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PREFACE

This study is an outigrowth of early experiences of the writer. He spent
his youth in the San Luis Valley in southern Colorado where the only fuels
commonly used were wood and coal. He became acquainted with natural gas upon
being employed as a chemist by the Gramps Refining Company, Alamosa, Colorado,
in 1941, The comparative advantages of natural gas as an industrial fuel were
immediately apparent. Later in Oklahoma, the convenience of natural gas as a
household fuel made a further impression and kindled a growing desire to know
the true significance of this source of energy which was accepted so casuvally
by native Oklahomans. The desire was stimulated by the growing realization
that Oklahoma needs to develop her industries in order to create a well balanced
economy.

This research problem was attempted in the hope of determining the true
importance of natural gas to Oklahoma and of Oklahoma's natural gas to others.
Oklahoma's industry, however, is so related to and affected by production in
other southwestern states that a reliable analysis must consider alsc these
other produeing areas.

What are the present and potential uses of natural gas? How great and
dependable are the reserves? What are the problems of exploration, production,
distribution, and consumption? This study will attempt to analyze these prob-
lems, but above all, it will seek to determine the best uses of this great
power resource for the development of the state of Oklahoma and the advance-
ment of the welfare of Oklahomans.

Certain related aspects that are influential upon but not a component part
of the natural gas industry have been omitted. No attempt is made to discuss

technologic methods in detail, as they are beyond the scope of this study. The
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public utility rules and regulations are an entity outside the industry and
are regarded only through their limiting effect on the magnitude and the funce
tions of the natural gas industry. The scope of the consuming branch of the
industry was limited to the general types of consumers, as beyond this point
the study becomes one of marketing and public utility functions which were
regarded as & separate field of study., Labor is given only brief mention as
the Oklahoma natural gas industry employed only 420 full-time workers in dry
gas production in 1940 and 1941. The petroleum industry had more than 15,000
workers during this same period but it was impossible to separate the labor
responsible for the production of wet gas from that which was producing
petroleun,

The writer wishes to express his indebtedness to R. W. Boyd, Manager,

Tide Water Associated Oil Company; Ruel S. Harris, Manager, Gas Department,
Shell 0il Company; Robert P. Reid, Accountant, Phillips Petroleum Company;
Prof. Leonard F. Sheerar, Director, Division of State and Industrial Planning,
Oklahoma Planning and Resources Board; Ray L. Six, Associate Professor of
Geology, Oklahoma A, and M. College; Elmer E., Capshaw, Gas Engineer, Oklahoma
Corporation Commission; The Honorable Robert S. Kerr, United States Senator
from Oklehoma; and to the Library Staff of Oklahoma A. and M. College for
their aid in this study,

Particular thanks are due Professor Robert C. Fite who ably assisted the
writer in this study, to Doctor Edward E. Keso for his aid in the final arrange=
ment of the thesis, and to Professor George S. Corfield for his guidance in the
use of source materials.

The writer especially acknowledges the encouragement and patient assistance

given by his wife, Jaclyn Louise Hyde, who aided in typing and correcting the

nanuseript.
Emmett J. Hyde
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IHTRODUCTICH

Hatural gas has riéen in the last fifty years from a nuisance frequently
associabted with oil discovery to an industry that turns the wheels of fortune
and vibratos the halls of CGongress. Enormous quantitiss of natural gas that
once wag f{lered over the laundscape Ls now harnsssed by Iindustry %o produce
hesat, light, and powsr and pour new wealth into the coffers of Oklahoma and
other states of the Southwest.l The industry's distribubtion system etches
the landscape with pipe lines from Bew York to California. Even the local
citizen, who grew up among wildecabts, gushers, and boom towns, sometimes does
not know that those lines are part of & billion dollar industry. In spite of
the paramcunt imporbance of nabural gas, its production, conservabion, and
ubtilization bas been ignored too frequently in preference for the simpler and

more lucrative production of petroleuwn.

Organization of the Study

The various functions of the natural gas industry logically fall into a
well defined pattern. The first function, that of production, must actually
exist before the industry can become an entity. The activities of exploration,
aeoquisition of drilling rights and the actual drilling operations beecoms com=
plimentary factors of production.

Production must be developed before transmission facilities can be provideds

yet the exbreme fluidity of natural gas renders it most difficult to transport.

lhe "Southwest," as defined for this paper, includes the states of Texas,
louisiana, Oklahoma, Kansas, and New lMexico. Geographic terminology sometimes
includes the states of Colorade asd Arkansas, ovut their producktion of nsbural
gas iz so limited Lhat tholr influence on this study is nelisgible,.
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The only means bhat has been devised %o bransport natural gas economically
is through ezxpensive high-pressure pipe linss.

Tho potentiaml conswiing markets for anatursl gas have no signifiecance
aatil production has been developed. These areas become actual markets after
they have been commected with production by adequste pipe line facilities.

The ultimete velue of the complimentary functions--production, btranspor-
tation, and consumption-~depends on the stability of this source of energy.
Proven reserves assure the market of a fixed deliverable quantity of nabural
gas over a definite period of time. It seems logical to evaluate the natural
gas industry through careful consideration of the four subdivisions: produc-

tion, transportation, conswaption, and reserves.

Source iHaterials

Special attention is directed to the pioneering work by Elmer E. Capshaw,
Gas Engineer for the Oklahome Corporation Commission. IMr. Capshaw prepared

Exhibit No. 146, Hatural Gas invastigation, for a specisl report presented to

the TFedseral Power Coummission. The work consists of a geologic report on the
production and reserves of twelve pools having reserves in excess of twenty
billion cubic feet of natural gas in 1945. This work has been drawn on
heavily for basic materials in the analysis of Oklahoma's natural gas industry,
Wore recout data have been drawn from & variety of sources to supplement ir.
Capshew's report and to aid in a more complete analysis of the industry.
Personal interviews and correspondence with men assoeciated with the prob=-
lems of natural gas provided much information of the more elusory nature.
Sources of data most helpful among government publications were the documents
of the Federal Power Commission and the Depertment of Interior. The primary

state documents were the publications by tihs QOklahoms Flanning and fesources



Board. Trade journals of the petroleunm iandustry are numercus aand carry

information of the most recent nature about the natural ges industry.

Hature gg.ﬁatural Gas

Haturel gas, a gaseous hydrocarbou mixture, is composed primarily of
mathane and ethane and contains othor paseous substances in warying guantities
end qualitles. The origin, smount or extent is not kmouwn. It is recovered
from subsurfacs sbrate either in &vrelaxively pure state or in assgcciation
with petroleum,

& typleal analysis'of Oklahoma's natural zas is 86 per cont methane,

10 per cent ethane and the remeinder mede up of such gases as hydrogen, carbon
dioxide-aﬂd.oxygen.z Varying asmounbs of propane and bubane may be present

and are removed in the form of ligquified petroleun gas which is referred to

in the industry as LPG., Pentane, Hexane, and heptane are removed, if preseant,

in the form of "natural®™ or "ecasinghead" gasoline. Nitrogen and carbon dioxids
are not removed, but if the gas has a resultant low B.t.u. because of an excess
nf these constituents, it is not used in transmission linss.

Hatural gas is classified as "dry," "lean,"

or "wet" accordiug to the
gquanbity of nabural gasoline present. Gas contalning less than one-tenth
gallon of gusoline vapors per thousand cubic feet is "dry" gas. "Lean" gas
¢ontaiuns from one-tenth to three-tenths gallon per thousand cubic feet, "iet™
gas contains more than thres-tentis gallon of gaseline vapors per thousand

cubic fset. et gas flows from an oil well and is collected at the mouth of

the well as “"casinghead" gas.® This gas may be treated to remove the liquid

Y1tineral Resources 1946, Oklahome Plamning and Resources Board, p. 23.

SHenry A. Ley (ed.), Geology of Natural Gae (1935), pp..1074-76.




fractions known as casinghead or natural gasoline and the remaining is known
as "residue" gas.

The amount of hydrogen sulfide present determines whether or not the
gas is "sweet" or "sour." "Sour" gas is differentiated from "sweet" gas
because it contains more than ten grains of hydrogen sulfide per thousand
cubic feet of natural gas., "Sour" gas is seldom used in its raw state, except
by the carbon black industry, because of its corrosive and lethal qualities,
Removal of the hydrogen sulfide may cost as much as three cents per thousand
cubic feet. The carbon black industry uses this gas in its raw form and
consumes much of the "sowr" gas production,

When gas was found in early oil wells, the driller regarded the discovery
with the same disparity that existed whenever the well was a "dry hole." The
majority of early operators could not market the gas and generally allowed
the well to flow freely in the hope that it would "drill itself in," as
petroleum sometimes followed the unchecked flow of natural gas. This waste
of gas was tremendous and reduced the energy available to force petroleum
from the well. Great care is used in modern fields to maintain a high gas
pressure if possible. Through proration and unitization, the production of
gas or oil is carefully controlled by regulatory bodies or by agreement among
a majority of the operators.?

Gas rights are sometimes divided unegqually among a number of people. The
share of the proceeds from production, or the "royalty," is divided among the
holders of the mineral rights in proportion to the share of the producing area

held by each owner.

4, discussion of this phase of the natural gas industry is given in Nelson
Lee Smith and Harrington Wimberly, United States Federal Power Commission Docket
G-580, Natural Gas Investigation Report (1948), pp. 66-79.
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The natural gas industry of the United States is largely confined to the
Southwest. This area produces most of the gas, consumes more than half of
the production and provides most of the natural gas in interstate commerce.
Texas is the larpest stabe in all three funsctions. Of the twelve largest
zas fislds haviag more than &0 per cent of the reserves in the United States,
nine are in.Texas. Louisiane, (klahoma, Kansas, and Californis are alsgo
notable preducers, consumners and, excluding Califorpia, exporters of natural
gas,

Oklehoma's major natural gas region is in Texas County. Much of the gas
produced here is exported to midwestern markets. Other major fields are
located in the central and south-central portion of the state where they are
primarily utilized in the production of petroleum with some residue gases
being markeoted, These pools represent potential powsr within ap area of
undeveloped industrial resocurces.

The NWemeha Ridge divides the stabe inbo the older producing area to the
east and the relatively untapped area known as the Anadarko Basin to the west
(Fig,‘s, page 94). Recent amctivity in the Flk City field has strengthened
the belief, that with increased depth of drilling, this area is one of the
mejor potentlal regions from which added suppliesiof natural gas are possible,

The development of this regivin is based on the phenomenal improvements
in the technoleogy of the natural gas industry. Oklahoma was the Pfirst southe
western state to become & leader in natural gas production in ths United

States. This industry is surpassed in value only by petroleum among Oklehoma's

mingral products.
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CHAPTER II
TAE AISIOWY OF KATURAL GAS

A knowledge of some of the events causing revolutionary changes in
fuel consumpbion in the United States is necessary to understand the problems
of the nﬁtural gas iandustry. The evolution has been from the extremely simple
to the oxceedingly complex. Even our leading statesmen camnot agree in the
halls of government as to how it shall be best utilized in the service of
mankind.

Ancient peoples knew of natural gas but were Lrightened by its weird,
illesmelling properties when it iIssued from the earth. It was not unnatural
when they eithor svoided it entirely or accepted it as a gift from whataever
gods they knew and regarded it with reverence.! One such adaption of These
gas seeps was made by the Fire Torshipers of ancient Persia. This religion
was revived in Biblical times by the Magl who were Zoarastrian priests and
agtrologers as early as 1,000 B. €. The elaborate ritual centered about the
"eternal fire" that burned near the great templs at Baku on the shores of ths
Caspian Sea.®

Hany students of the ancient Greeks agree that the "mephytie vepors”
inhaled by scothsayerc were natural gas "seeps.” The vapors, then as now,
produced unconsciousness and the visions whieh followed werse thought to be
of divine oripin.

The Chinese were the [irst entrepreneurs of natural gas. Iﬁ their quest

for salt brine they drilled holes deep in tho earth, some bslieved to be in

lg, g, Hagee, "The History of Gas,” Bradstreset's, LXVI (July 21, 1928), p. 433;‘

Brrn <y 5T k2 o S “n L '3 _ 1~ . . 5 »
“iax We Ball, This iaseinating Cil Business {1940}, p. 317,




sxcess of one thousand feet deepf The method used the same principle of
lifting a heavy rod and dropping it to ¢ruch the rock deep underground, that
is known-tcday as the cable tool drilling rig. Hatural gas issued from some
of these wells. The Chinese also developed the firat natural gas pipe line
by leading gas through bazboo tubes to their salt pans where it was burned to
haster the evaporation of the water, The Japanese had salt welle ns early’
as 615 4.D., but the gas found was nat.uscd.

The city of Genoa, Italy, was one of the Pirst recorded places in western
Zurope to use natural gas. The city had lights in 1802 froz nstural gss
brougkt fror wells and "seeps® at Amiano on the Taro, in Parma.’

The odors of sour natural gas are somevhat reminiscent of sulfur, Religious
persons, inhaling nmatural gas, logically deduced these unnatural emanations were
from hell and surrounded the progress of the industry with superstition and

sorcery for cenluries. Any person sttenpling to use and control natural gas

[

was plainly a diseiple of the devil,

Early dmerican History

The early coloniste of this country made many references ito naturel gss
among their writinge but considered it a phenomenon without earthly use. The
French Jeguit Prieets in their travels in the Ohio Valley reported burning
plllars of fire that were probably burning natural gas seeps.q A tract of

land in vYest Virginia which had natural gaes entering its eprings was dediceted

3imynard . Stephens ard Oscar F. Spencer, Matural Gee Engineering (11I,
2d ed., 1948), pp. 1-2.

) ] .
“C. C. Brown, "Hatural Gas,” Gas Are Record, IV (Janvary 5, 1929), cited

in Maynard ¥. Jtephens and Decar F. Spercer, Natural Gas Engineering (III, 24
ed., 1948), p. 3.




as a Hational Park by Gsorge Vashingbon in 17757

The modern phese of the natural gas industry begsn in 1821, about forty
miles from Buffalo, Wew Yérk, at the lithle farm village of Fredonia. Humerous
stories have arisen from the lspgendary discovery of nabural gas in this country.
HMost of them agree that small boys cast burning branches into Canadaway Creek
near Fredonis only Yo have it burst into flame. Most of the local citizens
were awed by this unnatural phenomenon and avoided the creek. One pionser,
needing & water supply, set about digging in the creck bottom Vo divert some
of the sbream. His efforts were rewarded by large bubbles coming from the
channel he was digging., The ploneer decided his need of water was not so
groat and departed hastily.

A gansmith, William Arron Hert, hear&‘of the peculiar bubbles. e made
2 strong drill and proceeded to dig into the shale bottom of the cresk. After
sticking & bit in the shale, he moved to a nsarby site and drilled the first
of meny dry holes. Ir. Hart then moved again and struck America's first naturel
gas woll=-at a depth of 17 feet. He drilled for ten more feet aud inserted a
lead pipe long enough to sxbtend 2B feelt out of the well into a deviee thsaib
demonstrates Americen ingenuity at its best. The device comsisted of a pit in
s501l¢ reck filled with water, and upon which floated 2 sguars sheet-iron tank
of some 1200 gallons capacity. Gas from the well was piped into the tank which
was open at the bottom, and as gas was withdrawn, the tank settled into the
watar measuring the remaining guantity of gas. A three-quarter inch lead pipe
was installed to the village located a few hundred feet away.

The first consumer of natural gas was a tavern. The tavern had a burner

SLouis Stotz and Alexander Jamison, History of the Gas Industry (1533),
pe 69.




with five jets that gave as much light as ten candles. Burning of natural

gas probably was recelved with comparable awe to that of the atomic explosions
soma 124 years later. The popularity of Fredonia's "catasbrophic lights" drew
hundreds of stage~coach tourists to behold and marvel., dJust as the taverus
128 years later wers forced to add television to meet the competition of their
competitors, the shops opposite the Abel House, whers Amerieca's first natural
gas was utilized in & commercial endeavor, had to add gas lights., Curiously
encugh, the thirty-six clear gas lights each cost legs than half the price

of a candle.®

William Tompkins took & page from Chinese history by beconing the first
industrial user in the United States when he evaporated salt water by natural
gas haat.?

Colonel Drakets well at Titusville, Pennsylvania,in 1889, stimulated the
natural gas industry by turning the efforts of Ametricans toward perfecting
better methods and equipment for drilling wells. Much natural gas in Pennsyle
vania and Ohio was reported at anm early date to have been used to fire boilers,
or light and heat houses.

Several factories al Brile, Pennsylvania, were using natural gas from a
nearby well in 1860. The superiority of natural gas as a fuel was scon recoge
nlzod. Many other factories over the sastern part of the United States adapted
its use wherever cleanliness end careful heat control was necessary to & manue
facturing process. The slow appreciation wes suddenly replaced by enthusiasm

and there was a rush of capital into the industry; large sums of money were

SCharles orrow Wilson, 0il Across the World (1948), pp. 27=30.

7. lioody Thompson and Wendell H. Smith, Public Utility Economics (194l),
Pe. 18.




invested in gas bverritory, gas mells, and pipe lines.® The gas industry
failed to develop as a cognizant part of the petroleum indusbry until the
latter part of the Winetsenth Century.

Pennsylvenia, Tost Virginis, Indiana, and Chio produced 94 per cent of
the value of natural gas in 1903, Indiana's production had declined from
the previous year wﬁile the others had increased. The United States' prow~
duction in 1503 was 89,3 per cent of the entire world's total production with
the remsinder produced in Caanasda. Gas production in that year was estimated
to be sguivalent Yo almost 12 million tons of bituminous coal.

There were 65327,047 domsstic consumers and 7,222 manufacturers using heat,
light, and povwer from natural gas in 1908. Almost 4.5 million people were
believed to bo benefited from this new fual.9

The Appalachian area still lead in production in inO‘ Gver seventy
million dollars worth of gas was producsd in that year.{ The ranking states
were West Virginie, Pennsylvania, Kasnsas, Chio, and Oklshoma. The mide
continent gas industry became united by the influence of sastern management
and eapital by 1912,

There was an excess supply of natural gas developed in the United States
until 1233, This problem was not one for the producer, as he had alweys done
hig job too well, but one of transportation for the transmission lines werc
even &t this late date far bohind the need to serve America.

Barly Transmission.--The carly gas wells were hendled for the most part

by unskilled men., Men in search of oil have allowod untold billions of cubic

. H. Oliphant, HMineral Regources of the United States {1902}, p. 631.

9r. H. Oliphant, Mineral Hesources of the United States (1903), p. 71S.
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feet of natural gas to escape in the hope that oil would follow. Had there
been even an elementary knowledge of the engineering principles involved in
the trensmission of natural gas, the history of this industry would undoubtedly
be another story. An early contractor attempted to furnish a gas light for

a lighthouse but failed because he could not get the gas to flow down hill
from the well to the beach, as he had no means of applying pressure.

Early pipes were made from choice pine logs, turned and bored to proper
size inside and out. One such log system was recently removed at Marietta,
Ohio, after seventy-three years of service. The first attempt at a long-
distance metal conduit was & 2-inch line from a well five miles from Titus-
ville, Pennsylvania, in 1872.10 A ceramics industry in Bast Liverpool, Ohio,
installed gas burners in 1873 using similar lines from nearby fields. The
Etna Iron Works of Etna, Pennaylvenia, laid a 6-inch pipe for seventeen miles
from the Butler County fields in 1876. Over 3356 miles of pipe line were
owned by one company in Pittsburgh as early as 1884. One year later, ninety-
one mills and factories in Pittsburgh were using natural gal.n

George Westinghouse organized the Equitable Gas Company of Pittsburgh
about this time. By 1890, his company had a 36-inch line extending from
twenty-one miles south of the city. The problem of obtaining large diameter
pipe soon became acute, as cast iron pipe was not practical for high pressures,
énd sorew-joint pipe was limited to much smaller diameters. A coupling joint

was soon perfected and marketed which is still being used. The construction

of the first 36-inch line was from one-quarter inch steel plates riveted together

like a boiler. Compressor stations evolved about this time and the industry

lomouplon and Smith, op. eit., pp. 18-19,

nstophcna and Spencer, op. eit., pp. 7-8.



began to extend ibself.

Use For illumination, although popular, is nobt & great consumer of
natural gms. The preatest development was in the industrial fileld. Industries
needed Mrge smounts of natural gas in relatively short periods of time. As a
result, many short wroughi iron lines, of less then 8-inch diameter and carrying
pressures under 80 pounds per square inch, were constructed. Commercialization
of natural gas remained focused on the Appalachian area, but fields in Indiana
and Illinois were developing rapidly.

The Indiana Natural Gas and 0il Company laid two parallel 8-inch pipe
lines from wells near Greentown, Indiane, to Chicago, in 1891. Thess 120«
mile lines were made from wrought iron with screw couplings. Booster stations
were not used but a compression station a% the source provided an initial
pressure cf 524 pounds per squarse inch. This high-pressure transmission line
marked @ new era for nabtural gas.lz

Barly Heasuring Systems.--The common opinion of early natural £6.8 users

was that the resource was inexhaustable. Such an idea lead to the belief that
since it was produced at litile coét, it should be mede available at low
prices. It was not measured in most cases because meters had not been
perfected,

The early methods of charging for gas were a flat rate per dwelling, or
by the more scientific means of considering the number of fires per dwelling,
The gquantity consumed was of small consequence. Most of the natural gas was
used for illumination and did not consume large quantities per gas burner.

The one hundred stroet lights at Fredonia, Hew York, in 1825 were limited %o

12y, Lloyd Wilson, James M. Herring and Holand B. Eutsler, Publie
Utility Industries (19236}, p. 71.




about eighty-eight cubic fest in twelve hours as this was the maximum dellveruble
quantity by the gasometer., The rate for these street lights was $180 per lignt
per year.lg The standard rate of many early gas companies was $l2 per gquarter
for small burners and $18 for larpe ones. % The fallacy of this practice
wWas spon recognized by the larger companles. Efforts were begun to devise a
systom to meter nalural gas by volume mesasure. The meter used for manufactured
gas in England was brought %o this ecountry but wes nob too saetisfectory. An
efficlent netural gas meler was not developed until 1888, Heny mebthods of
passing the cost of mebters on to the consumer soon sppeared. Soms companies
rented the meters, others sold them, and still others charged & percentage of
the fittings and meter cost to the consumer.

Industriel consumers paid the same rate as domestic consumers., This
did not emcourage new industry and held back industrial adaption of natural
gas for a tims. 4 sliding scale was later developed to al low industry to use
natural gas at a more reascnable rate. The small compenies continued to
charge & flabt rate until about 18¢6 when the meter was adepted throughout the
Eest. The lag by thess companies created a problem for the government recorders,
since statistics were collected, on one hand, on the basis of volume measure-
ment end on the other by the value of the product or the estimated value of &

comparable quantity of coal or wood,+%

Shift to the West.-~The leading stato in tho production of natural gas

prior to 1909 was Peansylvania, From 1909 to 1624, West Virginie was the major

producer. In 1924, the Mid-West became the leader as the oil-soaked stats of

145totz and Janisonm, op. cit., p. 16.

15 o 3 23
0. 799 We T. Griswold, Mineral Resources of the United States, Part II {1905),
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Oklahone reigned supreme. Her reign was the shortest of any of the states,
for by 1930 her massive nelghbor to the south, Texas, claimed the crown(and
has rebained thst position to the present time.l6

The first oil well by Colonel Dreke at Titusville, Pennsylvania, in
1859 caused a drilling "rush" that produced many new oil and gas wells. The
eguipment was rapidly revised, and the improvement of drilling techniques
added to the discoveries. Natural gas was used at thig early date for indup~
trial and domestle purposes in Pennsylvania and nearby Ohio. Several factories
had used local supplies of naturzl gas in EBrie, Pennsylvania, as early as
1860,

Hew York operators drilled a well for oil four years laber near West
Bloomfield, Hew York. It took two years to drill 480 feet and they were
unlucky enough to strike & large gas flow. They allowad the well to produce
at an estimated 200,000 cubic feet per dey in the hopeo that it would "drill
itself 1into oil."17 The project was abandoned after a time and the well was
left flowing without regard to the waste incurred. Five years later a gas
company was organized to use the gas. It construeted a twenty-five mile line
to Rochester, Hew York, out of Cansdian white pine. An estimated twenty-five
acres of timber were ﬁsed to form the line. The project failed when the high
presgures cracked the logs and reduced the transportable gas pressures to less

than one pound per square inch. The loss was ostimated at $l,500,000.18

Y hompson and Smith, op. cit., p. 19

17Ear1y drillers found some gas wells would produce oil after a time if

the gas were allowed to flow freely. The early term for this was "driliing
itself into oil.”

lgstephens and Spencer, op. cib., pp. 6=7,
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A curious parallel to the Fredonia discovery located "bthe Gas Belt" of
Indisna in 1885, Ten miles north of Yuneie, Indiana, on the Uississinews
River, & rallroad bridge was under counstruction. Thenr the abudment was dug,
the odor of natural gos was notiesd. A nine-hundred fool well brought in a
larze smount of natural gas and the rush was on. Reserves covered an area of
seven thousand square miles. The gas was squandered. Manufacturers were
offered frec gas. Poor methods of production and distribution wasted millions
of cubic fest. Public opinion rebelled when newspapers suggested the gas
should be metered to prevent waste. By 1807, the reserves were so depleted
that the people returned to the use of manufactured gas.l9

Natural gas came to the West in 1873 when tho Acres Mineral Well at Iola,
Fansas, came in. The gas was used for illumination and the water from the
well was used in a sanibarium which wae constructed nearby these medicinal
wetors. The Paola district was discovered nine years later. This gas was
used to illuminate the town of Paola. Rapidly thereafter, fields were brought
in near Coffeeville, Cherryville, and Independance, Kansas. Zinc smelters ot
Cherryville established natural gas as & permanent industry in 1898.20 The
Kansas Natural Gas Company was the first important western natursl pas trans-
portation compeny., It constructed & 16-inch line Ffrom the 4llen, Nevsho, and
Wilson fields to Kaunsas City, and another 16-inch line to the Joplin, Missouri,
area from the Montgomery field. A number of cement and brick factories were

built near locsl supplies of natural gas. Ransas supplies soon declined and

the developed markets werc forced to search elsewhere for supplies of natural

st0t; ana Jamisen, op. cit., pp. 81-82,

201, C. Snider, 0il and Gas in the Mid-Continent Fields {1920}, PP. 2822283,




cas by 1809,%%

Texas, GCelifornia, and Loulisiana 21l began production ebout 1900. Texas
has & small strike at Nacogdoches in 1887, but Spindletop, near Bsaumont in
1901, was the first large strike of both oil end gas. The Jennings field in
Louisiana, shortly after Spindletop, was the beginning of much activity in
that stabe. The Coalinge field of California was opened in 1896 and became
the first major strike on the west coast although naturel gas had been gathered

from artesian water neoar Stockbon since 1864.22

Tigtory of Ckldhoma's Natural Gas Industry

HBatural gas grew up with Oklahoma, in fact, the industry was well estab=
lished long before Indian Territory and Oklshoma Territory were united to
become a state in 1907. The industry has been overshadowed by petroleum but
has svolved until ite value was $42,340,000 in 1943 as compered to $148,000,000
for petroleum.zs Few Oklehomaans realize the importance of this mineral which
has long been rogarded as a "poor relation" of petroleun. Barly growbth of the
industry in Oklehoma was based on cheap natural gas. Lead and zinc smelters
and glass planbs were able to compete with the rest of the nation due to lowm
cost fuel available in quantity. BEBarly industrial centers were Collinsville

and Bartlesville. Sand Springs and Henryetta followed soon after, Glass is

manufactured now in Okmulgee, Henryebts, Sand Springs, and Sapulpa. Thess

Clgtotz and Jamison, op. cit., pp. 82-34,

225 pthur Rohmen, "Outlook for Natural Gas Industry in California," Public
litilities Fortuightly, XLV {(February 16, 1£50), p. 213, —

23 ineral Resources 1946, Oklahoma Planning and Resources Board, pp. 22=-
6.



are roferred to by the local Chambers of Commerce as the glass centers of
Oklahoma. The natural gasoline industry also developed in Oklahoms and by
1939 claimed three of the largest manufacturers of that product in the United
States, 2%
The first sign of natural gas ia Indian territory appearsd in 1902, A few
wells at Red Fork in the Creek Nabion produced a small smount of gas that was
used for domestiec purposes.25 Humerous wells were drilled during the following
year, Pawhuske wes using netural gas by 1904, At Lawton, the gas from an
esarlier well was used as boiler fuel to drill & new well. HNewkirk, Kay County,
had an oil well failure dus to striking gas.26 Torches from the gas wsre
burned for seme time in the streets for light, but the well finally made
water and was lost, Further expansion at Red Fork had allowed some gas to
be used for general fuel pnrposes.27
Early in 1903, Colonel J. . Guffey and John Galey, formerly of Pennsyl-
vania, laid & 2-inch line from a well in the Osage Hation to & brick plant in
the small village of Tulsa., They added a Z-inch, then a 3-inch line into the
town to meet demands of foﬁr hundred customers in 190565. This line was sold

for $1,250,000 shortly thereafter.28 The value of natural gas produced and

24prank B. Long, "Hatural Ges ia Oklshoma," Gas Age, LXINIIX (4pril 27,
19%9), p. 33.

25y, d. Oliphant, op. cit., (1902), p. 264,

26Early drillers regarded natural gas as a valueless and very dangerocus
substance. A well striking gas was usually abandoned if oil did not appear
soon after inception of the gas.

27p. H. Oliphant, op. cit., (1903), p. 738.

28J0$@ph Bowes and F. ¥W. Peters, "History; Financial Structure; iWanagement;

gklahoma Hatural CGas Company; Case Study,” Gas Age, LEXXIV (December 21, 1939},
7. 22
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sold in Oklshoms and Indian territories was $360 in 1902 and $1,000 in 190329

The southern part of the state commenced production when the Wheeler
pool in northern Carter County was developed by the Santa Fe Railroad Company
in 1904. This pool was used as & source of natural gas three years later for
Ardmore., A great many small pools have been found nearby since then, Some
of the more famous are the Cruce pool and the Loco pool in Stephens County,
and the Fox pool in northern Carter cetmty.m

Twenty-four of the forty-five gas wells in the Indian and the Oklahoma
territories in 1904 were being utilized., Many large wells were found that
year, On January 1, 1903, there were only two gas wells on the Osage Reserve-
tion but by the end of 1904 there were thirty. The gas provided power for
operating the wells and for continued drilling,

Domestic fuel was delivered to consumers in Tulsa, Bartlesville, Ochelata,
Pawhuska, and Red Fork. Romona was piped for gas that year. Two brick plants
and a glass factory were built at Red Fork, to use the cheap fuel, 1

Some large gas wells were developed in Oklahoma and the Indian territory
in 1906 but due to the lack of a market they were shut in, Several pipe lines
were constructed to draw on these wells, Most of the gas was delivered to
domestic consumers at a flat rate, as meters were not being used. The cities

supplied with natural gas in 1906 were Cleveland, Claremore, Inole, Collinsville,

vzi%ono Hill, Mineral Resources of the United States, Part II (1903),
P .

504 complete discussion of the gas pools between and south of the Arbuckle
and Wichita mountains of Oklahoma to 1932 is given in Geology of Natural Gas
edited by Henry A. Ley, pp. 575-603. 2R

n:lr. H. Oliphant, Mineral Resources of the United States, Part II (1904),
Pe ‘
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Qologan, Gotebo, Okmulgee, Blackwell, and Wagoner.sz The despest producing
gas well in Uklahoma at this time was a 2,100 foot well in the Osage Natlon
which produced gas at pressures up to 620 pounds per square inch.

Bighty-seven of the 315 producing gas wells in 1907 were shut down due
to a lack of o market. Some of the wells could produce as much as 40,000,000
cubic feet daily.

Over 11,000 domestic consumers were being supplied with gas valued &t
slightly less than {250,000 in 1907, 4 flat rate was still being charged.
Oklahome. City and Ardmore began usiag natural gas in that year. Oklahoma's
statehood wes barely a month old when Oklahoma City celebrated the arrival of
natural gas into thabcity with gay festivities on Dacember 28, 1907.33 Giant
gas flares were lighted at the four corners of the city to add to the gaity.34
Gas used for industrial purposes was valued et {162,892 in 1907. liost of this
gas was used in ice, electric, brick, and power plants. Fieid use (the use of
ges in the field for production purposes) was also & large consumer of gas. A
large zine works started operations in Bartlesville in that year.35 The walue
of natural gas was begianing to be realiged about this time.36
Industrial consumers used most of the gas produced in Oklahoma in 1908,

The price varied from 1.5 cents to 15 cents per thousand cubic feet. The

industries using the gas were smelters, cement works, brick plants, and field

3236116 Hill, HMineral Resources of the United States, Part IT (1906), p. 783.

93Bowes and Peters, loec. cit,

S4anufacturers Becord, ({IV (September, 1945), p. 85,

%Belle Hill, iMineral Resources of the United States, Part II (1807), p. 342.

56The Daily Oklahoman, (October 23, 1949), p. 10.
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operations., Domestic use doubled during 1908, but due to the lack of markets
about 25 per cent of the 374 wells were shut in., The constitutionality of a
state law prohibiting exportation of Oklahoma gas to other states was being
questioned by the United States Supreme Court, 57 Operators were in favor of
this action for their product had become a drug on the market.

The rise of Oklshoma was more rapid in 1908 than any other state. The
Caney Well, drilled in the Cherokee Nation in 1806, across the state line
from Caney, Kansas, had become one of the greatest producers ever completed.
With the removal of the law prohibiting exportation of gas from the state,

a small quantity was moving across the borcior.ss A 16-~inch line was under
construction by the Quapaw Gas Company from Washington County, Oklahoma, to
Joplin, Missouri, to supply the demands of the smelters located there. Kansas
smelters were also trying to get Oklahoma gas.

Over & million dollars worth of gas was consumed in 1909 by industrial
consumers at an average pice of 4.9 cents per thousand cubic feet. This was
almost double the consumption of the previous year. 0il field operators were
the largest consumers, followed by zinc smelters, cement, and brick plants.
Domestic consumers were paying up to forty-seven cents per thousand cubic
feet. The large gas districts of Oklahoma were the Hogshooter, the Collins-
ville, and the Copan. The Hogshooter was the largest gas pool at this tina.sg
It supplied smelters at Bartlesville and cement plants at Dewey.

The repeal of the exportation law opened new markets for gas. Large

quantities were piped from Oklahoma to Kansas to supply domestic consumers,

57Belle Hill, Mineral Resources of the United States, Part II (1908), p. 338,

S zggﬂbb? Hill, Minersl Resources of the United States, Part II (1909),

¥1hid., p. 290.
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zinc smelters, and cement plants. Other lines exported large quantities to
the Joplin area where it was used domestically and in the mines and mills.
Even with this expansion, many wells capable of producing millions of cubie
feet per day were shut in, 40

Oklahoma's first carbon black plant was built in Coalton in 1911l. Several
natural gasoline plants were built to use the wet gas from the wells that had
been shut in., Zinc smelters and cement plants bought §169,000 worth of gas
and brick plants used 357.500."1

The rise in the price of crude oil gave impetus to drilling in 1912,
The Cushing pool in Creek County opened several very large gas wells. Local
demands for gas were increasing, thus decreasing the exports to Kansas and
Missouri, There were thirteen natural gasoline plants and the demand for
their product was growing rnpidly."'z They were located in Creek, Nowata,
Muskogee, and Washington Counties. The Glenn pool in Creek County was especially
rich in natural gasoline.

In 1913, steps were taken to eliminate the terrific waste of natural gas.
The United States Bureau of Mines sent two men to Oklahoma to demonstrate a
new method of drilling aimed at preventing waste. Oklahoma operators were
indifferent and expressed views that it might prove expensive to adapt the

new mthod.“ Two wells were drilled which would have wasted over 20,000,000

Wps11e Hill, Mineral Resources of the United States, Part II (1810), p. 318.

mrmﬁd T. Day, Mineral Resources of the United States, Part II (1911),
Pe .

4250110 Hill, Mineral Resources of the United States, Part II (1912),
pp. 331-350. G=d

45ge1le Hill, Mineral Resources of the United States, Part II (1913),
Pp. 1443-1444. o
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cubic feet of gas daily using the old drilling method but the new procedure
prevented the loss of any appreciable gquantity of gas. The wells were filled
with mud under pressure and the pores of the rock were sealed off as the
drill penetrated them. Many new wells were successfully drilled into the gas
cap of the Cushing field, using the new process where previously, under
similar conditions, it had been impossible to keep the tools in the hole.

The Cushing field expanded its yield so that by 1916 it was producing the
major portion of the natural gas in Oklahoma.

By 1920, the supply of natural gas was not sufficient to supply the
demand during the winter. The Home Development Company brought in the first
well in the Guymon-Hugoton field in Texas County in 1922.“' Little immediate
development followed in this portion of the Anadarko Basin due to its geo-
graphic isolation in respect to markets. This field was not considered a
competitor to the natural gas pools in eastern Oklahoma because the gas
transmission lines from that area would be a major undertaking for a large
company (Fig. 2, page 87).

No major fields in eastern Oklahoma were found from 1919 to 1921 to
bolster the supply in spite of an intensified search for gas. Gasoline plants
were constructed to provide added supplies of residue gn."s Many towns were
added to the transmission lines and extensions were constructed to new areas.
Oklahoma became the largest producer of natural gas in 1924 end held this
position until 1929 when Texas took the lead,

The supply situation became reversed by 1929 and 1930. The Seminole

field and the Oklshoma City field came in while the Crescent and Edmond field

“Jouph A. Kornfeld, Natural Gas Economics (1949), p. 148,

“R. S. McBride and L. G. Sievers, Mineral Kesources of the United States,
Part II (1921), p. 343, i
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followed shortly thereafter.46 Gasoline plants provided en excess of residue
gas for sale in that area.

Tulsa had to rely on distant sources for natural gas by the late 1530's.
Fields serving this area were the Seminocle, Quinton, South Stroud, and Edmond.

Gas was brought from as far away as the Cement field during cold waves. A

One
of the largest dry gas wells ever tested in the history of the natural gas
industry was completed in the Cement field (deep) in 1938, It produced over
224,400,000 oubic feet daily at open 1'101.4'8

Construction of high-pressure transmission lines from the Guymon-Hugoton
field was underway by this time. Wells were being drilled there in the effort
to produce large reserves of natural gas. As has been the case of natural
gas during most of its history, the production phase of the industry must be

developed before facilities are construocted to market the gas.

46rong, op. cit., p. 34.

47Robert W. Ducker, "Gasways Keep Pace: Transmission and Distribution;

Oklahoma Natural Gas Company; Case Study," Gas Age, LXXXIV (December 21, 1939),
p. 32.

‘Bl..ong. op. eit., p. 62.
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CHAPTER III
THE PRODUCTION OF NATURAL GAS

The production of natural gas includes all the activities incident to
the exploration and location of gas lands, the drilling of wells, the ex~-
traction of rew gas from the well, and the preparation of this raw gas for
transmission in very high-pressure conduits.

The geologist does not search for natural gas, but for a structural
trap within the earth in an area believed to contain oil or gas. The de-
duction that such a condition exists is communicated to the leasing depart-
ment of the gas company. The leasing department gains control of the mineral
rights of the area believed to have petroleum and natural gas. Control of as
large a portion of the pool as possible is usually attempted to prevent com-
petitors from entering the field and capturing fluid hydrocarbons through
migration to wells on the outside leases.

Problems related to competition between integrated companies and primary
production companies are very real. An integrated company may produce &
portion of its natural gas, buy the rest and transport it through transmission
lines to the market where it is sold. A profit is derived from all of these
functions. A primary producer derives a profit from the sale of natural gas.
The two are entities and create a need for separate governmental regulation
of them,

A well is dug, usually by a contractor, for either of the companies. The
improvement in technology has increased the depth and the cost per well., With
an increase in depth, gaseous hydrocarbons are found to be more prevalent. The
gases are very fluid and move into a well as long as there is a lower pressure

at the vent than in tne well. As the natural gas issues from the well it is
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separated from other fluids and solids, and the gas is sent to the market,

The natural gas industry was somewhat localized until large reserves
were proven to exist in small areas. Gas reserves were suddenly regarded as
a potential supply of energy and the quest for this substance acquired a new
incentive. These reserves are located in the Southwest where more than 75
per cent of the production in 1949 was located. New outlets are needed as &
vast over-development has occurred in these fields,

Oklahome was the third largest producer of natural gas after Texas and
lLouisiana in 1949, The companies are large and centered in the Guymon-Hugoton
field., Natural gas has contributed more than $66,000,000 to the economy of
the state, If this major contribution is to continue, a healthy industry

must exist to absorb the inherent risk of drilling for natural gas.

The Exploration and Location of Gas Lands

There are three general methods of locating a supply of natural gas. If
sufficient "risk" capital may be obtained, a well may be drilled even without
& rational purpose in the selection of a particular site. A second method is
the encountering of natural gas in the quest for petroleum. The most recent
addition to the modes of exploration is the scientific effort enjoined in the
search for a formation that will produce natural gas. Many scientific instru-
ments are used to locate these structural traps. No effort is spared to utilize
scientific method in order to eliminate the risk as much as possible,

Limitations.--Alderfer and Michl place four limitations on the

production
of petroleum that could be applied equally to natural gu.l

1
B. B. Alderf g
PP. 234-35. er and H. E. Michl, Economics of American Industry (1942),
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1. The process of natural replacement of natural gas is not significant
enough to alter the limited supply of this resource availsble in the earth
at the present time.

2, The amount of natural gas is not known., The supply is calculated
for the country, individual fields, and even individual wells, but these
estimates of the experts are to be regarded as the best evaluation obtainable
for the amount of natural gas in any one of the three above-mentioned areas,

3. HNatural gas is an extremely mobile substance, The direction and
extent of movement depends on the nature of the formation, the pressure ap-
plied through petroleum and water deposits, and other circumstances. These
limitations upon scientific production create an element of chance that cane
not be ignored.

4, Natural gas is subject to the "law of capture.” Originally the
ownership of land in this country also encompassed the rights to oil and gas.
By capturing a large amount of gas through the production of this resource, a
portion of the quantity underlying the producing strata outside of his sphere
of ownership would migrate into the well where it could be produced. Various
social complications have arisen from this practice.

Art of Discovery.--The prospector must be equipped with a firm foundation

of the characteristics of petroleum, with its manner of formation, accumula-
tion and migration, its associations and occurrence in nature, and be able to
apply this knowledge in the field to the location of new deposits. This
ultimately required a combination of technical and practical ability plus
the power to reason and deduce facts which must often be based on very un-
certain evidence. At best the prospector may only estimate with all the ine
formation obtainable that it may or may not be feasible to attempt a well.

The location of the well is a coritical operation, since although a stratigraphie



trap may be deduced the local conditions are generally not known before
drilling., Even though the prospector has estimated each possibility and has
found & structure suitable for trapping petroleum through his exhaustive
solentific methods, the well may not prove productive and provides one of the
inherent risks of petroleum o:plontion.z

Leasing of Gas Lands.--After the geologic departments have located a

possible gas trap, the land department must secure the right to drill in the
area. This is the acquisition of the right to enter a definitely desoribed
parcel of land, for a determined period, to prospect for and to reduce to
possession, and remove and market natural gu.s These gas rights are acquired
for a consideration by contract with the owner or owners of the mineral rights
to the land or by purchase of the mineral rights. The contract with the owner
is such that an ammual rental will be paid until the well is started, or pro-
ducing well is completed, in addition to a primary payment commonly called the
"bonus" The option to resume rentel payments if the well does not produce
rests with the operator, who by failing to meet the contract stipulations,
surrenders his rights to the area,

When gas is found in sufficient amounts to be produced, a portion of the
production, usually one-eighth of the field price for the gas or a certain
amount per thousand feet withdrawn from the well, is paid to the owner and is

commonly called the "royalty."® A lease generally specifies a "delay rental"

2Lester Charles Uren, Petroleum Production Engineering (I, 3d ed., 1946),
p. 5l.

Ssamuel S. Wyer, "Principles of Natural Gas Leasehold Valuation," Trans-
actions of ;%_o!_ American Institute of Mining and Metallurgical Engineering, LVI
» P. -

“Honry A, Ley (ed.), Geology of Natural Gas (1936), p. 1104.
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peyable periodically until such time as the operator completes a well on the
lease or until a well is started.’

Control of Gas Lands by Leasing,--Production activities of integrated

natural gas concerns have expanded to include operations in as many as eight
states. Some large companies have held ges titles to eight million acres or
more of lands, of which more than 850,000 acres are producing gas from as
many as 9,600 wells. A large portion of the unproved leaseholds are lands

on which a concern expects to discover gas in the future as it exhausts its
present proved and produecing gas lands. Some unproved leaseholds are obtained
with the intention of preventing competing companies from gaining access to

the field. Only a small part of the unproved leasehold is expected to be
pz'cdu.m‘lil."'o.8

Divided Rights Within the Field.--When the surface rights are divided

above & gas field, one of the operators may drill into the highest portion
of the sand where gas naturally concentrates and remove the bulk of the gas
before the other tracts are drilled. This creates pandemonium in the field
since gas is extremely fluid and will migrate from areas outside the penetrated
strata into the new well. When drilling wells adjacent to producing properties
there is a greater possibility of encountering gas from the same fomtion.'r
More wells are ultimately drilled than would be necessary to economically
produce all of the available gas from the formation. This increass in capital
expenditure may be avoided through unitization of & field. When a field is

unitized, the operators produce their proportionate share of the gas and will

SJohn C. Diehl, Natural Gas Handbook (1927), p. 18,

SLey, op. eit., p. 1106.
"piehl, op. eit., p. 19.
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drill as few wells as possible to produce this gas. Offset wells are drilled
to regain as much of the gas as possible before the older well draws gas from
the unproducing areas. It is a common practice in the petroleum business to
develop the exterior of your leased area first before the center is "brought
under the bit."

The Problem g_g‘. the Structure of the Producing Company.--Some of the

operators have different intents and purposes in production from a field. An
operator that is a producer of natural gas for sale to pipeline companies will
not have as long & view of the rate of production as those companies having
an integrated structure. These integrated companies will not gain all of
their profits from the production of the gas and will not be as favorable to-
ward flush production as the primary producer. On the other hand the primary
producer of natural gas must maintain a larger reserve of capital to cushion
the shock of a possible depression when gas utilization decreases and sales
to integrated pipe line decrease because the integrated companies produce
their own supplies of gas insofar as it is possible. This situation compares
to the large automobile manufacturer’'s tapered integration policy, in regard
to the method used to obtain a portion of their materials from other producers
when conditions are unusually good, but utilize their own source exclusively
when the need is not greater than the amount they can produce in their own
plants.

In 1927, John Diehl said that no legal and satisfactory way had been
found to enable operators of adjoining properties to pool their interests and
to overcome uneconomic over-drilling of the gas field, so that large potential

reserve fields have been drained through ult-intereat.a About this same time,

Spienl, loc. oit.



Oklahoma pioneered in the field of state control by introducing "proration"

to coordinate production. Oklahoma has been a leader in this field since

that time. Some of the significant accomplishments by the state have resulted
from the efforts of United States Senator Robert 3. Kerr. In his message to
the legislature on January 2, 1945 (He was then Governor of Oklahoma), he
urged the adoption of secondary recovery legislation which would allow the
Oklahoma Corporation Commission to unitize all or a portion of an area if
additional quantities of oil and gas could be economically produced by a
unitizetion program. Action was to be based upon a petition filed by the
owners of leases covering at least 650 per cent of the area. Small "get rich
quick" operators objected strenuously, but Oklahoma would gein large quantities
of petroleum which otherwise would be lost by the old methods of production,
House Bill No. 339 became law in 1945 and has demonstrated the recognition

by the State Government of the social value of eonurn.tion.9

The Production 2£ Gas Lands

Drilling follows the right to drill. Most wells are drilled by contractors,
but a few of the larger companies have their own drilling departments. The

companies engaged in primary production usually have drillers to maintain their

own wells. 10

Drilling the Well.--There are two basic types of oil and gas well drilling

oquipmt.n The churn drilling methods utilize the striking force of a large

heavy bit as it drops several feet against the bottom of the well. The hydraulie

Blakely M. Murphy (ed.), Conservation of 0il and Gas (1949), pp. 398-99.

10Fred w. Heisler, Natural Gas (1537), p. 54.

MUpor a detailed disoussion of the basic types of drilling equipment the

reader is referred to Lester Charles Uren, op. cit., Chapter IV, "Drilling
Equipment and Methods: General Features."
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rotary system uses a porbion of the welght of the drill column to abrade the
rock by rotating a drill bit.

The churn drilling method is used especially where the rocks arc olastic
or wnen entering 8 low-pressure producing formation.

The rotary method is used where very hipgh pressures are encountered in
the producing formation and in wells where the sides of the hole have & ten=-
dency to cave into the recess. A luid under high pressure is circulated
through the hollow drill stem to counbrol formation pressures, cocl the bit,
remove the chipped rock by carrying it to the surface outside the drill
column, and serves & number of other purposes.

The well progresses rapidly upon "spudding in" but usually decreases the
daily footage of pipe with depth. Some exceptions to this may result from
the inherent differences in the subsurface straba. Water formations encountercd
. . 12
are carefully sealed off to preovent the interchange of fluids between strata,
Upon sncountering a gaseous formeition, the cuasing is either equipped with a
screened or slotted sttachuent or is perforated by means of a gun te allow

the gas to enter the pipe.

Production Costs.~--Production costs will vary from well to well due %o

the complex factors involved. Topography, eclimabts, geogrsphic location in
respect to transpertation, and obher physicel elements become important through
their limitations on site choiece. Costs usually increase with the depth of the

well. This factor is becoming eritieal by determining the minimum size of the

12xatural gas, petroleum, salt water or fresh water in undergrownd strata
must be contained in the formation in which they oeccur to prevent pollution or
contamination of other fluids. Fresh water will drown & gas or pstroleum for-
metion and salt wabter will ruin ertesian wabter if an inferchange of fluids is
allowed between the strata in a well,
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company that can search for gas. The costs of drilling are such that usually
the larger concerns are the ones thabt can afford the luxury of "wildeabting”
in search of new reserves. Increased costs are slso incurred in the higher
costs of casing, packers, and surfece attachments, to withstand the extrome
pressures. A modern rotary rig is quite expensive; and as e result, the type
of equipment becomes a factor in the cost of a well.

The 420 persons employed by the dry gas industry In 1541 is not & true
manifestation of the number of workers. Of the 15,740 workers in the petroleun
industry, & large number of workers within the industry do work applicahle
%o both functions.® The geologists, land agents, seismograph oreus and other
men do work of a technical nature for the natural gas industry on a somewhat
preparatory basis or incidental %o petroleum production.

ovenents of Gas in the Well.--Three factors govern the movement of gas

to the hole botbtom., (1) The formetiocn or rock pressure is of primary importance
in the energy that will be available. (2) The character of the sand determines
the porosity which ig e limiting factor to the rate of production and to the
amount of gas available. (3) Other fluids in the formation with the gas
may hinder the production of the gas.14

Large amounts of natural gas are produced in conjunction with petroleum,
Sinco they are mutually soluble in each cther, the natural gas must be separated
from the petroleun. When the cap-rock is penetrated, the gas in solution offer-
vesces and will move through the formation to the hole where it rises up the

eazing to the vent of the well. This movement carries oil along and causes &

L3petroloun Facts anc Figures, American Petroleum Institute (8th ed.,
1947), p. 195, '

14Heisler, °op. elit., p. 88,
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well to produce petroleum naturally. As the gas pressure decreases, the flow
of petroleum oubt of the well may bae broken anrd rise in spurts or "heads™ when
enough gas accumulstes benseath the oil to ecarry it to the surface. This gas
is rich in the heavier hydrocerbons and as pressure decreases the concenira-
tion of hydrocarbons increases.

Treatment of Gas ab the Well.--The job of separating the oll fron the

gas is generally accomplished by means of slowing down the veloeity of the
hydrocarbons with baffle plates, so the gas bubbles will strike bthe metal
surface and burst. They then riss to the top of the separator where they
escaps through an outlet and uadergo further treatment to remove natural
gasoline and other hydrocarbons, water, and inert substances such as carbon
dioxide, nitrogen, sulfur, and helium,1®

Estimation of the Life of the Well.--Once natural gas is found, a careful

estimate of the recoverable quantity available is necessary. If the amouut

to be removed is known, a simple arithmetic method may bs used tc sstinmats

the number of years that profitable producticn may be expected. This does

not allow for increased consumption that may occur, the physical limits that

may be placed on a well in the waning years of production, or the addition

of greater reserves in deeper or adjacent strata. Ancther provisc not generally
noted is the field use of natural gas for the production of oil. Repressuring
or pressﬁre maintenance is consldered by the petroleum industry to be a prior
right before any pgas is released for pipe-line sale.16

Other factors may alsc limit the estimated productive life of the gas

191pid., sp. 89-91.

16gnjtea States Federal Power Commission, Docket G-580, Natural Gas
Investigation, Hatural Gas keserves of the United States (194d), otalf
Heport, pioe ol=8l. ' i
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field. Competing fuels could absorb a portion of the market causing trans-
mission companies to fail. High fixed capital costs in this utility allow
little flexibility in the quantity of natural gas transported. Governmental
price increases granted to this industry may cause seasonal users to turan
to a more economical fuel. The Federal Power Commission may restrict the
number of outlets from a field. State severance taxes may limit end use by
raising costs or eliminating profits.l’ Fredrick F. Blachly and Mirian E.
Oatman say:
In brief, the rate of consumption of natural gas, and the conditions
by which that rate may be increased or decreased, are crucisl factors
in determining how long the supply of natural gas will last. The
factors governing consumption, unlike the fixed quantity of supply, are
variaebles that can be manipulated by human action,18

Maintaining Production.--The maintenance of field supply must necessarily

be the primary concern of a successful gas compeny. The conception of the
company was realized only after there was a reserve large enough to be com-
mercially exploitable., As wells are drilled, the gas field is brought under
production. The field may have only a portion of the area operating at any
one time but as new demands are placed on the wells that cannot be met by the
existing improvements, it is necessary to drill new wells on non-operating
reserve lands. The industry is limited by the maximum deliverable gas that
can be physieally produced from a well at one time.1?® 1f depletion continues,
wildcats may be drilled in an attempt to locate unknown reserves. Demand on
& field is not a stable one but fluctuates violently. The production depart-

ment must maintain sufficient gas for any day's maximum requirement, winter

17predrick F. Blachly and Miriam E. Oatman, Naturel Gas and the Public
Interest (1947), pp. 21-22,

181bid., p. 22.

19pienl, op. eit., p. 13.
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or Summer.

In & single day the demand for domestic use may increase 200 per cent
and within the renge of a year as much as 1100 per cent. All of these facters
must be considered to maintain a reliasble flow to the domestic consumer .20
The return from the enterprise must be such that-gas compagies can accumulate

a cspital reserve to meet the financial strain that comes with the maintenance

of reserves Ffor the company.

Trends of Production Eg_the United States

Since 1902, -the period during which we héve a record kept by the Umited
Stataes Dureau of lines for Oklshoma, the marketed production of natursl gas
has shown an overall increase. »B;tween 1906 and 1917, production grew from
slightly below four hundred billion cubic feet o almost eight hundred billion
ecublic fest, or almﬁst doubling itself during this pericd.

In 1923, marketed production of natural gas exceeded one trillion cubic
feat. In 1836, the production doubled the figure of thirteen years befors.
Froduction exceedad four trillion cubic feet in 1946 and amounted to more
than six trillion cubic feet in 1949.21 Hlth proved recoverable reserves of
one hundred and gighty trillion cubic oo, our supply of natural gas in the
United States will last at 1aaét thirty years. The early natural pas industry
‘was & firmiy entrenched industry in the Appalaschian area. The large rsserves
of West Virginia, Pennsylvanie, and Chic were piped to the industrial centers
of thevAppélachi&n area.i The industry reached its first pealk &uiing Torld

War I. Technological improvements in engineering developed better wells and

20Ley, op. eit., p. 1107.

2ltharles J. beegan, "Reserves are Up," Uil and Gas Journal (Hareh 18,
1950), p. 57. T
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better distribution systems with sufficiont cupacity Lo kecp ahead of the
phenomenal demands of the industry. Domestic users, from 1806 to 1917 in-
creassd from 875,000 to 2,431,009 customersg whieh represented an increase

in consumption from 110 billion cubic feeb to 268 billiocn cubic feet of gas.
Industrial uses increased from 279 billion ocubic feet in 1906 to 537 billion
cubic feet in'1917. “With the decline in the five years of depression after
World War‘I, it was necessary Hto further perfect engineering methods, services
to the consumer, and <develop better transmission and distribution mathods.za.

Rise of the Dry Gas Era.--There has been an increasing trend from oil

production to gas production. In Desembor of 1918, the discovery well of the
Hugoton field near Libersl, Kensas, opened.vast reserves that were o change
to location of the industry slmost completely. As long as natural gas was
produced as a derived demand from oil wells there was a sufficient, buk
limited, amount of 268 avallableut not in the guantities needed to guarantee
the necessary investment to spen the miles Bo distant merkets. With the .
steady iﬁc:easé in production from 1220 to 1829, there was an added incentive
to uss this reserve locéted in the western aress. The'high pressure line was
developed in time bo ﬁelp link the mid-western market to the areas of great
reserves,: High pressure transmission linés helped launch'a major national
industry from 1828 to 1952,vby providing Denver, Kensas City, Detroit, Indian-
apolis, Chicago, Minneapolis, and St. Paul with a reli&bievsource of energy.23

Search for Gas.--Fith the advent of the natural gag transmission lines,

the prospector became aware of the potentialitiss of natural gas, which had

22Maynard i{. Stephens and Oscar F., Spencer, Hatural Gas BEangineering

23, DeGolyer, "The Natural Gas Industry,” Petroleum Ingineer, XX
{recember, 1948), p. l48.
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long been regarded as the poor relation of the oil industry, and proceeded to
develop large quantities of natural gas not in association with petroleum.

This placed a new burden on the natural gas industry by forcing the explora-
tion for gas to be financed by the naturel gas companies instead of the
petroleum industry. When the quest for natural gas was assumed by companies
directly interested in producing this commodity for the market, the recoverable
reserves increessed from more than sixty trillion cubic feet in 1936 to 180
trillion cubic feet at the end of 1949. The addition of 120 trillion ocubiec
feet of recoverable natural gas placed a solid foundation under exploitation
and production of natural gas. It allowed the producing companies to guarantee
delivery of large amounts of natural gas for periods of at least twenty years.

Gegﬁrl.phiul Distribution of Natural Gas 1_n the United States.--There is

an unequal geographical distribution of natural gas production in the United
States (Table 1), Texas alone produced almost half of the natural gas in the
United States in 1949. The next ranking states of importance were Louisiana,
Oklahoma, California, Kansas, New Mexico, and West Virginia in that order.
Concentration of production in the Southwest is indicated by the pipe-line
net extending from this area.?% These southwestern states produced slightly
more than 756 per cent of the net production of 6,245,041 million cubic feet
produced during 1949. All of the producing states east of the Mississippi
River delivered only 4.6 per cent of the total production of the United States
in 1949. The state of California produced 8.3 per cent to place fourth in the
order of 1949 production. Production of 266 million cubic feet by New Mexico

approaches the 287 million cubic feet produced east of the Mississippi River.

243¢¢ Fig. 1, page 60,
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Special mention should be given to Wést Virginia which produced more than
half of the production east of the Mississippi River. West Virginia received
almost one-fourth as much in revenue in 1947 aé Toxas which produced almost
six times as much nabural gas.zs Geographiecal location with respect to market
gives the entire Appalachian region a price advantage of about fourteen

cents per thousand cubic feet above that received by the southwesbern states. >0

Ihis advantege is quite lucrative but the states of Texas, Louisliana, Oklshoma,
Kansas, New Mexico, and Arizonz enjoy & moré remunerative industry as &

result of greater volume. Some market areas enjoy competition betwesn these
régions but seldom de preducers of natural gas compets in a local market

aref.

In 1925, the average price of natural gas was eleven cents per thousand
cubic feet. The price decreased to only 4.9 ceanbs per thousand cubic foot
during the next twenty years. This was largeély due to the large guantities
of low-priced gas produced in Texes and used in ineremsing amounts by the
carbon-black manufacturers and other industrial consumers. 27

Over-development of Wabtural Gas Areas.--According to Ley, in 1933, there

was an excess supply of developed natural gas in the United Statas.28 Only
£ per cent of the daily open-flow volume of gas wells was withdrawn each

wonth. This was responsible for a slow rate of rebturn on investments in gas

25United States Congress, Senate, A Bill to Amend the Natural Gas Act,
Learings before a subcommittee of the Committes on Inmterstate and Foreign
Commerce, U. S. Senate, 8lst Congress, lst Sessiom, on Senate Bill 1948,
Yay 17, 18, 24, 26, and 31, and June 7 and 8, 1949, p. 361,

261pid., p. 20.
27Stephens end Spencer, op. ¢it., pp. 12-13.

28Ley, op. cit,, pp. 11056,



gas producing properties. Incoms was not enougn to meet fixed costs. EXcepu
tions wére noted in isclated arsas serving nearby mearkets which proved extremsly
lucrative in some cases, The price paid the producer had decreassed due to thev
rapid development of matural gas resources, over-supply, and widespread
inter-communicative pipeline systems. Declining prices havs besn the natural
course of events for large scale production and distribution of most produets
since mass-utiiization of energy sources revolubtionized indusiry. The idea
expressed by Ley is further provean by the fact that the number of producing
wellg increased less than 10 per cent between 1935 and 1945.%Y This indicates
a tremendous deliverable mmount of natural gas already developed in the areas
of largest supply. The trend canuot remain dormant, for as the reserves are
depleﬁed, new wells must be drilled to maintain a sufficient gyuantity bo
-guarantes long time production. Petenbtial production is in the gas producing
areas since 60 per gent of the gas came f{rom this soﬁrce in 1935 while only

20 per cent was associabted with oil production. By 1944, the gas wells pro-
duced roughly £4 per cent of the natural gas with 5n1y 36 per cent attributed

to petroleum gas.so

Nefural Gas Production in Oklshoms

The périod from 1538 %o 1948 may be termed as the time during which the
natural gas induétry in Oklshome came to maturity. This industry has been
hampered by two serious deficiencies--the lack of development of high pressure
lines capable of transporting gas to geographically extended markets in an

economic menner, and lack of dependable long time reserves upon which the

29Joseph A. Eornfeld, Natural Gas Economics {194%), p. 107,

3OPetroleum Facts and Figures, op. cit., p. T2.



expenditure of capital for the long distance lines could be economically

sound., Previous to this period the natural gas industry had been geared to

the residue gas from oil production. This derived demand could not be depended
upon for more than a base for & local marketing system. The inception of gas
development on a reliable basis in the last twelve years is the story of the
largest dry gas field in the world, the tri-state Hugoton field, or more

specifically the portion in Oklahoma referred to as the Guymon-Hugoton tiold.u

TABLE 2

SELECTED INDICATORS OF ECONOMIC ACTIVITY IN OKLAHOMA®

Item 1940 1946 % Increase
Cash Farm Income ($000) . . « « « . . $214, 585 $502,536 134
Value of Mineral Production ($000). . 235,536 326,148 38
Value of New Construction ($000). . . 86,000 128,000 49

¥5ource: United States Department of Commerce.

Rank of the Oklshoma Natural Gas Industry.--Oklahome ranked fifth among

the states in value of mineral production in 1943. Some indicators of economio
activity are presented in the above table to show the value of minerals within
the state of Oklahoma. Minerals are recognized as one of the basic resources
of the state of Oklahoma (Table 2), The position of minerals as the second
most important source of income is significant, It diversifies the economy

of the state and helps place a more stable foundation under its economic
structure, A break down, by selected industries according to the 1547 Census

of Manufactures shows the major group of petroleum and coal products in re-

nmt\vl op. ﬁop pe 403,



lationship to other major industriss in Oklahowa (Table 3). Petroleum and
coal products add the highest value of a2ll industries through manufacture.
The natural gas industry does not meke a heavy contribution here since it ls
used primarily for a fuel rather than a basic raw material for manufacturiag.
The number of workers in Oklshoma has increased for most industries since
1939 Petrocloum and coal products rank second to food and kindred products

in the number of factory workers employed.

TABLE &

COMPARATIVE DATA OF SELECTED MANUFACTURERS IV OELAHOMA--1947%

Number of Production Value Added by
Bstablishments Workers  HManufacturing
(£000)
All Industries « « + « o « ¢ o « & 1,740 44, 302 341,027
ood and Kindred Products. « « « & 843 10,966 75,969
Printing Industries. « « « « « « « 374 3,087 27,542
Petrolesum and Cosl Products. . . . 40 6,352 79,875
Stone, Clay, and Glass Products. . a6 3,866 23,411
Machinery {eoxcept electrisal). . . 126 4,908 37,134

*1947 Census of HManulBCTLUreS.

Structure of Oklahoma's Natural Gas Industry.--The structure of the

industry is characterized by large industrial units. Of the 744 producing
wells in the Guymon-Hugoton field during September, 1949, five companies
produced 88 per cent of the natural gas from 87 per cent of the producing
wells.®? The mgjor interstate pipe line systems, namely, Citles Service Gas

Company, Netural Gas Pipeline Company, and Phillips Pstroleum Company, are

32Computed from photostated material submitted by the Honorable Eobert §S.
Kerr, Senator from vklahoma.
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the principal producers of the area, and they also buy some gas from the smaller
producers.

Location of Natural Gas Production in Oklahoma.--Natural gas is produced

in fifty-five of Oklahoma'es seventy-seven counties. Dry gas is produced in
nine of the counties while the other forty-eix produce casinghead gas. The

location of the fields and the major pipe line systems is shown in Figure 3,

page 94,

TABLE 4

OKLAHOMA'S NATURAL GAS FIELDS--1945%2

Field Production
(Million cu. ft.) ‘eserves®
( at 16,4 psia )

Ap.ﬂh.. . % 8 ® & %" 9 W e 8 ® e B ° 8 2,1m 35,m°
cmt’ Ea't- e & ®m @ B # & & & & & & @» 15,@ 60,000
Cﬂel'lt, '.'t. e & ® @ ® 8 8 2 = » & ® »® 17'@ ao’m
Chickasha (deep)e « « o « ¢ o o o ¢ o 23,000 160,000
Cltlbarland s ® 5 & ® & ® 8 9 ® s w8 8 16’ m 2?).’ m
Ed.mond’ “.st. e & & ® ® & + & ® 8 ° a8 @ 195 555.“
Eriﬂk 2 @ ® 8 ® 4 ® 3 5 8 8 B S ¥ & 8@ 3.@ 2?!5‘”
G'uﬂ m-ﬂugotm » =, " 8 8 8 B F x & ¥ & % 42 F] m 7’ 697’ Om
P!‘ll' val].y- e @ @ 4 B e e & € & & » 18’@ . \:r 54.0@
P.ul. VIllﬂy, Eﬂ'ta ® 8 ® s B o & 3 ¥ = h’m 115,@
Qllil!tdﬂ . ¥ ¢ W . 8 4 W S8 E K S & 3 & h’m 52,“)0
velm - - - - - - - - - . - - - - - - - g 6o'm

Tot‘l- e & & & @ 5 ® & 8 ° 5 8 = 145|§97 8.880,5&
Mi.c.ll‘n‘omc U T T T S U R T O 168' 221 M

Tctﬂ.l ok].‘hm o W S R e . 310’888 9’ 555.@

SElmer B. Capshaw, United States Federal Power Commiseion Docket G-580,
Exhibit No, 146, Natural Gae Investigation (1945).

bIndividual consideration is limited to fields having a reserve in excess
of 20,000 million cubic feet.

CThe production of these fielde is generally used for field or very local
uses,
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Table 4 portrays the significance of the Guymon-fugoton field. The pro-
duction of 42,000 million cubic feet by far exceeds the {deep) Chickasha field.
The Guymen=fugoton field is specifically developed for gas while many of the
others sre oll fields that are atbempbing to conssrve gas pressures and are
oven returning some residus grnees from gasoline plants back into the formationg.
A lerge amount of gas is ussed in the fisld for oil production.

Value of Production.--Oklahoma produced $282,000,000 in mineral products

in 1845, Petroleum and by-products made up 92,8 per cent of this production.
Ratural gas valued at $66,143,000, accounted for more than 23 per cent of the
value of petroleum products in that year.35 This was the highest annual
value of natural gas production in Oklahoms to that date.

The 1942 production of natural gas almost doubled the 1948 figure.34
The most recent data given for natural geas production by the Buresu of Iines
was $1,028,318,000 in 1946.%% The natural ges industry, through expleoration
and production has dslimited 180,381,344,000,000 cubic feet in reserves.
Haturel gas would not be a very signifiecant resource if both reserves and
production were not presont in sufficient quantity. A further development
is necessary befors it can be consumed. Pipe lines connecting these areas
of production to the areas of potential market must be constructed bafore a

practical use can be made of the natural gas.

33Petrolsum Facts and Pigures, op. cit., p. 77.

%4charies dJ. Deegan, "Reserves are Up," (il and Gas Journal {iarch 16,
1850), p. 57. '

55¢. Backus and F. S. Lott, Hinerals Yearbook {(1947), p. 823,




CHAPTER IV
TRANSPORTATION OF NATURAL GAS

Whenever withdrawals are made from reserves, the gas usually is processed
to remove those constituents that are valuable as by-products or detrimental
to equipment., Natural gasoline is one of the by-products that is important
enough to be an industry in its own right. Water and sulfur are removed to
prevent damage to the pipe line.

The recent developments in the technology of pipe lines has chanzed the
history of the industry from & local utility to a national necessity. Trans-
mission lines have increased from small local distribution systems to large
30-inch lines extending from the border of Mexico to New York City.

These long supply lines are subject to sudden withdrawals by consumers
in periods of cold weather. This problem has partially been solved by injeeting
surplus gas into underground formations near consuming points to be withdrawn
as needed. The line pressure is also increased to a maximum in anticipation
of these sudden withdrawals.  Ancther-metirod-of mesting irreguier-denands—1s
reTag Yiquified petroieom guses,

Limitations placed on pipelines are more economic than physical. The
length of the line increases the delivery cost per unit of gas. Gas is trans-
ported more cheaply in large diameter pipe than in smaller pipe. Construction
costs of the line vary directly with its length and diameter.

There are fifty-one large pipe lines in the United States. The industry
is dynamic as evidenced by the fact that a recent entry into the field was
capitalized at $200,000,000.

The Federal Power Commission restricts unrestrained expansion of the

natural gas industry by authorizing only those projects that are believed



necessary for publiec convenience.

Preparatiocn of Natursl Gas for the Pipeline

Most natural gas containa some constituents that are remowed, either for
thely value, or because they have unﬂesiraﬁle effocts on transmission eguipe
mewt, or because they dilute the naturel gas and lower its fusl qualities.

Somes of these components are natural gascline and heavier hydroearbons, nitro-
gen, carbon dioxide, sulfur compounds, waber vapor, or helium,

The marketed production of nabural pas in 1946 wes in exesss of four
Grillion cubie feet, Approximstely 92 psr cenb of thils gr@duction was processed
in gasoline and cyecling plants for the valuable hydrocarbons.l These hydroe
carbons lacrease the supply of residue pgas by making it feesible %o process
small gquantities that would otherwise be flared or burned as boiler fusl,

Extraction of Hydrocarbons.--There are thres methods of extractiug

patural-gas liguids from matural ges. {1} The earliest method developed

was the compression and cooling method. HWatural gas was compressed and cooled
and the liquids were collected. In spite of their low cost and simple design,
the compression plants were inefficient and were soon replaced. (2) Uhe
Charcoal Absorbtilon process wes developed about twenty years ago. Hatural

gas was passed through activated charcoal which removed anstural gasoline from
the casinghead gas. The charcoal was then heatsd and the natural gasoline
recoverad. (3} The oil absorbtion process has entirely replaced the charcoal
process. HHatural gas is sent through an absorbent oil and tﬁe natural gasoliny

12
3 & 3 ki 2 kS -
conbent is removed. Live steam forced through this oil recovers the natural

4. Backus and F. S. Lotb, iiinorals Yearbook (1947), p. 822.

dNelson Los Smith and Harringbon Wimberly, United States Federal Power
Comnission Docket G-580, Hatural Gas Investization Report (1948), pp. 93-94.
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gasoline, This latter method is preferred because of its high extraction
efficiency and close operational control,

Desulfurigation.--Gas containing more than ten grains of hydrogen sulfide

per thousand cubic feet is known as "sour" gas and is unfit for commercisal
distribution as a fuel. Three areas of the United States have substantial
volumes of "sour"™ gas; the western and northwestern portions of the Panhandle
field in Texas, the Permian Basin in western Texas and southeastern New
Mexico, and southern Arkansas. Almost one-half of the 1944 produection of
627,000,000,000 cubic feet of natural gas in the Panhandle field was "sour"

S New

and was almost entirely consumed in the manufacture of carbon black.
methods of treatment of "sour™ gas have been developed to economically remove
the sulfur. A recent process using tripotassium phosphate solution to absorb
hydrogen gulfide is proving exceptionally otfieimt.‘

Dehydration.--Water vapor in natural gas comes from contact with an
aquifer in production or from the ebsorbtion oil in natural gasoline plants.
Gas hydrates resembling snow collect in transmission lines whenever water is
present and conditions within the line are favorable. This hydrate forms
very rapidly when a critical point is reached and will "freeze-up" & line and
stop the flow of gal.5 The problem of gas hydrates intensified as the working
pressures increased. In 1914, companies transporting natural gas reported

this pl:mm‘nlm:.cm.B The high pressure line accented the problem of hydrates

SIbid., p. 99.

4The 0il and Gas Journal, XXXXVIII (March 23, 1950), p. 192,

5j. I. Morris, "Basic Problems in Gas Dehydration," World 0il, CXXVIII
(December, 1948), p. 64.

4. C. Miller and G. B. Shea, "Technical Research by the Bureau of Mines
in Oil and Gas Production, Kefining and Utiliszation," Information Ciroular
171, Bureau of Mines (1941), p. 69.

-3
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as they form at higher temperatures if the pressure is increased. The recent
use of high pressure gas to 1lift oil in the wells has required the removal
of water vapor to prevent the formation of hydrates in the well,”

Dehydration of natural gas has evolved from an art to a science. The
inflameble gas hydrates that form in natural gas lines have been sﬁudiod
intensively. Knowledge of the characteristics of the formation of hydrates
in the line is constantly being improved. There are several methods of pre-
venting hydrates: by installing drips to catch water that condenses; heating
the gas line above coritical temperatures; adding lubricants or inhibitors to
the line; partial dehydration of the gas before it enters the line and operating
the 1line at low pressure.® Each gas line has certain characteristics that must
be studied before the method of dehydration may be selected.

The problem of gas hydrates was taken up by the Bureau of Mines in 1935
when it initiated an extensive investigation of freezing of highe-pressure

transmission 11nu.9

H"EE Pressure Transmission Lines

The evolution of high pressure transmission lines has changed natural
gas from a local to a national industry. In comparatively recent times, ime
provements in design, construction, and operati n of pipe lines have made
possible the economical transportation of natural gas in large volumes over

long distances.

R. C. Buchan et al., "Dehydration of Natural Gas," The Oil and Gas
Journal, XXXXVIII (April 6, 1950), p. 74.

8The reader is referred to J « I, Morris, op. cit., pp. 194-196.

%1, ¢. Fowler, "Developments in the Americen Petroleum Industry 1914-19,"
Information Circular 7173, Bureau of Mines (1941), p. 17.
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Evolution of Line Size in the United States.--The trend from pipe lines

below twelve inches to those above twenty inches is shown in Table &.

The first large interstate transmission line was built in 1925. Its
total length of 217 miles was sectioned into 18-, 16-, and 14-inch segments.
Construction of 1,840 miles of 20-, 26-, and 30-inch transmission lines is under

way with completion expected in 1950, 11
TABLE b

MILEAGE DISTRIBUTION OF NATURAL GAS LINES®

Size 1937-1941 1946 1947-1951°
Per cent Per cent Per cent

IR" 2l Dl 4 5 o 5 %5 5 4 50 17 3
14" to 18' ® & » & s 8 e s e e 20 26 b
SOERIE o s 0 2 s 8 & % @ 100 100 100

®Johnson G. Lawton, "Gas Logistics," Gas Age (June 24, 1048), p. 26.
PPrediction.

The mileage of natural gas lines increased from 154,000 miles in 1932 to
269,000 miles in 1948, During the same period, lines transmitting manufactured
gas decreased from 87,000 miles to 67,000 miles.

Component Parts of the Pipe Line.--A pipe line is a necessity in the

transportation of natural gas since the other modes of transportation are not

10nyatural Gas," Fortune, XXII (August, 1940), p. 58,

g, Holley Poe, "Is Natural Gas Essentially a Transportation Industry?"
Public Utilities Fortnightly, XLIV (October 27, 1949), p. 556.




adapteble to such large-volume low-value goods. "Gas is in truth the wost
wmobiles, the most fugitive, and yeb the least traasportable of azll fuels.“lz
Pipe Joints,--A joint is the means of bringing together in a gas-tight
union two lengths of pipe., There are three Types of joints commonly used in
he natural gas industry., (1) The screw joint is the joining of two lengths
of pipe by a screw coupling. (2) The tendency of the serew joint to leak
proupted 8. B. Dresser to develop a coupling that clamped tightly sbout the
fiush ends of pipe segments. This coupling is wvery easy to imstall, reguires
no special laber, and allows the pipe to expand and cgntract without breaking.
{3) Welded lines are less expensive than the other types and ere stronger st
the weld than the originsl pipe. OCeccasional loops or joints must be provided
to allow the pipe to expand or contract. Long seogments may be welded in one
piece and the entire length joined to the line by an expansior jolut of the

Dresser type.

Leying the Pipe.~--A ditch is dug to allow the pipe to be placed at

sufficient depth to avoid frost, protect the pipe from damage, help counter-
balance the internal pressure of the pipe by the overburden of the soil, and
to allow cultivation of the soil over the pipe.13

Pipelines placed in the ground without a protective covering will deteri-
orate rapidly. In 1%1%, pipe lines in the western United States were protected
by an addition of a heavy coat of bitumen enamels wrapped with especially pree
pared roefing paper either in & spiral or longitudinal direction. 4 tar-like
compound was added to protect couplings and collers. The Rio Brave 0il Company

covered a 4-inch pips with conerete in an attempt to prevent corrosicn by &

121p5d., p. 551.

léﬂaynard,ﬁ. Stephens and Oscar F. Spencer, Natural Gas Engineering

(Ilig 24 3(3.' 1&48_}’ Pe 21\3.




salt wabter swamp in 1618, The pipe was not submerged but suspended on pilings
troated with creosote.l? Later protective devices for pipe lines mre: (1)
improvenents of the bituminous snsmels; (2} rubber sleeves over the line; or
(3) by sending currents of elechricity through the pipe in order to change the
polarity in areas where acids ars present ia the soil.l5
fie pipe line assembly may be divided inko four groups; the gatheriug
system in the field, the compressor stabion, the main transmission lines, and
the distribution lines. The gathering system is ususlly meny small lines
from the wells to the gasoline plant or compressor. The compressor sbation
is designed to maintain the working pressure in the line., =Reciprocesting, two
and four cycle engines as well as the newer introduction of centrifugal pumps
ere used. The main transmission line is a seamless gas tight conduit usually
of steel. Boosber pumps are located at strategic points along the main transe
mission line to meintain @n even pressure throughout the lins. When the gas
in the transmission line is turned inte the distribution line, it usually
passes through & pressure regulator to decrease the pressure, in some eases

from above one theousand pounds per square inch to the pominal two« to six~ounce

preossure required by domestic appliances.l6

Supplementary Reserves for Peak Demand

An increase in demand during winter cold snaps creates a problem of
sending sufficient volwme of gas through the malns to mest this sudden demand.

Various means have been devised to cope with the problem.

l4ﬁiller and Shea, loc. fﬂfb

l5stephans and Spencer, op. cit., pp. 221-224,
16E.

De Golyer (ed.), Blements of the Petroleum Industry (1940), pp. 443-
448,




Underground Storage,--One solubion hes been underground storage. It

should be safe, reliable, easily installed, simple to operats and have low

investment and operational costs. L’

There are two general typos of storage
fields; small fields containing only two or three trillion cubic feset of
natursl gas with a high deliverability for peak load conditions, and larger
pools for balancing the system by ebsorbing surplus gas during the summer
months and maintaining pressure under pesk loads in the winter monﬁha.l8 Thig
sustaing the load factorl® over the year at a high figure.zo The increased
annual load factor tends to eliminate the interruptabls ssrvice to industrial
concorng by providing a surplus of gas during pesk withdrawals.Zl

The forerunner of underground storage was the Big Zoar Well south of
Buifaleo, New York, It belonged to the United Compeny that was piping gas
from Pennsylvania to Buffalo. The well was a fifteon million cubie foot
producer, but due to formation “"tightness" the pressure would drop to only
800,000 eubic feet per day in a short time. This well was located very near
Buffalo apnd was not used for normal production bubt was turned intoc the line

when & sudden cold snap caused increased consumption and a decrease in delivery

pressures. The addition of pressure in the line from the Big Zoar Well would

17p, V. Meiller, “Underground Storage of Gas," Public Utilities Fort-
nightly, XLiI (October 7, 1948), p. 482,

18, @ Dahlgren, "Underground Hatural Gas Storags,” Gas Age, IC (May 29,
1547), p. 18.

lgTha daily load factor is defined as the ratlo of ths averapge daily
demand to the system capacity.

ZODistributing compenies contract to deliver surplus natural gas at &
reduced rate to industrial consumers subject to terminafion of use whenever the
domestic withdrawals approach 100 per cent of the load factor. This service is
usually offered during the summer months and is knosn as interrupteble service,

2lg, B. Irelen, ™Winter Supply Froblems of Transporters,” Petroleun
Engineering, J4I (December, 1349%), p. [=16. ‘
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gushion the deliveries until demands deereased. The well was worth thousands
of dollars to the company through ilts emergency use, %%  Actual gas storage
operations began in the Big Zoar field on Juns 15, 1916, after wellhsad pros-
sures decreased to 48 pounds per square inch. In nine years, nearly two
billion cubic feet of gas were injected and withdrawn. The maximum amount
stored at onc time was three hundred million cubic fest at a pressure of 215
pounds por sguare inch.23 Following the Big Zoar fleld, other experimental
storage projscts and the widespread development in 1926 of the Dominguez,
Brea-Olinda and other storage pools in Celifornis placed this phasc of the
industry on & sound basis,.

As early as 1919, F. S, Panyity presented one of the first formal atiacks
on the problem of decremsed pressures during periods of sudden inecreased de-
mand.?% 4 local gas field that has been exhausted could be utilized to store
the summer surplus snd supplement the demands of the conswning area whenever
they exceeded the amount of gas that could be turned into the line at the
producing fisld,

Approximately sevemty storage pools were located in Arkansas, Californis,
Kansas, Kentucky, Michigan, ¥ew Mexico, New York, Chio, (Oklshoma, Pennsylvania,
and West Virginia in 1947. About {ifty of these were located in Ohio, Hene
tucky, West Virginia, Pennsylvania, and New York.

The seventy storage pools in the United States have a delivery cupacity

22Eugene Coste, Discussion of L. S. Paayity's paper, "Hatural Gas Storage,"
fransactions of the American Institute of Hining and Hetallurgical Engineering,
LXI (1219).

284i11er and Shem, op. cit., p. 68.

24p, g. panyity, "Natural Gas Storage," Tronsactions of the American
Institute of Mining and Metallurgical Fngineering, LXI (1519)7 pp. 617-18.
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of 1,500,000,000 cubic feet per day while working storage capacities ars
120,000,000,000 cubic feet with s meximun storage of 250,000,000,000 cuble
feet.25

Storage in the Line.--A natural gas pipe line is, first, a condull for

gas and second, & storage reservoir. Pressures may be inereased in the line
during slack withdrawal periods %o the maximum in order to supply a grester

amount of nabtural gas when it is ueaded.ze

A northern Illineis utility company
developed an underground battery of large-diameter pipe filled with gas at
pressures in excess of 2,250 pounds per square inch. This method places the
gas very near its consuming peoint and can be fed directly into the mains,

The costs are belleved to be less than the large low-volume tanks commonly

27

in use.

Liquification.~-Another method being used for gas sborage is liquifica-

tion by cooling natural gas to -260° F. and storing the liquid in Fuller's
earth. Gas can be decreased to 1/300 of ite original volume by this method.
The gés is released when the temperature is restored, 48

Even though many means ars used to alleviate the shortapge at the market,
the main source of gas is in the producing field. Gas is routed from marked
areas having mild weather %o those suffering from a suddsn cold wave. Every

engine is driven &t full capacity and all possible wells are turned intc the

25Dah1gren, loc, cit.

szoseph Joffe, "Storage Capacity of long Pipelines," Chemical Engineering,
LVI (November, 1949), p. 112,

2Ty,

S. Lott and H. Backus, Minerals Yearbook (1946), p. 834.

28716 0il and Gas Journal, XXXXVIII (Merch 30, 1950), p. 58.
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line to keep the pressure near normal, ¥

Economics of Pipe Line Operations

The basic factors influencing the economic and {inancial operations of
netbural-gas transportation lines are the large investment required and the
fluctuating nature of the market demands for the transported gas.

Bagic Beconomic FPrinciples.--~The delivery cost per unit increases directly

with the length of the line for a given diameter.
A line operated at ecaepsciby volume will have & lower unit cost as the
diameter of the pipe iuncreases. The volume capacity increases more rapidly
2an the cost of increased diameter.
There are no iucreased savings to be realized from coustructing longer
30

units as the cost per mile remains consgtant with increased length.

Capital Investment.--Capital investment in the industry is bvased on the

volume of gas to be delivered on & pesk day and the distence over which tis
gaes must be transported.sl Capital expeunditures of the natural gas'industry
have increased at a rate exceeding that of most businesses. The dollar volume
of all private domestic investments increased about four times between 1939
and 1948, The electric utility industry increesed five times. The natural
gas industry's capital expenditures incressed over twelve times., Actusl cash
outlay was from a little less than §50,000,000 in 1839 to §630,000,000 in

1948.%2  If the sale of the Big and the Little inch pipe lines Is included in

29M9ow Pipelines Operate,” Science Digest, XXVI (November, 154%), p. 65,

3OJoseph A, Kornfeld, Natural Gas Economics, p. 223.

Slgnith and Wimberly, op. cit., p. 252.

32%dmond M. Hanrohan, "ihat's Ahesd for Natural Gas Exm nsion Financing?"
Pablic Utilities Foritnightly, XLIII (January 8, 1548), pe 13.




1948, the expenditures would be above $770,000,000., The estimated capital
investment in 1949 was $548,000,000. The lmerican Gas Associsbion comnlttes

on economics, estimates that §3,500,000,000 will be spent from 1948 to 19562
inclusive.°S The investment of {1,750,000,000 from 1948 to 1952 inclusive on
new transmission facilities is expected to more than double the interstate brans«
portation of natural pas., The thirteen major transporters had an aggregate dally
delivery capacity of 4,340,000,000 cubic feet on Januéry 1, 1946, By April 1,
1946, these companies together with five new companies had filed applications

for sertificates to coastruct and operate adaitional transmission facilities
that will have & combined capacity of 6,223,500,000 cubic feet.347 This would

bring the total daily delivery capacity te 10,563,500,000 cubic feet.
TABLE 6

TOTAL TRANSMISSICH PLANT INVESTVENTS OF NATURAL GAS COMPANIES 1IN 1545%

Item Per Cent

L&nd and Lmd Ei ghtg - - - * - L3 - - L - . - - L] L 2 » - - » 5
Pumping, Heasuring, &and Hegulating Structures . « « o + & 5
Pumping, Heasuring, and Heguleting Equipment . . « « « . & 14
i‘}}:a‘i ni‘-’i . K] L) L3 - L) 3 - . L L) - - . - L) R d - . - » - » - * L) 7 8

Total [ ] L) L) . - ] - . -® L] - . L] » . - « . L] - - IOO

Flolson Le6 Smith &nd HAarringhbon Wimberly, United ftetes redersl Power
Commission Docket (-580, Hatursl Gas Investigation Report (1948), p. 253.

880uen Ely, "1948 Review of the Gas Industry," Publiec Utilities Fortnightly,
XLIV (Cctober 27, 1949), p. 586.

&410uis J. Z2itnik, "The Harch of the Gas Transmission Lines," Public
Ytilities Fortnightly, XLV {April 13, 1950), p. 484.
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Table 8 shows the division of capital expendibtures on transmission
facilities. ¥The rslatively high cost of ths nains is evidently a limiting
factor to the expansion of pipe line systems,

The proportionate increase in construction costs in 1946 was less for
large diameter pipe than for smaller pipe {fable 7). At the average book
costs of pipe lines oounstructsd prior to 1948, it would cost §306,000 to
build a hundred-mile Z24-inch transmission line. A similar line in 1246 would

cost 104,000 more.
TABLE 7

CONSTRUCTION COSES OF PIFE LIWES IN THE UNITED STATES™

Cost Per Hile of Line Coat Per Inch of Diameter
Diameter of Pipe Por Mile of Line
in Inches

Pre-~-1946 oo, 1946 Pre=1548 av. 1946
4 i 3,400 # 6,000 & 850 £1, 5800
8 7,100 12,000 ‘ 900 1,500
12 12,000 18,500 1,000 1,650
16 _ 17,700 25,000 1,110 1,800
20 24,000 33,0006 1,200 - 1,650
24 - 30,600 41,000 1,300 1,700

*Nelson Lee Smitnh and Harrington Wimberly, United States Federal Power
Commission Do ket 4-580, Natural Gas Investigation Report (19248), pp. 253-4.

Demands for Natural Gas.--The demends on natural gas lines are of three

typoes: {1) the stable domestic demand derived from geue:al household use;

(2) the space heating demand causing a large withdrawal during cold periods;

and (3) the interruptable industrial consumers demsnd. The stable domestic do=
mand does not fluctuate greatly during & sesason. The load factor of this demand

would be quite high over & porlod of a yeur. The space heabing demsnd is a
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gseasonal demand that forces the producer to coustruet larger lines if he wante
to serve this markst. These lines would have a very high load factor during
the cold months and & very low load factor duriung the warm months. The
interruptable industrial demand is & deviece resorted to by pipe line companies
to increase their amnual load factor by sale of surplus gas to industrial
consumers during verlods of low domestic counsumption., The price is much

lower than domestic gas and the supply may be decrsased or sntirely stopped

if peak domestioc demands approach the maximum load factor.

Principal Pipe Lines of the United States

Physical evidencs of the greatest network of pipe lines in the world
does not exhibit itself by huge ramifications. The boosting stations at
frequent intervals are the usual indicators of this vast web. Actusl lines
may become avident where they span & stream on & suspension bridge, or they
may remain buried twenty-five feet below the bed of the river. Lines vary
from two inchus up to thirty-six inches in diameter and in length up to the
1,840-mils trunk lins from the lower Ric Grande Valley to 134th Street,
New York City.

Pipeways.=«The great concentrabtion of reserves in the id-Continent and
Gulf Coast areas has led to the establishment of pipeways to consuming areas
fhroughout most of the United States. There are four general pipe=line high-
ways to markets (Fig. 1). (1) The most obvious is the route of the Super-
Inch pipe line of the El Paso Natursal Gas Company from the Texas Panhandle and
West lTexas fields along the southern boundary of the United States to Califorria,
(2) The route of the partially completed line of the Irans-Continental Gas Pipe
Line Corporation extends from the lower Rio Granmde Valley along the Gulf Coast
to the southern edge of the Appalachians where it follows the eastern foothills

of the mountaing to HWew York City. (3} The route of the Big and Little-Inch



pipe lines from East Texas leads northeast to Ohio where they turn almost
due east to New York City. (4) The routes from the Hugoton and the Texas
Panhandle field also travel northeast to the Chicago-Detroit market.

These lines serve intermediate areas with natural gas but most of it is
delivered to the California, the Chicago-Detroit, or the Appalachian-New York
markets., As the reserves decrease in these market areas, transmission of
natural gas will have to be increased or other sources of fuel be used.

Recent Development of the Net,-~The natural gas industry was centered

in the Appalechian states until 1920. During this year, vast quantities of
natural gas became available from the oil fields of Oklshoma, California and
the Gulf Coast of Texas and Louisiana, Development of welded steel and seamless
pipe provided an added incentive and loosened the physical bonds of the natural
gas industry.5® The welded line had been used for sart distances before 1928,
but after that date it was widely used in the construction of long-distance
transmission lines. Pipe lines of varying lengths, up to three hundred miles
had been built to serve 3,500,000 customers in twenty-three states with more
than one trillion cubic feet of gas consumption per year. The major areas
of development were the Monroe field in northern Louisiana and the Panhandle
field in Texas. The huge supply of gas and the improved technology of high~
pressure lines led to & rapid expansion of natural gas transportation lines.

Following 1926, there was a rapid expansion of the old transmission com-
panies. Some of the larger ones were:

(1) Consolidated Natural Gas Corporation System

(2) Oklahoma Natural Gas Company

)35'natun1 Gas Landmarks," Public Utilities Fortnightly, XXXXIV (October 27,
1549), p. 598,
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Columbiz Gas and Blectric System
Arkansas=-Louisians Gas Compeny
United Gas Pipe Line Company
Lone Star Gas Corporation

Cities Servics Gas Company

group of new companies appeared from California te New York City during

this same period to caepitelize on the growing natural gas market. The major

companies in this group were:

(1

(2)

(1)

(8)

Interstate Hatural Gas Company, and Southern Gas and Fuel Compeany
from Monroe fleld, Louisiapa, bo Wew Orleans

Miesigsippl Fuel Corporation from Monroe field, Loulsiana, to S5%.
Louis, Missouri

Hezphis Jatursl Gas Company from Honros field, Louisiana, to
Memphis, Tennesses

Coloredo Interstate and Cenadien River Gas Companies from the
Panhandle fleld, Texas, to Denver, €Colorado

Horthern Natural Gas Company from the Panhandle field, Texas, to
HMinneapelis, linnesota

Southern Hatural Gas Corporation from Monroe field, Loulsiana, to
Atlanta, Georgia

Hatural Gas Pipe Line Couxpany of Awerica and Texoma Hatural Gas
Compeny from the Panhandle field, Texas, to Chicage, Illineis

Panhandle Eastern Pipe Line Company from the Panhandle field,
Texas, and the Hugoton field in Hansas to Michigan.

The above companies were 1lu operation by 1932. Pipe line construction

then lagged until the sarly 1940's. New lines were started im 194l. The

Tonnessee Transmission Company line was completed from the sxtrems southeastern

tip of Texas and from Louisiana inbo the Appalachian area in 1944, It was &

24-inch line, 1200 miles long and was designed to operate at 750 pounds per

36¢

oy

mith apd Gimberly, op. cil., p. 239,



square inch working pressure. This was 50 per cent above ths working pressure
of the lines built tes years before. The line was built te relleve the gas
ghortege resulting from the depletion of fields in the Appalachian area. It
was the longest large~diamoter pipe line ever built to that time, 37

Texans Basbtern Transmissicn Corporation bought the Big and Little Iuch
pipe lines in 1947 for {143,000,000. The Big Inch is a 24-inch line built es
a war emergency measure in 1943 to convey 200,000 barrels of crude oll daily
ovor the 1,254 miles from Longview, Texas, to Phosnixville, Pennsylvania, and
via lateral lines to refinsries at Philadelphisa and Linden, New Jersey. The
Little Inch is a 1,480 mile line, 20-inches in dimmeter, that was built a
year leter from Besumont, Texas, to Linden, New Jersey., Thse combined lines,
now econverted to nabtural gasz, serve markets in Missouri, Illineis, Indiana,
QOhio, West Virginia, Pennsylvania, New Jersoy, and Hew York. Conversion fron
a crude oil line to a gas line cost £50,000,000 and required two and one-half
years, Twoenty-five compressor stations were built‘at intervals of £ifty miles.
Over 500 miles of new line had to be constructed, The installed power plants
are ogquivalent to the powsr of seventy Diesel locomotives.?

The Bl Paso Hatural Gas Compmny constructed a 1,011 mile lins from Dumas,
Texas, to Blythe, California, in 1947. The imporbance of this line is iandicated
by the faect that deliveries were made almost three years in advance of the

original plans,>?

First deliveries were made on Hovember 13, 1947,
The company's main line transmission sysbem at the present time
(February 10, 1950) is comprised of & 24" line from Dumas, MHoors
County, Texas Panhandle, %o the Company's gasoline plant at Jal,

37Poe, op. cit., p. 554.
E8uhow Pipelines operate,"” op. cit., p. 64.

S95ackus and Lobt, op. cit., 2. £08.
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New Mexico, a distance of 272 miles, and a 26" line from Jal,

New Mexico, to Blythe on (the) Arizona-Califomia line, & distance
of 739 miles, and & loop of 686 miles of 30-inch and 102 miles of
26-inch, The original system of relatively small diameter lines
in New Mexico and Arizone are now integrated into a general system,
Application is pending for (a) line from San Juan Basin, northwest
New Mexico, to Topeck, Arigona, a distance of 451 miles, 40

The Transcontinental Gas Pipe Line Corporation expects to complete its
80-inch line from the lower Rio Grande Valley to 134th Street, New York City,
by December 1, 1950, The Federal Power Commission granted authority to cone
struct the line in May, 1948, at a total cost of $200,000,000. This sum was
obtained from private capital. The authorized capacity of the line was
505,000,000 cubic feet daily at a working pressure of 800 pounds per square
inch.4l Almost 650 miles of the line had been constructed by April 1, 1950.
Five of the twenty compressor stations had been constructed and fourteen were
under way. Fourteen individual construction units are currently at work on
the project. Steel for the pipe is being furnished by the Kaiser Steel Company
from the Fontana, California, plent.

The source of the gas for Transcontinental's new line will be thirty-
four fields extending six hundred miles along the Gulf. Reserves are estimated
at nearly fifty trillion cubic feet. An increasing rate of withdrawals may be
experienced in the future as a contract has already been signed to deliver one
hundred million cubic feet per day to a New England pipeline oompany."z

Table 8 reflects the construction of these large lines. The mileage of

@gorrespondence from Robert P, Reid, Phillips Petroleum Company,
Bartlesville, Oklahome (April 13, 1950).

‘lPoa, loc. cit,

4201aude Williams, "The Story of Transcontinentsl,” The 0il and Gas
Journal, XXXXVIIT (May 4, 1960), pp. 81-83.




(e ]
=Y

natural gas lines without regard to the increased dlameters has increased
almost 70 per cent during this perlod while lines for manufactured gas de-

creaged mors than 20 psr cent,
TABLE 8

MILES OF UPILITY GAS MAING®
{000 omitted)

Year Total Hatural Hanufacturers Mixed LPGb
Gas Gag Ges

1832 254.8 154.6 85,1 15,1

19383 261.0 160.1 85.1 15.8

1934 262.2 182.7 83,5 15.8

1935 265.2 185.6 B3.2 16.4

1936 270.4 173,86 79.5 16,9

1937 274.6 177.1 80.8 16.9

1538 277.9 181.8 79.2 18,9

1839 281.7 184,.4 80.0 17.3

1940 286.8 189.0 79.8 18,0

1941 292,0 192.6 8l.1 18.3

1942 296,2 196,56 81.0 18,7

1943 299.7 203.2 TT.6 13.8

1844 307.5 212.4 75,9 19.2

19486 310.8 218,1 72.0 18,7 2.0
1946 316.9 226.5 71.1 18.5 2.8
1947 331l.4 242,89 68.0 15.8 4.7
1948 348.4 259,4 67.0 14.2 5.8

HE, fdolley Poe, "is Natural Gas Lesentially a Lransportation 1ndustry?l
Publie Utilities Fortnightly, XLIV (October 27, 1948), p. 553.

bLiquified Petroleun Gases.

Interstats shipments of gas are dominated by Texas. She exported more
than twice as much naturel gas as Louisiana in 1948 (Table 9), Iore than

taree-fourtng of the exported gas in 1946 was derived from the four south~
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western states, Texas, Louisiana, Oklahoma, and Kansas. "Gas pipe lines now
supply the country with more than five times the energy produced by the entire

electric utility industry,"®
TABLE 9

INTERSTATE SHIPMENTS OF NATURAL GAS IN 1946"

I
Il
HI
|

State of Origin Per Cent

Tm. L] - - L4 - . - - L4 Ld . - - - - - - L] - - - 39
BONERERNE & o o o & o % @ & & 60 & @ &4 8@ @ 18
OEIOROIME. . ¢ 3 o o o % 0 619 95 0 o 6. 0va s ® 13
WA WIFEARIR o & o %1k 4% & & wie @ ol e » 10
m“' - - - L] - - - - - - - - - - - - - - - . 8
Other BUATEB. <« o o ¢ 5 5 6.6 a s a &6 5 .8 & & -_lz_

TOBRE o s o 6 w5 o o & 5 @ @ % & & @ 100

~ *H, Backus and F. S. Lott, Minerals Yearbook (1947), p. 816,

Prineipal Pipe Lines of Oklahoma

The three major pipe-line nets in Oklahoma in 1949 are shown in Figure 1,
page 60. The Cities Service Gas Company has a large line extending almost due
east from Texas County into Ottawa County. There is a southern extension of
this system to the Cement field from Blackwell. Two loop lines serve the
northwest corner of the state from the Texas Panhandle field enroute to Eastern
Kansas markets. The Oklahoma Natural Gas Company's main line from the Cement
field to Tulsa via Oklahoma City is supplemented by two 16-inch lines and an
8-inch line from the Quinton field to Tulsa. The Lone Star Gas Compsny has

collecting lines from the Loco and Fox pools and has also obtained rights for

3nGas Gos s Boom," Headers Digest, LV (July, 1949), p. 100.




additional supplies from later pools. This gas is exported to Dallas, Fort
Worth and other northerm Texas cities where it has become an important ruol.“
The Arkansas-Oklahoma Gas Compeny has a small net near the Poteau area and
into the market area of Fort Smith, Arkansas.

The Oklahoma Natural Gas Company.--As early as 1939, the Oklahoma Natural

Gas Company operated the largest gas gathering, transporting, and distributing
system in the state.“ The core for this system was constructed in the early
days of statehood by three pioneers from Pennsylvania who laid the first major
transmission line in the state from a point southwest of Tulsa to Oklahoma
Gity.“ From this modest beginning eppeared some 2,104 miles of transmission
lines and 1,934 miles of distribution lines serving over 600,000 people in

ninety-six Oklahoma communities in 1959.“

The Oklshoma Natural Gas Company
collects gas from sixty-five fields scettered over the eastern and southern
portion of the state. Main sources of supply are the Cement and Quinton
fields. Twenty-one of the thirty-two counties touched by this system contribute
reserves of gas. The main artery is a 12-inch line from Oklshoma City to Tulsa
with a short 6-inch feeder line which taps the south Stroud field. The west
Cement field is linked to the 12- and 16-inch lines from the Chickasha fields

to Oklehoma City., An 8-inch line parallels this large line and the combined

4genry A, Ley (ed.), Geology of Natural Gas (1935), p. 516.

“Jouph Bowes and F. W. Peters, "History: A Case Study of the Oklahoma
Natural Gas Company," Gas Age, LXXXIV (December 12, 1939), p. 22,

)“n-ank B. Long, "Natural Gas in Oklshoms," Gas Age, LXXXIIT (April 27,
1939), p. 34.

470. V. Daniels, "From Gas Sand to Gas Consumer," Gas Age, LXXXIV
(April 27, 1939), p. 34.
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daily delivery is eighty-five million cubic fest #o Oklahoma City.48

Oklshome Hatural Gas Company hes recently invested over (5,000,000 in

oS

135 miles of new netural gas trapnsmission lines ceommsctbing Garvian, HeClain,
and Stephens Counties to the existing gystem. The 6B.4 miles of old line
between Blanchard and Stroud was reconditioned to operates a pressurs of a
thousand pounds per square inch. It was necessary to remove, cleasn, reconditicn,
coat, and re-lay this line to bring it up to standard. The repairs cost over
one willion dollars.ég
Pive oil companies are cooperstively building threes natural gasolins
plants, one at Yeysville and the others et Antlock and Lindsay in the Garvin
County ares. Skolly 01l Company has constructed anckher on the Velma pool in
Stephens County. These four plants will provide a2 large amount of residue gas
to the three natursl gas lines being construetsd lnto the area by the Oklshoms
Nabural Gas Company, Sixty-six miles of 16-inech lins, extending northeast from
Heysviile o a point six mlles east of Wewoke, intersects another lé-inch line
serving sastern endmortheastern Oklehoma. The sscond is & 12-inch line ruming
thirty«four miles west of Maysville to a point near Chickesha where 1t meots
the main line from the Chickasha-Cement fields to Oklsheme City end northern
markets. Another 12-inch line leads thirty miles south snd west from Maysville,
to the Skelly plant at Valma in Stephens County. A fifteen mile extension of

10«~inch line southicastward from Velma conneets with the Ardmore transmission

net threo miles west of Graham in Cartsr Gouuty.so

Bpobert W Ducker, "Gasways Zesp Pacet Transmission and Distribution,"
Gas Age {(December 21, 1539), pp. 31-32,

497ne Daily Oklshomen (October 23, 1549), p. 21.

50%gK1 ahoma Watural Completing Hajor Expansion Project,” Gas Age, CIII
(3’{&3.'3}5 Zl; 1949), B 22



The Oklshoma Hatural Gas Company had 3,398 miles of gas line in 1839
as compared %o 5,496 mlles in 1849. Uabursel gas lines in Cklahoma total about
8,000 miles. Oklashoma Natural Ges Company owns about 70 per cent of the state's
miloage.51

Underground Storage.-~Thore are two large underground storage fields in

Oklshoma. The Osage raservoir is locsted two miles northwest of Tulsa, e
major market area in Oklahoma. It has apn ares of almost two thousand acres.

52 Five

The field had 1,700,000,000 cublc feet in storage on October 31, 19486,
or six wells ocan deliver over thirty million cubic feet per day from this pool.

Two mala trensmission lines, & l14-inch mnd a l12-inch line, link the Haskell
Storags field, thirty milss southeast of Tulsa to the supply system of the
Oklahoma Hatural Gas Company and the major merkebs in essstern Oklashoma. This
field was doveloped in 1943 and covers an ares of 5,320 acres. It ig estimated
to hold eight billion cubie feot with & delivery rate of thirty-five million
cubic fest per dey.

The Osage field 1s used for sudden loads while the larpge Haskell field is
used to belancs the ssasonal loads. About 4,500,000,000 cubic feet per year
will be stored ond delivered from these fields., The grester svailable resarves
will exbond more reliabls service %o industrisal oonsumers.s3

Interstate Transportation of Oklohoma's Ges.--Uklahoma was exporting 19

por cent of her patural gas as early as 1921, Fourteen years later, in 1935,
the guantity exported remained approximately the same but the intrastate market

had reduced tha ratic to only 9 per cent. PFrom 1835 to 1945, the guantity

5lths Daily Oklahoman {October 23, 1949), p. 18.

529&h1gren, loc. cit,

53 tr P 3 i R o i3 T o 3 2 R . -
9, R, Xubists, "Cerformance of Two Underground Gos Storages,” Gas g,
I0 {Bpril 17, 1947}, pe 4%.



consumed in the state decreased slightly but the exports of natural gas in-
creased from twenty-five million cubic feet to 122 million cubic feet, an
increase of almost 500 per cent in ten years. The ratio of interstate de-
liveries to total supply increased until almost one-third of Oklahoma's natural
gas was being exported. In 1946 the quantity consumed within the state de-
creased slightly while exports increased almost 23 per cent over the previous

year (Table 10).

TABLE 10

INTERSTATE TRANSPORTATION OF OKLAHOMA'S NATURAL GAS*
(Million Cubic Feet)

Consuming State 1945 1946
APREREEE & s o 0 & Ve H arwR AseE R e e & 4,612 4,133
Illimil . - L - - - - - - - - - - - - - - - - - z.mz 5.909
Indhn. - L] - - - - - - - - - - - - L ] - - - - - 3.985 6’971
m-“ L] - - - - - - L] - - L ] - - L3 . - - - - - - 57 . 98‘ 66’ 774
n&ism L L] - - - - - - - - - - - - - - - - - - 6.“1 12.79‘
T e L e 25,740 28,5622
BODEREANA & & o 3@ & o & aa s o @ 00 & e & 819 879
Ohio - - L] - - - - - - - - - - - - - - - - - - - 5.080 B’zs‘s
rm. L] - - - - - - - - - - - - - - - - - - - - 14.“9 1?’981
Others # s 4 ST e ANETY W Y e e e 512

Total Exported « « + o« o« o s = o'+ » 122,034 160,136

¥Source: Bureau of Mines

Arkensas was the only major market area receliving less gas from Oklahome
in 1846, The other states increased their consumption. The states of Kansas
and Missouri received more than 65 per cent of Oklahoma's exports but increased
their consumption only slightly over 1945. The areas responsible for increased

exports in 1946 are Illinois, Indiana, Michigan and Ohio (Table 10). These
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states have a large potential market and shipments o them will probably
increase.

The sales of patural gas from transcission lines may be to an operating
utility et the city gate, sold directly through an integrated system dispensing
the gas, or to large industrial consumers. The uses and rates are preferential

with ecertain advantages and disadvantajpes exserienced by each type of consumer,
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THE CONSUMPIION OF NATURAL GAS

The increase in consumpbion is surpassed oaly by the potential consumpbtion
of natural gas. Hatural gas is chezp, clean, and may be available throughout

the year for domestic and commercial users. The extension of transmission

[

lines is increasing the market areas with an ever imereasing demand for this
ideal fuel.

The states of Texas, Loulsianu, Oklahoms, and Kansas produced 75 per cent
of the natural gas entering interstete commercs as well as using more than 50
per cent of all the gas produced in the United States in 1946. Naturel gas
is so abundant in this region iV has limited the development of sowe of the
coal resoureces of the Southwest.

Domestic and commercial consumers are the "breadwinuers® of the natural
gas industry. They use only 21.5 per cent of the total amount of natural gas,
but pay 62 per cent of the bill. The service rendered these consumers is as
nearly coustant as possible and the premium they pay is partially for this
sarvice,

Industrial consumers are the volume users of naktural gas at a rate only
one~fourth that of other consumers. The supply is usually of the interruptable
typo. Industry using nabural gas in the off-season is desirable as it balances
the annual load factor. The multitude of uses of natural gas in industry is
almost uncomprohensible.

Oklahoma's roliance on nabtural gas is very great. It provides more than
BO per cent of the energy in ths sbtate, The pattern of consumption follows
that of the United States average oxcept the value of the ges consumed in the

indastries is proportionately greater. This gas is used largely in the primary
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industries, The greater portion of Oklahoma's gms entere interstate commerce

and is congumed in the Hidwest.

TAEIE 11

SUPFLY OF THE UNITED STATES*®

[

Source : 1746 1049
Par Cent Por Cent

O oa 1 - - * - . - - L » . - - * - -* L 3 - - * -* L 3 . 48 55
011 (Including Imports) + o 4 o « o o o o o 35 39

Tatural G88s o o o o » = = o & o = o  » o o = 13 18
2;ydro-i§lectric POWGI‘ « 2 & % &8 & ® B2 & ® e ® @ z‘ ) 2

:j:‘jtlal # @ W 8 # ® e » & & e B 2w v & ¢ @ 100 100

pe

*Hdwerd falel, "will 7. P. O, Megulation Affect the Fuel Harkete?™ CPublic
Utilities Fortnishily, XLV (lay 11, 1950), p. 597.

Congunpbion of Hatural Gess in the United Stntes

e B o "

: . L M e
Fatural ges is one of the cheapest of all fuels.* If the indusiry were not

regulated, the low cost o

tries use ngtursl zms as 2 catalyiic agent or

raw material in samdaetur ing

Hatural zas provided anvroximately ons-soventh of the total developed

1

Frederick ¥, Slachly and
Interest {1947), p. 40.

" H > AT . 4 7 TR T 5 b ki
2 farprove, "Importance of Natural Uss in the Wational “conomy,”
Gag Age, OII (Yovember 25, 1948), p. 28.

B. Ontman, MNatural Zas ard the Pueblie

2
He Ui
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energy in 1948.°% During 1948, this inecreased until alwost one-~fifth of our
energy was derived from natural ges (Table 11).

Geographical Distribution of Consumption.-~More than four trillion cubic

feet of natural gas was distributed to 12,437,000 consumsrs in thirty-six states
and the Distriet of Columbia, in 1546, The greabest portion is consumed by
& comparatively small nwaber of large industrial concerns in a few states. The
ranking states sre shown in Table 12. Texas consumed almost 36 per cent of

&ll the natural gas produced in the United States in this year. The second

TALLE 12

STATES CONSUMING GVER 100 BILLIOW CUBIC FEET OF HATURAL GAS TH 1948*

State illion Cu. FL,

TOXBS o o o ¢ ¢ © o« ¢ o 8 = o = o o s v & 1,366,457
Californisi. o v o « o ¢ « o = v » » o « @ 487,904
Louisiana « o« o e « o« » o 3 ¢ o s 2 2 & @ 331,364
QklalloMa o ¢ » ¢ o « 6 s s v a s o o « 245,981
ORI0O & ¢ « s o o ¢ 5 » 2 « 4 o 5 o s = o 188,627
KBIISAE o o v o + o « v s o o o o s o & o 176,820
Pormsylvania . o o o o s s s 2 8 + o o @ 158,587
Illinois P e ¢ ® % % 0 % © &« 8 ¢ » @ 2z @ 124,284
West Virginia . o ¢ v ¢ + ¢« o ¢ o« ¢ o o 100,733
OPhers o « ¢« ¢ v v o 6 o o o 2 8 ¢ s o« = 2,779,687

Total United States « + ¢ &+ o 4,012,980

¥Source: .inerais Yearbook (1947).

ranking state, California, was facing a critical shortage of natural gas until

the El Paso Hatural Gas Company's "Super-Inch" line was completed in 1547. Idore

3George Grover Oberfell, "Reserves of Natural Gas,” The 0il and Gas
Journal, XXEXVII, No. 46 (iarech 17, 1848}, Pe 118,




than helf of ths naturesl gas consumed in the United States in 1940 was in
the four sbtates of Texas, Loulsiana, Oklahoma, and EKansas. These same states
provided 78 per ceat of the nabtural gas entering interstate commerce in 1946
(Table 9, page 65).

Natural gas hés & monopoly in the sections of the cduntry'where it is
most abundant, The greater convenience end cheaper price of gas as compared
to coal or petroleum has almost elimineted these latter fuels as heat and
4

power fuels,

Donestic and Commercial Consumption.--Tobsl consumption of natural gas

was over‘five trillion ocubic feet in 1949, Domestic and commercial consumers
used approximabely 34 per cent of this smount.”® The nation's consumers in-
ereased in number more than one million during 1949, to 13,500,000. This
more than doublsd the increass of the previous year.s

The regional comsumption of natural gas in the United States in 1845 is
shown in Table 12, This figure shat s consumpbion within political boundaries
without regard to type of use. Domestic and commercial consumers contributed
62 per cent of the revenue although they used only 21.5 per cent of the total
gonsumed gas.7 Natural gas, marketed through pipe lines, averages four times
as high to domestic users and two and one-half times as high to commercial

usgrs &8 it does to industrial consumers.

The low rate offered to industrial consumers is to utilize the pipe line

4Hargrova, loc. c¢it.
Srgatural Gas-Fhoosh I" TFortune, XAXX (December, 1549}, Pe 108,

SSurvgllgg_Current Business (1949 Sup.), United States Departmont of
Comnorces Sureau of Foreige and Domestic Commerce, p. 133.

7.x . . X . s ;
Kelson Lee Sumith and Harrington Wimberly, United States Federal Power
Gommission Locket G-880, Natural Gas Investigsbion Heport (1948), v. 40.
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gt capacity load during periods of slack domestic demand. If this idle cepa~
¢ity is used to deliver large quuntities of fusl at low rates to industry,

the finel domestic and commercisl rates may be scaled down as the cost per
unit of netural gas is less at o maxiaum load factor. The low rate is fthe
method used to obtain quantity consuaption. Service may be curtalled or in=-
terrupted at any time as doﬁestic withdrawals approach the maximum load fachor.

Industrisl Consumption.--Industrisl consumers use the greater portiocn of

natural gas., They used 2.3 trillion cubie feet of natural gas in 1949 or about
66 per cent of the total production although they paid only ore~fourth as much
for services renderesd as the domestic users. In 1948, 3,000 new industrial

consumers were added to the 818,000 consumers of the previocus year,

TABLE 13

WATURAL GAS CONSUMPTION I THE USITED STATES IN 1547%

Per Cen¥

Industrisal
Fiald 'Use L ] L ] 2 » Fy » @ . - - [ ] L ) * a » » ] - » 21
Carbon Black 5 v & ¢ ¢ o a » 0 s & « ¢ o o « & il
Potrolewn Refining « o+ o o o o o « ¢ o o » o @ 8
ceﬂlent ¢ ® ¢ 9 @ ®W U e U e« B * € O € & @& W b€ 1
Electricity Goneratlon . ¢ ¢ « o« o o ¢ » ¢ s 8
Obhier Industrial . &+ ¢ ¢+ v v ¢« « o » ¢ ¢ s o & 26
Total > ? L3 L3 -* - [ ] . . - - L] * - -« L 3 . - ?5
Commer‘cial . e & e 4 & 4 & 8 e ® & 8 5 ¥ a & ¢ @ 7
Doﬂ]es’hic - [ . . - L ] 3 - e . - * * “ - * - . - 18

TO’bﬁl ® & a2 ® @& ® 4« @9 & 2 @« ® 0 & 1 LI ] s 100

*Thiatural Gas-Bnoosk " Fortuns, XAXA (December, 1043), D. 1124



78

Field Usc.=-ihe largest single use of natural gas is in bthe field., Its
inereased value to field operations may be evidenecad by the btendency 4o re-
place sbeam rigs with Internal combus$ion engines. Some fleld uwsers in southarn
Louisiana are paying as much as {ourteen ceanbts per thousand cubic feet for
natural gas. This priece is considered too high and a reduction in the use of
this fuel may appear as & result of its increassed cost,a

Field usse inecludes the pas usged for oil- and gas-well drilling and
pumping, for operating nafural gasoline plants and the pas lest, consumed, or
presorved in oil "1ift” operatiocns. The chief use is for boiler fuel., This
use is directly relabted to the availability of natural gas.

Garbon Black.--Within a skert tine after the development of new gas fields,
carbon black plants usually appear. This industry is located nesr the fisld
in order to obbtain an abundance of cheap naturel gas. Theorstically, carbon
black menufacture may be regarded as 2 waste of a nabursl resource, but from
a practical viewpoiut, the carbon black plants recover a portion of the gas
formerly veanted intic the air =mnd have bsen amonp the first conservationists in
the fisld. ilodern carbon black plants are using sour gas that otherwise must
be treated befors it can be consumed as a fuel.” Garbon black is usually
manufactured by burning natural pgas with insufficient oxygen to allow complete
oxidation. The carbon particles cling to a surface from which they are collected.
There ars about thirty-two pounds of carbon black in one Bhousand cubic fest
of natural gas. Soms recovery procasses obtain 50 per cent of this, but the

national average was 2.44 pounds in 1946, 1If the averagse yisld could be in-

BLeigh S. HeCaslin, Jr., "Aloag the Gulf," The 01l and Gas Journal,
XXXEVIII (Warch 18, 1950), p. 54.

gﬁaynard #ls Stephens and Oscar F. Spencer, latural Gas Engineering
{III, 24 ed., 1948}, pp. 19-20,
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creased to five pounds per thousand cublic feet, the comsuuption of metursl ges
Sy the carbon black industry could be reduced about 250 billion cubic feet
annually or agout 58 wuch na commercialvccneumers used im 1946.10

| Texas produces B2 per cent of the carbon black in forty-three planie,
thirty-two of which are in the Pavhandle field. low cost gour gas is avallable

ks

oo ‘ix < s 1
in large quantities in this ileld.l

Louisiana end lYew Mexico also rroduce
gerbon black.
Petroleum Refining.--latural sae is used for oil refining in Texas,

California, Louisiana, Tklshoma, and Hensas., These states consumsd 95 ver
cert of the matural pas vsed for thie purpose in 1845, Hatural gas is not the
prime fuel for this process, since cxcesms refinery gases, fuel oil, end acid
gludge provide more than hall of the energy deeded to operagte the plants.
Fatural zas ie not used in the refineries east of the lissleseippi Rivéer,1%? Their
fuels are largsly those made at btheir own plants with no added transnortation
charges. This residual Ffuel has uvtilized vroducts Pormerly burmed or discarded
as waele materislas.

Cerment ”anulxctu:e.—-uatg al zas used in manufacturing cement is lsvrgely
confined to Texas, California, and Kansas. These gtates consumed &6 per cent
of the zos used for this purposze with the remeinder divided among ten states,
This indusiry uses only 1 per cent of all the natural zas produced (Table 13,

page 75). In 1945, only twelve cement plants used natural pas exclusively and

10341th gnd Vimberly, op. git., p. 371

11P R. Taylor, "Bffect of Introduction of Matural Gas on a Highly
Industrialized Tarritory,® The Comrereial and Pinancinl Chronicle, CLAVIIX
(December 9, 1948), p. 2416.

12,

Smith and Vimberly, op. cit., p. 373,
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106 of the 141 reporiing cement planbs used pno natural gae at all.lS Cerment
plants may regulabe thelr use of natural gas to periods of low domesbic with-
drawal, especilally, if favorable rates may Ve obtained. The lower cost of
fuel coincides with the period of greavest demand for construction materials.
The cement produck, in a semifinished stags, is easily sbored wndil it is
needed. Coal producers, alse suffering a loss of demand during the swmer
months, valus their cement plant customers for the sams reason and may also
offer preferential rates en coal.H

Goneration of Electricity.-~The generation of electricity accounted for
8 per cent of the natural gas consumption in 1947 (Table 13, page 75). This
generated § per cent of the total kilowabt-hours produced.ls The proportionafs
use of other fuels has remained relatively censtant in the electrisal industry,
while the use of natural gas has inersased from 1.6 per cent in 1820 to 10.7
per cent in 1948, Ilosht of the gas used in this industry is consumed in the
Gulf Boubhwest and California., Texas consumes more than 30 per cent of the
aatural gas used in electrical generation.

Obher Iandustrial Usss.-~-There werse 31,800 miscellancous industrial users
of natural gas in 19456, including brick and pottery meking, baking, and many
other industries. Exponsion is dus o cnsapness, eass of handling and control,
simplicity of equipment, and efficiency of natural gas. The inereased cone

sumption of natural gas by these industries is encouraged by piping gas into

13p, 8. Lott and H. Backus, Minerals Yearbook (1945), p. 1239,

1433 tuninous Coal Institute, Bitwminous Coal Facts and Figures (1948),
p. 08,

151pid,, p. 118.

18 nerican Gas Association, Gas Facts (1945-1946), p. 54,
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industrial centers or by‘ihe wnigration of manufacturing comcerns to the ime
mediate vicinity of oil and gas fislds., An example of the latter is the glass
industry that has bsen attracted tc the gas fields of Oklahoma, Texas, and
Celifornia because this ideal fuel is cheaper and gives gresater heat. 17

Yiscellansous industrial users consumed at least €0 per cent of all
natural gas moved in interstate commerce in 1945.18

Factors Affecting Price at Points of Consumption.--The proving ground for

any fuel is its use by the ultimate consumer. The energy content provides a
bagic by which fuels may be compared by the conswmer. By comparing the energy
content and weighing the advantages end conveniences of any particular fuel

by the consumer, evaluation of & fuel may be made. A factor of iuncreasing
importance has been the reliability of service. Certain fuels have become

noborious through the periodic work stoppages thet interrupt the movenent of

TABLE 14

AVERAGE BQUIVALENT RETAIL PUEL PRICES PER MILLIOW B.T.U.*

1985 1944 1947
Hatural GAS v o « « o o o o o o o » - $0.70 £0.58 $£0.59
Hanufactured Ga8 o+ o « o o« o « & o 2,08 1.74 170
Bituminous CoBl 4 + ¢ ¢ 4 ¢ o 5 o+ <32 «39 +55
ﬁnthraeite 8 e« ® © & @ @ & & & ° ® o4:4. 055 b?l
Furnace Oils « & & = & % & & 4 @ » né:? 057 i = v

*Nelson Lee Smith and Herringbon Wimberiy, United States Federal pPower
Comaission Docket G-580, Natural Gas Investigation Keport {1848}, p. 339.

Y yernon W, Brockmann, "The Glass Industries of the United States,™ p. 5l.

Ysmith and Wimberly, op. eit., p. 36,



fuel So wmarket. The resulbant of all these facbors is the priee that will
be paid for a pgiven guanbity of fuel,

In the case of domestic consumers of nabural gas, the choice among five
fuels reuged from .39 cents per million B.t.u. for bituminous coal to $1.74
for manufactured gas in 1044 (Table 14), A ccal trads journal recently‘em-
phesized that even though coal underesells natural gas on & natlonal averags,
thers are millions of people willing to forego this saving for the convenlouce
and cleanliness of natural gas. It would soem that if coal is marketed and
burned in $he gtyle of bwenty-five years ago, natural pas will continue to
attract more home owners awsy from coal.i9 An increase in the price of coal
from 1944 te 1947 has further reduced the resistance of home owners to convert

to a fuel that appesrs to have a regulated priecs.

Consumption of Waturael Gas in Oklshoma

{nly louisians and Texas are more dependent upon natursl gas than Oklahoma.
The abundance of this fuel limits the use of Uklshoma's 55 billion tous of coal
reserves, but it is conserving this source of energy for the time when unatural
gae and petroleum may be less able to serve Oklahoma’s energy requirements.
Hatural gas provides for mors than 80 per cent of Gklahoma's total snergy
rogurements {Table 15), The value of natural ges, produced in 1943, was
142,340,000 as compered to 146,600,000 for petroloum. These two ranking
minerals produced almost 75 per cent of the income from minerals.20

Domestic and Cowmereial Congumption.~~The 322,200 domestic consumers in

Oklahoma paid more than thirteen million dollars for natursl ges in 1946,%1

lg"Natural Gas--Growing Coal Competitor,” Coal Age (Sep: ember, 1945),

cited in Smith and Wimberly, op. eit., p. 339.
3OMineral Resources 1946, Oklahome Planning and Resources Board, p. 3.

2ly, peckus and F. 8. Loth, #

serals Yearbook (1547}, p. BE3.
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Slightly less than half of all the homes in Oklshoma used gas for coecking in
1939, Almost 9 per cent of the farm dwellings are served with natural gas.
More homes use nabural gas in the urbau cenbters in the central and northe
central portions of the state than in other areas. Fewer howmes have thig
convenience in Lhe southeastern portioﬂ>cf the state., The old fields, once
serving portions of this area, have declined in production until they are no
louger important. In LeFlore County, the home of the old Poteau fisld, only

19 per cent of ths cccupied units cooked with netural gas in 1940, while almost

70 per cend cooked with wood, 2%
TABLE 16

TOTAL ENERGY SUPPLY COUSUMED IN OKLAHCHMA IN 1947

Source ' Per Cent
Coal ¢ = B 8 B B ® B & @ & A& & & T O s = @ 9.2
Oil @ & 3 e & U S & 0 4 + & € ® ® = & 8.6
Hatural Gas .« ¢ o o ¢ o « s o« s ¢ = + o @ 80.8
HydrO-Ele Gtric POWB!‘ 4 @ & 5 & & ® & ¢ @ -L [} 6

Total s o % & & 2 © & & ¢ & v & & 100.0

¥Bituminous Coal lnstitube, Bituminous Coal Annual (1949), p. 109.

The average cost in 1946 per thousand cubic feet was forty-six cents as
compared to twenty-eight cents cherged commerecial consumers, Commercial cone
sumers numberad only forty thousand but used mors than 50 per cent as much

gas as domestie users. Domestice consumers used 28,482,000 cubic feet whils

22011 ahona County Basic Data, Market Research Department, Farm Journal,
Inc. (1947), p. 40.
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commercial users used 15,430,000 cubic feet, The larger wvolume at a higher
rate for domeshic users is the largest sourgs of financlal returns to the
natural gas industry. The value of domestic and commercial consumption was
e & 5 - 23

$17,688,000 ait the polut of use,

Industrial Consumption in Uklshome.--Industrial consumers purchased

over 202,089,000 cubic feet of nabural gas in 1948, more than seven times
domastic consumption, at en averapge of six cents per thousand cubic feet,
The velue of gas consumed in industry was $12,120,000 or about cne million
dollars less than the tobsl domestic consumption. Field use accounted for
more than 50 per ceunt of the total industrial use but conbributed only 27
per cent of the velue of the industrial consumption. Carbon black plants
in Oklahoma consumed 5.5 per cent of the natural gas valued at $672,000.
This was 7 per cent of the indusbrial consumption.24 Elegctric utilities
accounted for 7.2 per cent of =all industrial consumpticn of natural gas in
1941,%9

Gf all OCklehoma's menufacturers, the manufacturers of pebrolesum and
coal prodacts use elmost 50 par cont of the anatural gas. They alse pay
50 per cenlt of the total walue of the gas used by Oklahoma manufacturers
{Table 16}. This industry is one of the mejor comsumers of natural gas.
The primary metal and ths nommetallic groups together used 33 per cent of
the volume consumed and paild 32 per cent of the cost, Ordinarily the rate

ineresses as the volume uvssd decreases,

ZBBackus and Lobtt, loe. elt,

*41biq., p. 824.

2on fultiple~purposs Projects in Southwestern Region,” Power Market
Survsy Ho. 609, Fedsral Power Commission, Fort Worth Regional QOffice
{December, 1944), p. 160.
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IABLE 18

CORSULG TION OF HATURAL GAS I OKLAHOUATS
VMARUPACTURING INDUSTRIES IN 1947*

Ttem Million Cost
Cuble Feet

Petroleum and Coal Products ¢ o « o o ¢ « s o 28,614 42,525,000
Primary Metal Industries .« v« o« ¢ ¢« ¢ ¢ o + & 10,214 964,800
Stone, Clay, and Glass Products « « « o s o 9,012 913,600
Food and Xindred Produchs « ¢ ¢ o « o s ¢ o « 3,657 576,400
Chemicals and Allied Products ¢ « o o o » o 2,785 184,800
Others ® & & % ® © 8 ® @ 4 & % e @ & 6 © @ » 2,027 325,800

Tobal o o o ¢« o o s 5 o s ¢ o o« 2 o 58,279 $6,896, 500

¥Source: Census of Wanulactures 1947, MC 205

fhe manufacturing industries in Cklahema are important to the future
development of tae state. The abundance of cheap natural ges places Oklahoma

industry in an advanbageous position to compete with industry in other aress,
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WATUTAL GAS RESERVES

Natural gas reserves are thoss gaseous hydrocurbon fractions that are
estimated to be obtainable from areas known to have matural gas. The method
of arriving at an estimation of the amount of nabural gas recoverable in the
fubture is an excsedingly complex study involving the porosity of the gas-
hearing sand, the thickness and horizontal area of the producing bed, formas
tion pressure and Yemperaturs, componsent fluids present in the reservolr,
and the solubility of the gases in eil if the reservoir produces both oil
and gas., The above facbors do not become known until the records of produce
tion are sbudied for the field in question. Great care must be used in se«
lection of data to represent an area since geological conditions may be
extremely variable within the stratum of a field,

Hatural gas reserves are those which have been estimated by the method
deseribed above or reserves which have not besn explored sufficiently to
allow an analysis of their potentialities. The latter is regarded as pobential

reserves while the first is known as proven reserves.

Hature gﬁ_ﬂatural Gag Reserves Eg_the United States

Natural ges has been discovered end proved in large gquantities in the
United States, Canada, Poland, Romania, the U.S.8.K., and the Netherlands
Indies. The United States is the primary world producer and consumer. Idsal
geclogic conditions are responsible for the greater reserves in this country.l

Basing their estimation on recent additions and digecoveriss, leading

Honry A, Ley {ed.}, Geology of Natural Gas (1935), p. 1100,




geologists have estimated ths present reserves of natural gas will last at
least forty years.z

Trend of Natural Gas Reserves in the United States.-~--Tabls 1, page 38,

presented the current reserves as of Jammary 1, 1880, in rsletion to produce
tion, Figure 2 shows the trend in the development of natural pgams resorves
in the United States from 1935 to 1950. Production has steadily iuncrsased
excopt for 4 slight decline in 1938, bub reserves have increased at a phe-
nomenal rate. There were thres times as meny proven reserves on January 1,
1980, as had exisbed just twelve years earlier in 1337. This majaestic increaszs
has enabled natural gas companies to snter into long time agreements with
industrial, commercial, and domestic consumers to provide an excellant fuel
at a reasonable rate. Had natural ges reservaes been confined to smell pools,
the exploitation, of nscessity, would have besn much more locelized, HNatural
gas 1s avel lable in quantity to the lidwest and ¥ortheast because it has
been concentrated in large enough pools to make major transmission-line ex-
penditures feasible,

Now pipe-line outlets and new markets appeared during 1942 but reserves
again showed an increase similar to the previous year to reach a peak of
180,381,344 million cubic feet. An indicetion of a leveling off period may
be noted as the robio between inventory of proven reserves and anpual with-
drawals has decreased slightly. The 1948 ratio was 28.94 while the 1549
ratio was 23.88. The present pipe-line expension program is very larpe and
should cauee this ratic to remain steacdy or decline for a number of years,

barring another bonanza %rike, Although tha inventory ratio decreaped,

?Ernest E. Abrams, "Why Life Insurence Companies Buy Wabtural Gas Dipe~
Line Bonds," Fublic Ubilities Fortnightly, XLV (April 27, 1550), De 943,




86

a volume increase of 3.7%5 per cent was registered during 1249. This would indi-
cate consumption incrsased proportionally.”

Georraphical Distribution of Hatural Ges leserves by Ztates.--dbout 89.5

per cent of the present reserves are located in the seven southwestern etates

of Texas, louisiana, Oklahoma, Hansas, New lexico, ifigeissippi, and 4rkansas
(Tatle 17). The state of California has approximetely 5.% per cent of the
proven regerves, leaving 9.0 per cent in the Appalachian region, the ¥Hiddle West,

&3

and the Hocky lMountain ervea,

TABLE 17

EAN P T N
DIBTRIBLION

TrALNTEr LY FUavy P r‘ru—w T Y AOTY
HATGRAL CGan I 2 BAREEN!

State Fer Cent of Reserves

3

TEXAG o 2 o 2 » s o a8 « 2 s s » a » o o & s 5 a o s 5 o »
Louisiana « + + « &
Kanﬁagnooaa..\-.o.caautn-o-oo.»o.
leahoma...a.e.,...-.---.........
ﬁew?vf&xico.....-a..u.......r-...e.-
Hio0issinpl o 4 4 4 4 s v s w s s e e s e e s e e e s

A,I‘kanﬂﬁ - » € 9 ©S & & & 3 P A B # & » & 2 > 5 B B * o ¥ @

L
E 2
-
L ]
*
A ]
L ]
L ]
»
»
»
-
»
L ]
L i
»
[ ¢
L
L ]
ot
.o
L ]

B N O~
B B N

:

Dotal Southwestors 3tabtes o« & o o o s 6 s o« o« s £0.5
carl ifor'r}jva’ L - » » L - » w - » L] » » - > - - * » » L] . L 4 5.5
Appalachian, Rocky Mountain and Midwest Avess . . . . . . 5.0
Totel United 3tatoe HoBerVeB. o o » o o » o » » 100,0

*Computed from dats given ir Table 1, page 38.

Hr. &, Jebolyer, one of the countries foremost petrsleum genlogisis, esti-

1
mates thal ocur petroleum regerves are close to 200 trillion cubic feet.”

5ﬂharlcs J. Deegen, "leserves ars Up," Tho 0il and 3as Journel, XXXKVIIX
(March 1€, 19%0), ». 57.

4TPe Stordard 011 Company, Datural Gas (1947), re Fe
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Geographicel Distribution of lajor Fields.-~Within the propounced geow-

graphical concentration of natural gas reserves by states, thoy are sven more
localized inside the given staﬁes.s Almost half of the natursl gas in the
United States is contzined in a small number of very large fields (Fig. 1,
page 603, The time of discovery is sometimes emphasized too heavily sinece
some of the major fields such as the deep Carthage gas field in Panola Counby
in eastern Texas was discovered in 1936, but was not developed to any great
extent until 1944.% Two years later thers were over two hundred productive
wells and the Carthage field was boing scclaimed as the largest gas condensate

7,

reserveir in the United States. The present limits of the field are not

known on the eastern side.7

Location of Industry to Natural Gas Reserves.--Ihe concentration and

location of gas fields at the apex of the large transmission lines %o the
Eastern and Californis markets is shown in Figure 1, page 60. The concentra-
tion of reserves provides a basis for changing the industrisl outlook of the
Southwest since more than 50 per cent of the natural gas is consumed within
the seven state arsa. The major urban and industrial centers of the United
States are far removed from the reserves of natural gas. If industry is to
use natural gas, it must either move to the source or the gas must be transe

ported to the market.

STwelve fields of the United States have almost half of the natural gas
resarves., <nese filelds are: The Hugoton field, ¥ansas, Cklahoma, and Texas;
Katy field, Texas; 0l1ld Ccean field, Texas; Rio Vista field, Californisag
Seeligson field, Taxas; Apgus Dulce-Stratton, Texas; Eetileman Horth-Dome field,
California; Sheridan field, Texas; Pledger field, Texas; and the ionroe field,
Loulsiana,

Siielson Lee Smith and Harringbou Wimberly, United States Federal Power
Commission Docket G-580, Natural Gas Investigmtion Report (1948), p. 40.

"P. K. Foster, "Carthage Gas Field Development,” The Uil Wekly, CXXIV

(Docember 23, 1948}, pe B33




$§gﬂ§g@ggil%Power Comnission has not been overzealous in granting cer-
tificates of public convenisnce and necessity teo pipe-line companies desiring
to provide natural gas to new market areas. A tweunby-year reserve of gas is
requirad for the line, as well as e market guarantesd to absorb all the natural
gas delivered. Few businesses can find a market which will agree to accept
all of their preduct for such a long periocd of time. Hatural gas transmission
companies have been gquite successfu) in meeting this regquirement. The lack
of large diameter tubing has previously held back expansion, but pipe is
becoming & factor of expense rather than one of availability at the present
time., This fact should permit the construction of major lines to the more
favorable markets within the near future.

Future Bupply of Hatural Gas.--latural gas is an irreplaceable resource,

DoGolyer summarized the opinion of the petroleum industry on the stabus of
this mineral:

ly judgement is that the present (1948) proved reserves of natural gas

and the results of cxploration and exploitation have been and are more

than satisfactory enough to allow the reserves to the freely produced

. [

under good conservation practices.®

The nuwber of gas pools being found each year is large. Although current
efforts are rewarded by additional discoveries of gas fields, the average size
ig declining from those found in the early 1830's, TFrom 1633 to 1938, thers
were twenty-two bonanza-type pools discovered bubt in the next six years only
seven were discovered. In splite of a more diligent pursuit of natural gas,
the newer fields are not as large and only a few major discoveries have been

a s . 9 . 4.
made in regcent years, In 1948, there were 112 new gas fields discovered and

5g, DsGolysr, "The Natural Gas Industry,” The Petroleum Bngineer, XX
{Decembor, 1948), p. 148,

"E. DeColyer, "Drilling Requircments Defore aad After V-Lay," The
fetroleun lagineer, X¥I {Decouber, 1944}, pe. 1804
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forty-eight new zas pays develeped In old fields, In 1949, there were 122
new gas fislds found but only twenty~eight gas pay strata in the old fields, 1Y
The number of new fields is inereasing while &ctivity in old fields is de-
creasing.ll

Additions to gas reserves will come from four sources. (1) Many fields
that are producing from shallow strata have deeper potential reserves. &
nuaber of such pools have been discovered in Oklahoma. (2) Extensions of
prosent fiolds will provids added/réserves for fubure use. (3) Areas nsar
kanown fields are excellent possiyilities for newu discoveries. With the cone
stant improvement in drilling equ%pment, flanks of buried ridges such as the
Nemsha may be explored at greaber &egths thus increasing ths possibilitj of
finding natural gas. (4) Potential discoveries also exist in those places

P

not producing natural gus et present but having suitable sedemenbtary rocks
for ths accumulation of nabural gas.lg

Wildeat wells drilled in searsh of oll have found and capped gas strate,
These eapped wells are brought into production as needed. The present supply‘
developed from a reserve regarded as o liability only a few decades ago.

The trend to deeper drilling for oil has probably accounted for some

of the increase in pgas reserves becauss with depth hydro-carbouns sgeen

increasingly to cceur in gaseous phass,., Inasmuch as constantly deesper

drilling for oil will be the trend in the fubure it seems likely that

the possibility of finding additional gas reserves in the deeper horizons

will be increased concurrently,”®

Size of the Holdings of Reserves.--4n estimate showed that thirty-thres

197Les0 statistics bear out E, DeGolyer's statement that the rate of discovery
is dsclining ag there were ten less flslds located in 1945 than in 1848,

Moseil 7. Smith, "3.7 Per Cent Increase iade in Exploritory Drilling,®
Vorld 0il, CiXX (Pebruary 15, 1880}, p. 57.

Smith and Wimberly, Op. cit., p. 54

P 34 wy $3..1.4¢C
Ty Blle GlUay, D 145148,
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leading oil companies held sbout 116,000,000 acres of gas reserves in 1847,
or 62.5 per cont of the total acresgz. Earnings from the sale o natural
eas reproseats a large portion of the tetal income of meny of these large
companies.l4 In comparison, there were only eleven automsbile companies in
the United States in 1940.1° Concentration of only 62.5 per cent of the gas
resorves inr the hands of thirty-three large componies ilndicates a state of
heslthy sompetition between the companies in the natural gas industry. No
bloeck has econtrol of the market susch as exists in the aubtomobile field

among General Mobors, Chrysler, and Ford.

Hatural Gag Roserves gg_Dklahoma

Ukishoma had 6.4 per cent of the natural gas reserves in the Unibted
States on danuary 1, 1950 (Table 17, page 86). Host of this is in the
Guymon~Hugoton field in Texas County. About 80 per cent of Oklshomats
reserves ars in this one field, They are a prime resourcs and are balng
deveoleoped rapldly. The dissipation of vast quantitiss of natural gas is
nol liable o ogeur in this large eree due to rapid strides in proration and
unibizesion of npavural gas ianklahama; The sastern fields of Cklehors heave
besa explolited in the search for oil and are important to a more local area
and are especially important as & source of powsr in the recovery of petroleum,

Geographicul Distribution of Natural Gas Reserves Ez.Counties.——The

reserves of nabural gas in Uklahoma have shown a shift from the south and

east conbral portlons of the stats te the mighty Guymon-Hugoton field., In

WMyaward Palek, "Will F. P. C. Regulabion Affect the Fuel Markets?"

Public Utilities Fortnightly, XLV (lay 11, 1950), p. €03.

15g, B, Alderfer and H. BE. Michl, Economics of American Imdustry (1942},
p. 139, o

145, . e oy & - 0y K N 5 o B S rms i N gy e Y o %7
16, ¢. saider, 0il and Gas iu the MNide-Conbinent Fields {1920), p. 286.
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1918, there were thirty-one countlies in the eastern half of the state pro-

dueing nabural gas grofitably.ls

By 1542, production of dry gas in the western
counties was beocoming apparent. Ter countlies were recorded as producing only
natural gas, forty-two counties were producing both oll aud gas la association,
and only twenty-five counties were producing neither wet or dry gas.17 Fifty-
two counties were producing some form of natural gas during 1542. Additional
raserves wers located in four mere counties by 1844,

The Cklahoma Planning and lesources BDoard listed the estimated rescrves
of nabural gas in Oklshome as of Jenuary 1, 1946, at 6,467 billion cubie feet,
They gualify this figure by saying new fields are being constantly discovered

R . . 18
and that the estimats can be considered conservaiive.

RECESY GAS DISCOVERIES IH QXLAMOUA

Date ] Heserves
Million Cu. Pt

December 31’ 1945 L * . L L] L ® L * - - L] * - . » L lo’ 079,9388'

Doconber 31, 1946 o« o 4 ¢ o 5 o 5 8 o o 4 o v o . s 10,758,355%
December 31, 1947 [ ] [ ] . L] L . L] L ] - . - . L ] L ] - [ 4 [ ] 11' 560’ 864&
Lecembar 31 ¥ 1948 o v o o « & 9 e & » ® * & ©°© & © 11 » 332 ¥ 445

December 51, 1949 L ] * . - L4 ] L] . - » -« » L] Q . L d - 11’ 625’ 979

Enited States Bureau of ilines. Y0il and Gas Journal.

a

The unitsd States Bureau of Hines listed for the first Lims in 1945 an

cstinmaste of the reserves for the stats of Oklahome. Sinee that Ltime twe

additional estimates have besn released.

1715 deontinent 0il and Gas Assoeiastion, 0il and Gas in Oklshoma (1543), pp. 54=3

o

18yineral fosoursus 1048, Uklahona rlapning and Resources Zoard, D. 25,
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Goographical Distributicn of iajor Flelds.--There are twelve fields in

Jkklahome having & reserve in excess of 20 billion cuble fest. The location

of bhege {ields in the stabte is shown in Pigure 3.

Tislds in order of thsir volums, as of September,;

GAS RESERVES GF MAJOR FIBLDS IH

TABLE 19

September, 1945%

Tha raserves of these

1945, is showa in Table 18.

OXLAHCUA

Figld

Billion Cu, PFt, Pgyr Coent of

Stabte Ressrves

Guymon-Hugoton field + o « o o &
Wost Edmona field . « o o o « « o
Cumberland field . . .
Chickasha field {deap) « o + o +
Apaghe field . + + « &

West Cement field . ¢« ¢ o ¢ o o &
East Cement fleld + ¢ ¢ ¢ o o o @
Velma fi6ld « ¢ ¢ o o o s o ¢ = o
Pauls Valley fisld o« ¢ o o o o o o«
Pauls Valley, Bast field « ¢« o . &
Quinton field o ¢ ¢ o ¢ o o ¢ « =
Erick field 4 ¢ o o ¢ ¢ ¢ o o « =

Total twelve major fislds
Miseellaneous small fislds « o «

Total Oklhhoma . + ¢ «

7,697
368
225
160

856
80
60
60
54
45
32

27.5

3,880.8

625.5

0,535.0

¢1l.0
37
2.6
1.8
2
o8
o8
o3
«9
4

3
o2

93.2
%3]

100.0

¥Elmer E. Capshaw, United States Fedoral Power Commission Doeket G-500

Exhibit No. 148, Matural Gas Investigation (1545).

Althoupgh the Guymon~Hugoton field has by far the luargest amount of nstural

gas in Oklahoma, 1t must be remembered that hundreds of small pgas pools are

being used to produce az more valuable product and are not to be disregarded

even if much of the geas produced in this manner is used as boiler fuel nesr

the place of its origin and is seldom recorded &as having been produced.



THE NATURAL GAS INDUSTRY
OF

OKLAHOMA

MAJOR FIELDS
L APACHE 7.ERICK
2.CEMENT, EAST 8.GUYMON-HUGOTON
3.CEMENT, WEST QPAULS VALLEY
4.CHICKASHA, IOPAULS VALLEY, EAST
5.CUMBERLAND 1LQUINTON
6.EDMOND, WEST 12.VELMA

—~<—PRINCIPAL PIPE LINES
. —~BOUNDARY OF THE ANADARKO BASIN

SOURCE: CORPORATION COMMISSION OF OKLAHOMA

FIGURE 3



Guymon~ilugoton Field.--The Guymon-Hugoton field was known to have large
queantities of natural ges ia roserve as early as the 1920%s., Wildoals had
succossfully completed sneough wolle to allow an estlnate of the area ol the
fiold, and although pressures wers not regarded as greab, the amouns was
believed to be very large. Largs portions of the ares wers held in reserve.
This reserve wasg held for later exploitation because of the lack of a market,
It led pipe lines inbto the arew, as compstition and prices for natural gas
increased in the Kanses portion of the fie1d. 1% The discovery was made in
the Allison Ho. 1, Sec. 4, Te 1 W., ®. 12 E., in Texas Counly by the iHome
Development Company in 1922.zo From this early start, 1little happeaed until
1940 when pipe lines entered the area and opensd up & market for the cheap gas.
Only the carbon black plants had previously followed the geographical shift
of sbundent natural gas from the Appalachien area to the Southwest. iost
of the area was leased by brokers and assigned to the compnies for whom
they were leasing. These compenleos wers Republic, Panhandle Fastern,Cities
Servico, Peerless Skelly, Cabot Carbon, Shamrock, Phillips, and Panoma Corpora~
tion. They each owned very large acreag@s.zl

The proven ares of the Guymon-Hugoton field is 533,760 acres or 23 par
cent of the total Hugoton fleld. Forty-five per cent of this has been de-
valoped by some 659 wells or about one~third of the total wells of the Hugoton
field, The Oklahoma wells have the highest deliverability of reserves in the
Hugoton field, 2,437 million cubic feset per day as compared to 2,047 million

cubic feet for the Kansas area. The Kansas wells have a deily deliverability

19B1akely M. Hurphy (ed.), Conservation of 0il and Cas {194S), p. 404.

zodoseph A. Kornfeld, Hatural Gas Ecomomics (194%), p. 148.

2lpiner &, Capshaw, United States Federal Power Commlgssion Docked =530,
Lxhibit No. 146, Natural Gas Iuvestipgation (1545), p. 8.
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of only 1,866 thousand cublc feot ag compared to 3,685 thousand cubic feet

in Oklshoma and 3,530 thousand cubic fest in Texas. Due to the fact that the
roserves are being drained by 1,112 wells in Kansas and only #569 in Oklzhome
and 232 in Texas, the production figures for Septomber, 1948, showed 13 billiocn
cubic feet were produced in Bansas compared to only 8.7 billion in Oklahonsa
and 5.3 billion cubie feet in Texas, The total drain on the reserves has

been 1.5 trillion cubic feet or about 5.1 per cent of the total Hugoton
reserves. The remaining 94.4 per cent represents about 14 per cent of the
total reserves of the Unibtad States. Oklahome has about 4 per cent of the
total United States reserves in the Guymou~Hugeton £ield,2?

The Hugoton field serves loeal markebs in Xansas, Oklahoma, and Texas,
ags well as markets in Illinois, #ichigan, Ohio, Nebraska, Iowa, Sputh Pakota,
Minnesota, Colorado, and Wyoming. The gas is processed tc remove natural
gasoline and water before it is turned into the long-distance lines.

There have been two major contributions to conservation of Guymon-Hugoton
regerves, The first was an order by the Oklahoma Corporation Commission
establishing 640 acres as the spacing unit and establishing a formula for
the allecation of allowables to gas wells in this field similar to proration
of oil produced from commnon strata,?® Tho second was a later order by the
same body setting @ minimum price of seven cents per thousand cubic feet at
the well-hoad. Provious rates were approximately four cents per thousand
cublic feet. heford Bond, Commission Chairman, explained the action by saying

"less than seven cents per thousand cubiec feet at a pressure of 14.65 pounds

2?0. H. Keplinger, J. ii. Wanemacher, and K. &. Burns, "Hupgoton-World's
Largest Dry-Gas Field is Amazing Development,” The 0il and (Jas Journal,
EXXVIII (January 6, 1949), p. 87.

2

o

“Oklshoma Corporation Commission Order Bo., 17887 {19458),



congtitutes both seconoulc and physical waste of a natural rasource."z4

The Guymon~iugoton field has been dealt with in some detail dus to ibs
iamportance to the fubure supply of nabural gas ip Oklshoma., The smaller
fields, elthough not as large as the Texas County fisld, are of vital ilmportancs
to their locel areas.,

West Edmond Field.~-The discovery of the West Edmond Pield occurred in
1943, It is loested in Canadian, Oklshoma, Logan, and Kingfisher counties,
Uklahoma. Bxeludiag the 40 per cent loss for gasoline, L?G,ZS plant fuel,
lsase use and drilliapg fuel, the reserves in 1945 were 350 billion cubic
fgot, From January, 1844, to Bepbember, 1845, the number of wells incremsed
from 18 to 650, The gas is & solution gas produced at & gas-oill retio of
2000 cubic feet of gas to 1 barrel of petrcleum. The daily limit is 150
barrels of oil per well. In the central and southern part of the pool, forty-
acre spacing is the rule but in the northern edge there is s condensate arca
wiere 180 acres is the unit., Iany companies operate in the fisld under come
petative conditions. COklahoma Waturael, and Cities Service ssrve local markets
in Oklahome City, Burbank, and Tulsa, and have a surplus of gas to export to
the north and norﬁheast.gs In 1947, the increass in residus gas available for
transportation lines was largely dus %o an increase of natural rasoline plants
in the field. The amount of residus gas avallable from this source will de~
crease in the future as & plent is being built %o reinject this gas into the
formation to keep the formation pressures as high as possible and thus ulbi-

mately recover much more 0il.2?7 As most of the gas thus utilized is being

Z4Kornfeld, op. cif., pp. 242-243.
250 jquified potroleoun gases.
GCapshaw, op. Clte, po 7.
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preserved, the reserves of this pool will continus to be used until the
petroleun is exhausted.

Cumborland Pisld.--This field is located in Bryan and Marshall Couabties
in the southern part of the state. It was discovared in 1840 aad has had
continual development of the reserve through deeper drilling and exteasion
of the limits. In 1945, the field was bslieved to have 225 billion scublic
feet of natural gas resarves or 9% per cent of its original roserves. Some
of the added reserves are dry gas but as they are produced in conjunction
with petroleum, they must be treated before being burned into the transmisgion
lines, The Lone Star Gas Company operates a pipe line from the area to
northorn Texas. A pasoline plant is in operation in the field. Ownership
of the field is almost entirely by the Pure il Companyega

Chickasha Field.--The Chickasha fisld is in Grady County. The deeper
sands were brought intoproduetion in 1939 adding meterislly %o the waning
reserves in the former shallow field.2® The 1945 reserves were cstimated
to be 160 billion cubic fest. The dry gas field is under proration and well
spacing. Withdrawals in the deeper sands are made only when there is a
demand, in order to save wsll pressure in the upper sends. The uppor sands
are produced as evenly as possible to obtain meximuz production, <O

Apache Field.«~The Apache field is in Caddo County, Oklahoma., The gas
produced is in solution end depends directly on the prorated allowables of
oil. The gas-o0il ratios are held to a minimum so the maximum amount of eil

may bs gained from the field. The field was found in 1941 and wells were

280apahaw, op. 2}3:3 D 6.

“®F. 8. Lott and G. R. Hopkins, Minerals Yearbook (1940}, ». 1088,

300apsh&w, Op. Cils, ppe G=0,
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developed by 1942. HNinety~three per cent of the reserves or 85 million cubie
feet were still available ag of January 1, 1545. The field is twelve miles
from a major pips line and has no gasoline or extration plant. The resgerves
are such that they could bo used for a local marketasl
West Cement Pool.~--The West Cement pool is also in Cadde County. The
reserve is 80 billion cubie feet or 51 per cent of the original supply of
wet gas. The field was opened in 1936 but was not developed unkil Cities
Service completed their pipe line into the field. 8ix pipe lines now serve
the area with connections Vo Oklahoma City, 3urbasnk, and interstete pine-
line systems.52 The developmeat of tais field created a problem in proration.
Some of the operators were producing the gas from the cap while down-dip
wells were relying on this gas for power to fores their oil into the well.
The Oklahoma Corporation Commissiorn issued an order in 1943 dividing the
allowable production among the wells by a formula which included an LOTEGES;
a potential and a pressure factor,®® This order allowed tho gas wolls to
produce only their fair share of the gas. The recognition that petrolews
might be wasted by the unrestrained withdrawal of natural gas resulted in
an established policy for duali production in Oklshoma.
East Cement Pool (deep).~-The East Cement pool came in a yesr sfter the
West Cement pool and exbended to the wast edge of Chickasha., The incraeaced
reserves came from gas found at lower levels and furthsr ressrves ars expected
to be locateds. Sixty billion cubic feet of wet and dry zas are sstimsted in

tive field, There is a competative net of pipe lines serving the pool. Volun~

Slipid., p. 4.

321bid., Pp. 4=5.

33, ' I R - :
Oklahome Corporatica Commission order No. 16683 {1843).
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tary proration is bsing practiced in some formations. %

Volma Field {deep).--Total reoserves in the Velma field are comparable to
the East Cement pool (desp). The location is in Stephens County, Oklahoms.
Skelly Oil Company owns and controls the majority of the rasserves. The gas
cap is protected behind pipe and the gas produced is not marketed because
a pipe line has not been built into the area. The gas is regarded as vital
to maximum production of oil. The field was discovered in 1543 end was less
than one per cent depleted in 1945,%9

Pauls Valley Pield,~--iorth of the Gown of Pauls Valley in Gervin County
is the Pauls Valley field., The discovery was made in 1842 and the field was
rapidly outlined. The reserves asre 54 billion cubic feet of solution gas.

A small smount of gas is steadily produced due to ths limitatlions placed on
potroleum production in the fisld. The gas cap is not being produced bud

is sealed off to mainbtamin high pressures. This conservation movement is &
voluntary program of the preducers in the field. A gasolins plant prooessss
the gas and delivers the residue to the lone Star Gas Company. An enlargement
of facilitiles for treabting gas is being planned.ss

Pauls Valley Field (East).--Seven miles east of Pauls Valley is the
Pauls Valley field (east), Tho field is in an early stage of developmeat but
reserves are estimated to be 45 billion cubic feet. 01l production is again
the important concern but a potentisl sourece of gas for intrastate markets
exists, Surveys ars being made to determine the feasibility of building a

gascline extraction plant to process the gas and market the residue. A small

34Capsh&m, Op. cit.e, pe 4o
OThid., p. 12,

$61bid., pp. 9=10.
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booster plant is sending the gas te & nearby refinery in Wymnewecod, Oklehoma,

M

The operators of the fields have voluntarily agreed to a twenty-acre diagonal
well spacing.67
Guinton Field.--The GQuinton field is ian Pittsburg and Haskell County.,

Four smell pools; the Quintoa proper, the Featherston-Blocker, the Carney,

snd the Kinte are combined as the Quinton fiele. The Juinton proper wes

£

Gizcovered in 1515 and the Featherstone-~Blocker developed from & rapid
extension to the east., The Carney was developed in 1922 and is the largest
of the group. The Kinta field is a small field along a fault to the sast
of the Quinton.se Only 15 per cent of the original reserves remained in
1945 when they were placed at 32 billion cubic feet. The gas is dry and is
marketed through twe 16-inch lines and an 8-inch line to McAlester and Tulse
by the Oklahoma Natural Gas Companyo59

Brick Field.-~The smallest major reserve of over 20 billion cubie feet
in Oklshoma is the Erick field in Beckham Counby. The first well oroducsd
lean gas in 1934,%0 The reserves had been reduced to orly one~third or 27.5
billion cubic feet in 1945, The Wastoak CGasoline Company built a plant %o
process the lesan zes bub was forced to shat down ase the yield of natural
gasoline was insufficient,

Other Flelds.--The vemaining 652.5 billion cubic feet of reserves in

Oklahoma are divided smong numerous small gas ficlds. No one of these has

STIbid., . 11,
OBLay, op. cit., pp. 520-524,
*91bid., pp. 522-523.

40 . s ot s
Qsan gas is gas comtaining slight emounts of natural pasoline that
may be disregarded for ordinery fusl uses.
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a reserve in oxcess of 20 billion cubic feet.

The valug of these reserves
may partially be measured by lengbhening the life of medern oil fields and
will result in an increased dollar wvalue to Okldhoma, The reduced anaual
yields of natural gas from these fields will still be sufficient for small
local markets, but the Middlewest and the Hortheast will have %o rely on the
Cuymon-Hugoton srsa or on possible new fislds in the Anadarko Basin for thelr

future supply.

Recent Trends in Oklahome's Development.--Natural gas bas been sxploited

»

in guantity from the eastern and soubhern parts of Oklshoma. The western

half of the state, or the Anadarko Basin, probably has the greatest undiscoversd
reserves of oil and gas (Pig. 3). The sands and limes of oil legend fame.are
also found in the wesﬁern basin, Some of these formations, especially those

of Pennsylvanian and Fermian origin, are thousands of feet thicker than their
eagtern counterparts. The Wilcox sand is hers &t a depth of from ten to

twenty thousand feet.

Hany major companies are now holding blocks of acreage in the Anadarke
Basin up t6 100,000 acres and are keeping the leasss in good standing. The
modern drilling rig is cupable of reaching the Wilcox Sand even at the great
depths in the Anadarko Basin.  Wildecats are beiﬁg.drilkad in this area and
development is already commencing in some places. Garvin, McClain, and Grady
Counties have reported a large number of new gas-fields in the basin.> Ho
plipe lines were serving these new fieclds in 1946,48
The Elk City field was o@ened in 1947 in Beckham =and Washita Counties.,

It producsed 469 barrels of condensate and 5.7 million cubic feet of gas per

*1pid., p. 13,

45p, §. Lott and #. Backus, ifinorals Yearbook (1946), p. 820,
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day. This field may develop into & major strike.®* In 1950 there were
forty wells producing from & thick section of granite wash on the west side
of the Anadarke Basin &b depths of 10,000 feet. Unusually high gas pressures

of 3800 to 4300 pounds per sguare inch havs been encountered. & light gravity

erude (50°-65°) is being piped through a lO-inch line to Cushing. The gas is

4

(23]

being used for field production.

Potentialitiea of Oklahoma's Hatural Gas Reserve.~-Reserves of naiural

gas that are high in sulfur content constitute the raw material for carbon
black, an essential constituant in the manufacture of rubber tires. Sweet
gas may lose its higher fraction of gasoline %o build an aviation gasoline
industry. These reserves alsc represent innumerable products through the use
of chemistry. The Flscher-Tropsch process promises to turn these reserves
into gasoline by combing the molecules of lighter gases into the heavier ones
of gasolina.46

Notwithstanding these potentialities there is no comparsble substibute
for natural gas as a fuel in domestic heating or as a procesiing epgent in the
best treating of metals, plastics, glass, pottery, tile, cement, foods, ste,
Through the realization of the potentialities of natural gas, Cklashoma can
initiate a long time program of industrial utilization of our own astural
resources such as limestone, dolomite, glass sand, clay, gypswa, and salt

since the supplies of these are very great and the present uses are rabher

4ngi 1 ahome Ackivity Spurred by Pauls Velley Uplift Sucecssses,” World
0il, XCCVIIZ (February 15, 1949}, p. 86,

%Opoy ¥. Carlson, "Elk City Development Proceeding at an Active Pace,"
The 0Oil and Ges Journal, XUXXVIII (April 6, 1950), p. 66.

46y deseription of the Fischer-Tropsch process is given in "Synthetics,
the Great 0Oil Reserve," Fortune, XXXVII {April, 1948, pp. 110-115,
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small,

One of the great contributions by the reserves of natural gas to the
egonomy of Oklahoma is through iks use as a source of power in oil fields,
The day of flush production of petroleum has passed and thg accent is now
on meintaining the produstion of nabtural gas at a point most profitable in
torms of maximum recovery of petroleum. The gas used to help bring the oil
to the surface can now be processed Lo remove the naturasl gasoline and then
returned to the producing formation to bring forth more petroleum. The
recovery of much larger amounts of petroleum iz obbained by keeping a largs

reserve of natural gas In the oil fields,
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CHAPIBR VII
SUMMARY

The Jepanese discovered natural gas ia brine wells as early as 615 A.B.,
vbut tho Chinese were the first o meke use of natural gas, almost one-thousend
years ago, when they pipsd it thraugh bamboo lines to aevaporate salt water,
The first use of natural gas in Western Juropes wag for an illuminant in Genoa,

Thaly, in 1802.

History of Natural Cas in the United States

Superstition retarded the development of matural gas in the United States.
The sulfuroué funes wars thought to bs from brimestone and only disciples of
the da%il would approach them, In 1821, ®illiam Arron lart drilled the first
natural gas well which was seventeen feet deep, The gas was piped to nearby
Fredonia, Wew York, and wes used ss an illuminent in the famous "catastrophiec
lights.” Tourists ventured great disbaaces to see these lights.

Colonel Drake's first oil well at Titusville, Pennsylvania, in 1858,
stimulated the technological development of the drilling industry. A4t the
turn of the century, FPennsylvanic, West Virginia, Indiana, mnd Chio uere
producing nabtural gas. The superiority of natural gos as a fuel was recognized
and a rush of cepital into the industry stimulated its development.

The significance of the natural pas industry grew with the development
of high~pressure transmission lines. The iwchnological progress iz transe
pertation evelved from lead pipes to pine-log tubes aud leter Lo cast iron
pipes. The cast iron pipe was the sncestor of the present long-distance
high-pressurs lines,

Early ges services wers supplied at a flat rate or according to the
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nunber of fires used. It was not until 1896 that a satisfactory method was
devised to meter nabural gas.

The industry has shown a gradual shift to the west. It was centered in
Pennsylvenia until 1909, ‘liest Virginia becams the leader in 1909 and was the
major producer until 1924 when Oklahome replaced West Virginia, By 1930,
Texas was producing more pas than any obher state and has since increased
her relative position among the states. Indiana, Kansas, and Califorania
developed lavge guantities of gas but never held the position as leading

producer,

History of Natural Gas in Oklahoma

The natural gas industry began in Oklshoma at Red Fork in the Cresk
Mation in 19%02. Gas was used for domestic purposes as well as for a small
brick plant. Ceolonel d. . Guffey and John Galsy, formerly of Pennsylvania,
laid a 2-inch pipe line from the Osage Nation into the small villge of Tulsa
in 1808. The total walue of the gas indusbry was 8380 im 1202 2nd $1,000 in
1903. Deveolopment of gas holdings grew, and the state soon had an oversupply
of natursl gas in splte of the rapidly growing domestic and industriel con-
sumption throughout the stats. Smelters, brick plents, and glass plents
were typicul industries developlug in the early years of the ares,

It was caly one month after Oklahoma became & sbate in 1907 that Oklahoma
ity was piped for gas. The lsrge ges pools, such as the Hogshooter and the
Cangy, further iuncrsased the surplus production of the state, Uklahomets
first carvon black plant was built in Coalbon in 1911 to use some of the
natural gas. A revolutionary method of drilling with a fluld in the well
was introduced im Oklahoma by the Bureau of ilines in 1613. This method re

duced the loss of gas during drilling operations and sealed off gas strata
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to be used later. This method was first applied to the Cushing field, and
wells were drilled into the very high pressure gas cap. This field developed
until in 1916 it was the major natural gas field in Oklahoma,

Oklahoma's producing center has been displaced from the north-eastern
portion of the state to the southecentral and Panhandle areas. Development
of the latter areas occurred largely after 1930, The Guymon-Hugoton field
in Texas County il& discovered in 1922 but little development occurred until
the early 1930's, This area provided added quantities of gas for a growing

market,

Natural Gas Production

A supply of natural gas is found by locating structural traps in sub-
surface strata, Large quantities of risk capital must be available to
finance production. Even with the best methods known to man, the only way
a supply of natural gas is actually proven to exist is by drilling into a
structural trap containing gas.

The ownership of the right to enter a parcel of land, prospect for,
reduce to possession, remove, and market natural gas is known as a "mineral
right." This mineral right may be leased or sold to mother person or company.,
It usually entails a "bonus" payment at the t:ﬁu of leasing, rental payments
during the time before a well is drilled, and a portion of the production,
usually one-eighth of the field price of the gas known as the "royalty." If
one person does not own the entire area, persons holding rights within the

area are paid a proportionate part of the royalty based on the area held
by each person, 74
(i |

Netural gas is an extremely/ fagitive substance, If a well is drilled,

gas may be withdrawn, not only from beneath the land on which the well is
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located, but from beneath the surrounding area. This promotes uneconomic
drilling along the boundaries of competing leases. Unitization is a means

for competing private companies to agree on operation regulations and pro- o G
S g2
portionate withdrawals to eliminate wasteful production., Proration is a

legal means of attaining the same goal. -OKlakoms has pioneered in the field

of .le_;_n]; conservation and cen point with pride to the-aoreage spaving laws
W/liﬁit;s m_MMﬁmmmwmm ‘pools; and her
unitization laws granting a majority of owners the right to demand unitiza-
tion of a péol in order to curtail production costs and yet obtain the maximum
amount of petroleum from the pool.

Drilling follows the right to drill. The risk investment of drilling
is usually too great for a single individual and has led to the develop- o
ment of huge corporations. In the Guymon-Hugoton field of Oklahoma, there
were five large operating companies in September, 1949, which produced 88
per cent of the natuz'nl gas from 87 per cent of the producing wells.

Th; t;-en; o; .production have recently shown a tremendous increase,
Production in the United States topped one trillion cubic feet as early as
1923, two trillion by 1936, four trillion by 1946, and a sizeable increase
to six trillion cubic feet during 1949. At the current rate of production,
known reserves will last at least thirty years.

The large increase in natural gas production occurred from the develop-
ment of the industry as a separate unit, E&-had- long been a derivetive 7/
industry-geared o petroléum-production. Discovery of the dry gas fields--

-Monroe, Panhandle amnd Hugoton, guaranteed sufficient reserves to make long

o

high-pressure pipe lines feasible. Long lines were built by Cities Service
Gas Company, Natural Gas Pipeline Compeny, and Phillips Petroleum Company

from the Guymon-Hugoton field to markets in Oklahom=, Kensas, Missouri, and



othor nid-wsstern states.

The pipe lines are a result of an unsgual distribution of natural gas

r-‘

over the nation. %exas, Loulsglana, 6k1ahoma, and Henses produced more than
75 per cen® of the natural gas in 1949, Texas produced two-thirds of this
amount, ‘The next ranking: states were Louisianc, Okleshome, Califormiay Kansas,
Jow- Hexico, and EESﬁ‘Virgihia; The concentration of production in the south-
weat has caused an oversupply of natural gas in this area. A shortage of
natural gas exists in the very large potential market areas of the north-
eastern and mid-western portion of the United States. The region sast of
the Mississippl River produced less than & per cent of the natural gas in
1549, Sen /;;;{’ ey
r_~.S§3.'/>;m;e;imm:ﬁ:ries requiring large quantities of chsap fuel have migrated

to the area éf oversupply. These industries include glass, brieck, cement,
clay, and tils plants. 7

The distribution of natural gas in Oklahoma is also one of concentration,
although some natural gas is produced in fifty~-five of Oklshoma's seventy-
seven countiss. The widespread oil fields of Oklahoma produce wet gas in
forty-six of the fifty-five producing counties, with only nine counties
producing dry gas. The wet gas is processed for natural gasoline and the
residue gas is either returned to ths formation or is sent through trans-
mission lines to the market. With eleven of Oklahoma's major natural gas
fields well distributed over the southern and eastern part of the gtats,
natural ges is in & favorable position with respect toc many of the mineral
rosources that could be developed. The major gas field is the Guymon-Hugoton
field in the Oklehoma Panhandle. This field is by far the largest producing

field in the state and represents a major powsr resource for industry.
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Yatural Gas Transmission

Natural gas is usually treated in the field to remove water vapor,
patural gasoline and hydrogen sulfide befors it is tﬁrned into the trans-
mission llunes. The natural gasoline is a valusble product while the water
vapor end hydrogen sulfide are removed because of their debrimental sffects
on eguipment.

The evolution of high pressure transmission lines has changed natural
gag from & loeal to a nabional industry. Major transmission lines were not
developed until after 1925. The first large line averaged only 16~inches in
diameter and was 217 miles in length. In 18950, a 30-inch line, 1874 miles
long end reaching from the Rio Grande to Hew York City, will be complebed at
& cost of (200,000,000, This increasc in size was mads possible by such
technological advancements as the censtruction of large-diamster seamless
steel tubing and the technique of joining this tubing by the welding procsss.

As pipe lines increased in diameter and length, their costs 8lso increzsed.
The cost of a pipe line varies directly with its length, but the cost of ine
creased diameter doos not increase as rapidly as the volume eapacity which
mekes it more economical to build large pipe lines.

@kléﬁbma£gffers an example gf the golution of the problem of irregular
demand. (&g is éﬁﬁped in?aftﬁs underground storage fields near Tulss during
the sumper for use @uriﬁg fhe;winter wher pipe line deliveries cﬁnnoﬁ maed
withdrawsl dgggndgl This method is especially used in the Lppalachisn area
where the ei%ension of the pipe-line nebt is greatest.

The costs of construction of pipe lines are predominately thoss of the
tubing. This item may cost as much as 78 por cent of the total cost, while

land and pumping faci}iﬁies represent only 22 per cent. The cost per mile of

1=

tine in 1946 was $25,000 while 24~inch line cost 41,000, 9he cont
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per square inch of cross sectional area of these same lines was $125.00 per .
mile of 16-inch lime and only £91.00 for the 24-inch line. This tends to
decrsass construction costs of large diameler pipe in comparison %o smaller
diameter. |

Capital invesﬁment of the netural gas industry increased twelve timeg
between 1839 sand 1948>while all private domastic investment increased only
four times. The sstimataed capital investmeht in 1949 was $948,000,000. Large
sxpansion programs are expscisd to double the intersbtate transportation of
natural gas by 1952, |

There are almosh 260,000 milesvof ubilibty gas mains in the UnitedAStates,
supplying the country with more than five times {he energy produced by the
entire electric ubility imdustfy. In Gkladone, the Oklshoma Naturel Gas
Company has a§9ut/70 per cent of the state's sight thousand niles of transe
mission tine, Rgeent additions, by the*@klahoma Halural Gas Company, to
larpe gascline plants in the south will meke grsater qu&ntiﬁies of residue
gas avallable to leﬁhﬂma markets in this area. Since the 1930%'s, Cklahoma
has shown lit%le‘inorease in intrastate cansump#ion of natural gas and has
relied on exports of ﬁn irrepluceable resourcs for the expansion of the

industry.

Nabural Gas Consumption

Natural ges provided slmosk one~fifth of the developed energy in the
United States in 1949, This amounted to over six trillion ocubic feet of
gae bo 13,800,000 customors. The Bureau of lines estimated the wvalue of
natural gas consumed in 1947 exceeded one billion dollsrs.

Hatural gas is largely produced in the Southwest and most of it is con~

sumed in the Southwest. Texas is the major state in all functions of the
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natural ges indusiry. She comsumes almost 35 per cent of the United States
total,

Watural gas is no less importent to Okluhoma. In 1847, it suppliod
80.6 per cent of her tobal energy needs. Uklshoma consuned 229,708,000 worth
of natural ges in 1946 but preduced 74,698,000 worth. This meens nabural gas
valued at 544,990,000 was exported from Okishoma in 18486,

The types of consumers in Oklahoma follow the pabtlern of the national
industry. Domestic consumers pay almest seven times as much per unlt of gas
as industrial users. Industrial users consume about seven-eighths of the total
volume.

Field use of nabtural gas for the production of pebroleusm accounts for
almost 50 per cent of the natural ges used for industrial purposes. Carbon
black and eleclric ubilities are also large conswners of nabtural gas. Auong
Oklahoma's manufacturing industries, petroleum relfining, metal industries,
and nonmetalie groups such as glass, cemenbt, gypsum, and clay products are
important conrswumers. WNatural gas in Oklahoma is well distributed over the
sarea where the raw materiels for these industries are found and their expsi-

sion viould add materially to the economic wslfare of the stato.

Hatural Gas Ressrves

The entire naturel gas industry is basically dependent on sufficient
reserves to guarantee the capital investment of its cbher functions. The
size and loocation of reserves will determine the amount of investment Justified.
Additions to the proven reserves have increased sbteadily aince 1935, Thres
times as meny proven reserves existed on danuary 1, 1980, as had existed in

1937. Even though many new pipe lines and markebs appesred in 19%4%, the

reserves were 180 trillion cubic feet for & record high. The ratio of reserves
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to production indiestes a healthy twenty-eighl year reserve at the present
rate of consumption.

Toxes has 55 per cent of the United States reserves. Other southwestern
states have 34 per cent of the reserves. This places the Southwest in almost
complete control of this resource. The most efficient use of natural gas is
of vital importsnce to the fubure growth of this area.

Oklshome has morve than 6 per cent of the tetal reserves of the United
States. OF this 11.68 trillion cubic feet, 81 per cent is in Texas County in
the (uynon-IHugoton field;; No other field in Cklshoma has more than 5 per
cent of the reserves. There are twelve fields in the stabte that have reserves
larger than twenty billion cubic feet. These fields are digtributaed over
the southern and western poriiocn of Oklahoma forming a basis for fubture
industrial and domestic development.

Oklshome industry is widely distributed over the area of naturzl ges
reserves, Most of the industry is located near the market and draws on
regerves of natural gas for its menufacturing processes.

Oklshoma's reserves are sufficlent Ge last almest thirty years at the
present rate of production. UNew developments, such as the Elk City pley
in the Anadarko Basin, offer rich possibilibties for future discoveries of
natural gas. This vast ares has scarcely been explored and will no doubt
bscome the new frontier of Oklshoma's naturul pas industry.

One of the most important means of extending the life of reserves is by
cutaining the most efficient use of natural gés. Uther means such ap well
spacing and unitization prevent physical wasle inm production, The reserves
ars vitally important ag @& power source lu rscovering petroleun. Through
the wise use of natural gas, & much greater smount of petroleun canr ulfia

matoly be recovered,
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Conclugion

The natural ges industry is suffering from growing pains. The rising
price of coal and fuel oil has placed a premium on natural gas in the indus- é%?%
trial Bast. Vast pipe lines are being laid to these areas that are blessed
with huge reserves of cocal. Should the trend of prices reverse itself and
coal and fuel cil become much cheaper, the regulated price of natural gas would
place it in an untenable position. Nabursl gas should be freed from price
regalation. This premium rate on natural gas is plecing an ever increasing
drain on this resource that will rapidly deplete the ressrves if consumption
follows ibs present trend.

Not only should natural gas be freed from price regulation, but it
should be separated inko producing end transmission companies in order to
maintain uniform policies throughout the industry.

Oklahoma is exporting vast quantities of natural ges to the industrial
East ot & nominal cost. Many of the products purchased from these areas
could well be produced in Oklahoma from Oklshomats bounteous natural rescurces
and with Cklehoma's excellent labor. Netural gas provides a cheap source of
power that places Oklshome industry in an advantageous position,

Oklahoma needs manufacturing industries to widen the scope of her
economy. The State Planning and Resources Board is conducting industrial
clinics to accomplish this goal., . The future industrial development of
Uklahome lies in the hands of those courageous men that realize Oklahoma has
an abuundence of resources that can be converted into wealth for the benefit

of all Oklehoma.
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