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APPENDIX B

In this appendix (except under headings IX and
X) are reprinted for the information of the Court
excerpts from official and trade publications, re-
ferred to in the text, containing matters of common
knowledge to persons familiar with the petroleum
industry.

I. GENERAL DESCRIPTION OF THE INDUSTRY

1. Senate Document No. 61, 70th Cong., 1st Sess.,
Federal Trade Commission Report, Petroleum In-
dustry, Prices, Profits, and Competition:

[Pages 6-9]

SEOTION 1. Characteristics of crude petroleum.-
Crude petroleum consists of various hydrocarbons,
including small proportions of oxygen, certain ni-
trogenous substances, and sometimes sulphur. In
general there are three important types of crude
petroleum; namely, (1) Paraffin-base crudes, which
contain solid paraffin hydrocarbons and practically
no asphalt; (2) asphalt-base crudes, containing as-
phalt and no paraffin; and (3) paraffin-asphalt
crudes, which are a combination of the former two
types. The crudes produced in different sections
of this country vary widely in viscosity and in spe-
cific gravity. Some light crudes flow almost as
freely as water, while other crudes are so heavy that
it is necessary to heat them in order to transport
them by pipe line. The wide differences in the qual-
ity of different crudes present difficult problems in

(1)
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connection with their production, transportation,
and refining, and result in wide differences in price.
For example, the light paraffin-base crudes pro-
duced in the Appalachian fields have always com-
manded a much higher price than other crudes,
partly because of their high lubricating and gaso-
line content. In the midcontinent, the Rocky
Mountain, and the California fields there is a very
wide range in the prices paid at the oil wells for
different crudes.

SECTION 2. Branches of the petroleum indus-
try.-The domestic petroleum industry includes
producing, pipe line, crude purchasing, refining,
wholesale marketing, and retail marketing
branches. A very large proportion of the business
of each branch of the industry is handled either by
large integrated companies whose activities com-
pass the entire industry; or by concerns that have
subsidiary or affiliated companies engaged in all
branches of the business. A number of the larger
companies own their own tank cars and operate
fleets of tank steamers for coastwise and foreign
trade.

Production.-The producing branch of the petro-
leum industry includes all of the activities incident
to the exploration and location of oil lands, the drill-
ing of oil wells, the extraction of crude petroleum
from the earth and its storage in field or settling
tanks. As natural gas is usually given off as the
crude petroleum is brought to the surface, many
producers extract casinghead gasoline from the gas
and then sell the dry gas to gas companies, or, as
has been done in California and in the Seminole
(Oklahoma) pool, they maintain the gas pressure
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in the oil pool by forcing the dry gas back into the
oil well.

The great bulk of the oil lands held by producing
companies is leased from the landowner on a royalty
basis. One-eighth is the most common royalty por-
tion. The producing company, if also a purchaser,
usually runs the royalty portion with its own oil
paying the royalty owner the current market price.
If the producer sells his own crude, it is customary
for the purchaser to buy the entire production, pay-
ing both the producer and royalty owner direct for
his share.

Pipe lines.-The pipe-line branch of the industry
collects the crude petroleum from the producer's
field or settling tanks through a system of pipes
called gathering lines. Gathering-line pipes are
usually 4 inches or under in diameter. Much of the
gathering-line pipe is laid on top of the ground.
These small pipes connect with larger pipes and
lead to gathering-line pumping stations. In highly
productive oil pools, particularly when different
producers own or control small tracts of land, there
is an extensive network of gathering lines leading
from the oil pool. In many cases several pipe-line
companies have gathering lines in the same oil pool
and sometimes on the same lease.

The topography of the region in which an oil pool
is located is the most important factor in determin-
ing the type of gathering-line system that must be
established. In some cases the topography of the
country is such that a pipe-line company can locate
its gathering-line pumping station so that the crude
petroleum will flow by gravity from the producers'
tanks to the receiving tanks at the pumping station.
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In other cases, however, much of the crude petro-
leum must be forced through the gathering lines by
the extensive use of field pumps located on the pro-
ducer's lease, or be sucked into the gathering-line
stations by suction pumps located at the gathering-
line pumping station. If the producer pumps his
oil into the pipe-line company's lines, he is paid for
this service.

Practically all of the crude petroleum produced
in the United States is collected by gathering lines,
and the great bulk of it is transferred to a trunk
pipe line for transportation to near-by refineries,,
to inland or seaboard refineries, or for transporta-
tion to a seaport, from whence it is carried to a re-
finery in a large tank steamer. Since 1923 large
quantities of California crude petroleum have been
piped to Los Angeles Harbor and from thence
transported to the Atlantic seaboard by tank
steamer. In times of temporary overproduction
the crude petroleum may be transported to a large
"tank farm", where it is stored for use when con-
sumption exceeds current supply. The crude oil'
in storage, which for some time has been sufficient
to supply refinery requirements for half a year or
more, is largely owned by large crude petroleum
purchasing companies or by petroleum refiners.

Trunk-line pipes have a much greater diameter
than gathering-line pipes. The trunk-line pipes of
the large interstate pipe-line companies range from
8 to 12 inches in diameter, and in some cases from
4 to 8 lines have been laid parallel to each other in
order to handle the tremendous volume of crude
oil which is constantly being pumped hundreds ot£
miles to large refining centers.
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Comparatively small quantities of crude petro-
leum are transferred from gathering lines to tank
cars for shipment to near-by refineries. Occasion-
ally where a large refiner desires to secure a cer-
tain crude unmixed with other crudes, tank-car
shipments are made for considerable distances.

Crude purchasing.-The great bulk of the crude
petroleum, not refined by the company producing
it, is purchased by comparatively few large pur-
chasing companies. Many of these companies are
large refiners or are subsidiary to or affiliated with
large refining companies. The remaining produc-
tion is purchased by small refiners and by com-
panies engaged mainly in producing and dealing
in crude petroleum. The bulk of the 2,500,000 bar-
rels of crude petroleum now being produced daily
is either refined by the producing interest or sold
daily at the current market price. In some cases,
however, certain large companies have the produc-
tion of a few large producers under contract for
delivery over a considerable period of time.

Refineries.-There are three types of refineries
operated in the United States. Some small refin-
eries, called skimming plants, distill crude petro-
leum at atmospheric pressure and produce only
gasoline, kerosene, and fuel oil. Another type of
refinery, which may be termed a complete refinery,
carries the refining process much farther and ob-
tains a wide range of refined products. A number
of the smaller refining companies in the East pro-
duce a complete line of refined products. The third
type is one equipped with a "cracking plant",
which subjects the gas and fuel oil to very high
temperatures under superatmospheric pressure,
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whereby the molecules are broken up or "cracked"
and the lighter products are given off. Certain re-
fining companies have produced from 50 to 60 per-
cent of gasoline from ordinary grades of crude
petroleum. Cracking plants are generally used by
complete refineries and also by a large number of
skimming plants.

The bulk of the refining business of the country
is done by large integrated companies and by con-
cerns having subsidiary and affiliated companies
engaged in the different branches of the business.

Wholesale marketing.-The bulk of the wholesale
business in gasoline, kerosene, gas oil, fuel oil, and
lubricating oils and greases is done by large inte-
grated companies. Some of these companies ex-
tend their marketing activities throughout a large
number of States, others market in a single State or
in a few States. These large wholesale marketers
generally divide their marketing territory into two
or more parts under the control of a divisional sales
manager. The smaller wholesalers often confine
their marketing activities to a small section of a
State, usually in the more populous parts.

At the present time probably from 75 to 85 per-
cent of the total quantity of gasoline consumed in
the United States is sold to the retailer or ultimate
consumer either by the company manufacturing it
or by an affiliated or subsidiary concern. The re-
mainder is purchased by wholesalers f. o. b. re-
finery from the smaller refiners, or from larger
marketers and brokers at important seaports such
as Jacksonville, Fla., Norfolk, Va., Baltimore, Md.,
or New York City. Gasoline is distributed in
wholesale quantities in tank steamers, tank cars,
barges, motor trucks, and horse-drawn tank wag-
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ons. The large refiners distribute gasoline from
their refineries to the principal marketing centers
in tank steamers and tank cars. Tank steamers
are used extensively for coastwise shipments from
Gulf coast refineries to the Atlantic seaboard, from
refineries on San francisco Bay and in southern
California to the large markets of the Columbia
River and Puget Sound regions; and for tank-ship
shipments via the Panama Canal to the Atlantic
seaboard. During the last three years millions of
barrels of gasoline produced in California were
transported by tank steamer via the Panama Canal
to the Atlantic seaboard. Daily entire trainloads
of gasoline in tank cars, destined for large consum-
ing centers, leave the important refining regions of
the Rocky Mountain and Mid-Continent oil fields
and the large refineries in the East.

Extensive storage facilities are maintained in
the large cities along the Atlantic, Gulf, and Pacific
coasts and at important interior refining points
from which the requirements of the retail dealer
are supplied. Shipment is made from such points
in tank cars and barges to bulk stations, from which
point retail dealers are supplied by tank truck or
tank wagons. The seasonal demand for gasoline
necessitates the accumulation of large stocks dur-
ing the winter months in order to meet the require-
ments of the heavier spring, summer, and autumn
trade. The bulk of the retailers' supply of gasoline
is distributed by tank trucks or tank wagons from
storage tanks located near railroad sidings. Tank-
truck and tank-wagon drivers usually sell at retail
to anyone on the route who will buy 5 gallons or
more at a single purchase.
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Kerosene is distributed in the same way as gaso-
line but the quantities sold are much smaller. Sales
of gas and fuel oil and road oils are largely made
direct from the main sales offices of refining com-
panies. These products move in large quantites.
Lubricating oils and greases are sold in containers,
such as barrels, cans, and cases. Transportation
and manufacturing companies buy these products
in large quantities. The motor-vehicle consump-
tion is supplied through the gasoline and kerosene
wholesale and retail marketing organization.

Retail marketing.-Gasoline is distributed to
large consumers in barges, tank cars, tank trucks,
and tank wagons, and to small consumers through
service or filling stations, garages, repair shops,
curb pumps, etc., and to a limited extent from tank
wagons and tank trucks. Many large wholesale
marketing companies operate a large number of
service stations, and many small wholesalers are
also engaged in the retail business. C. B. White,
Chicago Manager of the Vacuum Oil Co., stated
recently that whereas five years ago there were 12,-
000 gasoline service stations in the United States
there are now "more than 250,000 outlets for oil
and gasoline-only 80 cars per station."' This
later total includes service stations, garages, curb
pumps, etc. In the Standard Oil Co. (Indiana)
territory, which covers 11 States, there were 19,393
service stations in 1926, as compared with 4,875 in
1921.

[Pages 99-100]

SECTION 1. Methods of marketing crude petro-
leum-Running crude into gathering lines.-As al-

1 National Petroleum News, Apr. 20, 1927, p. 27.
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ready pointed out, crude petroleum in all the oil
fields of this country is collected or gathered from
the thousands of oil wells by a system of pipe lines
called gathering lines. When crude petroleum is
brought from the oil pool to the surface of the earth
through the tubing of an oil well, either by pumping
or by gas pressure, there is mixed with it varying
percentages of water, sand, and other sediment. In
order to separate the water and sediment from the
crude, it is run into tanks called settling tanks,
where the water and other sediment is allowed to
settle to the bottom of the tank before the crude is
run into the gathering lines.

The crude run into the gathering lines also car-
ries more or less sediment. Usually the purchasing
company makes a deduction of 3 percent from the
total quantity to cover any water or sediment re-
maining in the crude run from the producer's tanks.
Particularly for purchases of large quantities and
where the crude is known to contain a large pro-
portion of water and sediment, additional deduc-
tions are based on centrifugal tests. As crude pe-
troleum expands upon being heated, adjustments
are made to cover changes in quantity due to differ-
ence in temperature.

When a producer first sells crude petroleum, or
when new wells are brought in, the pipe-line com-
pany gathering the crude connects the producer's
tanks with its gathering lines. The cost to a pipe-
line company of making a "connection" with a new
producer or with a new lease varies widely from a
few hundred dollars to $2,000, or even more. In
some cases in a given oil pool a producer may have
his tanks connected with two or more pipe-line sys-
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tems, but in practice many small producers are
limited to but one purchaser because only one pipe-
line system is available. As a rule a producer is
free to have his property disconnected from one
pipe-line system and connected with another, and
this may occur if the quantity he has to sell is suffi-
ciently large to make it attractive for a rival pipe-
line company to make a connection. In some cases,
where the expense of making a connection is very
large, the pipe-line company making it insists upon
a contract guaranteeing to it the output of the well
or lease for a specified time.

When a producer has a tank full of crude petro-
leum ready to deliver to the pipe-line company, he
notifies the company's gauger, who, after gauging
the contents of the tank, opens a valve that permits
the crude to flow or to be pumped from the tank
into the gathering lines. Later, after the tank has
been emptied to a certain point, the valve is closed,
thereby "cutting out" the tank from the gathering
line; then the tank is gauged again and a ticket
is issued showing the height of the crude in the
tank at each measurement. This ticket also serves
as a receipt for the producer. The quantity of
crude petroleum taken is determined by the pur-
chasing company by reference to tank tables, care-
fully computed from actual measurements, which
show the cubic contents for every tank from which
crude is purchased for every difference in height
in graduations of a quarter of an inch. The quan-
tities of crude petroleum gathered from an oil pool
or an oil field are termed "pipe-line runs."
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2. Department of Commerce, Bureau of Mines,
Mineral Market Reports (No. M. M. S. 154, Nov.
16, 1932):

Nation distribution of gas oil and fuel oil, 1930-1931

[Figures in barrels of 42 gallons each]

Uses 1930 1 1931

Railroads -. .......-----.-------------------------- 67,900, 035 58,150, 366
Steamships (including tankers) .------------------------ 94,151, 823 83, 558, 580
Gas and electric-power plants -------------------------- 26, 768, 557 24,490,251
Smelters and mines ------------------------------------------ 5, 936, 055 3, 626, 549
Iron and steel products -------------------- 15, 210, 420 12,855,395
Chemicals and allied industries ------------------------------- 3, 258,156 2,907, 773
Automotive industries -------------------------............... 2,225, 272 1, 783, 547
Textiles and their products -......................... 4, 474, 846 5, 683,693
Paper and wood pulp -..- 2, 235, 890 1,833,880
Logging and lumbering .- - - - - 2, 269, 346 1, 667, 377
Cement and lime plants --------------------------------- 3, 007, 547 2, 434, 567
Ceramic industries ---------------------------- 1,992, 531 1, 598, 485
Food industries ---------------------------------- 7,033, 361 5,660,080
Other manufacturing -11, 663,906 9, 998, 329
Commercial heating ------------------------------ - 17, 508, 085 15, 731,150
Domestic heating ------------------------------ -- 10,104. 792 10,446,139
United States Navy, Army transports, etc .------------------- 8, 680, 929 9,203,243
Used as fuel by oil companies -................ 53, 436,945 51,196, 684
Miscellaneous uses- .............. 11, 235, 312 10, 266, 692

Domestic deliveries -------------------------------------- 349,093,808 313, 092, 780
Exports and other shipments -....... 36, 449, 884 29, 231,049
Deliveries of furnace oils, etc., for domestic heating ------------ 15, 666,000 14, 213, 000

Total distribution --------------------------- 401,209,692 356, 536,829

1 Revised figures.

3. H. R. Report No. 2192, 72nd Cong., 2d Sess.,
Report on Pipe Lines:

[Pages v-xxi]

THE OIL SITUATION

Petroleum, oil, and gas, like the metallic ores
and other minerals, are a natural resource which,
once exhausted, cannot be replaced. A sound na-
tional policy calls for careful conservation of all
natural resources, but in the case of no other of like
importance to our national life is the need so press-
ing.

Doubtless a time limit exists for the duration of
our coal, iron, copper, and other mineral reserves,
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but the date is far in the future. It appears to be
otherwise with petroleum. In the report of the
Federal Oil Conservation Board to the President
of the United States, published in 1926, it was
stated that the total reserves in the known and
proven wells were estimated at 4,500,000,000 bar-
rels, or about six years' supply.2 This figure has
only admonitary significance.

The six years have passed. The public demand
for petroleum has been supplied; indeed, in a sense,
more than supplied, for the general complaint on
all hands is of overproduction, and it would be rash
to set any definite time limit to our supply even
now. Since the report appeared petroleum produc-
tion increased from 764,000,000 barrels in 1925 to
1,006,000,000 barrels in 1929. Since then produc-
tion has fallen off to 898,000,000 barrels in 1930
and 845,000,000 barrels in 1931-32. This falling
off, however, is not due to depletion or immediate
prospect of depletion. It is estimated by experts
that the potential production at the present time is

2 Report of the Federal Oil Conservation Board, Part 1,
1926, p. 6. It was obtained by dividing an estimate of the
quantity of oil in proven sands accessible to wells already
drilled and recoverable by methods then in use by the con-
sumption for that year. On the one hand it was too generous.
Recovery from the known and proven wells could not main-
tain the then existing rate of consumption without decline,
because the yield of a well decreases steadily year by year.
On the other hand, the figure of six years was not intended
to fix the life of the oil industry. It made no attempt to
allow for the finding of new fields or for improved methods
of recovery from known and proven fields. However, the
board's figure served to illustrate vividly the national de-
pendence upon fortuitous discovery of new sources of supply
and to call public attention to the urgency of conservation.
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5,000,000 barrels a day if all wells were run to full
capacity and that this rate could be maintained for
a considerable number of months. The actual out-
put is about 45 percent of the potential.' The fall-
ing off, then, is not due to depletion, it is rather
due to the coercive measures of curtailment taken
by the several conservation commissions of State
authorities. With a return to prosperity the up-
ward trend in production will doubtless be resumed.
How rapid has been this upward trend in the past
may be seen from the following table.

Production of crude petroleum in the United States

Barrels

63, 600, 000
69, 400, 000
88, 800, 000

100, 500, 000
117, 100, 000
134, 700, 000
126, 500, 000
166, 100, 000
178, 500, 000
183, 200, 000
209, 600, 000
220, 400, 000
222, 900, 000
248,400,000
265, 800, 000
281, 100, 000
300,800,000

1917 --------------
1918 -------------
1919________ -__
1920-----------
1921 -------------
1922 -------------
1923---------- --
1924 -------------
1925------------
1926 -------------
1927 -------------
1928--------------
1929_ ------------
1930 --------
1931 -------------
1932 -------------

Barrels
335, 300, 000,
355,900,000
378, 400, 000
442,900, 000
472, 200, 000
557, 500, 000
732, 400, 000
713,900, 000
763, 700, 000
775, 000, 000
903, 800,000
901, 500, 000

1,007, 300, 000
898, 000, 000
845, 800, 000

In its fourth report, issued in 1930, the Federal
Oil Conservation Board commented further on the
extent of the underground reserves. Its figures of
4,500,000,000 barrels in 1926 had not attempted to
measure the total potential reserves of the country,
but was intended to indicate the relatively small
extent of known and proven reserves accessible to

3s Anderson, W. F., The Oil and Gas Journal, Jan. 18, 1932.
98810--34 2

1900--------------
1901______________
1902 -------------
1903------------
1904 -------------
1905 -------------
1906 -------------
1907------------
1908-------------
1909 ___--__------
1910 ----------
1911 ---------
1912 ------- -
1913 ------ --
1914 ------ ---- -
1915-- --- ------
1916 --------------
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existing wells. Nevertheless, the progress of tech-
nology was operating to increase the reserve poten-
tially available. "During the last decade", stated
the board,4 "every estimate that had been made of
the recoverable oil remaining in underground stor-
age has required revision in the light of later in-
creased production factors. " The reasons given for
the changing viewpoint on reserves throw consider-
able light on the difficulties and uncertainty that
must be reckoned with in estimating the duration
of our petroleum resources. They are useful in
tempering our judgment between alarm and com-
placency. A brief summary will be given in the fol-
lowing paragraphs.

It was pointed out:
(1) That great advances have been made in oil

geology. Improved technique in determining the
location, shape, and extent of structures favorable
to the accumulation of oil have been developed, and
as a result new and prolific oil sands have been
tapped.

(2) That deep drilling has resulted in the re-
covery of oil at depths hitherto thought unattain-
able. In 1925 a depth of 5,000 feet had been thought
an outstanding accomplishment. By 1930 practi-
cally all the problems for attaining a depth of
10,000 feet had been solved. Special steels and ce-
ments for enduring the high temperatures of the
deep borings have been developed and improved
engineering methods to meet the new conditions
have been forthcoming.

(3) That improved methods have made it possible
to recover a much larger proportion of the oil con-

4Federal Oil Conservation Board, Report IV, p. 6.
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tained in known and proven sands. Large quanti-
ties of oil have been recovered from fields which
had been abandoned or apparently exhausted. A
"second crop" from the Bradford and Allegheny
fields has added 600,000,000 barrels to the recover-
able supply.

These discoveries in science and these improve-
ments in technique had, therefore, greatly extended
the limits which seemed closing in on the possi-
bilities of oil recovery when President Coolidge ap-
pointed the board in 1924. Yet, as the report was
careful to point out, lest the inadequacy of earlier
estimates should lead to a too easy optimism for the
future, none of these discoveries or improvements
had added a barrel to the physical quantity of oil
in the reserves. They merely meant that through
them such reserves as there were had been depleted
to a greater extent than had been deemed possible.
They in no wise made it a matter of less national
concern to conserve these resources and to avoid
waste.

One thing is brought out forcibly by both reports.
It is this: That maintenance of output sufficient to
meet an existing, and probably increasing, demand
involves in addition to whatever improvements may
be made in engineering methods, constant recourse
to new drilling and to new fields. The flow from a
given well, however copious it may be at first grad-
ually declines, and in spite of all improvement in
technique must ultimately cease, simply because no
more oil can be recovered. New borings must be
made and new areas sought. For a quarter of a
century, in order to meet the demand for oil, there
have been completed an average of 15,000 new wells
annually, and there is no reason for thinking that



16

this will be less in the future under the existing-
law and present methods of production.!

This leads to the question, What is the prospect
of discovery of new fields? At best it is uncertain.
While in recent years great advance has been made
in petroleum geology, the location of oil deposits
from surface indications is still conjectural. Even
more conjectural is the richness of the deposit when
one is located. On this point these words from
Thom may be quoted. "It is never possible for a
geologist to say (honestly) that geologic evidence
proves that oil is present beneath a particular local-
ity in commercial quantities. Only actual drilling
can prove the productivity or nonproductivity of a
promising anticline or other structural feature.
On the other hand * * * it is possible for a
geologist to say that certain regions and areas are
barren of valuable oil deposits because of the nature
of the rocks occurring at the surface of those
regions.6 That is, a geologist can say of one region
from surface indications, "No oil is here, it is use-
less to drill", of another from application of geo-

5 McIntyre, James, Field Operation Suffered in 1931. The
Oil and Gas Journal, Jan. 28, 1932, p. 15. The actual record,
including oil wells, gas wells, and dry holes for the last 10
years was as follows: 1922, 24,658; 1923, 23,438; 1924, 21,894;
1925, 25,623; 1926, 29,319; 1927, 24,143; 1928, 22,331; 1929,
26,356; 1930, 21,240; 1931-32, 12,245. Of all the wells drilled
an average of 62.3 percent were oil wells; 10.4 percent gas
wells; and 27.3 percent dry holes. The falling off in 1930
and 1931 is doubtless due mainly to the depression, though
the enormous yield of the east Texas field in 1931 (of which
more will be said later) was probably a contributory factor.

o Thom, W. T., Jr., Petroleum and Coal: the Keys to the
Future, 1929, p. 122.
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physics, "Oil may be here, but you can't be sure
till you try."

On this basis geologists tell us that 43 percent
of the area of the United States is barren of oil,
and that of the remaining 57 percent only a com-
paratively small portion is at all promising. How-
ever, 57 percent of the United States is a large area.
About all that can be said on the basis of our present
geological knowledge is that the duration of our oil
reserves is very indefinite. Even with the most in-
telligent methods applied to their conservation their
duration cannot be made to compare with that of
our coal and iron reserves. The end may be post-
poned for a century or so. It is possible that it may
come within a relatively short period.

Nor can we look forward with complacency to
supplies from other regions of the world when our
own reserves are exhausted. The United States
now produces and consumes not far from two-thirds
of the world output. Its reserves are among the
richest in the world. When they prove insufficient
to the need and the United States seeks other fields,
its enormous rate of consumption, combined with
the consumption of all other countries leaves little
room for optimism for long duration of the world's
reserves. Even assuming that other countries
would grant free access to their reserves-a rather
questionable assumption-the end would seem to be
in sight. In 1920, Dr. David White published an
estimate that the portion of the world's oil reserves
recoverable by methods then in use amounted to
60,000,000,000 of barrels.7

Ibid, p. 203.
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This estimate, which it is to be observed, includes
the reserves of the United States, may fairly be
multiplied by two or three to make allowance for
improved methods which have come into being
since the estimate was made, but even then with a
present world annual consumption of about 1,500,-
000,000 barrels, to say nothing of a probable in-
crease, a little over a century would seem to be the
limit of our period of grace.

The prospect of the complete exhaustion of the
world's oil reserves naturally raises the question
of substitutes. What is to take the place of petrol-
eum when the lean years set in? A disposition is
manifested in some quarters to rely blindly on the
progress of science and invention. There is here
an unbounded field for speculation, and in view of
the amazing achievements of science in the recent
past, it would be foolish to assert that such blind
faith is wholly vain. Such faith is fortified rather
than weakened by the reflection that the end will
not come suddenly. As the reserves approach ex-
haustion the price of all petroleum products will
rise, and the rise in price will be the very thing
needed to stimulate research and inventive genius.
Petroleum is a form of stored energy, probably
derived like practically all our other forms of en-
ergy, indirectly from the sun. The sun is still flood-
ing the earth with light and heat, a theoretical
horsepower to every three-eighths of a square yard
receiving the vertical impact of its rays. It has been
estimated that the energy received by the earth
directly from the sun amounts to about 160,000,
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horsepower per capita of the earth's present
population.8

Human ingenuity may yet harness some fraction
of this inexhaustible store. Oil may be obtained
from coal and from oil shale. Industrial alcohol
may be used as a motor fuel. All things are possible
in the unconfined spaces of the imagination. All
that can now be said with assurance is that for
petroleum in some of its uses no practical substi-
tute is in sight except at price levels far above what
we are accustomed to pay.

It might be supposed that rational beings in-
trusted with a definitely limited supply of a sub-
stance of such vital importance to their civiliza-
tion would have displayed great economy in its pro-
duction and use. In fact, as a result partly of in-
difference but partly of the legal rule of capture
applicable to the development of oil and gas prop-
erties, the waste has been appalling. To under-
stand the nature and sources of this waste a few

8 Ibid, p. 214. The same author quotes from the Transac-
tions of the First World Power Conference (Vol. IV, p.
1308) the following estimates made by Prof. Svante Arrhe-
nius, of the comparative energy values of certain major
sources of energy:

Total energy of world's oil reserves__________________ 1. 00
Total energy of world's coal deposits----___--- _______ 367. 00
Energy of coal consumed annually ___________________ .08
Energy of air currents (annual figure)________________ -275. 00
Energy annually stored by growing plants____________ 1. 25
Energy of utilizable water power (annual figure)______ .33
Solar radiation of heat to earth's surface (annual
figure) ________________________________________-____ 442. 00.

Thom thinks that in the light of recent improvements in
geological and engineering methods the estimate for oil
should be increased seven fold.
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-words must be said in regard to the geology of
petroleum occurrence and the technique of its
exploitation.

Petroleum, associated with natural gas, is found
in what are called "oil sands" at varying distances
below the earth's surface. It is a mixture of a con-
:siderable number of hydrocarbons of varying de-
,grees of volatility, and is believed to have been elab-
,orated under heat and pressure from substances of
animal or vegetable origin in the process of decom-
position. It first appeared as minute and scattered
droplets, often in oil shales. Concentration in pay-
ing quantities required a combination of geologic
-factors: A porous reservoir rock, usually an "oil
sand"; a local "fold" or "dome"; and an imper-
vious cover, arresting escape of the oil to the sur-
face. Such are the conditions essential to an oil
pool, being source rock, porous formation for mi-
gration and accumulations and undulations, or a
departure from horizontal in the earth's strata.

Recovery is effected by boring or drilling until
the pool is tapped. A "derrick", familiar in pic-
ture of oil fields, is erected over the point of opera-
tion. As the drilling proceeds strings of pipe,
known as "casing", are lowered for the purpose of
lining the hole. When the oil sands are reached
the natural gas with which the petroleum is usually
associated is suddenly released from the high ten-
-sion under which it has remained pent up for un-
told ages. It forces its way through the sands, car-
rying the petroleum with it, and rushes, often with
great violence, upward to the surface.

The "flush flow", when the pool is first tapped,
'is often very vigorous and copious, sometimes
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spouting to a great height in the air. In this case
the well is called a "gusher." After a time the
pressure subsides and the flow becomes more gentle,
or it may even require a pump to bring the oil to
the surface. As time goes on the yield becomes less
and less copious. Finally, the flow ceases and the
well is abandoned. Abandonment, however, does
not mean that all the petroleum in the pool has
been recovered. Far from it. It is the general
opinion that much more remains than is recovered..
Estimates of the proportion left in the ground
range from 25 to 90 percent, the commonest esti-
mate being 80 percent.9

Such disparity in the estimates is to be expected,
from the nature of the case, and undoubtedly the
proportion recovered does in fact vary greatly with
different geologic conditions and methods of opera-
tion. But from the standpoint of the present dis-
cussion, the fact that leading experts hold that only
about a fifth of the oil is recovered from the sands
by the methods of recovery in general use is of tre-
mendous significance.

From this brief outline of the principles of petro-
leum geology and of the methods in use for recover-
ing the oil it is possible to understand why more
than in the exploitation of any other natural re-
source, the recovery of petroleum has been accom-
panied by enormous waste. These wastes will be
discussed under the following heads: (1) Wastes
connected with the flush flow. (2) Wastes from
incomplete recovery. (3) Wastes from unre-
stricted competition.

9Osgood, Wentworth, H., Increasing the Recovery of
Petroleum, p. 5.
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(1) Wastes connected with the flush flow: As
just explained, when the pool is first tapped the
natural gas which has beeU held back for ages
rushes to the surface, carrying the oil with it.
When the flow is very great, vast quantities of both
oil and gas may escape into the air unless the well
is promptly brought under control. In the past
"gushers" have sometimes run wild for weeks be-
fore being brought under control, with an absolute
waste of millions of barrels of oil. Sometimes the
oil caught on fire, with great danger to life and
property and with great money loss involved in
extinguishing the fire or "killing" the well.

With the great advances in oil-field technology
of the last few years, losses of oil through wells
escaping from control and running wild are now
seldom serious. Losses of natural gas from this
cause, however, are still a grave problem under cer-
tain geologic conditions, as indicated by the wild
'crater wells" in the Richland gas field of Louis-

iana.
Great as is the loss when wells are allowed to run

wild, this is by no means the full extent of the
waste. As we have seen, it is the pressure of the
natural gas that brings the oil out of the sands into
the well. Hence the oil when it reaches the surface
is always accompanied by gas. But when the well
is drilled primarily for oil, it often happens that no
arrangements have been made for utilizing the gas.
The oil is conserved but the gas is permitted to
,escape into the air. Yet the energy value of the gas
thus lost may exceed that of the oil retained. In
the Cushing field in Oklahoma the estimated waste
from this source was 300,000,000 cubic feet per day
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,or 100,000,000,000 cubic feet per year, a loss of
.energy equal to that embodied in 5,500,000 tons
~of coal. °

The fourth report of the Federal Oil Conserva-
tion Board cited two wells in Federal leases in Cali-
fornia which had turned into pipe lines nearly
:$5,000,000 worth of oil, but which had meanwhile
permitted gas to a value of $10,000,000 to escape into
the air." The same report also stated that in the
Kettleman Hills area the gas which was allowed to
,escape, even without counting its gasoline content,
was worth more at existing field prices than the
high-grade oil which that gas brought to the sur-
face.1 2

Other examples of the waste of natural gas are
,cited in the fifth report of the Federal Oil Conser-
vation Board:

In the Oklahoma City field alone, the wast-
age probably has averaged 300,000,000 cubic
feet of natural gas per day for the past two
years. 3

From January 1, 1920, to March 31, 1932,
there has been produced in California a total
of 3,527,309,000,000 cubic feet of natural gas.
Of this amount 2,294,000,000,000 cubic feet,
or 65 percent, has been utilized and the re-
maining, 1,233,309,000,000, or 35 percent, has
been wasted.'4

Another cause of loss associated with the flush
:flow is the practice of flowing oil into earthen pits

1o Report of Federal Oil Conservation Board, pt. 1, p. 7.
l Ibid., Part IV, p. 25

12 Ibid., Part IV, p. 16.
13 Report V of the Federal Oil Conservation Board, p. 50.
14 Ibid., p. 47.
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in the absence of steel storage. As pointed out in
a memorandum the committee has received from
the United States Bureau of Mines-

this practice has occurred many times in the
development of new fields and always has
caused physical waste of crude oil through
evaporation and seepage into the ground.
Operators are well aware of the wastefulness
of earthen storage, but nevertheless it is often
resorted to in the stress of overproduction.

(2) Wastes from incomplete recovery: Among
the most serious of all causes of waste is the pre-
mature or irregular encroachment of salt water in.
the producing sands, brought about by hasty and
unregulated competitive drilling. The salt water
normally underlies the oil or encircles the margin
of the pool, advancing upwards as the oil is re-
moved. If drilling proceeds irregularly, large
bodies of oil may be trapped by advancing bodies of
water or the two may become so mingled that the
oil is rendered valueless. The amount of oil so lost
cannot be measured, but it is certainly very great.

A further and enormous loss of oil arises from
the premature dissipation of the gas pressure. The
comparatively small percentage of the total oil
content of the sands which is actually recovered
has already been referred to. The gas is frequently
the chief propulsive agent which forces the oil out
of the sands, and if this gas is allowed to escape, as,
it does when a well is permitted to run wild, even
the small percentage of the total which can be re-
covered without resorting to artificial pressure is-
greatly reduced. Therefore, if gas is not conserved
in the flush flow, there is loss not only from the gas:
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that escapes but from the oil which might have
been, but is not, recovered.

This latter loss, however, is not necessarily com-
plete. Artificial pressure from air, gas, or water
may be introduced into the sands and a second crop
of oil extracted therefrom. However, this involves
great expense, and heavy consumption of fuel to
provide the necessary energy, and it is clearly good
economy to recover as much oil as possible by means
of the propulsive agent which nature has provided.

An illustration of increased recovery from oil
fields by new methods is afforded by the Bradford
field in McKean County, Pa. In 1922 the average
daily production in the county was 5,195 barrels.
Water flooding has greatly increased the recovery
as is shown by the fact that in 1931 the daily aver-
age production in McKean County was 24,396
barrels."5

Just how great are the possibilities from the
second crop of oil from abandoned wells is some-
thing of a matter of conjecture. Experience war-
rants the belief that a second crop equal to the first
may be recovered, particularly in certain fields.
Some oil men are so optimistic as to predict a re-
covery of from two to three times the first crop. A
recent writer in a 2-volume work devoted exclu-
sively to this subject makes this striking statement.

The amount of oil left underground in
fields that have been abandoned offers more
attractive opportunities for increased pro-
duction than wildcat territory."

15 Proceedings of the Pennsylvania Mineral and Forest
Land Taxation Commission, December 1932.

16 Osgood, Wentworth H., Increasing the Recovery of
Petroleum, p. 77.
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All such secondary recoveries, however, imply in-
creasing cost of production and higher prices to the
consumer.

(3) Wastes from unrestricted competition: To a
great extent the wastes already discussed arise from
this source. In other industries waste of natural
resources is one of the black marks that must be set
against competition. The eager haste and low
prices which it induces compel competing owners,
under penalty of being squeezed out, to "skim the
cream" from their holdings and leave much valu-
able material which under a more rational system
of industry might be utilized. But in no other field
is the compulsion to waste so great.

The oil, as we have seen, is stored in a "pool" of
considerable extent underground, but this "pool"
may lie under the properties of many competing
owners. The typical pool underlies the holdings
of dozens or scores of farmers; and under condi-
tions of town-lot drilling the number of surface
owners may run into many hundreds. Consider the
case at a section corner where four farms join. Ob-
viously, if one owner drills a well near his corner,
the other three owners are compelled also to drill
under penalty of having the oil lying under their
respective properties appropriated by the first
owner. The law, generally so jealous of the rights
of private property, has offered no protection to
the owner of oil lying under his holding, if another
owner can take it from him by drilling into the pool
from an adjacent holding, and thus furtively draw-
ing it away from him.

This situation has led to unseemly haste in the
drilling and operation of wells. It has resulted in
enormous wastes from "gushers" through the es-
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cape into the air of oil and natural gas in the man-
ner already described, and it has resulted in waste
of another sort arising from the effect of such unre-
stricted competition on the market. From what
has been said it is evident that competition of the
character described leads to production entirely in-
dependent of market conditions. Owners who
would prefer to conserve their underground sup-
plies for a better price feel themselves forced to
produce and sell today, lest they have no oil to sell
tomorrow. Hence, prices are forced down to ruin--
ous figures, entailing not only money loss on all
persons having oil to sell-those outside of the par-
ticular competitive field as well as those within it-
also the waste which always accompanies the uti-
lization of commodities sold at an unnaturally low
price.

A striking illustration of the wastes arising from
unrestricted competition occurred in the east Texas
field in 1931. This region, a vast area of 120,00
acres, was solidly leased up mostly to small oper-
ators and newcomers in the business and among
them numerous promoters of stock-selling schemes.
So much of the region was held in small parcels
ranging from 1 acre up, and ownership was so di-
versified, that it was impossible to bring about co-
ordinated action or orderly development. Produc-
tion mounted rapidly. The average for February
1931 was 26,062 barrels per day; for March, 93,579;
for April, 249,325. The peak was reached in Au-
gust when for two days (August 15 and 16) the daily
output was over 1,000,000 barrels. At this point
Governor Sterling stepped in. Martial law was de-
clared and National Guard troops were ordered into,
the field to shut in the wells. Since August 17,.
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when the State government intervened, the output
has been kept somewhat under control.

A group of operators met at Tyler on August 6,
and again on August 14 and voiced an opinion in
favor of a general shutdown. A committee waited
on the governor and on August 17 the order for
shutting the wells and calling out the National
Guard was issued.

The whole matter was taken to the Supreme
Court of the United States and the action of the
Governor of Texas was held to be unconstitutional."

All of the wastes which have been referred to as
an incident to unrestricted competition developed
in the east Texas field. There were many oil well
fires and other serious accidents. Two of the fires
cost a dozen lives. One well burned for 26 days
before it was brought under control. As a result
of the frantic struggle for precedence in oil recov-
ery insecure construction and inferior equipment
were inevitable. Many derricks were constructed
of green lumber. In the drying process nails and
bolts were pulled out and the derricks gave way
under the stress of pulling casing or doing other
heavy work. Improper completion of wells was
the cause of a majority of the fires, and the railroad
commission was compelled to issue rules and regula-
tions in regard to completing wells, introducing
safety features, and eliminating risks which op-
erators were taking in order to save money. Mil-
lions of tons of secondhand material and equipment
-some of it unusable-was moved into the district
from other fields in Texas and other States, and

7 Decided by Supreme Court. Sterling vs. onstantin.,
No. XI; October Term, 1932. U. S. Supreme Court, Law-
yers Edition 77, page 254.
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used in the place of new and safer equipment. This
was a source of other accidents and fires. It was
-a boon to oil-field workers when operators were
forced to start purchasing new equipment. s

The effects of unrestricted competition in the east
Texas field did not end with the losses of the opera
tors and the accidents to the workers. It meant a
considerable depletion of our oil reserves, demor-
alization of the industry, and the wastes in utiliza-
tion that accompany an unnaturally low price. T~
matter was clearly one of national concern. The
importance of the east Texas oil field in relation to
the total oil production of the United States can
be inferred from the following table and diagrams.

United States produotion of petroleum, 1924-1951, by States

[In thousands of barrels]

Num-
Der Iaily

active aver-

State 1924 1 1926 1926 1927 1928 1929 1930 1931 wells, er

cem- (ba-
19her 31, rels)

,California 230,063 230,147 224,117 230,751 231,98 292,037 226,092 188,829 8,911 58.07
Oklahoma 176, 206 173, 27 177, 651 276, 022 247,501 252,229 216, 11 175, 704 58,707 8. 20
Texas -.---- 135, 361 144,783172,545220,031255,354 298,713292,392 328,609 22,431 40.14
Arkansas -_ 48,168 78,407 58,730 40,411 32,138 25,444 20,115 15,626 3,231 13.25
Kansas 29,672 38,152 41,347 41,944 38,15( 40,658 42,123 38,951 16,708 5.71
Wyoming - 39,251 29,229 25,466 20,984 21,403 19,072 17,740 14,692 3,536 11.38
Louisiana 20,638 21,538 24,283 24,331 22,863 21,137 23,881 22,857 2,976 21.04
Illinois--------8,04 7,86 7,770 6,873 6,476 6,356 5 651 4,717 15,300 .85
Pennsylvania 7,529 7,831 8,971 9,642 9,914 11,805 12,918 11,862 77,300 .42
Ohio 6,797 7,175 7, 307 7, 542 7,10 6, 730 6,483 5,318 37, 250 ..41
Kentucky ----- 7,397 6, 77 6,297 6,590 7,35 7,821 7,462 6,490 15,700 1. 13
West Virginia 5,924 5,780 5,962 6,033 5,746 5,609 5,111 4,477 15,200 :81
Montana 2,786 4,123 7,745 5,172 3, 99 3,827 3,204 2,847 1,429 5. 4
New York.... 1,482 1,660 1,934 2,237 2, 579 3,346 3,854 3,395 14,710 .63
Colorado - 392 1,172 2,776 2,723 2,744 2,362 1,624 1,493 244 16.76
New Mexico 82 1,097 96 1,214 974 1,803 10,377 15,360 441 95. 43
Indiana 936 82 785 852 1,054 906 99 831 2,480 .92
Tennessee - 6 23 44 62 50 20 20 7......
Michigan - - ---- 103 436 613 4,391 3, 589 7, 733 50 18. 69
Miscellaneous - . ......31....................... _ _ 

Total -- 720, 731759, 847 775, 560903,850897,995 1,004,266897,74] 845,803 299,104 7. 76

1sAuthority for statements about east Texas field, from
Oil and Gas Journal, Jan. 28, 1932, McIntyre, James, East
'Texas Depressed Whole Industry, p. 56; and Bredberg, L. E.
Year's Record of World's Greatest Oil Field, p. 58.

98810---34 3
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The table and chart are presented not only as
throwing light on the point at present under dis-
cussion but as matters of general interest, show-
ing, as they do, the relative position of the States
in petroleum production and the upward or down-
ward trends of the industry in each of them. It
will be noted that the States upon which reliance
for the great bulk of our oil supply must be placed
are Texas, California, and Oklahoma, and that of
these three Texas has shown the most rapid rate of
increase and is at present furnishing by far the
greatest output. The States standing next to the
three giants are Arkansas, Wyoming, Kansas, Lou-
isiana, Illinois, and New Mexico. However, the
output of these and of all the other oil-producing
States, individually or even collectively, is small
compared with that of Texas alone. (The 1931 pro-
duction of all of the States outside of Texas, Cali-
fornia, and Oklahoma was 152,661,000 barrels; that
of Texas alone 328,609,000 barrels.)

Referring now to the table and chart it will be
seen that while nearly all the States showed a de-
cline in output for 1931 as compared with 1930,
Texas showed an increase of 36,217,000 barrels-
an increase greater than the total production of any
other State except California, Oklahoma, and Kan-
sas. This increase came from the east Texas field,
as production in other Texas fields was normal.
Production in Texas rose from 48 percent of the
production of all other States in 1930 to 63 percent
in 1931.'

'1 The only States outside of Texas showing any increase
in 1931 were New Mexico (10,377,000 to 15,360,000 barrels);
and Michigan (3,589,000 to 3,733,000 barrels).
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From these figures the national importance of the
competitive situation in east Texas can easily be
seen. Even in normal times such an increase could
not have failed to have had far-reaching effects.
Coming, as it did, in a period of general business
depression, the effect was greatly augmented. The
price of crude petroleum which had been about a
dollar a barrel rapidly declined until August 12
when it touched low level of 13 cents a barrel and
even lower.2 0

The low price, which was a loss to owners and
operators, was a benefit to consumers. From a na-
tional standpoint and from the standpoint of the
economic philosophy underlying the theory of com-
petition it may seem a matter of no concern that
one class of the community should gain at the ex-
pense of another. From the standpoint of con-
servation, however, it is a matter of concern. The
throwing of such a vast quantity of petroleum on

20 In a recent address before the Texas Oil and Gas Con-
servation Association at Forth Worth, Tex., Jan. 9, 1933,
C. B. Ames, president of the American Petroleum Institute,
said:

"There are approximatly 350,000 oil wells in the United
States producing an average of one or two barrels a day.
These may be referred to as wells of settled production. It
is clear that in the public interest these wells should be pre-
served. They will continue to-produce for many years, but
if they are abandoned the oil they produce may be lost on
account of the difficulty and expense of restoring the wells.
A sound conservation program calls for the preservation
of this supply, and these wells of settled production should
be allowed to produce without restraint."

The institute made an analysis of crude oil production for
the month of June 1931, "to show the number of wells re-
quired to produce certain approximate portions of and the
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the market and the consequent slump in price
meant a wasteful present use and a more speedy
depletion of oil reserves. Another large pool may
be discovered in one of the States at any time. If
it should be in Texas, the waste would not be as
great as in 1931, because of the increased power of

total average production of the United States during the
period covered." This tabulation follows:

Approxi- Number Average
mate Actual production

daily pro- production producing perll
duction wells per day

Barrels Barrels Barrels
500, 000 500, 649 1, 187 422
750,000 737, 109 2, 212 333

1,000,000 1, 011, 063 3,875 261
1, 100,000 1,105, 028 4,637 238
1,200,000 1, 223,061 5, 909 207
1,300,000 1, 292, 605 6,758 191
1, 400,000 1, 404, 965 8, 356 168
1, 500,000 1,504,448 10,000 150
1, 600,000 1, 601,365 11,804 136
1, 700, 000 1, 709,407 14, 593 117
1,800,000 1,804, 558 17, 913 101
1,900,000 1, 899, 209 22,875 83
2,000,000 1,996,325 30,313 66
2,100, 000 2, 100,902 41, 54 51
2,200,000 2, 199, 761 56,734 39
2,300,000 2, 297, 786 84,891 27
2,400,000 2,353,156 137,066 17
2,500,000 2,462,756 319,385 8

Recent forecasts by two expert committees, appointed by
the Federal Oil Conservation Board and by the American
Petroleum Institute, indicate that during the first quarter of
1933, the total production of the United States should not
exceed 2,000,000 barrels per day. A reference to the fore-
going table shows that at the rate of production in June 1931,
the requirements of 2,000,000 barrels per day could be met
from the production of somewhat more than 30,000 wells.
In the absence of control of production, through conserva-
tion measures, over any extended period it is evident that the
uncontrolled flush production of about one-tenth of the wells
would force the abandonment of a considerably greater
number of pumping wells in the older fields. The preserva-
tion of the supply of oil from these smaller wells clearly
indicates the importance of conservation control.
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the Texas Railroad Commission to enforce con-
servation laws.

The wastes so far considered arise in connection
with the production of petroleum. Wastes-or at
least the possibility of a wiser conservation-arise
in connection with its utilization.

Crude petroleum, as was stated, is a complex
mixture of a considerable number of hydrocarbons
of varying volatility. The most volatile is the nat-
ural gas which at once separates itself from the
petroleum when the pressure is released by the tap-
ping of the "pool." The liquid petroleum after re-
covery is run into stills where it is subjected to
increasing heat. At a comparatively moderate tem-
perature the most volatile component is expelled,
and as the heat increases components of decreasing
volatility are obtained. In this way the crude pe-
troleum is made to yield several hundred distinct
substances-gasoline, kerosene, lubricating oil, fuel
oil, and other products-each having its appropri-
ate use or uses.

By the process of straight distillation these com-
ponents of the crude petroleum are thrown off in
more or less stable proportions: 2 Hence, if the
matter ended here, it would follow that a strong

21 Crude petroleums from different regions vary consider-
ably in their composition. Some are richer in the lighter
and some in the heavier hydrocarbons. For example, the
petroleums from the two principal Mexican fields are quite
different, " The northern, or Panuco field, producing a heavy,
viscous petroleum of 10° to 130 Baum6 gravity; and the
southern, or light oil field, producing a lighter petroleum of
19° to 22° Baum6 gravity, more suitable for refining than
the heavy crude of the northern field."--(Pogue, Joseph E.,
The Economics of Petroleum, 1921, p. 320.)
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demand for one of the joint products would lead
to the distillation of so great a quantity of crude
oil as to yield a serious over-production of others.
Fortunately, however, the several hydrocarbons
have a family resemblance, and it has been found
possible by a process known as "cracking" to break
up the more complex molecules of which the heavier
and less volatile components are composed and re-
compose them into the molecules of the lighter com-
ponents. Hence, there is considerable range in
proportions for practically all the components.
This is shown by the following table:"22

Percent Percent
Motor fuel___________ 28. 7-60. 0 Wax________________ 0. 2- 0. 5
Kerosene -__________ 7. 5-25. 0 Asphalt and road oil_ 2. 7-15. 0
Gas oils------------- 3. 9-50. 0 Coke_--__----_______ 0. 5
Diesel engine oils_____ 1. 7-70. 0 Marine fuels_____-- __ 13. 4-80. 0
Lubricating oils _____ 3. 7-20. 0 Land fuels_______-__ 34. 5-80. 0

It is possible, therefore, so to apportion the com-
ponents of the crude petroleum as to regulate the
supply with reference to demand. If private busi-
ness is left to its own devices, this adaptation will
automatically adjust itself on a profit basis. That
is, the refiner will so adjust his runs of crude oil
through cracking units, at current prices, so to yield
a maximum net income. If there were no acute
problem of conservation, such an adjustment would
be regarded as satisfactory. But since the problem
of conservation is acute, a question of public inter-
est as distinguished from private interest may
arise. Fairly satisfactory substitutes are much
more available for some of the components than
for others. Marine and land boiler fuel can and

22 Source of table, Davison, George S., President Gulf Re-
fining Co., paper read at the Federal Oil Conservation Board
Hearings. Feb. 10, 11, 1926.
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will be replaced by coal when the petroleum supply
is exhausted. Kerosene is already being rapidly
replaced by electricity for lighting, and road oil by
concrete. The problem of a satisfactory substitute
for motor fuel is not so easily solved.

The question arises whether the conservation of
our oil reserves is of sufficient moment to warrant
Government intervention in the apportioning of
products. For example, should the Government re-
quire that of the total output of petroleum the pro-
portion allocated to the not easily replaceable gaso-
line should approach the maximum (60 percent)
while the percentages of the more easily replaceable
components should approach the minimum. The
matter, however, does not end here. There would
be no conservation if the Government simply fixed
the proportion-rather the reverse. If the same to-
tal quantity of crude oil were taken from the re-
serves, such an allocation would have the effect of
flooding the market with gasoline, which would then
sell at a ruinously low price and be wastefully
used. Moreover a great many of the smaller re-
fineries are not equipped to utilize the more elabo-
rate processes that such a high yield of gasoline im-
plies. If conservation be the end in view of Gov-
ernment intervention, the total output as well as
the allocation of components would have to be
brought under control.

The subject is full of difficulties. Government in-
tervention is likely to be cumbersome, irritating,
and not always effective. In this case, if such in-
tervention is to be of any avail, action by the Fed-
eral Government would seem to be called for; and
questions of the constitutional powers of the Fed-
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eral Government would at once arise. Doubtless,
however, all these difficulties might be overcome.
It is a case of balancing evils. Do the exigencies
of the petroleum situation warrant the efforts nec-
essary to secure effective Government control?

It is worthy of note that, to a certain extent, the
allocation proposed has been self-adjusting under
the action of ordinary economic forces. The fol-
lowing figures show the percentages of the total
quantities of crude petroleum (domestic and im-
ported) running to the stills, which have been allo-
cated to the principal products for the years speci-
fied:

Allocation of cru4e petroleum to principal refined proctacts, 1916-1930,

[In millions of barrels and percentages]

Crude petroleum run to stills Chief petroleum products

Gasoline Kerosene Gas and fuel Lubricantsoils
Do- oFor-Year os- eign Total l

ic ignTotal Quan- Per- Quan- Per- Quan- Per- Quan- Per-
tity cent tity cent tity cent tity cen

1918--- -.-- 326.0 85.0 26 43.5 10 174.3 53 20.0 8
1919- --- 361. 5 94.2 26 55.7 15 181.6 50 20.2 6
1920 -- --- - 433.9 116.2 27 55.2 13 211.0 49 24.9 6
1921 -------.----- 443.4 122.7 27 46.3 10 230.1 52 20.9 4
922 --- 435. 0 65.7 500.7 147.7 29 54.9 11 254.9 51 23.3 5

1923 .. 538.2 43.0 581.2 179.9 31 55.9 10 287.5 49 26.1 4
1924 - 98 0 45.8 643.8 213.3 33 60.0 9 320.5 50 27.5 4
1925 - 8.6 41.3 739.9 259.6 35 59.7 8 365. 0 49 31.1 4
1926 734. 45.0 779.3 299.7 38 61.8 8 365.2 47 32.3 4
1927- 778.7 50.1 828. 8 330.4 40 66. 1 7 393.1 47 31. 7 4
1928 835. 7 77.6 913.3 376.9 41 59.3 6 427.2 46 34.7 4
1929-.....12.2 75.5 987.7 435.1 44 55.9 6 44.9 45 34.4 3
1930 ----- 862. 6 60.8 927.4 436. 2 47 49. 2 5 373. 2 40 34. 2 3
1932 = ----- 44 .--- 5 36 

Source: World Almanac, 1932, p. 358.

It will be seen that the percentages going to gaso-
line, the least replaceable of the products, have
steadily and rapidly increased, while the percent-
ages going to the more replaceable products, espe-
cially kerosene,, have shown a marked downward
trend. It is doubtful if a more satisfactory result
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would follow the most vigorous and irritating regu-
lation by Government.

From the foregoing statement it would appear
that the conservation of our petroleum reserves is
a matter of serious national concern. What the fu-
ture may have in store in the way of discovery and
invention is conjectural. By hydrogenation, it is
possible to make by volume more than 100 percent
of gasoline from crude oil. Twenty percent of the
motor fuel in Germany is now supplied by hydro-
genation of low-temperature distillation of brown
coal.

It is feasible to produce gasoline from coal in the
IUnited States at prices which the public would pay
at perhaps as low as the prices of 10 years ago.
The oil shales of the West contain large amounts of
oil which can be recovered by distillation, and va-
rious processes are available for converting coal
into oil, but these alternatives involve higher prices
than we have been accustomed to pay. It is also
conceivable that some other source of energy as
well adapted to our needs as petroleum may be
forthcoming. We do not know. But this we do
know, that at the present time, with the present
stage of advance of the arts and sciences, depriva-
tion of petroleum would be a very serious blow to
our national prosperity, if not to our national se-
curity. And this we, further know, that the years
of grace appear to be limited. Just how long it will
be before the petroleum reserves of the United
States are exhausted is uncertain. It will depend
somewhat upon the care exercised in their conser-
vation. But it will not be long, as time is reckoned
in the history of nations. And when our own re-
serves are depleted, even if other countries, exer-
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cising more foresight, have husbanded theirs, we
cannot expect them to be so simple as to surrender
them to us for the strengthening of our air fleet and
motor-truck service.

Conservation, therefore, should be prominent in
the agenda of State legislatures and the Congress,.
and in the minds of the leaders of the industry.
Their interest, at least their long-run interest, is at
one with that of the Nation in this respect.

Two main lines of action are indicated-conser-
vation in use and conservation in production.

CONSERVATION IN USE

One possibility for economy has already been
suggested. The output may be restricted to the,
quantity necessary to supply the least replaceable
uses. The process of cracking as was shown,
makes possible a considerable range of choice in the
final destinations to which the crude petroleum is
put. How such restriction is to be put into effect
is a difficult problem, but probably not insoluble, if
the exigency of the situation be deemed sufficiently
imminent. This line of action, if undertaken at
all, would probably call for Federal intervention.
Such legislation would regulate refinery operations
rather than producing operations. Refining is.
done very largely in States which do not produce
crude oil or which produce less crude oil than is re-
fined. This is due to the practice of shipping crude
oil by pipe lines and tankers to consuming centers.
rather than refining it locally where the crude oil is
produced. State legislation would be insufficiently
comprehensive, and the private interest of the own-
ers and operators is not sufficiently apparent.
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A second economy lies in the direction of scien-
tific discovery and invention with a view to securing
the maximum possible return in energy from every
gallon of gasoline or oil consumed. It is estimated
that the ordinary automobile utilizes only some 31/2
percent of the energy theoretically lodged in the
gasoline.23 Even now devices have been invented
which would considerably increase this percentage,
and there would appear here to be an important
field for further invention. Motor fuel is one of
the most important and least replaceable of the de-
rived products of petroleum. A doubling of the
percentage of the theoretical energy actually uti-
lized would be a long step in the direction of conser-
vation.

CONSERVATION IN PRODUCTION

Attention has already been called to the enormous
wastes of oil from premature and irregular en-
croachment of salt water and from the escape into
the air of the natural gas that accompanies and
causes the flow of petroleum from the sands. Such
escape of gas, as was pointed out, is not only a direct
loss of the energy embodied in it but is also an in-
direct loss from the oil which it might have pro-
pelled to the surface but did not, because it was
permitted to escape. Barring accidents, the occa-
sional occurrence of which seems a challenge to
human foresight, all of these wastes should be
eliminated.2 4

23 Kettering, C. F., general manager research division,
General Motors Corporation, Hearings, Federal Oil Conser-
vation-Board, p. 42.

24 Suman, John R., Petroleum Production Methods. 1921,
pp. 227-233.
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The fourth report of the Federal Oil Conserva-
tion Board devotes considerable space to the sub-
ject of pipe lines for conveying natural gas. It is
shown that gas can now be conveyed to such great
distances and that it is of such value for heating
and as a source of power that private interest would
seem to dictate every effort to prevent the wasteful
escape into the air. But if private interest cannot
be relied on to eliminate these wastes from "gush-
ers" and from the escape of natural gas there
would seem to be here a field for Government inter-
vention. I believe that the States can adequately
police the fields within their respective jurisdic-
tions. The Federal Government might cooperate
by lending technical assistance upon request of a
State authority.

In the fourth report, however, chief emphasis
is given to the wastes from unrestricted competi-
tion. The wastes from this source in the east Texas
field have already been described. In the judgment
of the board unit operation is imperative; that is,
that a number of owners whose properties lie over
a "pool" should operate as a single owner in some
manner sharing in the expense and profit of opera-
tion. In general it may be said that it is for the
interest of the owners as well as for the public in
conserving its oil reserves that such cooperation
should be effected. Yet the situation is such that
a single owner who refuses thus to cooperate is in a
position to make cooperation by the others unavail-
ing. He may lawfully drill a well on any part of his
property and appropriate all the oil and gas that he
can get from it, notwithstanding the fact that much
of the oil and gas thus appropriated lay under his



41

neighbors' property, and hence under the generally
accepted definition of property in real estate would
seem to be their property. The case is further
complicated by the question of the legal right of
the owners to cooperate. If the competitors are
engaged in interstate commerce would such com-
bination come under the condemnation of the Sher-
man Antitrust Act? If not, would the combination
come under the condemnation of the common law
as a conspiracy in restraint of trade? Can the
Government intervene and compel unit operation,
or, as in the Texas case, use military force to pre-
vent wasteful competition without violating the
constitutional provision against taking property
without due process of law 

There are many legal difficulties, but undoubtedly
they can be untangled. The powers that make laws
or even constitutions can unmake them when the
case seems sufficiently pressing. President Cool-
idge in his letter of December 19, 1924, constituting
the Federal Oil Conservation Board, pointed out
the impossibility of conserving "oil in the ground
under our present leasing and royalty practices, if
a neighboring owner or lessee desires to gain pos-
session of his deposits."

In its fourth report the board urges that "The
natural unit in oil deposits is a single pool, large or
small, and that unit operation is nothing more than
accepting nature's decree." It shows that the de-
limitation of property rights by fences, walls, and
the like, however satisfactory in the case of fixed
substances like ore or stone, is entirely unsatisfac-
tory in the case of fluids, and concludes that "what
is needed now to effect this conservation movement
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is specific recognition by the courts of the commun-
ity of interests of all landowners in the control of
the oil or gas pool, in the oil and gas as separate
marketable commodities, and in the energy of the
gas-the pressure so easily dissipated but so essen-
tial to an adequate recovery of the oil included in
the minute pores of the sand or sandstone that
forms the reservoir."

It points out that much progress has already been
made in unit operation but shows that much yet re-
mains to be done. It would seem desirable, in view
of the gravity of the situation and the fact that
irretrievable wastes of our oil reserves are likely
to occur from competitive operation, that whatever
is to be done be done quickly.

The facts brought out by this study show that the
oil situation involves questions of deep national
concern-questions which call for cooperation
among leaders in the industry with representatives
of the State and Federal Governments to secure
conservation of this, one of our most important
natural resources. They do not, however, suggest
the need of panic or undue alarm. With coopera-
tive action looking to conservation, with improving
technique and advancing science in the matter of
deeper drilling, more complete recovery of the de-'
posits, and with continued progress in oil geology
directed to the study of new deposits, it seems prob-
able that our oil reserves will meet our require-
ments for many years.

It is possible to forecast for a year in advance
the approximate market requirements of the United
States as a whole for petroleum and petroleum
products. Under present arrangements after such
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market requirements have been ascertained it re-
mains for each oil-producing State to decide for
itself what share of the total it should supply.
After each State has decided what its share of the
total should be, it then, under its proration and con-
servation laws, may allocate this amount to the va-
rious oil pools within its jurisdiction. If the indi-
vidual oil-producing States are fair in their findings
as to how much of the total market requirements of
the country the given State is entitled to supply, it
will be possible for the States to stabilize the pro-
duction of the flush wells so as to enable the "strip-
per" wells to continue on pump. If the individual
States with the largest producing oil pools substan-
tially overestimate the proportion of the market
requirements which a given State for a year should
supply, then overproduction of the flush wells un-
der conditions such as obtained in the years 1931-
32 might bring down the price of crude oil below
where it would be profitable to operate many "strip-
per" wells.

There are approximately 350,000 wells in the
United States producing on an average of 1 to 2
barrels per day. These wells will continue to pro-
duce for many years unless they are abandoned. If
they should be abandoned on account of the low
price of crude oil, the difficulty and expense of re-
storing the most of them would be prohibitive. A
sound conservation policy requires that these wells
be permitted to operate continuously. Otherwise
much oil would never be brought to the surface,
which will be recovered if these "stripper" wells
are permitted to run their course without prema-



44

ture abandonment. From 30,000 of the most pro-
ductive wells the annual requirements of the United
States can be supplied; but to run the newer and
stronger wells at a full capacity would mean the
abandonment of many of the wells which have to
be pumped.

Proration measures are being passed in the
States with a view to controlling the output of flush
production so that there may be no interference
with the wells that are being pumped. If the indi-
vidual States fail to hold down production in new
fields under present conditions, the price of crude
oil will force the abandonment of thousands of
"stripper" wells.

Compacts between the States with the most pro-
ductive oil pools may be necessary. If the States
will not enter such compacts, and if they persist in
overestimating the amount of the annual market
requirements which particular States should sup-
ply, then there is no way to control production and
preserve the thousands of wells that are being
pumped except by action of the Federal Govern-
ment. The States can handle the problem if they
will enact and enforce laws with a view to its solu-
tion. It remains to be seen how successful they will
be in controlling producers within their respec-
tive jurisdictions in the interest of conservation
throughout the oil-producing areas.

The consumers of oil products for the most part
reside in States in which the oil pools are not lo-
cated. It is to their interest that oil be produced
under such conditions as will ultimately lead to re-
covery of as much oil as possible. If the oil-pro-
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ducing States fail in their efforts at conservation,
then the oil-consuming States may have to act
through the Federal Government to stabilize oil
production and conserve oil resources.

[Pages lviii-lix]

RECENT CHIANGES IN PIPE-LINE FACILITIES

At the present time three States-Oklahoma,
Texas, and California-produce approximately 82
percent of all crude oil taken out of the ground in
the United States. In 1930 the Midcontinent out-
put was 66 percent of the total, the California 25
percent, and the Rocky Mountain 4 percent. There
is left only 5 percent of the total production to
occur in all States east of the Mississippi River,
though in this area are found 70 percent of the
population, 70 percent of the automobile registra-
tions, and 70 percent of the gasoline consumption."
A leading problem confronting the oil industry is
therefore that of finding the most economical
means of laying down in the great middle west and
eastern markets refined products derived from
Midcontinent crude. The alternatives are to bring
the crude oil by pipe line or by a combination
of pipe line and tankers to refining points in the
market areas or to refine the oil in the area of its
production and move the refined products to the
distant markets.

There are many questions other than those of
transportation to be faced in choosing between

25 These figures are taken from the testimony of Chas. E.
Bowles at hearing on H. R. 16695, Pipe Lines, Feb. 17 and
18, 1931, pp. 11 to 14.

98810-34 4
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these alternatives. The relative refining costs in
the different areas and the disposition to be made
of certain of the refinery by-products, where refin-
ing is done at points remote from the large manu-
facturing or consuming centers, illustrate such
questions. For the purpose of this report, how-
ever, attention can be confined to the transporta-
tion aspects of the problem.

The factors entering into transportation costs
have materially changed in recent years, particu-
larly with the development of pipe lines suited to
the transportation of gasoline and other refined
products and of more economical methods of pipe-
line construction. Companies whose transporta-
tion program was based on earlier cost factors have
therefore had to effect adjustments to the changed
situation, as by relocating their refineries or chang-
ing their refinery schedules, by constructing gaso-
line lines or converting oil lines to gasoline lines, or
otherwise. The accompanying general pipe-line
map shows the collective layout of oil and gasoline
pipe lines at the present time and the use made of
boats from the Gulf to East Coast points, between
points within the Gulf area, and from California.
The individual maps which accompany the group
reports, by isolating the lines and refineries of each
group, indicate the choice now in evidence between
the alternatives indicated. This choice is not clear-
cut in the case of certain of the companies whose
field of operation is so large that their transporta-
tion program is a composite of types. A brief
characterization of some of the leading cases will
clarify the discussion.
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Mention should first be made of lines in the old
eastern field. Many of the lines constructed in the
early period when the Appalachian field, especially
Pennsylvania, contributed the bulk of the oil of the
country, are still in operation. These lines were
extended westward as the area of production
shifted in that direction, making connection with
lines constructed from the Midcontinent field as
that area emerged as the most important area of
supply. With the development of tanker move-
ments of crude oil and refined products from the
Gulf to the East and subsequently from California
came a period of difficulty for the lines holding
themselves out as parties to the movement of oil
from the Midcontinent fields to the east coast and
to refinery centers in western Pennsylvania and
New York. The present rates of such lines reflect
the absorptions they have had to make to prevent
further diversions of oil.26 As is pointed out
shortly, the lines embraced in the so-called "North-
ern" and "Southern" groups, together with the
National Transit Co., are not attached to any
group of oil companies and hence are practically
unique in the pipe-line field to-day.2 7

26 P. LXXIII. One or-two such lines now transport crude
oil to interior refineries, which has been moved to the east
coast by tanker, and others are used for the movements of
refined products.

The explanation lies in the fact that these lines were
separated from Standard Oil properties in the dissolution of
1911. P. XXXVI.
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4. Bureau of Mines, Monthly Petroleum State-
ment, January, 1934:

[Page 41

Prodution of crude petroleum b States and prinoipal fields

(Thousands of barrels of 42 gallons)

A rkansas -----------------------------

California:
Kettleman Hllls .

Long Beach -----------
Santa Fe Springs ...................
Rest of State --.--------------.

Total California .............. _.

Colorado ---------- -------------------
Illinois ---------- - - - - - -- -- - --

Indiana:
Southwestern .----------------------
Northeastern ------- -----

Total Indiana -----------------

Kansas -- - - - - - - - - - - - - - -
Kentucky ---- -- -- -- -- -- -

Louisiana:
Gulf coast -- - --- - -- -- --
Rest of State --..---------------.----

Total Louisiana -------------..

Michigan - ----- ------------------
M ontana --------------------------------
New Mexico ---- -------------------
New York --------------------------..

Ohio:
Central and eastern ----------------.
Northwestern ----------- -.-.. .. ----

Total Ohio .----

Oklahoma:
Oklahoma City -----------------
Seminole -------------
Rest of State ------------------------

Total Oklahoma --

Pennsylvania ---------------
Tennessee ------------------------

Texas:
Gulf coast ......................
West Texas - ------------.....
East Texas ---------- - ---
Rest of State ------------------.

Total Texas - --.. . --------------

West Virginia --------------

Wyoming:
Salt Creek -------------
Rest of State -----------------------

Total Wyoming -------.-------

United States total ---------------

January 1934

Total

956

1, 6597
1,806
1, 283
9,477

14, 163

87
393

72

72

3,407
362

1,351
852

2,203

822
222

1, 319
306

269
89

358

5,589
3,311
6, 318

15, 218

1, 152
1

4, 913
3,994

13,989
6,790

29,686

340

524
385

909

Daily
average

31

52
58
41

306

457

3
13

2

2

110
12

44
27

71

27
7

42
10

8
3

11

180
107
204

491

37

158
129
451
219

957

11

17
12

29

December 1933

Total

942

1,656
1,896
1; 307
9,867

14,726

77
378

69

69

3, 470
385

1,358
768

2,126

945
199

1, 277
298

255
79

334

5,932
3,308
5,968

15,208

1,077

4, 873
3,931

13, 901
6,619

29,324

326

558
341

899

Daily
average

30

54
61
42

318

475

3
12

2

2

112
12

44
25

69

30
6

41
10

8
3

11

191
107
193

491

35

157
126
449
214

946

11

18
11

29

January 1933

Total

943

1,795
2,125
1,694
8,846

14,460

88
297

48
1

49

2, 933
438

1,036
876

1, 912

4 47
169

1,003
253

273
86

359

3, 221
3,404
5, 857

12, 482

974
1

3, 814
4,960

10, 447
6,665

25,886

294

666
344

1,010

Daily
average

80

58
69
55

264

466

3
9

2

2

95
14

33
29

62

14
5

32
8

9
3

12

104
110
189

403

32

123
160
337
215

835

9

22
11

33

I 2, 32171. 976 72,060 2.325 63. 998
I I I '

1 2,064
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5. Minerals Yearbook 1932-1933, Statistical
Appendix:

[Page 335]

Produoing oil wells

State

Arkansas -. ---------------- - -----------------------
California -----------------------------------------
Colorado - -------------.---------------------------------
Illinois . .. ..

Indiana:
Southw estern - - - - - - - - - - - - - - - - - - - - - - - -
N ortheastern -- - - - - - - - - - - - - - - - - - - - - - - -

Total Indiana -------------------------------

Kansas -------------------------------------------------
Kentucky_ ..............................

Louisiana:
Gulf Coast . . ......
N orthern - - - - - - - - - - - - - - - - - - - - - - - - --

Total Louisiana --- -- -- -- -- -- -- -- -- -- -- -- -- -- -

Michigan...............................
M ontana - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N ew M exico . - -- - - -- - -- - - -- - -- - - -- - -- - - -- - -
N ew Y ork -- -- -- - -- -- - -- -- -- - -- -- - -- -- -- - -- --

Ohio:
Central and eastern ------------- --------
Northwestern - - - - - - -- -- - - - - - - - - - -- - - -

Total Ohio - - - - - - - - - - - - - - - - - - - - - - - - -

Oklahoma ..............................
Pennsylvania .---------------------.--.------------------

Texas:
Gulf Coast -
East Texas proper ---------------------------------- -- - --
West Texas - --------------------------------------------
R est of State --- -- -- -- -- --- -- -- -- -- --- -- -- -- -- -

Total Texas - - - - - - - - - - - - - - - - - - - - - - - -

W est V irginia - - - - - - - - - - - - - - - - - - - - - - - - - -
Wyoming.................................

Other ..... . . ..

I Alaska, Missouri, Tennessee, and Utah.

6. American Institute of Mining and Metallur-
gical Engineers, Petrolewum Development and Tech-
nology, 1931, Swensrud, Economics of Distribution
in the Oil Industry:

Approxi-
mate

number,
Dec. 31,

1932

2,880
8,900

190
15, 170

1, 140
365

1,605

18,300
13, 510

390
2,660

3,050

645
1,420

490
17,680

20,640
13, 890

34, 6530

57,100
80,.380

2,740
9,400
3,090

28,400

43,630

18,850
3,200

70

321,500

Average
production
per well per
day (bar-

rels)

10.7
54.7
15.9

.8

1.9
.2

1.4

5.1
1.3

83.5
10.2

19. 1

29.6
4.7

74.0
.5

.57

.2

.4

7.4
.4

42.9
51.3
57.0
8.2

21.0

.6
11. 1

6.7
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[Page 6041

The economics of distribution in the oil industry
cannot be regarded apart from the general eco-
nomics of the industry as a whole. The attempt to
regard them as separate has led many people into
the fallacy of believing that the responsibility for
the apparent evils in the marketing end of the busi-
ness lay entirely at the door of the marketing end.
Such a view fails to take cognizance of many under-
lying factors; we can only expect to understand the
distribution economics of the industry if we under-
stand its general economics. We must realize also
that the oil industry today is essentially the gasoline
industry.

The oil industry may be said to have begun about
60 years ago. At the outset it was concerned chiefly
with the manufacture and sale of kerosene, lubri-
cating oils, and greases. Gasoline was then a most
obnoxious byproduct. The early oil-marketing
company was engaged almost exclusively in refin-
ing and marketing-it did not concern itself with
production but bore the relation to it merely of a
purchaser. It may be said that the urge of market-
ing development in those days, therefore, came
from the refining and marketing end of te busi-
ness. The raw material had not yet begun to exert
its enormous pressure, nor had the producer of
crude oil acquired a direct interest in the sale of
the ultimate finished products.

Since then great changes have taken place. With
the development of the automobile came a vast new
demand for the raw material from which gasoline
could be made. No longer could the refining and
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marketing companies be indifferent to the source
of that raw material, particularly in view of the
pessimistic outlook then presented as to the prob-
able quantity of oil in existence. And despite the
complete overturning of those early estimates, made
before the bounty of nature and the skill of geol-
ogists and mining engineers had revealed them-
selves in undreamed of reserves of crude oil, the
motive of the large marketer to integrate back to
the crude still constitutes a strong force. The need
of uniform and assured quality, made the more
necessary by intensive advertising, tends to force
him into refining. Then it may seem expedient for
him to secure production in order to protect his
refining and marketing position, although often he
is merely attracted by the hope of reaping a profit
on the raw material for which the sale of his fin-
ished product and his refining position give him a
justifiable use.

The production of crude, however, was not in the
beginning and never has been confined to refining
and marketing companies. Many companies be-
gan at the production end. The abundance of
crude of which many of these companies found
themselves possessed has in turn, however, exerted
upon them a powerful pressure to engage in refin-
ing and marketing activities in order to obtain for
their production a more assured outlet. It is some-
times difficult or impossible to sell crude oil as such,
but there is almost always a possibility of selling
gasoline, at some price. So the producer of crude
becomes a refiner; then, as he still finds it difficult to
dispose of all his gasoline at wholesale for a decent
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price, he tends to push on into the retail marketing
end in order to obtain that final utopia of assured
outlets.

[Page 609]

For few commodities probably are prices less
understood than for gasoline. Legislators and edi-
tors frequently feel that laws should be passed
about them, apparently on the general theory that
what is a mystery to them ought to be dealt with by
law. People express great amazement that the
price of gasoline at one point should differ sharply
from that at a nearby point. Likewise, they see
something mysterious if not sinister when practi-
cally all major companies raise or lower their posted
prices simultaneously. Beneath these surface in-
dications regarding price are some simple and some
rather complicated economic factors.

The general level of gasoline price is fundamen-
tally determined by the interaction of gasoline de-
mand and crude-oil supply. In a very narrow and
short-term sense, the price of gasoline reacts to the
supply and demand factors for gasoline alone, but
in our industry the rapidity with which crude oil
can be converted into gasoline makes the supply of
crude the dominant factor. The facts bear out this
statement, for over a period of the last 12 years
there never has been a major change in the trend of
wholesale gasoline prices that was not followed
shortly by a change in the same direction in crude
oil. The statement just made that changes in crude-
oil prices follow changes in wholesale gasoline
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prices is a true statement of the actual sequence.
It is a logical sequence because the wholesale gaso-
line market is an extremely sensitive one, whereas
the market for crude oil is rather sluggish, owing to
the physical necessity, in general, of pipe-line con-
nections with a specific buyer. It is not a market
in which buyers and sellers can meet openly on
equal terms and engage in that "higgling and bar-
gaining" which are the essentials of a market in
which the forces of supply and demand can rapidly
and continuously be balanced in terms of price.
This simply means that the wholesale gasoline
price, being more sensitive, tends to reflect sooner
those supply and demand factors to which the price
of crude must later respond.

The retail price of gasoline, as has been men-
tioned, tends to lag behind the wholesale price be-
cause there is less higgling and bargaining by the
retail buyer, and perhaps also because the incon-
venience of fractional cent retail prices tends to
cause a postponement of retail price changes until
enough change in wholesale prices has accumulated
to warrant a change of convenient amount in the
retail price.

The close correspondence of retail gasoline prices
and price changes among leading companies is the
result of economic necessity and not of collusion.
The commodity gasoline, to be sure, is bought to
a considerable extent on the basis of brand, but the
normally small differences in quality which usu-
ally have existed between the products of good com-
panies, and the difficulty of readily apprehending
the differences in a motor car, have made the cus-
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tomer, as a general rule, unwilling to pay more for
his preferred brand than for the comparable brand
of another company. Suppose, therefore, that to-
day a certain leading marketer cuts the price 2
cents. No other representative company could af-
ford not to cut, unless it were willing to risk losing
much of its business. Likewise, on the upside, a
leading company raises its price, say, 1 or 2 cents.
In this case, if its competitors do not follow its lead
it would have no option but to reduce its price back
to their level or lose business. These factors prac-
tically compel all companies having reasonably
comparable products and service to sell at the same
retail price-the same thing is true of most other
products we buy, with this difference however: A
large portion of the public buys gasoline fre-
quently; those buyers are mobile-being in their
automobiles they can readily drive a little out of
their way if any price advantage makes that
desirable.

Then, too, gasoline is the principal product sold
at a gasoline station, and prices usually are posted
very conspicuously, especially if they are lower
than the prevailing level, so that the opportunities
for price comparison by the customers are almost
unparalleled. These factors simply narrow down
the time limit the various companies have in which
to adjust their prices to prevailing levels, and any
oil marketer knows that if a cut price is suddenly
posted by a nearby competitor he begins to suffer
serious and immediate loss of gallonage. The re-
sult is what may be called a follow-the-leader price
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,custom among gasoline companies marketing on a
comparable basis.

[Page 613]

It is usually accepted that there is nothing the
,oil marketer can do materially to affect the total
gasoline consumption. His only hope is to secure
.a greater proportion of the existing demand.

[Page 615]

We may summarize the economics of gasoline
marketing by reiterating that through it all the
motivating force of crude oil pressing for a market
can be seen. We have watched the mechanism for
the exertion of that pressure develop from the stage
when the pressure was relatively indirect, because
production was not linked with refining and mar-
keting,-to the present stage when a high degree of
integration has made for an exceedingly direct con-
duit of the pressure, and when in addition the job-
ber and the tank-car service station have been de-
veloped to a point where they quickly adjust any
unduly wide margins between delivered cost and
retail prices.

We see the pressure for sales of gasoline break-
ing out in increased outlets, in various forms of
price cutting and in increased marketing costs.
With the growing integration of oil companies,
-more and more of the profits of other ends of the
business are, the author believes, being pushed over
into the marketing end, to be used there in the
struggle for outlets.
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7. National Petroleum News, June 1, 1932.-Hol-
liday, Narrower Margins Essential:

[Pages 25-28]

The marketing end of the business cannot sepa-
rate itself from the production and refining parts
as though it were a separate industry. All three de-
partments constitute one single industry, and eco-
nomic effects usually are manifested first in the
marketing end. Gasoline prices have been the ba-
rometer of fundamental economic conditions and
reflect conditions not only in the marketing depart-
ment but in the refining and producing ends.

It does not lie within the power of the marketing
branch of the industry to control prices of finished
products. In the absence of monopoly or govern-
mental control or assistance, prices are made by
markets and not by individuals, and markets re-
flect all of the subtle economic forces that are at
work. * * *

Gasoline prices have been reflecting the funda-
mental overproduction: Overproduction of poten-
tial supply of crude oil, overproduction of poten-
tial refinery capacity, and overproduction of mar-
keting facilities which resulted from overproduc-
tion of crude oil and refining capacity.

The production and refining ends of the business
have not put their house in order, and cannot do so,
as long as the present law of oil and gas remains un-
changed. The fundamental supply factor is not
aboveground storage alone, but the total inventory
of all products including the crude oil which lies
below the ground and can be brought to the surface,
by the turning of a valve.

* * * * *
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On account of the liquid nature of crude oil and
the character of modern continuous refinery proc-
ess, the potential supply of crude oil below the earth
is part of the gasoline supply, and so long as the
fear exists as to the possibility of the dam breaking
which holds back that supply, the sensitive tank-
car gasoline market will continue to be low. Even
the supply of crude oil above ground is sufficient
to keep prices depressed.

We lay so much stress upon the statistics of gaso-
line inventory, and seem to ignore the fact that
crude-oil inventory stored above ground, to the ex-
tent of its gasoline yield, is practically the equiva-
lent of a gasoline inventory, since it can be so
quickly converted into gasoline. Even if we ignore
potential supply, the inventory of crude oil above
ground is approximately six times the total gaso-
line inventory, so that our real gasoline supply
above ground is approximately four times as large
as our gasoline inventory statistics would indicate.

In a time of scarcity or anticipated scarcity of po-
tential production, or in a time when potential pro-
duction is reasonably in balance with current de-
mand, the crude-oil inventories above ground would
constitute a reasonable reserve which would not
necessarily enter into the supply factor; but at a
time like the present, even if we ignore the poten-
tial supply below ground, the actual crude inven-
tories in storage are in essence a part of our gaso-
line inventory and indicate a supply factor so large
as to necessitate low prices in a free and open mar-
ket. I do not mean to disparage the worthy effort
to reduce gasoline inventory but merely am trying
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to emphasize that it is only one part of the supply
factor.

This, in my judgment, is why, no matter what is
done in the producing States in the way of mainte-
nance of crude oil prices, the gasoline market con-
tinues to be low. Any company which attempts to
take the high ground of ignoring markets and bas-
ing its gasoline prices upon posted crude oil prices
may do so if it pleases, but in doing so it will sur-
render the market to others; and a market once lost
is not easily regained.

Gasoline prices have been the barometer of fun-
damental economic conditions because they are in
a market which is open and free, and when crude
oil prices have not synchronized with gasoline prices
it has been because the crude-oil market is by nature
more sluggish and subject to control, and has not
reflected fundamental conditions.

In the last analysis the battle ground of this in-
dustry is in the marketing end, because the only
purpose of producing a raw material is to supply
the finished products which the marketing depart-
ment can sell; and, therefore, the fundamental eco-
nomic conditions of production must have their log-
ical effect out on the marketing firing line.

* * * Gasoline produced from low-priced
crude oil, however, and distress gasoline resulting
from overproduction, forced itself upon the market
in such quantity at price-cuts below these com-
panies' cost, based on posted crude-oil prices, until
in the last few years it has come to be recognized
and practiced that retail prices must be based, not
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upon current cost, but upon the wholesale tank car
or cargo markets.

II. COSTS OF PRODUCTION AND AVERAGE PRICES RECEIVED

1. United States Tariff Commission Report to the
House of Representatives on Crude Petroleum and
its Liquid Refined Products, Report No. 30, Second
Series [pp. 158-163]:
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2. Department of the Interior, Petroleum Ad-
ministrative Board, Preliminary Report on a Sur-
vey of Crude Petroleum, Cost of Production for
the Years 1931-1933 [pp. 5, 10-33]:
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III. PHYSICAL LAWS CAUSING MIGRATION AND DRAINAGE
IN AN OIL FIELD

1. Federal Oil Conservation Board, Report III,
1929:

[Page 21 et seq.]

VALUE OF ORIGINAL GAS

Gas in an oil sand should be looked on primarily
as a source of energy rather than as a substance.
This stored energy is the prime motive force for
the extraction of the oil from the reservoir. It
drives the oil through the minute pore spaces of
the reservoir rock to the well and lifts or helps to
lift it to the surface.

Gas has a second and almost equally important
value-its value in increasing the fluidity of the
oil. As already noted, part of the gas in an oil sand
may be in liquid form; part may be dissolved in the
oil. The amount that may be dissolved depends
upon the character of the oil and the character of
the gas and is proportional to the temperature and
the pressure.

The greater the amount of dissolved and liquid
gas in an oil, the lighter the oil, the less viscous,
and the lower its surface tension. Specific gravity
viscosity and surface tension of the oil are all les-
sened by the solution of the gas, and as these are
lessened the mobility of the oil is increased. Ren-
dered more fluid by the gas, the oil can pass through
the intricate, tortuous interstices of the reservoir
and find its way to the area of lower pressure at
the well. Greater fluidity, greater mobility, greater
ease of movement-these represent the solution
value of gas in oil.
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It will be noted how these two values supplement
one another. The gas makes the oil easier to move;
the energy in the gas moves it. These two proper-
ties of gas are of prime importance in the produc-
tion of oil.

When a well penetrates a petroleum reservoir
theretofore untouched gas pressure is released
about the well, and oil and gas begin to flow through
the reservoir spaces toward the point of lowered
pressure. As the fluid moves toward the well there
is a progressive drop in pressure. With the drop
in pressure the free gas expands and drives the oil
through the sand; the dissolved gas comes out of
solution and becomes free gas; the liquified gas
vaporizes and becomes free gas; and the additional
free gas also helps to drive the oil to the well. The
progressive liberation of energy increases the veloc-
ity of the fluids and overcomes friction as they
move through the rock voids toward the point of
egress.

It is logical to assume that those winding pore
channels which have the greater and more uniform
cross section will carry a more mobile fluid, a fluid
with a greater proportion of gas, than the other
channels, and that this gas portion is augmented by
distillation from neighboring channels. The natu-
ral gas in endeavoring to escape from the reservoir
in such a way as to reduce the stored energy at-
tempts to clear those larger and more uniform pore
channels of petroleum, which, when cleared, will
permit the free egress of the remaining gas to and
out of the well, leaving a maximum of petroleum in
the reservoir. If the pressure is too rapidly re-
duced by permitting too rapid escape of gas from

98810-34 7
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the well the proportion of oil left in the reservoir is.
increased.

As the pressure is lowered and the dissolved and
liquid gas leave the oil, the oil becomes more viscous
and increasingly difficult to move, and this aug-
ments the tendency to leave more oil in the reser-
voir if the pressure is too rapidly exhausted.

As the production declines the proportion of gas
produced with the oil-the gas-oil ratio-increases,
and the gas energy declines below the point neces-
sary to flow the well. Thus the flush or flowing
period of the field passes.

As the field declines pressures are lower than
during the flush period and is not so plentiful or
so mobile. Gradually oil accumulates in the bot-
tom of the well and the surrounding sand and ob-
structs the passage of the gas. Pressure is built up
behind the oil and when this pressure is great
enough the well again flows, the sand near the well
is again depleted, and the cycle is repeated. This,
is the period of intermittent flow.

Finally the amount of oil reaching the well and
the amount of gas and gas pressure behind it are
not great enough to cause even intermittent flow
Gravity begins to play a more important part in
the movement of the oil, especially if the reservoir
body be thick. The oil is less mobile, all the gas
energy is utilized in bringing the oil to the well, and
artificial means must be employed for lifting it..
The well has reached the pumping stage.

It is readily seen that throughout the well his-
tory the gas present in the oil has facilitated move-
ment toward the well, and that, except for the part
that may have been played by other forces such as
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water and gravity, movement has depended en-
tirely on the gas energy.

In many fields the gas pressure has played a
third important role in holding back edge or bottom
water or both and preventing its encroachment into
the productive parts of the sand. When the gas
pressure declines below the hydrostatic head of the
water, friction alone delays the water in flooding
the field.

2. Ely, Oil Conservatiojn through Interstate
Agreement (Federal Oil Conservation Board):

[Page 3, et seq.]

THE DOCTRINE OF CAPTURE

An oil pool is a reservoir of oil, gas, and gas in
solution. It becomes also a gas and hydraulic en-
gine when the first well disturbs the equilibrium of
hydraulic, gas, and rock pressures which was neces-
sary for the retention of the pool in that particular
place. Wells drilled into various parts of the field
will produce gas or oil or both; or water, or oil and
water; or will strike dry strata, all depending on
their location. The maximum ultimate recovery of
oil can be effected only by control of spacing, drill-
ing, and producing of wells so as to utilize these res-
ervoir forces for the production of oil, rather than
permitting the dissipation of gas or the "channel-
ing" of water through the oil sands to the wells.
All this is now elementary, but the decisions which
shaped our law ignored it.

The single oil pool is the natural unit of prop-
erty, but not the common-law unit. Instead, on
early and fanciful analogies to wild game, supple-
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mented later by equally erroneous analogies to solid
minerals, and by an unfortunate early example of
harsh logic from the English law of percolating
waters, our courts have universally recognized that
whatever one landowner could withdraw (by nat-
ural means at least) from the common pool he could
take and keep, regardless of the effect on his neigh-
bors; and that their only defense was to "do like-
wise"; that is, drill and produce. * * *

This unfortunate rule originated in Pennsyl-
vania at a time when that State was a recent con-
vert to the harsh English rule of percolating waters,
which protects no well owner against the withdraw-
als of another. It is now entrenched in the law of
oil and gas even in those States which have estab-
lished the American doctrine of correlative rights
and reasonable use as to percolating waters, with
the possible but not very probable exception of Cali-
fornia. In its broadest phase, the rule of capture
recognized no right to protection against even the
malicious waste of gas; the law of oil and gas took
root when even engineers knew but little of the
forces with which they were dealing, and the law-
yers less. * * * The rule, however, must be dealt
with as it exists, as even the most advanced conser-
vation cases recognize. In Champlin Ref. Co. v.
Corn. Comm., cited below, the United States Su-
preme Court said: "Where proportional taking
from the wells in flush pools is not enforced, op-
erators who do not have physical or market outlets
are forced to produce to capacity in order to pre-
vent draining to others having adequate outlets."

In practical application the capture rule, recog-
nizing no right in a landowner to retain his oil and


