the Gulf Coast in recent years in order to procure this volume of gas. The largest seller could probably
have provided this amount alone, since his 1955 sales to
interstate buyers were 93 million M c. f.; and some more may
well have gone to intrastate buyers or remained uncommitted. Note that the potential buyer would not by any means
have been limited to the largest selIer as a source of supply.
Any two of the next five could doubtless have provided the
gas. Among them, the last six of the top 20 sellers sold
enough to interstate buyers for one eEcient pipe Une. And
all other sellers outside the top 20 sold enough for three large
lines. There are, then, many alternative sources of supply in
this market; and these alternatives are real. No one firm is
several times larger than the next smaller, and there are
many of sufficiently large size relative to the largest to create
significant competition for it. Under these conditions it
would be almost inconceivable that any one seller could have
any significant influence over price. Clearly, no seller in such
a market can, like a monopolist, set price lcnowing that his
custonlers can take his price or leave it,
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Not only is the degree of concentratioil low, it has decreased over time. Hence entsy into the market must be
possible. And, as a result, the lumber of alternative sources
of supply available to buyers has increased. At the same time
that prices were rising after World War 11, the market was
being shared by more and more sellers, It is, therefore, most
unlikely that pricing was monopolistic in this period. Such
indications as we can find indicate that concentration wilI
continue low in the future. There is, therefore, evely reason
to expect pricing to remain competitive.

CHAPTER 111
OTHER FACTORS PERTAINING TO THE
COMPETITIVENESS OF THE MARKET

W

E HAVE seen that the structure of the field market
for natural gas is without doubt compatible with competitive behavior. The degree of concentration is low, and
there is no single firm which is Iarge relative to the market,
Prices were shown to have risen rapidly from 1952-1955, the
period when illost of the demand increase discussed in Chapter I occurred. However, the presence of rapidly rising (or
falling) prices does not mean that conlpetition is absent from
a market. Indeed, when demand rises rapidly, price increases
are in order if new capacity is to be created. Such price increases are to be expected in competitive industries. And
some economists would doubtless say that the absence of
rising prices with increases in demand would indicate the
existence of administered monopoly pricing.
Can we, then, not conclude without fustller investigation
that the industry is conlpetitive? A competitive structure
may well be prima facie evidence of the existence of cornpetition. A competitive structure is usually a sufEcient, if not
a necessary, condition for the existence of effective, workable
competition (assuming that there is no collusion). Performance tests may be applied to industries which are highly concentrated in order to determine whether they achieve competitive results in spite of their sbucture; but it is not often
considered necessary to examine the performance of industries which have competitive structures.
Nonetheless, as was pointed out in the introduction, some
economists have denied the existence of effective competition in the field market for natural gas. Insofar as these
denials arise from a belief that this is a case of competition
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among the few, their positions will not stand statistical inquiry. However, there are peculiar circumstances which are
(or are alleged to be) present in the field market for natural
gas, circunlstances which might conceivably lead to noncompetitive prices and outputs in spite of a clearly competitive structure. The important items which have been mentioned in this connection will be discussed in this chapter:
(1) The possibility of "&ed supply";
(2) The problem of the "captive consumer" (also referred to
as "'ineIastic demand);
(3) The allegation of "soft bargaining" by pipe lines;
(4) The allegation of abnormally high rofits;
(5) The problem of indefinite pricing c auses.

P

The discovery of gas is often considered to be merely incidental to the discovery of oil. If additions to gas reselves
were in reality wholly a function of drilling for oil and were
unrelated to the price of gas, the situation would be analogous to one of "fixed supply." This is a term used by economists to describe a competitive market where price increases
bring forth no more production and where price decreases
cause no decrease in production. In such a market, price
serves its short-run function of allocating available supplies
among consumers on the basis of willingness to pay; but it
cannot serve its long-run purpose of attracting more capital
in response to an increase in demand, since by definition
there is only a limited amount of product available. In such
a market there may be something to be said for regulating
prices in order to prevent price increases which cannot lead
to capacity increases and which will only enrich suppliers
with abnormal profits. Of course, in order to keep some consumers out of the market, any such regulation would necessitate government rationing in place of the market rationing
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that would occur if price were permitted to rise.
This criticism of the gas market does not rest on an allegation that it does not have a competitive structure. Rather, it
asserts that even if all conditions for competition were
present, competition could not possibly work to attract
capital to meet increases in demand and to protect consumers against abnormal profits, as competition does where
supply is a function of the price of the product. This clearly
is a question of central importailce in any evaluation of
proposed public policies toward the gas producing industry;
hence we must examine its validity.
I n the first place, it must be enlphasized that the argument
applied to gas is a contradiction of the economic theory of
joint products. The suggestion that the price of one of a
group of joint products does not affect the offerings of that
product (and of the other products) is contrary to logic. In
a joint product industry it is the total revenue from the sale
of the products relative to the total cost 01 proclucing the
products that determines the level of activity of the industry.
Should the price of one joint product rise in response to a
change in its demand, the total profit picture will improve;
and in a competitive industry which has been in equilibrium,
expansion of iildustiy capacity will be stimulated. As in
single-product cases, the new capacity will cause a ret~zrnto
normal profits (through reactions on the prices of all products); but the revenue from any one product will certainly
affect the total effort. Where it is possible to vary the proportions of the joint products, an increase in the price of
one relative to the price of the others will stimulate increased
production of that product relative to the others. Of course,
if the product whose price has risen provides only a negligible share of the total revenue, the effect on the total will
be small; but some effect there will be.
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This a pieiori reasoning fits the actuality of natural gas. In
the period 1952-1956, the petroleum industry added just
under 6 M c. f. of gas to reselves for every barrel of crude
oil added, as is shown in the following summary:
Gnoss A ~ n m o TO
~ sT O T ~~LE S E R V E SOF CRUDEOIL AND NATURAL
GASIN TItE UNITED S ~ ~ ~ ~ S - 1 9 4 7 - l g 5 6
Period
1947-1951
1952-1956

Absolute Change
Per Cent C h ~ n g e

(000,000 bbls.)

(000,000 M c.f.)

Naturd Gns

M c.f. of Gas Per

15,366
15,821

65,650
91,266

4.2
5.9

Crude Oil

4-455
+3.0%

-

Barrel of Oil

+O-5,610
+39.0%

Source: Computed from annual reserve tabulations of the American Petroleum
Institute and the American Gas Association (1951 and 195%oil reserves mere averaged for Texas to offset the effects of an unusually high year followedby anunusually
low year).

With oil selling at 3 dollars per barrel, gas would have had
to sell for 50 cents per M c. f. if the products were to be of
equal importance in generating revenue. Actually, sales of
new gas probably averaged closer to 15 cents. Hence gas
accounted for perhaps 20 per cent of the total value of discoveries; this is less than half, but it is not a negligible part
of total. At 6 M c. f. per barrel, a 10-cent increase in gas
prices would be the equivalent of a 60-cent increase in oil
prices (or a 20 per cent increase in oil prices). Hence, even
if gas and oil were joint products which are discovered and
produced in invariant proportions, gas revenues would not
constitute an insignificant part of total revenues. It vould,
therefore, be incorrect to assert that gas prices do not affect
the supply of gas at all; and it would be highly questionable
to classify the effect as unimportant in recent years. In the
1930's, when the price of gas was 2-3 cents, the effect may
well have been nearly negligible in many areas.
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Not only does gas provide a significant part of total revenue, this is also not a case of invariant proportions. This
should be clear from the foregoing table. Note that gross
additions to crude oil reserves were up about 3 per cent in
the five year period 1952-1956 over 1947-1951, while gross
additions to gas reserves rose by 39 per cent. And this is not
a full measure of changing proportions because these gas
reserve data include oil-well gas which is associated with or
dissolved in oil. Since the supply of this type of gas is much
more closely related to the supply of oil than is the case for
non-associated (gas-well) gas, it would be expected that the
increase in non-associated reserves would be even greater.
The American Gas Association, source of the clata above,
does not publish inforination on additions to non-associated
reserves. 13owever, it does release total non-associated reserves as of the end of each year, as well as the total of all
gas reserves. While these figures cannot be used to measure
changes in gross additions over time, they call be used as the
basis of an approximation of gross additions to aon-associated reserves for the country as a whole in the period 19521956. From 1951-1956 the ratio of non-associated to total
reserves fluct~~ated
around 68-69 per cent, with 1956 between
67 and 68 per cent. In the same period, gas-well gas production as reported by the Bureau of Mines remained very close
to 67 per cent of total production (this total includes gas produced and returned to the earth in liquid conservation proSince
grams, amounting to perhaps 15per cent of the
the relationship of total non-associated reserves to the total
of all gas reserves remained rather constant around 68 per
cent and since non-associated gas accounted for a rather
constant share of production around 67 per cent, it is safe
to conclude that the share of gross additions held by non-
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associated gas from 1952-1956 was approximately the same
as the share of total reserves held by non-associated gas. (It
is something like a baseball player who has a season-long
average of ,333 and who gets 1for 3 each day.) Gross additions to gas reserves of all types were 91.3 trillion cubic feet
in the period 1952-1956 (see the table above); at 68 per cent
of total, gross additions to non-associated reselves were
about 62 trillion. A similar conlputation for earlier years
would be invalid because the ratio of gas-well production to
total was changing. Even the recent figure is only an estimate, but i t gives us some idea of the magnitude of nonassociated gross additions.
In order to provide acceptable data on changes in nonassociated reserves, Humble Oil & Refining Company has
made available its own fabulations of industry non-associated
reserves for the States of Texas and New Mexico and for the
Gulf Coast of Louisiana. Gross additions to industry nonassociated reserves in these areas, as computed by Humble,
were 47.5 trillion cubic feet from 1952-1956. In comparison
with our estimate of 62 trillion for the country as a whole,
this indicates that the areas covered provided 75 per cent of
the new non-associated reserves. Hence these areas should
be an acceptable guide to the change in total non-associated
reserves. The following summaiy shows changes in crude oil
and non-associated gas reserves for these areas in the two
periods 1947-1951 and 1952-1956. Note that the ratio in the
third column is non-associated gas to oil, not total gas to oil
as in the preceding summary.
In this area non-associated gas reserves, the type which
should be most responsive to price changes, rose 88 per cent
in the second five-year peiiod while crude oil reserves rose
only 13 per cent. It is clear from these data that proportions
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GROSSADDITIONS
TO RESERVES
O F CBUDEOIL AND NoN-A~SOCIATED
GAS IN
TE-US, NEW~ ~ E X I C OAND
,
SOUTIILOUISIANA-1947-19586

Period

Absolute Cllnnge
Per Cent Change

Crude Oil
(OOOyOOO
Bb's.)

+1,09S
+12.9%

Non-Associated M c.f. of NonGas
Associated Gas
(000,000 M c.f.) Per Barrel of Oil

+a$, 134
+87.9%

Source: Computed from data compiled by Humble Oil & Refining Company.

are variable as between oil and gas and that they have varied
over time. Furthermore, gas discoveries increased sharply in
a period when gas prices rose sharply.
The two areas for which prices were computed above,
South Louisiana and Railroad Commission District 4 (the
Louisiana and lower Texas Gulf Coasts), may be used to
illustrate the cossespondence of price increases and gross
additions to non-associated reselves in drilling areas where
gas is important. Total gross additions to non-associated
reserves in these two areas from 1952-1956 were 29.3 trillion
cubic feet, or 47 per cent of the estimated national total of
62 trillion cubic feet. Hence a substantial share of all gross
additions are covered in the two areas. Furthern1ore, they
are what might be called "gas axeas," '11 that the ratio of
non-associated gas additions to crude oil additions is higher
than average. For the country as a whole this ratio was about
4 to 1from 1952-1956 (62 trillion cubic feet divided by 15.5
million barrels). For Texas, New Mexico, and South Louisiana the preceding table showed 5 to 1in the same period.
Both South Louisiana and Southwest Texas have higher
ratios. South Louisiana, where both oil and gas are important, has a ratio of 6 to 1;Southwest Texas, where gas is very
important, has a ratio of 12 to 1. The two areas, then, have
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significant gas reserves and high gas to oil ratios; hence they
will serve as acceptable examples of regions where gas prices
can be expected to affect gas supply if they will ever affect it.
The following summary compares average prices and
gross additions to non-associated reserves in the two periods:
GASPRICESFRON NEW LONG-TERM
CONTRACTS
CONP.~RED
WITH GROSS
TO NOW-ASSOCIATED
RESERVES
IN SOUTELOUISIANA
AND
ADDITIONB
SOUTE~VEST
T~~~~-I947-1956

Period

1917-1951
1952-1956

South Louisiana

Southwest Texas

Average
Life-ofGross
&Ic.f.
Contract Addiof Gas
Price
Per
tions
(# Per (000,000 Barrel
&fc.f.) Mc.f.) o f o i l

Average
M c.f
Life-of- Gross
Contract Addi- of Gas
Price
tions
Per
($ Per (000,000 Barrel
Mc.l.) Mc.f.)
ofoil

10.6
19.7
7

8,077
15,712

-

5.8
0.3

Absolute Change f8.9
+7,635
Per Cent Change 446% '094.5%

7.5
12.5

+5.0
+67%

6,005
13,592

-

7.4
12.0

$7,587
',1!264%

Source: Prices from Tables 1-11and 1-12.
Reserves from Humble Oil Pz Refining Company.

In both of these areas there were also substantial increases in additions to oil reserves ($1per cent in South
Louisiana and 40 per cent in Southwest Texas); but the gas
increases were greater, especially in Southwest Texas. The
table shows an unquestionable correlation between increases
in gas prices and increases in gross additions to non-associated reserves. Hence it is tempting to conclude forthwith
that the price of gas is determinative of gas supply, at least
of non-associated gas supply which accounts for two-thirds
of total.
However, it is a basic proposition of elementary statistics
that correlation between Y and X does not necessarily mean
causation of Y by X. Only when there is a good a priori
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reason for anticipating causation, may it be inferred from
correlation. Here there is such a reason, viz., that when the
price of one of two joint products rises relative to the other,
production of that product will be relatively stimulated to
the extent that proportions are variable. Crude oil prices in
1956 were less than 10 per cent higher than in 1947, while
gas prices rose sharply. And the data show clearly that proportions have varied in this industry. It is doubtless no
historical accident that substantial gas price increases are
associated with substantial development of new gas reserves.
Accentuated gross additions to gas reserves have in all likelihood been the result of higher prices of gas, at least in the
case of non-associated reserves. This correlation is no coincidence.
In addition to the n priori expectation whicl~supports the
logic of a conclusion of an important causative relationship
between higher prices and increased additions to reserves, it
is possible to provide some statistical verification which
shows that there is drilling for gas and that it has fluctuated
with relative changes in the prices of oil and gas. Table 111-1
shotvs successful oil, gas, and condensate wildcats and other
exploratory wells from 1946-1956for the United States as a
whole. Gas and condensate wildcat (new field) discoveries
increased rather steadily over the period, concurrent with
the growth in total exploration. The percentage of total successful wildcat wells seems to have fluctuated on a rather
random basis around 28 per cent. The period 1951-1953was
unifol~nlylower, but this probably has little significance,
since wildcat exploratory success rates for any given type of
drilling may valy considerably from year to year by chance.
The results of wildcat exploration in terms of oil and gas can
be controlled in advance only by major shifts from "oil areas"
to "gas areas," e.g., from West Texas, wh'ere the non-associ-

TABLE
m-1
SUCCESSPEL
EXPLORATORY
DRILLING
I N TEE UNITED
STATES-1946-1955
Oil
Year

No. of
Wells

-Pcr Cent
of Total

Gas
Xo. of
Wells

Condensate

--

Per Cent
of Total

No. of
Wells

Per Cent
of Total

Gas and Condensate

--

Total

No. of
m7ells

Per Cent
of Total

No. of
Wells

Per Cent
of Totnl

97
120
135
140
181
169
185
193
263
259

29.1
30.5
27.0
28.1
30.6
24.7
05.0
24.9
29.1
28.2

333
394
501
506
592
684
741
774
902
918

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

278
377
230
282
250
285
374
500
460
610

34.6
98.2
23.9
21.3
17.6
18.6
93.6
26.5
25.5
07.9

804
984
962
1,324
1,422
1,533
1,594
1,906
1.806
2,987

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

-

I. Wildcats
1946
1947
1948
1949
1950
1951
1953
1953
1954
1955

236
274
366
364
411
515
556
581
639
659

70.9
69.5
73.0
71.9
69.4
75.3
75.0
75.1
70.9
71.8

65
96
97
86
197
109
117
131
188
176

19.5
24.4
19.4
17.0
23.2
15.9
15.8
16.9
90.8
19.2

1946
1947
1948
1949
1950
1951
1952
1953
1954
1955

526
707
730
1,042
1,172
1,048
1,220
1,400
1,346
1,577

65.4
71.8
'76.1
78.7
83.4
81.4
76.5
73.5
74.5
72.1

007
929
158
199
169
919
263
386
343
451

25.5
23.3
16.4
15.0
11.4
14.3
16.5
20.9
19.0
20.6

30
24
88
56
44
60
68
63
75
a3

9.6
6.1
7.6
11.1
7.4
8.8
9.2
8.0
8.3
9.0

II. Extensions and h'ew Poob
71
48
72
83
88
66
111
120
117
159

Source: Wells from F. 1%.Lahee, "Exploratory DriHing in 19-,"
l e l ~ nGeologists,
~
1946-56.
Percentages computed.

8.8
4.9
7.5
6.3
6.2
4.3
7.0
5.3
6.5
7.3
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ated gas to oil ratio is less than 1 to 1, to Southwest Texas,
'iv11ere it is 12 to 1; but within any area year-to-year variations will still be considerable. Hence little significance
sllould be attached to these minor variations in the proportion of total United States rank wildcats completed as gas
wells.
On the other hand, successful exploration which seeks to
extend known gas fields horizontally or to find new pools
beneath known gas fields shows a much different picture.
Such drilling is clearly primarily for gas, since the extension
of gas fields is most liltely to give gas, if it gives anything at
all. The share of total successful extension drilling which is
attributable to gas and colldensate tvells fell ofT after 1946
until 1951 and then began to rise. This relative shift it1 success away from gas and then back to gas in drilling which is
primarily either for gas or oil, as the case may be, conesponds to relative movements in oil and gas prices. After the
wartime price freeze ended, the price of oil rose sharply in
1946-1947. This made oil even more attractive relative to gas
than it had been, since the price of gas remained relatively
depressed for five more years; and there were relatively more
oil completions. In the type of exploratory drilling where
proportions of the joint products can clearly be varied, i.e.,
in exploration around existing fields known to be oil or gas,
oil field extensions were preferred. I-Ioweves, the price of
gas began to rise sharply in 1951-1952 while oil prices reinained almost constant; and thereafter there was a relative
shift in favor of gas.
It may be concluded that the price of gas does affect its
supply. The widespread assertions that gas discoveries reflect
primarily drilling for oil and are largely independent of the
price of gas are unsound.
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It has been said that competition does not work well in
this industry because consumers are captives of the gas producers once they install gas furnaces, Professor Kahn, testifying against a gas price increase, has put the same point in
a different way by stating that regulation is required because
demand is 'cinelastic."" The argument is that once a consumer
purchases a gas furnace, he is at the mercy of the producer,
since any price increases in gas will doubtless be a less formidable econonlic problem to him than would the purchase
of a new furnace. Hence he can be gouged unmercifully by
the producers.
To the extent that this is 2. political argument which asserts
that, regardless of competition, industries which are competitive should nonetl~elessbe regulated if their customers
are captives so that old customers will not have to pay higher
prices should demand increase, it is of little concern here.
We are here interested in evaluating the conlpetitiveness of
the market; and this sort of policy would be based on noneconomic coi~siclerations.However, it should be pointed out
that econonlic regulation based on non-economic considerations must be prepared to take the economic consequences.
Should price be held below the 1eveI it would attain in an 1111regulated market in order to protect "captive" consumers
against price increases when demand increases, the regulatory
agency will perforce have to ration the regulated product,
since (I) higher prices wilI not be available to discourage
those consumers who want the product least and (2) higher
prices will not be available to encourage producers to develop more capacity to produce more of the product.
Furthermore, a public policy of regulating competitive
industries when their consumers are "captives" would en-
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compass considerably more industries that1 the production
and distribution of natural gas. People who wear shoes are
captives of the shoe industry. People who eat bread are
captives of the bread industry. People who live in houses are
captives of the housing industry. The "captive consumer" is
not by any means an unusual situation; but this situation
should in itself be of no concern. What matters is whether
the industly is monopolistic. The consumer who is a captive
of the shoe industry cannot be exploited if there is competition in the shoe industry. When there are alternative sources
of supply of shoes, no one shoe manufacturer can extract
abnormal profits from the consumer; hence competition protects the "captive."
This does not mean that the shoe consumer will never
have to pay higher prices. Apart from over-all price inflation,
if the demand for shoes grows and if shoe manufacturing is
an increasing cost industry such that more capacity will
mean higher per-unit costs of production, then every shoe
consumer will have to pay more for his shoes. There is, in this
OW consumer
writer's view, no ethical reason for making the nu
bear the total cost of the increased production because he
happened to be born after the existing consumer; this is a
risk shoe wearers must take in a free economy. Likewise, it
is a risk gas consumers must take. In short, the "captive cons~~rner"
argument is largely political, not economic; and it is
surprising that econo~nistsshould give it any more respect
than the negative respect it deserves.
However, if "inelastic demand" is present and if it interferes with the operation of the otherwise competitive market,
the allegation is certainly of interest to our inquiry. (This is
the position of Professor Kahn.) As the term is most widely
used in economics, "inelastic demand would exist if an
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increase in price led to an increase in total revenue, assurning no changes in consumers' basic desires to buy the
product. A related concept is that a given percentage increase in price would lead to a smaller percentage decrease
in consumption. The textbooks tell us that demand can be
either inelastic, elastic, or of unitaiy elasticity; in the last
case relative changes in price equal relative changes in consumption. In none of these cases will competition fail to
work simply because demand is either inelastic, elastic, or
unitasy. The law of suppIy and demand will work in a competitive situation, regardless of the elasticity of the demand
curve (unless it be a strange case like that of diamonds). This
is a simple principle of economics.
Professor Kahn probably uses the term as a synonym for
"pedectly inelastic." In this case, price may be increased or
decreased without affecting consumption. In other words,
the demand curve at any given time is vertical. Even in this
situation, tl-ie law of supply and demand will usually work
and there will be an equilibrium price at the price which
equates consumers' desires to buy with suppliers' desires to
sell. Should demand increase a higher price will result, as in
other demand cases; this in turn wiII attract capital. The traditional responses will occur; and competition will work.
Only if both the supply and demand curves are vertical
and unequal, will there be a failing of competition. This
means that neither producers' offerings nor consumers'
takings are responsive to price changes. That is, if supply is
fixed and demand is perfectly inelastic, competition will not
work. Should producers have one million tons available per
year and sho~tldconsumers want two million tons regarctless
of price, price will spiral up continuously to no real economic
avail because no more can be produced. Aild this is probably
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what Professor Kahn had in mind, since he also asserted that
the price of gas does not affect its supply appreciably.'" In
the preceding section we have discussed the problem of fixed
supply; it is not present in this industry. If it were and if
demand were perfectly inelastic at some other output, Professor Kahn's point would be valid; but the tl~eoreticalpoint
simply does not apply in this industry, since supply is not
fixed.
Demand is also not perfectly inelastic, except perhaps in
the case of home heating (25 per cent of the total market).
When the temperature falls in the home, the furnace will
be used. However, even in the case of home heating, consumption of gas will doubtless vary to some extent with
price. With high costs of heating or cooling, people wear
warmer or cooler clothes in the home. If this were not the
case, all homes would have centraI heating and air conditioning; and these would be used endlessly with no consideration
of the fuel or electricity bill. This is not the way the American home operates; at least it is not the way a professor's
home operates. Industrial consumption of gas, particularly
for boiler fuel purposes, is of course highly responsive to
price changes; indeed, many electric utilities have furnaces
that can burn either oil, coal, or gas at the turn of a knob.
Which is used depends on relative prices,
In summary, if demand were perfectly inelastic and if
supply were fixed, competition would not work, However,
neither of these situations exists in this industry, Hence the
"inelastic demand" argument is inapplicable.

One of the most disturbing criticisms levied against the
competitiveness of the field market for natural gas is, curiously, not levied against the producers at all. Rather it is said
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the non-competitive results arise because the principal interstate buyers do not bargain vigorously, as do buyers in most
~narkets.~Vhis
contention is based on the fact that pipe lines
sell, at rates approved by the Federal Power Commission, to
regulated local utilities, whose gas costs are valid items in
their costs of service. These costs will in turn be allowed in
the local utility rate bases by local commissions. Hence the
pipe line can supposedly pay anything it wants for gas in the
field, thereby saving itself the trouble of bargaining with the
producers; and then "with impunity" it passes the imprudent
purchases on to its utility customers. It is usually conceded
that effective bargaining would result if the true wholesale
buyers, the distributing utilities, contacted sellers in the field.
However, what actually happens in most cases is that the
cawiet* buys the gas from the producer and resells to the
utility. The pipe line, having no direct contact with the final
market, allegedly does not care what it pays; and it passes
the unnecessarily high prices to the distributor, who does care
but can take the gas or leave it,
This contention reduces to nothing more nor less than an
allegation that the pipe lines which are not affiliated with
distributors pay a much higher price for gas than they need
pay. In other words, they are said to be imprudent buyers
who pay more than would a company operating under
honest, efficient,and economical management without benefit of regulation. This is a most serious charge against the
pipe lines. And on the surface it is not unconvincing, particularly in view of the fact that no pipe Iine has yet had a rate
increase disallowed by the Federal Power Commission because of excessive payments for gas in the field. Even so,
there are distinct weaknesses in the argument. This is not a
criticism which lends itself to extensive statistical investigation. The criticism itself is a matter of surmise; and any
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evaluation of it must also be largely surmise. Nonetheless,
some evaluation is necessary.
In the first place it must be pointed out that a number of
pipe line systems are subsidiaries of distributing companies.
Important examples are Natural Gas Pipeline-Texas Illinois,
Michigan Wisconsin-American Louisiana, United Fuel Gas,
and United Gas Pipe Line (the largest buyer of all). Reference to Table 1-6 will show that these companies account for
a good part of long-distance transmission capacity. In these
cases it is the distributor who bargains through his alter ego,
the transport subsidiary. Furthermore, other distributors
have dealt directly with producers and have used the pipe
lines only as transporters hauling gas for a bansport fee. Two
important examples of this in the interstate market are: (I)a
purchase by Manufacturers Light and Heat Company from
Champlin Refining (fornierly Chicago Corporation) 'and (2) a
purchase by Iroquois Gas from Shell (see Table 111-2 below).
Both of these sales on the Texas Gulf Coast are hauled East
by Tennessee Gas Transmission Company, a non-integrated
carrier. Wl-lile this situation is not too common in interstate
sales, it is also not beyond achievement for any distributing
utility which would prefer to do its own bargaining with
producers. Direct sales from producers to integrated pipe
lines, such as Lone Star and United Gas, or 'to final industrial
custon~ersare quite common in intrastate selling.
I t is interesting to note in this connection that the first 20cent prices paid for gas in the Southwest were negotiated in
1952 and 1953 in South Louisiana (see Table 1-11above) by
United Fuel Gas and American Louisiana, both pipe line
subsidiaries of Middle Western distributing conlpanies. Likewise, the first 12-cent prices in Southwest Texas were negotiated late in 1951 (see Table 1-12) by United Gas Pipe Line,
an integrated carrier. Late in 1952 Iroquois Gas, an Eastern
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distributor, bought gas directly in the sale mentioned above
at a starting price of 16%cents, a price not yet surpassed on
the Texas Gulf Coast. Hence it appears that the highest
prices are not unpalatable to the distributors, since they were
initiated by pipe line affiliates of distributors. Since the criticism of 'soft bargaining" because of a lack of interest in the
final market must perforce be directed against non-integrated
lines, the argument loses some of its force when it is realized
that integrated lines have led in increasing prices paid to
producers.
In the second place, it must be pointed out that most of the
non-integrated pipe lines sell important amounts of gas directly to industrial customers under non-regulated contracts.
FVhile these are sales in interstate commerce, they are not
sales for resale and are, therefore, not subject to tile jurisdiction of t l ~ eFederal Power Commission. Any revenues
garnered from such sales in excess of the costs of making the
sales is money in the pocket of the pipe lines free from
regulatoiy interference. What the non-integrated carrier pays
in the field for gas is, therefore, clearly of direct concern to
it in relation to these sales, even if not in relation to sales to
distributors.
Furtheirnore, it must be recognized that even small price
changes per M c. f, represent sums of money which are important in .total to the pipe lines. A pipe line with a capacity
of 300-million cubic feet per day which, in securing its gas
supplies, imprudently pays even one penny more per M c. f.
than it would have paid after vigorous bargaining with producers, pays one million dollars more per year, This would be
a significant sum to such a line, which might require an investment of 100 million dollars. Note that on a 100-million
dollar investment, the average permitted earnings over the
life of the line would amount to perhaps three million dollars
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per year at six per cent of the depreciated initial cost. (Current practice of the Federal Power Commission allows about
six per cent on a declining rate base.) That the Federal
Power Commission has not yet disallowed a rate increase
based on increased gas prices may only meall that it has not
yet felt such an increase to be imprudent. Should it disallow
the extra penny in this example as in~pludellt,it would in
effect disallow one-third of the maximum profit now obtainable by the line over its life. This would be disastrous to
stockholders. Note that tlle pipe line cannot even safely offer
an imprudent price before constivction on the chance that
the Commission might allow it, with the reservation that the
price will be renegotiated should the Commission disallow.
Certificates of convenience and necessity are granted with a
specific assertion by the Coml~lissionthat the granting of the
certificate does not uecessarily approve the rates to be
charged as just and reasonable. Hence the line is started
before its rates are finally approved. In short, even one penny
per M c. f. can represent a most important sum of money to a
pipe line-a sum with which it is dangerous to be imprudent,
since no Commission is required to allow imprudent expenditures in a regulated company's cost of service,
The fourth, and perhaps the most serious, criticism of the
soft-bargaining argument is that buyers possess a distinct
bargaining advantage over sellers in nearly all areas, since
the buying side of the market is nearly always more concentrated than the selling side. In some instances there is
only one important buyer; for example, El Paso Natural Gas
buys nearly all of the gas in the Pesmian Basin of West
Texas and New Mexico, This was once the rule in the fields
to such an extent that the Federal Trade Commission concluded in a study of the industry in 1940 that,
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. . more than one pipe line company rarely built gathering
lines into any certain portion of a field. This meant that t h e
well owners were absolutely subject to the will and caprice
of such company, so that as to well owners, it became a
"take it or leave it" p r o p ~ s i t i o n . ~ ~
This is not to say that pricing in the gas fields is now universally monopsonistic. Today, it is much more common to
have a number of buyers in each area, but nothing like the
wide distribution which we find among sellers. Where sellers
face a far smaller number of alternative markets than buyers
face sources of supply, it is difficult to see why buyers would
concede their bargaining advantages unless the prices they
pay are a matter of absolute indifference to them; and the
preceding discussion has shown that the price buyers pay
in the market is, at the very least, of some significance to
them.
The structure of the buying side of the market is iadicated in Table 111-2, which shows sllares of sales to interstate buyers bought by the interstate buyers operating on
the Gulf Coast for all contracts regardless of date, This table
covers the same sales shown distributed by sellers in Table
11-4 above. The following summary compares shares of the
market in this area held by the leading buyers and sellers:
Comparison of Structures of Selling and Buying
Sides of Gulf Coast Gas Market, as Measured
by All 1955 Sales to Interstate Buyers
Share Held
By To!?
Sellers
Buyers
1
9%
35%
2
16
53
3
21
62
4
26
68
6
34
80
8
42
90
10
47
98
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With this considerable disparity in the market structures on
the two sides of the market, it is difficult to believe that the
pipe line buyers would risk imprudent purchasing which
might be disallowed when the bargaining advantage stands
so heavily to the buying side.
TABLE111-0
SHAREB
OF GULFCOABT
SALESO F NATURAL
GABTO INTERBT.%TTE
BUYERS
I&LD
BY EAcII BUYER-AS MEASURED
BY 1955 VOLUPIES
OF L ~ L L
COXTRACTS
1955 Volumes

Buyer

Cumulative
Per Cent
of Total

(hl e.f. a t 14.65
p.s.i.1

1. United Gas
2. Tennessee
3. Transcontinental
4. Texas Illinois
5. Texas Eastern
6. Southern Natural
7. United FueI Gas
8. Olin Gas
9. Trunkline
10. Texas Gas Transmission
11. Iroquois Gas
12. Manufacturer's Light and Heat
13. Texas Gas Pipe Line
14. Lone Star
15. Southern Union

Total

876,565,540
498,650,078
317,412,582
185,137,287
148,904,557
144,308,147
130,009,233
112,140,305
104,885,925
97,486,957
18,250,000
11,502,033
11,108,479
5,632,600
21,291
2,482,007,114

35.32
17.67
8.70
6.65
6.00
5.81
5.%b
4.59
4.23
3.93
0.74
0.46
0.45
0.22

35.32
59.99
61 75
68.40
74.40
80.21
85. $5
89.97
94.20
98.13
98.87
99.33
99.78
10O.O(;

S
100.00

Note: X-Less than 0.005 per cent.
Source: Pipe line annual reports to the F.P.C. (F.P.C. Form 2).

In summary, it is impossible to prove quantitatively that
the soft-bargaining accusation is true or false, since it is
essentially a qualitative accusation. The accusation gains
credence from the fact that the Commission has never disallowed a field gas price as imprudent. I t loses much, if not
all, of this credence in the light of the four objections just
raised. We shall never know with certainty, since no pipe
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line wouId ever admit that it bargained softly; but there is
considerable reason to believe that pipe lines do bargain with
vigor.
I>. PROFITABILITY
OF GASPRODUCTION
As we have seen, Professor Glaeser (among others) has
hypothesized, without presenting statistical evidence, that
profits in this industry are abnormally high. We have also
seen that persistent abnormal profits are inconlpatible wit11
competition, although they serve a necessaiy purpose from
time to time. Should there be such profits in the production
of natural gas, serious questions would be raised about the
competitiveness of the industry. We must, therefore, inquire
whether profits in the recent period of rapid price increases
have reached abnormally high levels.
S h e gas is a joint product, it is inlpossible to determine
precisely the profit made on gas by the industry or by a
company, especially in the case of oil-well gas. Such a deteimination would require an allocation of the joint costs,
notably the exploration costs for gas-well gas and nearly all
of the costs for oil-well gas. All allocation of true joint costs
is arbitrary and without economic significance. True joint
costs are those not directly attributable to any one product.
Such costs will exist whether a given product is sold or disposed of as waste. These costs are a function of the over-all
level of operations and are illdependent of the relative value
of the products, the relative weight of the products, the floor
space devoted to each product, etc. Ascribing any particular
part of costs which result from the whole operation to any
one product is meaningless and accomplishes nothing.
However, as we have seen above, it is possible to vary proportions in this industry to a considerable degree. There is
actually drilling which is primarily for gas; and over-all drill-
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ing programs ia gas areas are doubtless greatly influenced by
the discovery ratio of gas to oil. Hence it might be perrnissible in attempting to evaluate the profitability of gas production under the recent price structure, to assume that we have
conducted a drilling program and achieved success only with
gas wells (including condensate). If a few of the weUs had
been oil instead of gas, the resulting revenues and costs
would be somewhat different; but we shall content ourselves
with the evaluation of an investment program which gives
us only gas. In order to approximate average industry profits
under these conditions, we shall assume average industry
success in the number of successful wells and in reserves developed per well; average industry costs of finding, drilling, and producing; and average prices-all in the recent
period in which we are interested. Costs and revenues will
be expressed as average o~~tlays
and receipts per productive
well,
In the period 1952-1956, the five years including and following the rapid price increases, the industry completed
20,941 successful gas wells (including condensate wells)." It
was estimated above that 62 trillion cubic feet of non-associated gas were added to reserves in this period. On tlie
average, then, a gas well developed about 3 billion cubic
feet of reserves (62 trillion divided by 20,941 wells). Each
gas well aIso added an average of 75 thousand barrels to
condensate reserves, At an average price of, say, 15 cents
per thousand cubic feet for new gas under long-term contracts during this period, the value of the gas in the average
well would be $450,000. At an average condensate price of
about $3 per barrel, the value of the condensate would be
$225,000. This gives a total revenue from a typical gas well
of $675,000. Typical royalties are
of total, with some
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higher; hence an average royalty might be 15 per cent. This
would mean that about 85 per cent of gross, or $574,000,
would typically be left to the operator to cover his costs, In
round numbers, then, we may say that the average gas well
will generate about $576,000 for the producer. How much
would it cost?
The 1954 Census of Mineral Industries shows an average
gas well drilling cost of $69,200 in 1954.28This figure covers
drilling and equipping of wells. To this we should add
$5,000 to $10,000 for general field investment, say $7,000.
This gives a total investment of about $76,000 in each productive well.
Allowance must also be made for exploration costs, both
dry hoIe and pre-drilling exploration costs. The latter cover
primarily geological and geophysical work and leasing. Although it is not generally recognized, such costs actually outweigh the drilling and equipment costs of productive wells,
Data on pre-drilling costs are available for 1953; and dry
hole costs are available for 1954. A prerequisite to converting
these into costs per productive well is the computation of
the average number of productive hits we might expect in a
gas drilling program.
If, as we have assumed, a given drilling program resulted
in gas with industry average success in the number of productive hits, we should expect about 11per cent success for
wildcat wells, which discover about one new field in nine
tries." For development wells, the rate of hits should be
about 80 per cent. In the period 1953-1955, the approximate
years when most 1953 pre-drilling exploration would have
resulted in drilling, the industry discovered 715 new gas
fields and drilled 12,717 gas wells, an average of 17.8 wells
per
Since one of these is the discovery well, there
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would be 16.8 productive development wells on the average
in every field. Each discovery well requires eight dry holes
(11 per cent success), and every eight development wells require two dry holes (80 per cent success). We should, therefore, expect eight wildcat and four development dry holes
for the 17.8 productive wells, or roughly two dry holes for
every three producers. This would mean an average success
rate of about 60 per cent, and it would require that every
productive well bear the cost of two-thirds of a dry hole.
The 1954 Census cited above showed an average dry hole
cost of $34,900 (per dry hole). This reflects dry holes in both
oil and gas fields and in unsuccessful territory. Gas drilling
is deeper than oil drilling by 765 feet per well according to
the Census; hence gas-wells are more expensive than oil
wells. Average dry hole costs from a (deeper) gas-drilling
program should, therefore, be somewhat higher than the
Census average for all wells. Productive gas wells at an
average cost of $69,200 were 31 per cent more expensive
than the average cost of a11 productive wells of $52,900.
Since the Census dry holes come from combined oil and gas
drilling, gas drilling might be expected to encounter dry
holes costing 31 per cent more than the average cost of all
dry holes, or about $45,000 per well. The additional $10,000
is basically attributable to the greater average depth. Since
there are two dry holes for every three producers, each productive well must recover the cost of two-thirds of a dry hole
costing $45,000, or about $30,000. Hence the dry hole cost
to be added to the productive well investment costs is
$30,000.
An industry survey in 1953 showed that total expenditures
for pre-drilling exploration in that year were $1,159
In the period 1953-1955, the approximate drilling years reflecting most of these expenditures, the industry discovered
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an average of 865 new oil and gas fields per yearA3The
total
annual expenditure of $1,159 billion in 1953 divided by average a ~ u a discoveries
l
in the period 1953-1955, gives an
average pre-drilling cost per new field discovered of
$1,340,000. We have seen that in the same period there were
17.8 productive gas wells per gas field on the average. Hence
the pre-drilling cost per productive gas well would be about
$75,000 ($1,340,000 divided by 17.8).
In summary, the average initial outlay for a gas well would
be the following:
Drilling Cost
Field Investment
Dry Hole Cost
Pre-Drilling Exploration Cost

$ 69,000

7,000
30,000
75,000

In addition to the initial outlay of $181,000, there will, of
course, be yearly operating expenses: lifting costs, overhead,
and income taxes. No industry-wide data are yet available
on lifting costs and overhead. However, it appears that a
typical cost of operating a gas well is $400-450 per month,
say $5,000 per year. Administrative overhead expenses might
typically be six per cent of revenues after royalty ($34,500 in
total). If we assume a producing period of 20 years in accordance w i d the most common long-term interstate contracts, operating costs would amount to about $155,000 exclusive of income taxes. Income taxes on such an operation
would amount to about $90,000, allowing for percentage depletion. Total operating costs over the life of the well would
be:
Lifting Costs
Overhead
Income Taxes
Total

$100,000
35,000
90,000
$225,000
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An investment of $181,000, then, produces revenue of
$575,000 before operating expenses and $350,000 after operating expenses over a period of 20 years ($575,000 less
$350,000). This gives a net gain of $163,000 and a nominal
rate of return on the initial outlay of nine per cent. This rate
of return is computed by dividing the total net gain by 20
and then dividing by half the initial outlay, including exploration costs. (It does not represent the rate of return that
would be indicated by using the accounting book investment, including primarily tangible well costs.) On a discounted cash flow basis, the rate of return would be eight
per cent. This is the true return on new investment capital
if the capital is provided out of funds not subject to income
taxation.
If the exploratory expenditures are made by a going concern from income which would otherwise be taxable at the
corporate rate of 52 per cent, the out-of-pocket cost for this
item is actually only 48 per cent of the figure of $105,000
used above. A large part of the drilling cost of productive
wells can also be expensed against other income. If such outlays are expensed against other income, the taxes on the well
in question will be higher, since taxes are reduced on other
income in the initial year but raised on this income later.
The real advantage of expensing against other income comes
in postponing the tax obligation and thereby gaining a present-value advantage in having money sooner for reinvestment. In the case of the going concern which postpones the
tax, the rate of return on the initial outlay would be 12 per
cant, as computed by the discounted cash flow method.
Does a return of 12 per cent exceed what might be considered normal profits in this industry? A full study of the
rate of return required for attracting capital to this industry
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is beyond the scope of this study. However, it would be
expected that the return for average success in drilling
should be at least in accord with that offered by other investments. In this event, above-average success wilI give
lucrative returns; and the chance of earning these higher returns wiU at least partially offset the peculiar uncertainty
associated with drilling for hydrocarbons. (This uncertainty
is that a given capital expenditure may provide no productive facilities at all if one gets nine instead of eight dry holes
out of nine wildcats.)
Some general indication of the return available elsewhere
can be had from the 1956 Fortune survey of the nation's
500 largest industrial corporations, ranked by dollar sales.
This study shows an aggregate profit after income taxes of
$11.5billion from an invested capital of $87.5 billion.33This
amounts to a rate of return of 13 per cent per year on the
average. This is a nominal rate of return and hence should
be comparable wit11 the nine per cent figure for the gas investment; however, the Fortune nominal rate of return reflects capital investments made partly in periods of lower
prices than the present. Hence it is probably somewhat
higher than is being earned on new investment, and it is the
return on new investment which is the proper measure of
alternative investment opportunities available to the potential new investor in natural gas production. Hence, the
nominal return on gas is not so much lower than the average
for a11 manufacturing as might be indicated by comparing
nine per cent with 13 per cent. In any event, it would be
dGcult to say that a true (discounted cash flow) return of
12 per cent for average success in drilling in an enterprise
as uncertain as the search for gas is abnormally high.
This is not to say that from time to time individual firms
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will not make more attractive returns than 12 per cent. The
fortunate investor who beats the odds and achieves success
substantially higher than average in the number of hits or
in the size of fields he discovers will make higher returns.
Indeed, it is doubtless this chance of high retulas which
brings most capital into the industry in view of the chance
of total loss. On the other hand, those who fail to beat the
odds will do considerably worse than 12 per cent. For the
industry as a whole, it is hard to see how any assertion of
abnormal profits can bear statistical inquiry.
Before proceeding to the discussion of indefinite pricing,
it might be noted that this discussion of costs and returns
indicates that entry into the gas producing industry is not
restricted by unusually high capital costs of creating new
productive facilities, as would be the case in many industries,
e.g., automobiles. While free entry is not an absolutely necessary condition for the existence of effective competition if
there are sufficient existing firms, it certainly helps to make
an industry more competitive. If many millions of dollars
are required for the entry of new firms, entry may well not
be easy. However, we have seen here that the average industry cost per gas well is $181,000. Hence a respectable investment program can be carried on with an outlay of only
a million dollars, and perhaps with less if one beats the industry odds on dry holes.

The widespread use in gas contracts of "indefinite pricing
cIauses," which are not to be confused with the specified
price schedules discussed earlier, is a result of the almost
equally widespread use of long-term contracts, The Federal
Power Commission has insisted on such contracts to guaran-
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tee gas consumers who install gas furnaces that there will
be gas to burn in those furnaces for 20 years. In addition,
pipe line bond holders also require about a 20-year supply
initially to assure the payment of their indentures. The initial
requirement is often 22 years, with the additional two years
serving as a safety factor. Indeed, many debentures have an
acceleration provision which wiU reduce the payment period
should a pipe line's supply fall below the number of years
left on the indenture, plus two. If, for example, after five
years of operation a line finds itself with a 10-year supply of
gas, the remainder of the debentures would have to be paid
in eight years, not in 15 years. This serves as a considerable
incentive to the pipe line to contract for a 22-year supply
when it builds its line.
While the gas producers might concede that these are
good and sufficient reasons for having 20-year contracts, they
have sold new gas in the post-war years under the shadow
of a disastrous experience with long-term contracts. In the
early 1930's there was a combination of flush production in
the Southwest and general decreased demand which led to
many life-of-leasecontracts at 2-3 cents per M c. f. (see Table
1-10 above). After a quarter century of inflation and increased demand for gas, some of these contracts are still in
force in areas where the going price for new gas is about
15 cents. It is quite conceivable that some of this gas was
sold in the past ten years at less than the cost of lifting it.
I-Iowever, a bargain is a bargain; and if the pipe line held the
seller to it, the seller lifted the gas. In many of the cases the
older pipe lines have granted some price increases, particularly when they were buying new gas in areas where other
buyers had appeared after the war. Nonetheless the experience has left its brand on producers, particularly in view of
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the common belief that there will be a -persistent long-run
tendency toward idation in the economy.
As a result of the pipe lines' need for long-term contracts
and of the producers' fear of them postwar bargaining has
led to the inclusion in the contracts of a number of "indefinite pricing provisions" designed to assure the producer that
his committed gas would be subject to any future gas price
increases, as it would if gas were sold like crude oil on a
month-to-month basis. The basic purpose of the provisions
is to put the gas producer in a position not unlike that of the
oil and gas royalty owners from whom the producer buys.
The royalty owner's oil and gas are committed for the life
of the lease, but he is protected against inflation by having
the right to take the oil in kind. In turn the producer is protected by the indefinite pricing provision. The two most
common types are:
(1)the "two-party favored nations" clause, by which the
buyer agrees to pay the seller the highest price he pays
in the future to any other seller in the area; and
(2) the "better market" clause, which
for periodic
redeterminations of prices, commonly on the basis of the
average of the three highest prices in the area (or alternatively, this clause simply calls for periodic redetermination based on the market at large, with a goor
of the specified price).

Occasionally contracts will contain other clauses, such as:
(1) a "spiral" clause which guarantees the producer a share
of any price increases received by the pipe line at the
other end of the line;
(2) a clause tying the price to some over-all price index (a
provision like the cost-of-living escalations in the General
Motors and railroad wage contract); and
(3) a "third-party favored nations" provision, by which the
buyer agrees to match the highest price paid by any
other comparable buyer in the area.

Since the last three are least important, we shall deal with
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them briefly in the beginning and then discuss the others.
The spiral clause is highly questionable, since there is no
good reason why a producer should get a price increase because a pipe line has a rate increase approved to offset, say,
a pipe line wage increase. If the purpose of the spiral clause
is to permit the producer to share in pipe line rate increases
which are caused by higher prices paid to other gas producers, then it is an (imperfect) favored nations cIause. As
s~zchit is subject to more or less the same comments as the
two-party favored nations clause, which we shall discuss
presently.
The escalations tying prices to movements of, say, the
wholesale price index seem to be a defensible device for
producers to use as a defense against inflation or for pipe
lines to use as a defense against deflation. I t is not unlikely
that this device, already accepted in labor contracts covering
mucll shorter periods, will become more common in gas contracts, particularly in those for industrial use.
The "third-party favored nations7' clause is also not too
common. It is a hybrid of the "two-party favored nations"
and the "better-market" provisions. In the former the buyer
agrees to pay the highest price he may pay anyone else; iu
the latter the b~lyeragrees to pay the average of prices paid
by others. In the third-party clause the buyer agrees to pay
the highest price paid by any one other seller. As such, this
clause is less defensible than either the two-party favored
nations or the better-market provisions, since it leaves any
buyer who uses it at the mercy of one imprudent buyer.
Should one buyer pay more than he need pay for gas, his
action will be reflected in the prices of any other buyers who
may have bargained honestly and who have used the thirdparty clause. This is the reason for the much more common
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use of a better-market provision reflecting the average of the
three top prices. The prices paid by three buyers should
represent a fair evaluation of the nzarlcet, not the random
action of one buyer-particularly since there are hardly ever
more than ten buyers in any one area.
The common indefinite pricing provisions have been subjected to vigorous criticism on two basic grounds. First, they
are said to lead to higher prices than would otherwise exist.
And second, they provide only for price increases, not decreases; and these increases are irrevocable. It is with these
two assertions that we shall be concerned in the remainder
of this section.
The fact that prices may rise under indefinite pricing
clauses is, in itself, no reason for condemning them. It has
been emphasized repeatedly here that rising prices in competitive industries serve economically useful purposes. However, if indefinite price clauses lead to higher prices than
would exist in their absence, economic criticism may well be
justified. And it is quite possible that u;ith long-term contracts in operation, a combination of favored-nations and
better-market price increases in a rising market will lead to
higher prices than would otherwise have existed on older
contracts. However, it is not clear that such increases will
lead to prices higher than would have existed had gas been
sold on a slzotf-term basis, as are most products, And this is
the relevant criterion in examining the effects of the clauses
on otherwise competitive pricing, since their very purpose is
to offset any peculiar effects of the 20-year contracts.
An example of the possible working of the clauses will
probably help in understanding how they can change the
pattern of long-term pricing. Let us assume that there are
five buyers in one area, all using both two-party favored na-

Competitiveness of the Market

115

tions and better-market clauses. Three want to sell more
gas in their markets and find it necessaiy to offer more for
gas in the field than was formerly paid in order to secure the
additional supplies. After paying higher prices for new gas,
these lines will have to raise the prices formerly paid on
their older contracts (this constitutes part of the cost of the
new supply). When t l ~ next
e
redetermination dates occur, the
other two lines will raise their prices on older contracts to
reflect the average action of the three lines which increased
their purchases, even though the other two may have bought
nothing new. Had there been no indefinite pricing clauses,
the older contracts would not have been entitled to price
increases. Hence more is apparently being paid for gas than
would have been paid in the absence of the clauses and in
the presence of long-term contracts.
0
1
1 the other hand, it is quite possible that the older contracts would have started at higher prices in the absence of
the protection against inflation which is provided by the
indefinite pricing clauses. Part, or perhaps all, of the increase might have already been in the starting p-rice had
there been no indefinite pricing, Furthermore, if gas were
sold on a short-term basis, all sellers would get more or less
the same price at a given time. Digerential pricing would not
occur in a normal day-to-day competitive market. The indefinite pricing provisions alleviate daerential pricing which
results from the use of long-term contracts and which is itself a non-competitive result of such contracts. The villain
is not so much the escalator as it is the long-term contract;
and the escalators operate in the direction of removing a
non-competitive aspect thereof.
In shoi-t, the indefinite pricing provisions promote the type
of pricing which would appear in the ordinary competitive

116

The Rice Institute Pamphlet

case insofar as they lead to uniformity. However, the fact
that prices become uniform as they would in the absence of
long-term contracts, does not necessarily mean that they become uniform at the same level as would exist in the abscence of long-term contracts. The long-term contract itself
may lead to higher or lower prices than would be set by a
competitive market operating on a day-to-day basis.
What is the effect of long-term pricing? We can only hypothesize, but it would appear that it is nearly neutral. I n
the absence of long-term contracts which commit much of
the gas, all present long-term sellers would be selling gas
from all wells every year, not once every 20 years. Of course,
the total gas reserves of the country would not be avaiIable
for sale every year, since only that part of total which can
be produced in one year without affecting total recovery
could be sold; but all gas now committed for periods longer
than one year would be salable each year at least at the
present annual rate. Hence there would be a greater volume
of gas available annually than is ~resentlythe case; and
tl~erewould be a downward pressure on prices, relative to
long-term pricing, from the selling side of the market. But
there would also be greater annual requirements, since all
buyers would be buying their total annual requirements each
year; hence there would be an upward pressure on prices,
relative to long-term pricing, from the buying side of the
market. There would be more supply and more demand; and
these two factors would tend to cancel each other, provided
that there are a number of sellers operating at a11 times so
that monopoly cannot exist. On balance, long-term pricing
should not be unlike short-term pricing, at least insofar as
initially specified prices are concerned.
The indefinite pricing provisions are designed to approxi-
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mate future spot market prices; and since no such device can
be perfect, there will doubtless be some deviations from
what would have happened in a short-tern~market. However, there is no reason to believe that the deviations will
necessarily be of any great magnitude if the language of the
clauses is carefully drawn. The tendency toward price unifoimity created by the indefinite pricing clauses is, therefore, not only in the direction of competitive pricing because it tends to make pricing uniform; it should also achieve
more or less coinpetitive price levels, unless there should be
considerable defects in the wording of the clauses.
While the allegation of necessarily higher prices than
would otherwise exist is of questionable validity, the criticisin that the clauses are one-way streets is valid because
there a m defects in the wording of many clauses, Speciscally, an indefinite pricing provision might lead to non-competitive results if spot inarket prices should fall in the
f u t ~ e . ~ T example,
or
the three highest prices in force in an
area might average 15 cents at the beginning of a redetermination period. However, if spot prices had fallen to 10 cents
after t11e higher prices were negotiated, a better-market
clause based on the average of the top three prices would
force the buyer to pay 15 cents to sellers on old gas when
new gas was available in the market at 10 cents. Similarly, a
favored nations increase is usually inevocable once it has
been granted under the terms of the contract; even if the
spot price should fall thereafter, the increase will stand.
If spot prices rise above the negotiated level, there is much
to be said for granting at least part of the increase to existing
contracts; but if producers are to receive price increases
when spot prices move above contract-specified prices, they
should not expect to keep the higher prices if spot prices
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move down again. Following the market price back down
would be required if the indefinite pricing provision are to
approximate the market. This is not to say that the clauses
should be reversible to the extent of carrying the price below the initially specsed level. There must be a contract
floor. If there were no floor and if producers' gas is committed for 20 years, producers would be at the mercy of the
buyers once their gas has been ii-revocably committed. All
buyers would then have a vely great incentive to pay lower
and lower spot prices, thereby driving down the cost of their
committed gas; and the producers, bound by contract to deliver, would have no recourse. Such a situation would not
only be unjust to the producer, it would also be economically unsound in that it would almost certainly lead to prices
much lower than those which would occur in a competitive
market, with a resultant artificial stin~ulationof consumption
and restriction of the development of new capacity.
I n fairness to the producers and pipe lines on this question
of contract language, it must be admitted that the criticism
is sornewl~atacademic, in that probably 110 one has seriously
expected gas prices to fall in the future (barring regulation
which might drive down all prices). Howevel; a decline is
always possible. And some contracts, drawn to allow for all
possibilities, contain escape clauses which meet the criticism. For example, redete~minationmay be allowed for, but
it is not binding. Should, as in the example above, the pipe
line believe that the spot price is actually less than a redeteimined price, it may decline to pay the increase. In this
event the producer has the option of selling the gas elsewhere. If he cannot find a higher price than the existing
taker is willing to pay, he has no incentive to shift. If the
seller can find a higher price, the existing buyer should be
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willing to match it, since he will doubtless have to pay a
similar price for replacement gas. In no event would the
buyer be forced to increase the contract plice if tile actual
spot price had not risen. (A variant of this clause bases the
redeternlined price OD bona fidc offers which the seller can
get for the gas.) Note that these clauses clo not mean that the
pipe line is sacrificing its long-term supply. It will only give
up the gas if replacement gas is available elsewhere for a
lower price or if it is unwilling to pay the going market price.
As a matter of fact it will probably not give up the gas at all,
since the market is sufficiently competitive that there would
doubtless be no incentive for the seIler to shift his saIes unless the buyer is unwilling to pay the going price, in which
event the buyer should lose its supply to other buyers whose
customers want the gas more acutely.
These potential defects in indefinite pricing clauses are,
then, not inherent and unavoidable. They can be eliminated
by the use of appropriately worded escape clauses, clauses
which do not release t l ~ eseller fronl his obligation to sell
uilless the buyer refuses to pay him the spot price at which
the buyer would have to replace the committed gas. Since
gas prices have fallen only inte~mittentlyand by small
amounts since the war, no mischief has yet been done by the
clauses; but mischief might be done \vhere appropriate escape clauses are not provided should prices fall in the future.
In summary, the vigorous criticisms of the effect of indefinite pricing provisions have, in this writer's view, been much
more vigorous than the subject matter desewes-unless we
are willing to accept an essentially non-competitive criterion
for evaluating pricing, viz., unchanging prices over long
periods of time for committed gas even though the spot
market price may change. The indefinite pricing provisions
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are, in principle, a logical outgrowth of the use of 20-year
contracts. Such contracts probably do not distort the level
of prices quoted in the schedules specified at the time 01sale;
and carefully worded indefinite pricing provisions should
allow for future fluctuations above the initially specified
prices. It is not possible to permit fluctuations below this
level, since there would be no consideration for long-term
coinmitment of gas.
I t should be noted in regard to the price Boor that longtern1 contracts might some day lead to partial non-competitive pricing if future spot prices should fall below recent
initially specified levels. In this event, old contracts would
continue to get higher prices whereas short-term pricing
would give lower prices on all sales. Fortunately this would
not encourage undue expansion of capacity since the price
on all new sales would be lower. This potential extra payment on old contracts is unavoidable so long as the 20-year
contract is used; it is perhaps not an undue compensation to
the producer for 20-year commitment of reserves, particularly in a situation of increasing demand where sharp price
declines are unlikely.

CONCLUSION
It has been shown that the field market for natural gas is
one of low concentration. No one firm is large relative to the
market; and none is considerably larger than its competitors.
In the whole interstate market from 1951-1955, the largest
seller provided 7 per cent of gas sold under new contracts,
the largest four sellers provided 20 per cent, and the largest
20 provided 53 per cent. The leading firms change from
time to time. Concentration has decreased since World War
11. And the future market will probably be widely distributed among the various sellers.
Entiy into this market is not difficult. Average initial costs
per productive well are about $181,000. The existing large
films have a higher success rate in terms of the number of
productive wells drilled per total well drilled; but the larger
firms tend to spend more on pre-drilling exploration and less
on dry holes than do the smaller films. Furthermore, it is the
size of hits that matters most; and skilled pre-drilling exploration can do little to increase the chances of finding
larger deposits, since it primarily improves the chance of
finding productive structures without regard to the reserves
in those structures. Ease of entry has been shown directly in
the changing names and positions of the leading sellers in
the concentration tables for different time periods.
While it is not possible to compute precisely the rate of
return on one of a group of joint products, it is possible to
determine the profitability of an average drilling program
which gives only gas. On the average in recent years, the
rate of return on such an endeavor would have been about
12 per cent for a going concern, not an excessive profit in a
risky industry.
Prices increased rapidly in the market in the space of a
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few years, beginning late in 1951. However, consumption
aIso increased rapidly. And rising or falling prices, in themselves, do not indicate the absence of competition. There is
even some feeling that stable prices in the face of increasecl
consumption are evidence of monopolistic administered pricing. Nonetheless, prices doubled in a short period; and this
may be a sufficient reason for investigating a market of low
concentration somewhat more closely than would usually be
necessary before concluding that there is effective competition.
The contentions that neither supply nor denland is responsive to price changes are invalid. Particularly important
in this respect is the recent increase in reserves of non-associated gas in areas where gas is important. This increase has
been relatively greater than the corresponding price increase.
Soft bargaining by pipe lines would constitute a significant
interference with competitive pricing if such bargaining existed. Although it is impossible to determine quantitatively
whether pipe lines do or do not bargain with vigor, there
are a number of factors which make it difficult to believe
that they do not: (1)a number of pipe line buyers are subsidiaries of distributing utilities; (2) non-integrated pipe lines
deal directly in the ultimate market in some unregulated
selling; (3) small field price increases are important to pipe
lines relative to their over-all profits; and (4) the buying sidc
of the market is more concentrated than the selling side,
with a concomitant bargaining advantage to pipe lines.
The long-term contract has probably not as yet distorted
specified prices to any significant extent from the Ievels that
would have been achieved under short-tern1 competitive
selling, There are two relatively uncomlnon types of indefinite pricing clauses, the spiral and third-party favored nation, which could lead to non-competitive pricing in the
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event of pipe line wage increases or imprudent purchasing
by one buyer. This has not happened yet, but it might if
these provisions are left in force. The common indefinite
pricing provisions, the two-party favored nations and the
better-market clauses, are defensible devices vvllen spot
prices are rising; indeed they tend to mininlize non-competitive differential pricing. On the other hand the clauses could
create non-competitive p~icingif spot prices should fall in
the future. This is largely a defect in contract language, and
it could be corrected by inore widespread adoption of the
escape clauses now used in some contracts. The only inevitable portion of a long-term contract which might lead to noncompetitive pricing is the necessary price floor provided by
the specified price schedule; and this would occur only in a
period of falling spot prices. Should spot prices fall below
the specified price, the long-term contract would have protected old sellers; whereas under short-term selIing their
prices would also have fallen. This is perhaps not an undue
price to pay for insuring a 20-year supply, particularly in
view of the small chances that spot prices will fall.
On balance, the only no~i-competitiveelements found in
the market are those associated with long-term contracts.
Even these would not apply for the most part unless there
should be a significant decline in spot prices in the future.
In the absence of a factual demonstration of widespread soft
bargaining by non-integrated pipe lines, say by intensive
examination of the records of contract negotiations, this
writer can only conclude that there has been effective conlpetition in the field market for gas in recent years. There is
now no reason to expect anything else in the future unless
spot prices should fall sharply. In this event, sales under old
contracts might be at higher prices than would be the case
with short-term pricing.
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