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- GEQLOGICAL SURVEY'S STUDIES AND POTENTIAL RESERVES QF NATURAL aast/

G BY ...
Hugh. D.Jﬁserx .

-

. " The dr1lling of. wells for natural gas in: the United-States began:in 1821 and
~ the drilling of wells: for crude petroleum in 1859. Since these pioneer dates

" 1,150,000 wells have been: drilled for oil and gas and they have produced 31.5
billion barrels of oil in 26 States and.possibly 100 trilliom cubic feet of gas
in 30 States. The aggregate area covered by the oil and gas fields is about
“”26,000 square miles. In_ the oil fields, which cover about one-third this area,
ffthe proved resérves of oil remaining to be produced are. about-20 billién barrels,
" The proved reserves of natural gas are placed at 140 trillion cubic feet. The’

~ potential gas reserves yet to be discovered lie in deeper zones in the producing
. fields, in extensions of the present.fields, in-.new.areas between: the fields of

" ‘the present produc1ng reglons, and.in.regions that are now not producing gas.
About half the .area of the United States appears favorable for further testing -
for natural gas. The reserves remaining to be discovered in the future will
.probably be found for the most part, as in the past, in.connection with the search
" for petroleum. The magnitude of the. undlseovered reserves, expressed.in cubic

* feet or year's supply, will not be known in advance of their discevery by the
ndrill but geologlc conditlona indicate that they will probably be: 1arge.

) "b’ébéiopnent of Natural gas induetry in United‘ States s i

The marketing of natural .gas in the United States was started in 1821-in B
" Fredonia, N. Y., where gas supplied by a 27-foot well was conveyed through wooden
tubes, replaced later by a lead pipe, to 30 lightuburners in homes in the ‘village.
Earlier wells, drilled by salt manufacturers.in the Appalachian region, discovered
natural gas as early as 1803 in, Chio and 1815 in West Virginia, but the first use
made of it was as fuel to evepqrete brine in 1841 in West Virginia.

The next half century after the beglnning of the sale of natural gas in
Fredonia, N. Y., witnessed a growjng but modest use of gas as a fuel and illumi-
" nant in New York, Pennsylvanig., Chio, . angi West Virginia. The gas was conveyed
through pipes, some_of them wooden, and one as much as 2% miles long. In 1872, a
R5-mile plne-log pipe llne was built from a well near West Bloomfield, N. Y., to
Rochester. In the same year a 5-m11e c&stpiron pipe was laid into Titusville, Pa.

The development of the natural gas 1ndustry was acce&erated by the completion
in 1878 of the first big gas producer in the United States, the Haymaker well at
Murrysville, Pa. The completion of this .well was fellowed by the:céommercial pro-
duction and marketing’ of gas beginning in Ohio and. West Vlrgiama in 1884, Illinoiz
_:in 1885, Indiana in 1886, and Kentucky in. 1889.“ ,

o FAE T

}/ Pepef delivered at a hearing of the Federal Power Commission in Washington,
D. C., on June 19, 1946.



Eavly oil field expiorattien in the’ n'd.gi-Conﬁnen’t ;;ggan Tosh] ;
covery of natural gas as early as 1860 in eastern Kansas and 1872 in Texas. v
was first used in Kansas as an illuminam¥ in a sanitarium at Iola in 1873, and was
sold for domestic -purposes at Iola in 1882; Fort Scott in:1887, Coffeyville in
1892, and Cherryvale and Independence in 1893, The first industrial use in that
State was as a fuel in zinc smelters at Cherryvale in 1898. The gas industry
~gpréad into Oklahoma and Arkansas in 1962, and Iouisiama.in 1905.  The firét gas
production in Texas in 1872 was followed by ‘the discovery of new résarvés und-b¢
the development of -increased markets, and by 1906 the gas in&us%ry amiﬁeé&a&y :
important. z’ank among ths State's mdastmes. R ; ..%
= In the Rociqr Hmntm regwn natural gas was fimt produud mmfalﬁtih
Wygming in 1889, vtah in 1892, Montana :}.n 1915, and- Coieradc sntl M Mﬂtﬁ& ifss{"
19 4. , : g

 Inm Galiforma mtural "dry” gas .near Stoekton and Sa.crwntom uuniee;
the early nineties. About 1903 gas was developed in ‘the Salt lake fi¢ld:and fné

. . disgributed for local use. Commercial production was obtained in Buend Vista -

Hills in 1908, and the construction of a pipe line from this.field to Lés' &?Eg%eés
4n 1913 marked the beginning of large-scale utilization of natural gas in' @18
fornia. The major develomment of numerous oil fields in that State Mmiﬁg 11?
1908 established accessible reservwes of "wet' gas in enormois qﬁ&htity . Kfong "~
these fields the Nopth Dome of ‘Kettleman Hille, discovered in 1928/ ‘mioré tham - 5-
quadrupled the proved natural gas resources of California. Another notable incie-
ment was added to the State's gas resources by the discovery 1n 1936 of the Rio
Vista "dry" gas field, - ‘ Filo

4 - Some. of the. hrge @5 fielﬁs Of ﬂ'le Uﬁﬁ%ﬂ Sﬁtﬁ’ iﬁ@ ‘bhe ﬁ&w éf‘t’!%ir d%s-
.;mwmarer“, L T e obe

H .':».7«\

f %03’3!’03, i.a. ;A-v.‘—-« - .‘ -l 1916“ . "

o . . 3 A fﬂstﬂ:tandle, Tex. - e - "’71918' ‘ L :
o = Hugoton, Kana., Okla. and Texy= - 922 :
Pledger, TeXe = = = = = = = = = 1925.
NQI‘th DOme"‘, C&lif’,-— ‘ib'".‘- - - - s3'938 ; #ity
- 7. 0ld Qceany Texs = ~ « === % = 1934 ©
- Katy’ Tgx::..._ bt o e e G e M W e l%glg: 5,
S Ga!'thage, 'Rex,-‘b - e e e ek - . 19.36‘ %
. Rio Vista, Calif, » + - = &' = « 1936
Seeligson, Tex, = = = = = & = = J193F =

Ia Gloria, Tex, = = = = = = = = 1939
' *.Sheridan, Tex.- a - - -_.. - ,1949

VORL nd
Altogethar, 30 States nhow produce pabural gas. " Texas and. camomia v ik

rj,sen to top rank among the gas-producing States in .the past 20 years &pd hay Py
passed Pennsylvania, originally the. top produesr, &nd &lse’ iuve p&sﬁe& W st” ! s

Yirginia and Chio. :
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: Albogekhcr; ‘33 States ccnbun ‘agers of ‘natural  gas,{shich 1= sapplied to them
thz*mgh ‘218,440 miles of 'trank pipe/ Iiney and medinss. The comsgruetieza-in t&he»hsf.
R0 years: ofe Jongsdis tance pipe-dines from: the fieldds:to distant: corsulsers- es i -
greatly S réretised: the’ eti11zatd oho ol mrchdturdl. gas,.! f!m&umt“‘*fhmwmdlw
from the Southwest; they run from gas fields inKansasy Sklahomgy: Mtbﬁm;
Texas, louisiana, and Ardmnsas to States as far away as Arizona, Colorado, South
-Dakota, mmm, nnmu; ncham, mlu-awmwwwm,

Flori&i v il )
SR R, 'f-...».:%;et ’;‘;1 ::fgfu "},s*; R I S ;:’§ A CadR el
R A S &t SRR R I RS L S & w%h o i G i del ;" 2eqigk Foge e BN ft”ax'fi :
fims i *f“’f'%fff?«' 33 ”sﬁeblogw mcmewrmn&um m L garadiphinh garrg SV
: T g LBVEWY g BA S n\.‘ . ?” 3l Drrs b “‘*'q%

Natural gas of commerce is a mixtum of hyclrocarbona and gaseous impurlties‘ ;
The principal. Lmpusitliis, which wery in: m&mwﬁm Plade Lol plape; Wrkidrbon -
divxdde; ndtrogen; hydsogen solphide; and heliun. " Gas wells containing wepeeiaily
- high perceuuges ‘of carbon! dioxide, a8 much as 98 per: -denty isave! begp dritled-ia L
- Momtans ;" Oplorado, Utal, NewdMexide,  apd-Californias - The:gas’fron #lleudr-Usah, -
New Mexico, and California is: “belfgrased 4n thwmfaemnhmsmmaﬁoewﬁ e
dioxide, known generally as.dry ice, Natural gas containing helium in sufficiént
Quantities; D;9ipercent to abbut S:pér cent, for its recovery on ailsrge scale is’
“fourd 4n gpa’ fields in'Kansas, Texas, ‘norshmesiern New Mexioco; Celorado, and Utah.
 Beginning:in’1918 when the Pyt experimental:lapge-seals: emaaﬁow'bla&& m
sonstructed by the Bureau of Mines, heliiim his tieed producedoalmedt co
by that-Burean, - Theowsximhm rhod@etioh was reached tn World War TIistwem Mﬂ?
s obtained at five ektractiol plEsts;~bné built meny years ago Mt AmaFiZio). m
afhd the others during t& nrnctzmu fi‘m, aapm, ﬂ. lux.g Jnﬁdat Getorand
Guaﬁtw xanh Lt LR aat nses f.sf-;. {‘~’;f”" mw? ;"
L ¥EPT T
: Natural gas is a companion to crude petroleum. The two were' formed by asimilar -
-geologie provesses-and are produced: from simdlav-and-atisany places cambhomiunder- °
ground, veseewoirs, The gas gnd:sil are urmder pressure:andioceupy: pbresy twdcks; .
er:openiags:in the résereciyirocksi “The gas. nmaysecdus wnmmmmmnnsv
‘in-d pesewvoll of it may o¢cur alone-without ofl.: Bechose udlland fagy itke maber,
-are mobile; and have different-specific.grivitiesjy:theigiprocess. ofacowmlatien in‘ ‘
ithépresent réservairs has.involved: their flovtng theough pérmeatlehrock-stgata: - -
- t0 the tops: of .antiviines op other:Eiruttural fedtiirés whieh are Seilsdi by oebrs
lying impervious rock:stratas. I airéservoir: where béthsofl and pas:aie presént,
much or all of the gas may be: dissolved in the oil, or a gas zone or cap may occur ‘
above the oil in the upper part of -the reservoir. ":Thus ‘gas is produced in gas® ’
fields that do mwot. preduce oil; it is produced .from:the gas;odp:-ebove the oil in
some fields; and it is produced with oil in some fields. The proportion of the .
country's natural gas production from ges wells has iﬁmﬁdﬁﬂn*mﬂ'-?ﬁmw
fmm 5hpnr oant in ms m abcaxt' 65 per .eeaﬁ af. premt od A ﬁ R

EEIR I RO
¢ . .
AT OAE l

’ | }FW{,‘_ Lo
s Gus i‘esmairs w me mﬁdmate me ham beon feam};&ni‘incﬂm ﬁ(imtﬁﬁ
-by. deeper drilling in medent.years, . They ar¢ widely ‘distributied but mosy: of “thenm
have;been famd in the .coastal .aress of Texas and Louisisndy: -IA“thess iom?s-jj;;
patroleun ‘Goours im 4 gasedus ‘form but 2 reduction-id pressure id the sourie of i’ *
its production from the wells: result.s in the cdndenaation of aom er m glb iﬁto,f‘ o
.a llquld knom as con&ensate. ’ A ) : o




12706

Gas produced in oil fields may be considered to serve two useful purposes.

- One of these is to aid the recovery of petroleum by bringing the oil from the. ¢

underground; reservoir te the surface, and ‘the other purpose-is 1'@ n9é: e.aa—sta.nl: and,
as a: source of rew:material for ‘liquefied zpe‘troleum prctkuaw, cwbwhlacks

ﬂsynthetic rubber, and chemieal productm

’I‘he gas-abearing rocks in the. Un:}.t.ed St.ates are sedimentary roeka, and ,are of
many different ages, ranging from Cambrian to Pleistocene. These rocks ;,neluée
both marine——those formed on the floor of an ancient sea-—-and nonmarine-—-those
formed by rivers and in lakes. The kinds of gas~bearing rocks are msny and includ
sand, sandstone, limestone, dolomite, shale, arkose {"granite wash"), conglomerate
fractured chert ("chat"), chalk,- gravel, and coal.

911 and gas have been sought for meny years in. aatieiim bnt,fk:*w

knwled.ge of the occurrence of cil and gas has. been:increased by dri}.hm they
- .Are not sought in many other types .of traps, such .as. lenticular sands, salt domes,
,traps ageinst faults, noses on-anticlines, reefs, buried hills,, up-d;tp "mms"

... of the reservoir mcks, and zones of uﬁconfarmmes. :}”‘

{ :

: The search for o:Ll and. gas :Ln the United Stat.es is argeologlcal ez&terprlea,

. . and the effective and extensive application cf the knowledge of geology is re- -
.sponsible for the discovery of .moat of. our known regources of oil &nd: ges,. ur

- knowledge. of the gaology .of. the Unitea Stgtes is very inccmplete and most of .the
.country remains to be mapped and studied 4p detail. As revealed at the surface,

. .geology is observed essentially in but two dimensions. ‘Tte third dimensim has-
.. been added by the oil and gas industries through the drilling of 1,150,000 wells
..Yo depths  ranging up to 16,000 feet in the search for oil.and gas in the. Hnltﬁd

States.

e Geplagy is also a proved and valued tool in the development and qperation of
. il and. . gas-fields.: - It is concerned wim the shape, relations,. stmeture, and:

,.-physlcal pharacter. of the ngtural gas. reservoirs. The acquigition of gaalegic andr
" visngineering data from producing gas wells has became.increasingly important in the

. e past 30 years,.because the dats therefrom are necessary not only for the wise de-

- . velopment-and, éperation of the.gas: fields,: but also.for use in connection with the

Federal .tax law, and the estimation of underground gas reserves for dszerem; pur-

poses including t,he ﬁnancing of new., pipe ;Line projects.

Genlogic st.udles of na,tural gas by Geological Suwey

The &p;ogicalrSurvey S smdles of the oil and. gas rescurces qf tha Hnﬁhd

;States date back to. the.late elghtiss and early mneties when reports wers:. pube:

lished on petroleum and natural gas in Chio.and Indiana. A continued and inten-
sive program of oil and gas work was begun by the Survey about 1900. This work

. Was staried in regponse to the growing demand for gasolineg far: the everwimnasing

number of American.automobiles that, were first. intreduced irn 1892, . Although -
geology was. utilized to a. limited extent;in the selection: of dr‘:.lling sites. Bor
oil and .gas wells. prior taq. 1900, .the drdlling..companies:. did not.in general adopt
the guidance.of geologists. untll 1915. - The adoption:.of this guidance was based on-

et
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the reports of ‘the Uy S Geologmal Sazvey pu’olished 'be‘sween }.900 and 1915 and on;_j
the ‘reports -of the few geologists:in -eanpany employment. The reports ‘of -thé Geo~
logical Survey, as'wgll as those of theicompany geologists, demoenstrated. clearly -
for many areas the relatfon of oil and gas accumulatiéng to anticlinal etructure.
As a consequence the early part of the present century witnessed the beginning '6f
an: intensive search for anticlines as drilling sites for oil and gas wells.. This:
search is still in progreseé in the United States and has spread to other petroleum
«regmns of the world , ,

Also in thé penod 1908-—25 ‘the Geologlcal Survey made B natable contributiﬂn
to the develomment of the 0il and gas industries through the training of petroleum
geologists who resigned frem the Survey to join the large geologic staffs which
were then being organized Uy the oil companies. These geologists, who were thus”
Geological ‘Survey graduates, became a significant pmporti"an of -the leaders irx the
1ntansmve world-wide seardl for petroleum . _ :

lhe 0il and gas investi:gations of ‘the Geological Survey have ’been conduc‘bed
on an expanded scale during the past three years for the purpose of aiding the'.
discovery of -supplies of petroleum and natural gas which are urgently needed “Bc:
meet current unprecendented. requirenents.

_ The purposes of the Su.rvey"s present investigations do net diff er from those
that have guided similar work by the Geplogical Survey for almost 50 years. "On
- the other hand, as the methods.and techniques of 1ndustry have changed during this
period; the nature of the Survey‘s work has changed. .

An important néw technique, recently announced, is an- airborne magnetometer
which can be used for rapid geophysical surveys of potential oil and gas areas.
‘During the past two years the Geological Survey has employed the instrument,
‘chiefly in cooperation with the Office of Naval Petroleun Reserves, in making test
surveys in areas from the northern coast of Alaska to the Gulf of Mexico. In all
:. flights and under all cohditions the airborne magnetometer has proved itself, to be
unsurpassed as a meatis of malcing rapid magnetic recennaiesance surveys, .

The mapping of local structursl features has been stressed. less and less by
the Geological Survey and greater emphasis has been placed on regional geologic
problems, although some effort is- necessarily being directed specifically ta the
acquisition of information essential for the administration of.laws-relating to
the leasing of public 1ands for oil and gas dgvelopment,

.~ In foxmulatizg plans for the current progrem, the Geological Survey has
sought and received the active collaboration of the oil-and gas industry and of
pubhc organizations, such as State geological surveys, in order that the work nay,
. insofar as practicable, supplement and not duplicate the ‘work of others and may
pronde data of maximum and t;unely usefulness m the exploration for oil and gas,

The type of work that is bemg emphasized is regional geologr «involvn.ng both
subsurface and surface stratigraphy in large areas, such as basins or similar geo-
logic provinces. Studies are being devoted pr:.marily to the accumulation of- da'ca
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for the preparation of maps and stratigraphic sections showing such features as
the thickness of oil-producing fomations, change in facies of oil-producing for-
mations, margins of producmg or possible producing zones, and relations and extent
of lenticular:sands. These studies have as their objective the delimitation of .
broad aress that are favorable for exploration. The determination of local struc-
tural features, .whether by surface, subsuxface. or gecphysical metbods, is not
being stressed. - E .

The different parts of the Umted States where work has been u.nder way duz'ing .
the past three years include California, Oregon, the Rocity Mountain region from
New Mexico to Montana, many States in the mid-Continent region fram Texas to Michi-
gan, the Southeastern States from Mississippi to Florida, and the Appalachian
region from Tennessee and Virginia to Chio and Pennsylvania, These areas .cover a
congiderable proportion of the parts of- the country that produce natural gas or.
are favorable for natural gas production,: :.. R

Becanse the current program is on an expanded scale, exceeding any oil a.nd
gas work heretofore undertaken by the Geological Survey during any year prior to
16.3;_43. the magnitude of the resultant effort is. much greater than any smila:

ort,

Basic geologic data that are obtained by the Geological Survw in the course .
of its work are ‘being made available promptly through publications to those
directly . concerned with the drilling of wells and the testing of new areas. The
oil and gas investigations are so planned that useful and timely results are being
published promptly. Most of the results are being embodied in a series of prelimi-
' nary maps and -charts on which are printed brief explanatory texts, These maps and
charts are usually prlnted within a few months after the manuscript reports of the’
field parties are received in Washmgton, Their rate of release has 'been 3tok
- each menth ' ) v ,

The Geologcal Survey has printed 80 such meps and charts in its cln'rent
series and now has 12 in press. Of such maps and charts more than 47,000 copies
have been sold, Also, more than 55 articles and reports have been submitted
during the past 3 years to trade and scientif ic journals and cooperating aganczes
for publl cation, _ .

G—eolbgical Survey's administration of Gas Developnent on Pu’blid‘];.-a;nd’s

The Geological Survey's admxmstratlon of oil and gas development on the pu’b—- ,
lic lands is performed by its Conservation Branch. Such administration includes
the'examingtion and classification of the mineral resources of -the public domain,
the furnishing of technical information and advice to administrative ageacies, and
the supervision of actual mineral-lease operations in the interests of conserva~
tion and with a view to protecting the interests of the United States, including
the determination of royalty liability. By administrative arrangement, the Geo-
logical Suyvey maintains supervision over oil and gas operations and detemines
royalty liability on all restricted Indian lands, except the OSage Nation. and for
certain naval petroleum reserve lands. .
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The field of the Conservation Branch work is coextensive with the public
domain of the United States, including Alaska, and with the principal mineral-
producing Indian reservations; Its duties include the classification of the pub-
lic lands according to their highest use, the protection of the public interest in
undeveloped mineral and water-power resources, .and the pramotion of economical am
efficient development of minersl deposits on public and India.n land,

The Mineral Classification and the Oil and Gas Leasing Diviaions of the Gon-
ger:iatlon Branch are directly concerned with 011 and gas operatlons on the pubhc
omain, . . :

The activities of the Mineral Classification Division, through its six field o
offices, are concerned with asppraising the publio-land holdings of the United '@ "
States and are fundamental in the procedures of public-land administration, With
respect to such holdings, they include the deteminations of the mineral value of
specific lands applied for under the various non-mineral-land laws and of the
structural situation and inherent value of lands applied for under the mineral~.
leasing laws, particularly their oil and gas provisions, and also include the
conversion of available geologic infomation into forms susceptible of adminis~
trative use, such as aereal classifications of mineral and normineral lands,
definitions of the "known geologic structure' of producing oil and gas fields,
and determinations of areas logically subgect to unitlzatlon f or 'ourposes of oil
and gas exploratmn and development. e

- “n all, 13,0‘79 cases were. acted on during 1945, an. increasa of 20 per cent
over 1944, Initial or revised definitions of the known geologi¢ structure of 7 -
producing oil.or gas fields were prepared and promulgated; geologic appraisal was
made of 80 unit-plan submissions; and 53 special reports were rendered to the

General Land Office on new discoveries of oil or gas on or-adjacent to Federal ~,‘j~‘ -

lands, including 22 applications -for the royalty benefits accorded by the act -
approved December 2k, 1942 (56 Stat. 1080), for the discovery. of new oil and g
fields or deposits during the nsational war emergency; the geoclogic thecking and
endorsement of several thousand assigmments of acreage or other interests in: mzt»-
standing leases, and of leases en route to issuance; and the geodlogic adjudica;bmn
of many thousands of original applications for prospecting or development rights
for o0il and gas pursuant to the provisions of said laws,

For the most part the results of these investigations serve: to e:q:edlte
administrative action, However, many are of sufficient general interest to Dbe
made available in manuscript- or map fomm for public inspection in-the originating
gle%d offices, and a few more are publlshed and made a,vallable for general d.:.stri—-

ution, : :

The 0il and Gas Leasxng DlVlsiOIl ma:xntams 15 field c:fflces staffed wittr
trained techrical, ‘accounting, and clerical personnel and supervises the drilling
and development operations and determines the royalty liability of lessees., It
maintains records of operations in the public-land states, furnishes technical
advice and statistical infomation to operators. and the genaral public, It :
furnishes valuable analytical infomatlon td its lessees through its laboratory °

7.
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facilities at Casper, Wyo., including the analyses of oil, gas, and water, the

determination of permeability, porosity, 0il saturation and connate water content
" of well cores, and the preparation of engineering reporté on the’ poesibilities.of
‘secondary recovery in active producing fields.. Some idea of the. magnitude of the
Job entrusted to the Conservatioh Branch is had from the total royalty value of '
the oil, gas, gasoline, and butane accounted for in the calendar yea.r 19245,
namely, $7,563,974 on publlc lends and $1,861,985 on Indian lands. ‘

~ Most of the oil and gas from public~-land leases is produced in Galifomia.
Colorado, Montana, New Mexico, and Wyoming, and small amounts are produced-in.
_ Louisiana, Michigan, North Dakota, Oklahoma, and Utah. Oklahoma, Montana, and
Wyoming produce most .of the oil from Indian-land leases, and all oil from naval
) petroleum reserve leases is produced in Celifornia at this time, ‘

~  The supervision extends ‘to 6,584 publlo-la.nd leades, aggregating Y, 11¥9’000
acres in 20 States and Alaska, The public lands alone have produced from 1920 to
1945, inclusive, 844,151,958 barrels of oil, 1, 340,693,294, 000 cubic feet of gas,
and 1, 589.)+<7. 8u5 gallons of gasoline and butane

Proved natural gas reserves

Our natural gas resources have been dlscovered in the course of the mtenslve
search for crude petroleun and relatively little effort has been devoted to pros—
pecting for natural gas except in California and the Appalachidn area. The.search
for oil has resulted in discovery after discovery of new gas fields and deeper gas
zones and has led to a constantly increasing volume of proved underground reserves
of natural gas in $pite of the mounting productlon. The estimates of such re~ .
serves range upward from:15 trillion cubic feet in 1919 to 140 trllllon in 1945,
A continued high-discovery rate-of natural gas in the post wdr period is predicted
by the Petroleum Administration for War in a recently published . repcrt (James. 'E,
Pew, "Natural Gas and its products during the War" in Petroleum in War and Peace;
" papers presented by the Petroleum Administration for War before the Senate speCial‘

committee to investlgate petrol.eun resources, "Hon. Joseph C, O'Mahon@v, C‘na;zman,
Nov. 28-30," 1945.) |

Scme of the increase in gas reserves is attributable to technologic advances-‘
One of these is the drilling to greater depths in recent years and the resulting
discovery with depth of a greater proportion of gas to oil, The deepest wells
drilled in recent years include one ih California to a depth of 16,2ué feet: and
one in Texas to a depth of 16,655 feet, Our deepest gas as well as 0il producing
zone lies at a depth of 13,763-13,778 feet in Louisiana, The incremse in the
natural gas reserves is also due in part to the accelerated search for oil in
recent years. In this search the number of geophysical crews’ in the field and.
-the number of vdldcat wells have reached new high levels. .

‘The proved reserves of natural gas were dlscussed by L. L DeGolyer at. &
heanng of the Federal Power Commission in Kansas City, Mo., in September 19U5,
and they are, I understand,  the.subject of a detalled statement to be presented
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by him later at thapresmt heanngs in Washington.  This subject is thus dis- -
cussed bri in -this paper, by meking reference to published statements, one by
Mp, -DeGolyer (Investigation of petroleum resources "New sources of petroleum.in
the United States"; Hearings before a special committee investigating petroleum
resources, U. S:° Senate, 79th Congress, lst Sess. pursusmt to S. Res. 36, 1946
and Oil end Gas Journsal, May L4, 1946) giving en estimate of 140 trillion cubic
feet as of the first of 1945, and. the other by James E, Pew of the Petroleum
Administration for War giving an estimate of at least 135 trillitn.cubic.feet.as
of the seme date, (James E, Pew ™atural gas and its products during the War® in
Petroleum in War and Peace; pepers presented by the Petroleum Adminigtration for
War before the Senate special committee to 1nvestiga;te petmleum reseurces. Hon,
Joseph C, O'Mahoney, Onairnen, Nov. 28-30, 1945. ) e R

In arriving at the 1&0—(‘:1115@3 estimate 'byMr DeGolyer, only thase f:.elds
having individual reserves of 20 billion cubic feet or more are inmcluded, -emcept
for the Appalachian area, If there:be added to this estimate the-6;000 smaller
fields not included therein snd if allowance is made for the: pmbable Sxtengion
of present fields not yet fully explored he concludes thaf "we ‘ere justified. in
considering the premﬁ gas reservas to be something of the magxitudé <0f 200"
trillion cubic feet."  The top-ranking States, ;aach possessing 1& per cent ’m‘ more _
of the 1l+o-trillioh Teserve are: : L o

Teas  58.2per cemt.

< pe
Iouigiana 12,2 " *
California 9,2 " n
Kenses T n
Oklahoma 4,3 n "

COncernmg the 135v-trillion estmate Mr Pew commmts as follows.

"The figire of 135 trillion is based on estimates oonpiled byl’m‘ihﬂxsm
committees and is considered. to.be one of the most comprehensive and relisble.
estimates of recoverable natural ges reserves that has been made to.date. It
includes only the natural gas reserves now known and recovérable imder present: .
economic conditions; it does not represent the total quantity of. gas that may be
recovered if the fields are exhausted to lower pressures than those agsumed. If
all fields were calculated to a comron préssure, end if al]&wmce were. made for
future extensions of known fields, the estlmate would bé konsiderably h:gher.

The present proved reserves of natm‘al gas whose magntude has thus gset a
new high, occupy for the first time a ‘position, both in weight end heet value
alongside the proved reserves of petroleum (G. G. Oberfell, Utilization of Natural
Gas, Americangas Association Momthly, January 1946, pp. 7-13, 48). The-recent
davelopments in the utilization of natural ges——its expanding markets and impor-
tance as a source of energy and varied prodmts-—-lead to the question of the size
of our underground gas eupply that remains to be produced. OCur underground gas
supply includes two categpries of reserves, one, the proved réserves Just dis~-
cussed, and the other, the potential regerves. that remain to pe discovered..
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Potential gas reserves “awditing discovery

| The poten.tlal reserves vet to be discovered mcluﬁe thie supplies of natural
ges to be found by deeper dnlling in present producing fields; to be found in: -
extensions of the presen“b fields, and to be:found in new fialds in regions Bow-
producing as well as in reglons\not now prodncing. ; S RO

: Sed.lmentarv roc.ks that are favorable for the prodnction of: natural gaa ecmer
mach of the areéa of the United States, as shown by the fact that productive ges.
_ fields havé been developed in 30 States. - ’.Ihase rocks \mder}.ie elmther about
 half the aréa of the United States. ' '

»- .. There remain large areas that are not yet fully e:@lored by the arill. In
géneral, ‘exploration- is widerteken first in’ the mst favorable areag as indicated
by geologic evidence. These areas invite further or new drilling from time to,
time in response to increased knowledge of their geology. - They include producing
fields that warrant. deeper drilling and other aress that warrant additional- wells,
some. drilled to greater depths.- FPuture exploration thus hes two frentiers, one
. the. extension of testmg into new wndrilled sreas, and the other the drilling to.
“greater depths, Although improvements 4n drilling technigue have made pogsible
the drilling of wells to greater amd greater depths, there is & limit 'balmf which
petroleum and natural gas will not be found. In many areas this limit is clearly
marked by the floor or basemgnt of crystalline rocks. ' In other areas the oil- and
gas-bearing rocks msy be less clearly limited in: their downward extension by sedi-
mentary rocks whose metamorphism and low perosﬁat md low permeability preclude
their containing oil and gas reservoirs.

The producing regions that invite the testmg of dseper zones and new nearby ’
areas include those of the Appalachiams, those in the Central States from the
Gulf of Mexico to the Great Lakes, and those in Californis znd the Rocky Moun-
tain region,. In these producing regions and elsewhere there are mamy large
aregs outside the developed f:.elds that warrant add:.tz.onal a;ploration. Some of
these areas are: o

Caleornia. Coa.stal areas near Enmbold:t Bey Point Arena and- Point

~ ‘Reyes; Salinas Basin, Sacranento Basz.n. San Joaq\nn Valley, and.
L Inperial Valle'y.. : o R
Coastal region of Washlngton and Oregon
' T&'answPecos region of west .Lexas

" Northern Ileno Estacado of northwest-centra;l Texas and northeastem R
’ New Memco. .

o R Anadarkb Basin of wes’cem Oklahoma and. of the Texas Fanhandle
McAlester Basin - of sou.theastem Oklahcm ’ i
Arikensas River Valley of Arkansas,

10
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San Juan Basin df northwestern Afsw &xico and smxthweatem Colorado.
Black MeeaBasin of morthesstern Arimna, ., - e
Southesstern Utdh’ | - -

, Uinta Basxn Gf mrﬁxeastem Utah and. northwestem Goloraﬁo

N@rth ad Midﬂe ?arks of Goloa‘ado

| Eastm Colorado

o Wyoming The fdllawing intermontane ‘oasms' Big Hum, Wind R{ver, S
Mﬂger and Weshekie. - | |

Povﬁar Biver 'basm of nor'ﬂaeastem Wyomng and wwkheastem Manma.}'" :"
Scmth—central and northeastem Montma. B . : L

Selina basih of Kensas - Nebrad;a,, T

Forest Clty ‘basin of northeastern Kmaas sou‘bheastem Nebraaka
: norihwestern Mlssm:ri and southmstem Towa,

. Warrior coal basin of Alahama. .
'Gulf Coastal Plain of Mlssissippi .Alabama, Georgia and. Flanida.
-1t is- appropnate to mentlon al.so A‘Laﬁca, Puerto Ra.co ‘and the ccntinentﬂ

'shelf along the Gulf Coast States and Gallfomla whose on.l possxbilit:.es are 'che
subjeet of: pi*’asent mterest '

‘v.i..
wl?
XL

Indlca;hions of 011 are mdespread in Alaska and ha}ze babn knom fcr many
years. Oil production in Alaska has been small, beéing shaut 15%,000 harrels
which was obtained from the Katalla field from 1902 to 1933. .In the past. 3 years
- the’ Geological Survey and the Navy Department have made and are contimﬁng studies
of .the more promising Alaskan areas for oil development.. --Most emphesis is being
- devoted to the Arctic glope. Any ensuing extensive oil exploration on the Arctic
"slope and Biﬁwhére may d:;sicdver eomrcial quantztzes of oil md..gaa.

P The two .cogstal belts of Puerto Rico, one as- mch as 10 milas wide a}.ong &e
north coast snd ¢hé other a narrowér belt slong the sovth coast .are widssEsin by
gently inclined sedimentary rocks of Tertiary age which rest mmnfermiy on

greatly deformed Cretaceous rocks that are cut by igneous intfusioms: Fo-direct

11



evidence of ‘0il or gas accumilation has: bm fa’md iaa the mmam in-
vegtigations of the oil and gas possibilities made by the Geological Survey sug-
gest that geophysical investigationg of ‘{e areas of Tawm&mw
coastal areas seem justified,

The continentel shelf adjacent to- the United States: is the ahghtly mpt
portion of the continent extending out to-ebout the 100-fathom line, It i# 10 to
100 miles or more in width along the Atlantic coast and the Gulf of Mexico but
along most of the Pacific coast it is only a few mles im width, TDasee-ehilves
are receiving increased attention for the further testing for their oil resources
In this explgration it is probsble that gas will be discovered in

tities. The oil possibilities of the shelf area have been dsscribed by

ctor W. B, Wrather of the Geological Survey in the course of heumwm
a Senate committee in 1945, (Investigation of petrolewm vesoy A SOUrCes
of petroleum in the United States. Hearings before a special committes investi-
gating petroleum resoumms, U. S. Semate, 79th Cong., lst Sess. purausnt. fo- 8. Bes.
36, pp. 360-380, 1946). Accordingly a very brief. summery of theae possibilitm
is pertinent in a consideration of future sources-of\--gas. ik

The occurrence of numerous large snd productive selt domes
the open coast of the Gulf of Mexico end the gradual extension of {pﬁysﬁ.ca}.
prospecting into the marshes, bayous, lakes, and coastal bgys .of the.
coastal strip, including the Delta of the Mississippi River, early mede it evidend
that the oil-producing province of Lovisisna and Texes extended outwerd bemsath
the waters of the Gulf. In 1927, the late Dr. Devid White of the Geological Sar~
vey publicly expressed the view th.at domés exigted underneath the Gulf apnd pointe
out that the knowledge of the topography of the bed of the Gulf furniehed by chart
of the United States Coast and Geodetic Survey indicated possible anticlines snd
domes. Dr. White suggested that the topography of .the entire bottem-of th# sab-
merged continental shelf be surveyed by the then newly developsd methods of eonic
sounding, end directed attention ‘to the fact that even out-to 35 mikes fuem the
coast, depths greater them 60 feet were rare end ’ehat in maﬂg nf thc belt ﬁa
wa.ter 1smt ovecrzﬁfeetd,eep &

6’;,;..
I Ry

'-'Lhe continued extension of geophysmal prospectmg aml ﬁril%mi&% ko
partially submerged marsh areas and adjoining lakes end coastel bays led ultimta}
to exploration-and drilling in the Gulf of Mexico near shore snd resulted dn Ws
discovery in 1938 of the Creole field, shout & mjle offshore from. Gemsyen T
Itafi. in the open Gualf . S.ibsequent desfelepment proved ) product:ﬁ% azaa,fai m &
-0, e squere. . ‘ P

s In 19l+1 the seaond. f1e1d in the Gulf of Mexico, the Saa.’ma E‘m fialé@mt
9 000 feet offshore from Jefferson County, Tex., was discovered..:Seversl fielde
in Galveston Bay, Laguna Madre, and other coastal beys of Texas end in tha hqs 6{
the Miesissippi Delt® have also been developéd. Ebe practicability of mapine

- drilling #md oil production in the submerged-strip adjeining oy m& m b@@
cepted-as estgblighed, and the existende-of & lavge .su o3 g
atmmmai treps thet are potentially pradustive of oil is Mcam

12
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The submerged slopes off the California coast, in sharp contrast with the
continental shelves of the Gulf of Mexico coast, are steep and the submarine
topography is markedly irregular and similar in many features to the rugged moun-
tains that adjoin or plunge toward the ocean. The strip above the 100-fathom line
along most of the southern coast of California is only a few miles in width and in
many places is less than a mile wide. Nevertheless, several coastal California
0il fields have been extended out beneath tidelands or into submerged areas.

0il fields of the California coastal strip in Senta Barbara, Ventura, and Los
Angeles Counties are found in Tertiary sands in several sharply folded anticlines,
whose axes lie obliquely to the general trend of the coast. The discovery of
productive fields on these anticlines by wells close to or at the coast line, has
led to production of oil from the submerged parts of the fields by directional
drilling from rigs established on shore, or by drilling from piers extended for
more then 2,000 feet offshore.

The possibilities of finding oil and also gas on the continental shelf area
are believed by most geplogists to be good, It is gemerally agreed also that the
engineering problems involved in the discovery and production of oil and gas from
the shelf can be solved. It is not yet established, however, that costs of pro-
duction will be such that oil or gas can be produced far from shore in competition
with other fuels, '

Concluding statement

The natural gas resources of the United States are large and the present
proved reserves are only a fraction of the total reserves. Geologic conditions
agppear to justify the conclusion that large and importent gas reserves remain to
be found. Whether or not the present proved reserves of 140 trillion cubic feet
represent a half, more or less, of the ultimate producible reserve is not known.

Information is not available that will permit an estimation of the magnitude
of our future discoveries of natural gas in exact terms, either cubic feet or
year's supply. Our gas reserves yet to be discovered, whatever their magnitude,
are finite in quantity, They are a wasting mineral asset--that is, they are des-
troyed in their use. Also, they are not replenished by geologic processes in the
underground reservoirs. When one gas field is discovered, one less remains to be
discovered. The problem of the discovery of oil and gas fields has become in-
creasingly difficult end, from &ll available evidence, this trend will continue,

Natural gas, like numerous other sbundsnt mineral resources of our Nation, is
a rich heritage. 4As a geologist I am deeply concerned with the wise development
and production of this convenient fuel so that posterity, like our generation, may
be blessed with a full measure of this heritage.
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