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PREFACE.

Arrangements were made with Mr. F. G. Clapp, of Pitts-
burgh, Pa., in April, 1912, to prepare this monograph on Petro-
leum and Natural Gas with special reference to Canada. It was
proposed that the monograph should contain a general summary
of all the information that was available with respect to the
present or prospective Petroleum or Natural Gas fields in all
the provinces of the Dominion. In addition, chapters on special
subjects, such as the Technology of the Natural Hydrocarbons;
Methods of Prospecting for Oil and Gas; Drilling Equipment;
Development of Petroleum and Natural Gas fields; and related
matters, were to be included in the monograph.

Mr. Clapp, and his assistant —Mr. L. G. Huntley ecach
spent about three months during the seasons of 1912 and 1913
on field work in connexion with this report. In November,
1913, before the manuscript was complete, Mr. Clapp accepted
private contracts which necessitated his leaving for China.
With the consent of the Director of the Mines Branch, he made
personal arrangements with certain gentlemen, named below,
to prepare special chapters of this report. He also arranged
with Dr. David T. Day, of the United States Geological Survey,
to assemble the whole report, and to forward it to this office
when completed.

Under the arrangements made by Mr. Clapp, the following
gentlemen have contributed chapters or sections of this report :—

1. Marius R. Campbell, of the United States Geological
Survey, chapter IV, vol. I, on Theories as to the Origin of
Petroleum and Natural Gas and their Migration in the Rocks of
the Earth's Crust.

2. James H. Gardner, Lexington, Ky., contributed the
sections of chapter VI, vol. I, dealing with the Surface In-
dications Useful in Exploration for Petroleum and Natural Gas.

3. Ralph Arnold and V. R. Garfias contributed the sections
of chapter VI, vol. I, dealing with the subject of Casing of Oil
Wells and the Exclusion of Water from Oil Wells.
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4. Forrest M. Towl contributed chapter VI, vol. I, on
the Transportation of Oil and Gas.

5. T. T. Gray contributed chapter IX, vol. I, on the
Utilization of Petroleum and Its Products.

6. Roswell H. Johnson contributed the sections in chapter
X, vol. I, discussing Efficiency in the Extraction of Oil and Gas.

7. r. L. G. Huntley was associated with Mr. Clapp in
much of the field work and is largely responsible for work in
Ontario and on the lower Athabaska river. He also assisted
in much of the office work.

The completed report was assembled by Dr. David T. Day in
Washington, and reached this office in December, 1913,  An ex-
amination of the text by several qualified officers of this Depart-
ment indicated that there were a number of places where changes
and corrections in matters relating to Canadian geology and
geography were desirable.  Since Mr. Clapp was absent in
China, to return the report was impossible, as there is a pressing
need for its publication, and the return would have involved
too great a delay. The only alternative seemed to be to place
the revision in the hands of a qualified engineer within the
Department, and accordingly, Dr. Alfred W. G. Wilson, of the
Mines Branch staff, was assigned the task of making whatever
revision seemed necessary.

Dr. Wilson was placed in entire charge of the report, and in
addition to the revision mentioned below, has supervised the
preparation and assembling for publication of all the maps,
sections, and drawings, which accompany this report. All the
introductory sections in chapter V which deal with the geology
of the various provinces have been revised and most of them
have been re-written. Such changes as were necessary in
matters of geological nomenclature, and Canadian geography,
have also been made in the text. No changes, beyond minor
editorial corrections, have been made in any of the chapters
dealing with theories, or the technology of the subject. The
geological nomenclature has been made to conform with that of
the Canadian Geological Survey; while the geographic names
and boundaries are those having official sanction. Three
geological maps have been reprinted by the Geological Survey
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branch of the Department, for issue with this report. The
three other maps which accompany it were compiled by the
Chief Draughtsman of the Mines Branch —under the general
supervision of Dr. Wilson—from data obtained from publications
of the Geological Survey, and other sources, also from data
supplied from Mr. Clapp's office.  The numerous plates showing
well logs were compiled in Mr. Clapp's office from various
sources, and were transmitted to this office in the form of blue
prints. These have all been re-drawn as accurately as possible;
but the original geological nomenclature has been retained
because, in the majority of cases, it is that which was used on
many of the original sections prepared by officers of the Geological
Survey and others many vears ago. In the text, however,
'l.ll’lil'll].lrl\' with reference to the geology of the Ontario ]n'ilill'
sula, the nomenclature used is that officially adopted by the
Geological Survey, on the basis of recent work by officers of the
Survey, and others. The principal changes, so far as nomen-
clature is concerned, are the use of Beekmantown instead of
Calciferous; Lorraine for Hudson River; and Onondaga for the
Corniferous of the older geologists, together with the recognition
of the occurrence of the Munroe formation above the Salina

Since it has been impossible to submit the revised portions
of the text to Mr. Clapp, before publication, all essential changes
or additions which have been made by Dr. Wilson, or under
his supervision, have been signed by him, or have been indicated
by footnotes.  All the proofs have also been read by Dr. Wilson
as well as by the staff of the editor's division of the Department
of Mines.

It has been found necessary to publish this report in two
volumes, the first being devoted chiefly to the technology of
petroleum and natural gas and to the methods of exploitation, the
second dealing with the occurrences of petroleum and natural
gas throughout the provinces of Canada. This latter volume is
further divided, for convenience of distribution, into Part 1
Eastern Canada, and Part I1, Western Canada.

(Signed) Eugene Haanel,
Director Mines Branch,
Ottawa, Aug. 1, 1914, Department of Mines.
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ERRATA

On page 136 is a copy of The Petroleum Bounty Act, 1904: this should
have been supplemented by the amending Act assented to 4th May, 1910;
which specifically defines the conditions controlling the bounty on the pro-
duction of crude petroleum, not only from wells, but also from “shales and
other substances' mined in Canada.
A copy of The Petroleum Bounty Act, 1909, will be found as an appendix
to Volume II, p. 367.

On page iii—line 18 from bottom, read Monroe, not *“Munroe."
= v—4 6 * “ , “ period, “ “comma."
e ige- & § & “ , “ Geanticlinal, not “Geoanticlinal."”
= 5— ¢ 8§ ¢ “ , “ Petrolia, not “Petrolea.”
“ 63—“ 8 ¢ . ethane, not “ephane.”
. 72—« o6 * “ . “ Thydrolyzed, not “hycrolyzed.”
N 9%—“ 8 * “ , * geanticlinal, not “gecanticlinal.”
“ 100—% 3 4 « ' a “ “ “
« 100—-°% 2 * - “ geanticline, “ “geoanticline.”

104—Figure 7 is inverted
106-—line 1 from bottom, read artificially,

“artifically."”

“ 19—« § , “ trachyte, not “trachite.”
* 1t-—-* 6 ¢ top , “ carburetted, not “carburretted.”
133 9 bottom, “ two, not “three years.”
“ 18 15 ¢ top , “ gauge, not “guage.”
269— 4 “ bottom, “ Mariotte's, not'‘Ma. o
286— 15 *, “ Jan. 25th., not “15th.
B 286 13 A 1903, not “1893
287 17 , Y L3 not ™ 3s."
“ 91— 12 top, “ reverberatories, not"'reverboratories.”’'
‘ 339— 6 , “ integration, not “intergration."
¢« 340— 3 bottom, “ carbureter, not “carboreter."”
“ 342 16 , “ mantle, not “mantel.”
36— “ 7 top , “ Abitibi, not “Abittibi.'
357— % 1 bottom, “ Vermilion, not “Vermillion."
350— “ 10 top, “ ¢ o “
364 “ 6 “ ., % hydrocarbon, not “hydrocarbons.’
372 “ 10 “ bottom, “ mantle, not “mantel
375— * 26 ¢ “ , % Herzegovina, not “"Herzegovnia."
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CHAPTER L

HISTORY AND DISTRIBUTION OF P
NATURAL GAS.

‘ROLEUM AND

INTRODUCTION.
IMPORTANCE OF PETROLEUM AND NATURAL GAS,

Petroleum is the most important of the bitumens, and, next
to coal, the most important of all carbon compounds.  Although
the first commercial development of significance took place
barely half a century ago, the production has increased by
tremendous strides until to-day the output has reached enormous
proportions. There is no sea whose waters are not churned by
the propellers of oil-burning steamships, no country whose roads
have not seen the petrol-driven motor car, and no village in the
civilized world in which the flame of kerosene or other form of
petroleum does not illuminate some house. Thousands of miles
of highways are kept free from dust or otherwise improved by the
use of petroleum oil.

Wherever petroleum occurs in nature, there also, as a rule,
natural gas is likewise found. But gas is less restricted in dis-
tribution than oil, and hundreds if not thousands of good gas
wells are found where no petroleum occurs.  Although its
physical character makes it somewhat inadapted to transporta-
tion and limits to a certain extent the range of its use, it is,
nevertheless, conducted by a vast number of pipe-lines—some
of which are hundreds of miles in length-—to a great number of
towns and cities, as well as to numerous glass and iron works
and scores of other classes of industrial plants. It furnishes
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the cheapest and most convenient fuel and illuminant to many
thousands of people in the different countries in which it occurs.

Both petroleum and natural gas are among the great industrial
resources of the world and the countries possessing them in
large quantities are fortunate indeed. The fact that they have
not yet been developed in a locality is rarely a proof of their
absence. No year passes without the discovery of some new
and often unsuspected field. No stratified rock is so young,
and scarcely any so old that the occurrence of oil in it is impos-
sible.

The production of petroleum has advanced steadily in recent
years, even in long settled regions, and there is no reason to
believe that the maximum output has been reached. The new
fields that are discovered each year and the old fields which
are extended into new territory more than counterbalance,
up to the present time, the losses due to exhaustion of older
territory. Any country in which the geological conditions
are favourable is, therefore, warranted in exerting every effort
to investigate and determine its resources in petroleum and
natural gas.

FORMS OF BITUMENS.

Petroleum (from the Latin meaning rock-oil) is the best
known of the various natural hydrocarbons of the bitumen
series. It is the erddl or steinél of the Germans and the pétrole
of the French and other nations of southern Europe. The
relation of petroleum and natural gas to allied bitumens is
indicated in the following classification:

Classification of Bitumens.

NAMES,
FORM English German French Spanish

e == ‘

|
Dol ss 3nn s dnann Asphaltum | Asphalt Asphalte Brea

| Erdharz Chapapote
Semi-fluid . Maltha | Goudron Brea

| minéral
Fluid.............. [Petroleum | Erdél or Pétrole Aciete

\Naphtha | Steindl

Gaseous. ... .. .... Natural gas ' Natur gas Gaz natural Gas natural

1A M A= A

A a2 A

A .,
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EARLY KNOWLEDGE OF THE BITUMENS.

The bitumens were not only known but were probably fairly
familiar to mankind before the beginning of the historic period.
“The vale of Siddim was full of slime pits" (Genesis, XIV, 10).
“Slime had they for mortar” (Genesis, I1X, 3) in the building
of the tower of Babel. "Oil out of the flinty rock” is mentioned
in Deut., XXXII, 13, and in Job, XXIX, 6, “the rock poured
me out rivers of oil.”

Maccabees, 11, 18-22, gives an account of the hiding of the
fires from the altar in a deep pit with water by the Priests of the
Sun, where, when Nehemiah was sent to investigate in later
years, ‘‘they found no fire, but thick water.” On placing this
upon sacrifices and wood on the altar, the sun appeared from
behind a cloud and “‘there was a great fire kindled, so that
every man marvelled.”

The pits dug for the collection of the oil were called by
the Jews nephtar or nephtoj (nafta of the Persians), from which
is derived the word naphtha of to-day.

Bitumen was used in ancient Nineveh and Babylon to
cement the bricks and tiles of the temples, and in their grand
mosiac pavements, the material probably coming from the
Springs of Hit on the Euphrates. These later became famous
as the springs of Oyum Hit or Fountains of Hit of the Arabs
or the Cheshmeh Kir or Fountains of Pitch of the Persians.
To the Turks the pitch was known as Hara saker.

Another important use of the bitumen or pitch in early
times was in making tight the seams of vessels. Noah was
commanded (Genesis, VI, 14): “Make thee an ark of gopher
wood, rooms shalt thou make in the ark, and shalt pitch it within
and without.” Its use in boats on the Euphrates and in Egypt
continues to this day.

Semi-fluid bitumen was also used by the ancients for lining
cisterns and granaries, as is indicated by ruins still existing
in Mesopotamia, Syria, and Egypt. In the latter country,
bitumen was also extensively used in embalming, and to it
we owe to a considerable extent the high state of preservation
of the mummies.
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At a very early period the Persians made pilgrimages to
the “fire-temple’” at Baku, the flames in which were fed with
petroleum and natural gas from the vicinity. Practically
down to the present day, it has been similarly visited by the
followers of Zoroaster in India. A similar temple, known as
Jawalamuhki, is said to exist near Kangra in the Punijab.

A more practical use of petroleum by the Persians was
for domestic purposes. Long strips of dried dung were dipped
in the oil and burned both for illumination and for heating
and cooking. Special chimneys were required to remove the
intolerable fumes. A light coloured, transparent oil was used
for medicinal purposes (Ritter, Erdkunde, 11, 578).

The manner of collecting the petroleum at the close of
the fifth century before Christ is thus described by Heroditus,
a contemporary Greek historian:—

At Ardericea is a well which produces three different substances, for asphalt, salt, and oil
are drawn up from it in the following manner: It is pumped up by means of a sweep, and,
instead of a bucket, half a wine skin is attached to it. Having rlim)ed down with this, a man
draws it up, and then pours the contents into a reservoir, and being poured from this into
another, it assumes three different forms; the asphalt and the salt immediately become solid,
but the oil they collect . . . It is black and emits a strong odor.

Another reference to the knowledge of petroleum by the
ancients is found in Sir Thomas North's translation of Plutarch’s
Lives (1631, p. 702), where there is reprinted a tradition of a
Macedonian in charge of Alexander's effects in the wars of the
fourth century before Christ, who dug for water on the banks
of the Oxus. “There came out, which differed nothing from
natural oile, having the glosse and fatness so like there could
be discovered no difference between them."

Plutarch also described the strong impression made upon
Alexander when in the district of Ecbatana (Kerkuk) he looked
on a “gulf of fire, which streamed continually as from an inex-
haustible source. He admired also a flood of naphtha not far
from the gulf, which flowed in such abundance that it formed a
lake. The naphtha in many respects resembles the bitumen,
but it is much more inflammable. Before any fire reaches it,
it catches fire from a flame at some distance, and often kindles
all the immediate air. The barbarians, to show the king its
force and the subtilty of its nature, scattered some drops of it
in the street that led to his lodgings, and standing at one end
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applied their torches to some of the first drops, for it was night.
The flame communicated itself quicker than thought, and the
street was instantly all on fire.”

In the days of the Roman Empire the occurrence of both
semi-fluid and liquid bitumen were well-known. The Greek
historian Dioscorides Pedanius described the use of petroleum
in lamps before the birth of Christ, and Pliny mentions the use
of oil for lighting in Agrigentum in Sicily. Stabo writing
in the same period, describes the rise of pitchy substances
to the surface of the waters of the Dead Sea, where they formed
floating masses resembling islands.

The same writer (Strabo) also refers to asphalt deposits
near Selenitza, which are to-day still unexhausted.

In the confusion attending the later days of the Roman
Empire, and accompanying the rise of Mohammedanism, compar-
atively little was written of petroleum by Europeans, although
the oil pits and springs of the Caspian region and of Persia were
well known to the Arabs. Many of the travellers to India
in the days before the development of the Cape of Good Hope
route, however, brought back accounts of the oil or pitch en-
countered in the overland journey. Of these, the best known
is that by Marco Polo, who travelled extensively in the region
in the thirteenth century. To him we are indebted for an account
of one of the early conflagrations of oil upon the surface of the
ground near Baku, of streams of flaming oil, and of great ex-
plosions of natural gas.

The nature of the geographical names of many localities
shows more clearly even than the references in literature the
general prevalence of the bitumens. Besides the well known Oil
City and Petrolea of America, there are several Pitchfords in
England. In Germany, Pitchelbronn near Hagenau is named
for pitch. Neft and Neftiano, referring to oil, are similarly
used in Russia,while the Spanish colonial names Brea, La Brea,
and Breaita again refer to pitch. In Persia, Kir (pitch) is used
as a part of many place names, and in Burma Yenang (earth
oil creek) is the root of Yenangyaung and Yenangyat (earth oil
place), the names of important oil districts.
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FOREIGN DEVELOPMENTS OF PETROLEUM AND NATURAL GAS.

So general is the distribution of petroleum and natural gas
that comparatively few countries are entirely lacking in signs
of their existence. Such indications have long been known to
the inhabitants in their vicinity and many references to them
are found in literature. Petroleum, because of the more con-
spicuous character of its “shows’ and its greater ease of utiliza-
tion, has more frequently attracted attention than has natural
gas, and search for it has been more vigorous.

Since the introduction of modern methods of drilling,
about 1860, prospecting has been conducted in almost every
part of the world, and although much of it has been mis-
directed, petroleum in paying quantities has been developed in
scores of places, including localities in every continent, in the East
and West Indies, and Oceania. Natural gas is of even more
widespread occurrence, but owing to the lack of available
markets in the vicinity of many of the fields, has been com-
paratively neglected outside of America. Here, however, its
production is an industry of very great importance.

In the following summary of the petroleum and natural gas
industries in foreign countries the number of scattering refer-
ences made use of is so great as to make it impracticable to
quote all authorities. The chief sources of information are the
report of S. F. Peckham on “The Production, Technology, and
Uses of Petroleum and its Products,” in volume 10 of the 10th
Census of the United States, pp. 1-319; “‘Petroleum, its History,
etc.,” translated from the German of Wilhelm T. Brannt, 1895,
715 pp.; “Petroleum,” by Boverton Redwood, 1896, 2 vols.;
“Petroleum Mining and Oil Field Development,” by Arthur
Beebe Thompson, London, 1910, 362 pp.; and the annual statisti-
cal reports in the Mineral Resources series of the U. S, Geological
Survey, by S. H. Shotwell, Joseph D. Weeks, F. H. Oliphant,
W. T. Griswold, and David T. Day.

1



‘
Europe.

GREAT BRITAIN.

As early as 1667 Thomas Shirley described (Phil. Trans.,
11, 482) gas from a spring near Wigan, in Lancashire, some of
which he successfully collected and burned. In 1739 Rev.
John Clayton described (Phil. Trans., XLI, 59) a ditch in the
same locality, “the water in which would seemingly burn like
brandy, the flame being so fierce that several strangers boiled
eggs over it."" Noticing coal in the vicinity, he distilled con-
siderable gas from it. This is apparently the pioneer attempt
at distillation and was the forerunner of the commercial processes
of to-day.

In 1864, naphtha or liquid bitumen was described as collect-
ing on the surface of the water of a spring near Pitchford, in
Shropshire, by Dr. Plot (Phil. Trans., XIV, 806). The petro-
leum of this locality later became well known and was used
for medicinal purposes.

In later years petroleum has been reported from numerous
other localities. In Scotland, petroleum is reported from Orkney
mainland, from the Carboniferous at Dysart (Fife), Broxburn
(Linlithgowshire), and Liberton (Edinburgshire). In Wales, it
has been noted in the Permian, at Ruabon (Denbighshire).

In England, the greater part of the petroleum indications
have been found in the Coal Measures, or limestones of the
Carboniferous. Thelocalities include Whitehaven (Cumberland),
Clowne and Alfreton (Derbyshire), Worsley (Lancashire), Lang-
ton (North Staffordshire), and Coalbrookdale, Coalport, and
Pitchford (Shropshire). From 70 to 100 gallons a day are
pumped with the water fromadepthof 960 feet in the Southgate
colliery, Clowne. Other petroleum bearing formations are the
Upper Devonian shales at Barnstaple (North Devonshire), and
the Liassic in the Bristol district (Gloucestershire-Somerset-
shire). At Ashwick (Somersetshire) several barrels of petroleum
entered a well following a slight earthquake in 1892.

Notwithstanding the general distribution of petroleum in-
dications, oil has not yet been discovered in commercial quan-
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tities at any point in Great Britain. The $5,000,000 worth
of petroleum produced annually all comes from the distillation
of bituminous shales, the greater part coming from Scotland, with
alittle from Wales, but practically nothing from England.

Natural gas has been reported from the Weald clays, near
Petworth, West Sussex, from mines in the Lower Silurian in
Montgomeryshire, and from the Triassic salt beds of Cheshire.
Sufficient quantities to cause an explosion were encountered in
the construction of the Thames tunnel. In 1893 considerable
amounts were struck in a well in the Jurassic at Heathficld,
and in 1896 the South Coast Railway Company secured in
the same locality a larger supply under a pressure of 150 pounds
per square inch, from a depth of 377 feet.  This is utilized for
illuminating and heating purposes at a rate of 1000 cubic feet
daily. Later wells have secured still larger quantities, most of
which are utilized.

NORWAY AND SWEDEN.

No petroleum or natural gas in appreciable quantities is
known in Norway. In Sweden natural gas is of somewhat
widespread occurrence at a number of horizons, especially in
Silurian, Liassic, and Miocene rocks, but the volume is usually
small. Petroleum indications are less common, but oil-filled
fossil cavities have long been known in the Silurian, and led in
1867-1869 to the sinking of several borings on the flanks of Mt.
Osmund, of Delarne, 35 miles north of Falun. Although drilling
was carried to 900 feet, only traces of oil were found. Later
drilling at Nullaberg and elsewhere has been equally unsuccessful.
Petroleum resulting from the decomposition of sea weed is
found in small quantities along the coast near Lund.

NETHERLANDS AND BELGIUM.

Practically no indications of petroleum have been noted
in the Netherlands, although an oily liquid is reported from
a well in chalk near Maestricht. In Belgium, traces of petroleum
are found at a number of points in the coal fields, especially
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in iron concretions and in fossil cavities. Oil shows are also
reported in the Eocene (?) at Bourlers, near Chimai, and in
the Liassic shales of Jamoigne.

FRANCE.

Indications of oil, gas, or other bitumens have long been
known in France. The natural gas of the “burning fountain,”
at La Gua, near Grenoble, Department of Isére, was described
as early as 1618. At this date, or even earlier, petroleum was
collected from the surface of a spring at Gabian, Department of
Hérault, on the Gulf of Lyons, and used for medicinal purposes.
A recent boring sunk to a depth of 1350 feet at this point in
the Miocene or Triassic beds was, however, without result.
Small oil seeps are reported from grey Miocene marls, lime-
stones, and sandstones at depths of from 125 to 425 feet at
Clermont-Ferrand, Puy de la Poix, Malintrat and Coeur in
the plain of Limagne, Puy de Ddme, between the ranges of Puy
de Dome and Forests in southeastern France, and at Chatillon
on the flanks of the Alps in Savoy. A deep boring at Macholle,
near Riom, found, in 1896, a few gallons of oil mixed with
brine at a depth of nearly 3500 feet. Other borings have been
equally unsuccessful.

SWITZERLAND.,

Traces of petroleum have been found in the bituminous
Miocene limestones near Mathod, Orbe, and Chavornay, Vaud,
while natural gas has been encountered in the Liassic rock salt
of Bex and at Montreux, Vaud.

SPAIN AND PORTUGAL.

Petroleum indications are apparently limited in Portugal
to certain calcitic amygdules in basalt at Sicario, near Cintra.
In Spain, on the other hand, surface indications are found at a
number of points, and small quantities have been collected in
tunnels at Huidsbro, 30 miles north of Burgos. Although wells
were drilled to a depth of over 1500 feet, only traces of oil were
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encountered. A few gallons were found in a mine shaft in the
Eocene shales at Conil near Cadiz, but drilling was unsuccessful,
as was likewise a boring sunk in similar beds near Algar, 38
miles |

NLE. of Cadiz. Other localities which have afforded
petroleum indications, but which have not vielded oil in com-
mercial quantities, are Cueva de la Pez near Bavarque, Liguenza
and Molina in Guadaljara, Soria Girona, and San Lorenzo de la
Muga and Pont de Molins lyving to the west and north of Figueras.

ITALY

The use of petroleum under the name of “Sicilian Oil" for
illuminating

purposes at Agrigentum, Sicily, before the be

of the Christian Era was, as has been noted, described by Strabo
and Pliny. The burning gas springs of northern Italy led in
1226 to the adoption by the town of Salsomaaggiore of a salaman-
der surrounded by flames as its official emblem. In 1400 a
concession for the collection of petroleum in Miano di Medesano
was granted by the Ducal Chamber. The petroleum of Mo-
dena, used for lighting, medicinal, and other purposes, was dis-
covered in 1640, Oil was collected early in the 18th century
from Monta Chiaro near Piacenza and at Montechino. Genoa
was lighted in 1802 by petroleum from the wells of Amiano.
Petroleum and gas indications are too numerous for enumer-
ation. Oil in commercial quantities has been developed in
Eocene, Miocene, and Pliocene beds of complicated structure
in the Emilian provinces northeast of the Gulf of Genoa, in
Eocene beds in the valley of Pescara, in the province of Chieti, in
Central Italy, and in Eocene shales in the valley of the Liri near
San Giovanni Incarico, midway between Rome and Naples. The
Emilia production, after fluctuating between 2 and 30 metric
tons annually for 20 vears began to increase in 1880, reaching a
maximum of 3532 metric tons in 1895,  The yield of the Pescara
district has been highly irregular, varving from nothing to 363
metric tons. The San Giovanni Incarico field reached a maxi-
mum of 600 metric tons in 1878, but was practically exhausted
by 1890. Recent years have witnessed renewed activity in Italy
and the production is increasing. In 1910 the yield was 7,069

metric tons for the country as a whole
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GERMANY

I'he oil springs near Walsbron, Lorraine, were famous in the
middle ages, and were even known to the Romans, whose coins
have been found in the vicinity. Petroleum was medicinally
used in Germany as early as 1436 under the name “St. Quirinus
Oil,"”" the supply coming from the Tegernsee district of Bavaria
Oil was discovered at Pechelbronn in Elsass in 1498, and shaits
were early dug for its collection. Later, petroleum indications
were found in Hanover, Prussia, Hildesheim, Luneburg, and
elsewhere,

I'he commercial developments, which date back less than
half a century, include the following districts: (1) North German
field, (2) Elsass, (3) Bavaria (Tegernsee district). The North
German or Prussian field is described as a belt lyving between the
Wesser and Elbe rivers north of the Hartz mountains and in-
cluding the Wietz, Steinforde, Oelheim, and other pools of Han-
over, etc, The petroleum, the production of which on a com
mercial scale dates from 1889, is said to come chiefly from lime-
stones and sandstones of the Upper Jurassic or from transitional
beds between the Jurassic and Cretaceous

Elsass became a producer of petroleum in 1743, the oil being
distilled from Tertiary sandstone mined by shafts near Pechel-
bronn. The production continued gligible until the intro
duction of machine drilling in 1881,  Petroleum is also found at
Lobsann and Schivabweiler near Strassburg in Lower Elsass, at
Olhungen and Woerth, and at Altkirch near Basle in Upper
' |‘r|“

I'he petroleum of the Bavarian field is from the Eocen
marls and sandstones. The production is very light

I'he total production of Germany in 1910 was 1,032,522
barrels, of which four-fifths came from the
most of the balance from Elsass

Prussian field with

AUSTRIA-HUNGARY

Galicia or Austrian Poland is the most important of the

various provinces from the standpoint of petroleum indications

uction. The “earth-balsam™ was used medicinally in
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1506. In 1810 oil from the Drohobyez district was distilled on
a small scale and used for lighting the Alstetterung at Prague.
Refining on a commercial scale dates from 1852. In 1853
petroleum was substituted for candles in the stations of Emperor
Ferdinand's North Railroad, and in 1854, five years before the
drilling of the Drake well of Pennsylvania, it was an article of
commerce in Vienna.

The first systematic development in Galicia was in the
Bobrka field in 1854, at which time considerable quantities were
collected from trenches and shallow wells. The introduction
of drilling in 1885 was accompanied by a rapid increase in pro-
duction. The development of other fields followed in quick
succession, more than a dozen distinct districts being recog-
nized. Many of the wells were remarkable producers, yields of
from 1,000 to 3,000 barrels per day not being uncommon. The
“Jacob well” in the Boryslaw district is reported to have afforded
between 6,000 and 7,000 barrels a day. The record spouter,
however, appears to have been the “Oil City Well,"” struck July
4, 1908, at Tustanowicz in the same field.

The Galician oil field forms a belt 50 miles wide and 200
miles long, lying on the north flank of the Carpathian moun-
tains, The geology is complex, the rocks being characterized
by sharply compressed, irregular overthrust folds. The petro-
leum bearing formations are nearly destitute of fossils, but
appear to include Lower and Upper Cretaceous, Eocene, Oligo-
cene, and Miocene. The Eocene, which is very persistent, pro-
duces the largest quantities. Lithologically, the rocks are
largely shales and sandstones, with some conglomerate and more
rarely limestone. Beds of identical character occur at different
horizons, adding greatly to the complexity of the geological
problems.

The production of the province of Galicia increased from
4,300 barrels in 1878 to 15,000,000 barrels in 1909, but the fol-
lowing year saw the beginning of a marked decline and in 1911
the production was only 10,500,000 barrels.

In the Croatia-Slavonia district oil springs have been noted
in the Pliocene shales at Ludbreg, 60 km, northeast, and at Le-
pavina, 15 km. south of Agram. Borings have obtained small
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vields at Ribejak, while natural gas has been found near Ivanich.
A thick tarry oil exudes from the Miocene marls near Kutina in
the Moslalvina Hills, at Bacindol, and at Petrovoszelo.

A strike of oil-gas has been made at Kalusz, in East Galicia.
At the depth of 600 meters a strong flow of natural gas was en-
countered, which Dr, Zuber thinks is a favourable indication of
deeper-lying oil sand. The Kalusz Petroleum Gesellschaft was
founded with Dr. Zuber at the head of it, the object being to
deepen the bore hole to 1,000 meters and develop the oil re-

sources, if any, At a depth of 870 meters strong gas was struck.
The rush was so violent that the water in the bore hole, sand,
and stones were hurled over the derrick top. At first the vol-
ume of the gas escaping was measured as 200,000 cubic feet per
hour. After some weeks a second gage showed a volume of
160,000 cubic feet per hour. Boring was continued, and at 890
meters a bituminous shale was met with which was recognized
as the Menilite, so closely associated, as all Galician oil opera-
tors are aware, with the petroleum formations of that country.
The boring is proceeding.

In Hungary, oil has been found in small amounts in Pliocene
shales in the hills near Styria and Zala, from both Miocene and
Pliocene at Szelnica and Peklenica on the Murakoz peninsula,
in ryolite tuffs at Recsk, Heves, and in complexly folded Creta-
ceous, Focene, and Oligocene beds at various points in the Car-
pathian mountains. In Transylvania, natural gas is given off
from the Miocene salt-marls of Vizakna and Thorda, and from
the Eocene beds in the valley of the Greater Kobel, and there are
prospects of important developments in the near future. Petro-
leum is reported from the Eocene at Kovacs and Monostor, and
from the Neocomian (Lower Cretaceous) along the Roumanian
frontier.  Producing wells have been secured in the Oligocene or
Cretaceous at Sismezo in the Ojtoz.

In Bukowina, oil has been found along the three major
anticlines of the Cretaceous series, as well as in several minor
folds in the same district. Traces are also reported in Silesia,
Moravia, Bohemia, and the Tyrol.




GREECE.

In addition to the oil springs described by the ancients as
emerging from the Tertiary deposits on the island of Zante,
petroleum has been reported from the Miocene on the island of
Antipaxos, in springs from Cretaceous limestone at Dremisou
Maurolithari, in the Parnassid and at Galaxidi near Delphi, in
seeps from lignitic Miocene strata near Lintzi (the ancient
Cyllene) and from several localities on the island of Milo. Some
of the earthquakes have been accompanied by discharges of oil,
and petroleum and natural gas are known to rise in small quan-
tities from beneath the sea.

RUSSIA,

I'he great rival of America in the production of petroleum
is Russia. The oil and gas of Baku have been known from the
carliest times, and up to the date of the Saracenic conquest in
\.D. 636, the city was the principal point of pilgrimage of the
Persian and Hindoo fire-worshippers and was visited by thous-
ands of devotees annually.  As late as 1880, according to a U.S
consular report, the Temple of Surakhani, for centuries the seat
of the Sacred Fire, was still attended by priests from India.

Marco Polo, writing in the 13th century, says of the Baku
springs: “There is a fountain from which oil springs in great
abundance, inasmuch as a hundred shiploads might be taken
from it at one time. . . People come from vast distances to
fetch it, for in all the countries round there is no other oil.”  (The
Book of Ser Marco Polo the Venetian, Ed. by Col. Yule, London,
ks €3

An inscription on a stone in an old pit indicates that the oil

was worked as early as 1600. Olearius, who accompanied a
German embassy to Persia in 1656, saw over 30 petroleum
springs near the modern Schemakha, west of Baku. John Han-
way, in his “Historical Account of the British Trade over the
Caspian Sea” (London, 1754, K, 263 and 381), says of the region
of the fire temples: “The earth around the place, for about two
miles, has the surprising property that, by taking up two or three
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inches of the surface and applying a live coal, the part which is
so uncovered immediately takes fire, almost before the coal
touches the earth.”  The natural gas, to the ignition of which
the flame was due, has been used for burning lime and brick from
that day to this.

Speaking of the petroleum on the island of Wetoy (Sviatoi),
the same writer says: “The Persians load it in bulk in their

wretched vessels, so that the sea is covered with it for leagues
together.  'When the weather is thick and hazy (low barometric
pressure) the springs boil up the higher, and the naphtha often
takes fire on the surface of the earth, and runs in a flame into the
sea in great quantities, to a distance almost incredible.  In clear
weather the springs do not boil up above 2 or 3 feet. . . The
people carry the naphtha by troughs into pits or reservoirs,
drawing it from one to another, leaving in the first reservoir the
water or heavier part.”

Peter the

reat, realizing the value of its petroleum, seized
the Baku district from Persia in 1723, but later restored it. It

was reannexed by Russia, however, in 1806,  The monopoly of
working the springs was sold to the highest bidder in 1820, the
contract extending to 1834, From 1834 to 1850 the Govern-
ment itsell worked the gprings, but from 1850 to 1870 they wer
again leased to private parties

I'he collection of oil first took on business proportions in
1832, but as the Government refused to permit the use of tools
and as its charges for the privilege of collecting the petroleum
were exorbitant, the industry was effectively throttled,  Only
about 400 pits and dug wells were in existence in 1872 when the
fields were put into the hands of a Government Commission,
I'his commission divided the field into lots of 25 acres each,
which were sold by sealed bids. High prices were realized.
Machine drilling was introduced in 1871, but high taxes, how-
ever, prevented profitable exploitation until 1878 when they
were removed.  From this date the production advanced by
leaps and bounds.  Many gushers, some with jets from 200 to
100 feeor in height, were struck. A single well vielded nearly
7000 bbls. per day.  Immense quantities were wasted, large
volumes flowing off over the surface.  The oil spray from certain
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wells was blown as much as 8 miles through the air. The maxi-
mum production in the field was reached in 1901 when an output
of 80,637,300 barrels was derived from the several thousand pro-
ducing wells then existing. From this quantity the yield de-
clined to 49,791,336 bbls. in 1905, then rose again to 59,764,971
barrels in 1910, at which time a second decline set in.

The wells were originally from 400 to 800 fect in depth, but
many have subsequently been deepened. The Russian develop-
ments are remarkable in being confined to small areas. The
gas pressure behind the Baku wells is as great as the greatest
pressures recorded in the Pennsylvanian fields. The Baku
field lies on the Apscheron peninsula and has an area of 9 square
miles. The oil is derived chiefly from the Oligocene series,
here consisting of alternating beds of shaly marls and fine-
grained calcareous sands or sandstone. Their upturned edges
are covered with Pliocene or later deposits, also somewhat
disturbed, and sometimes containing oil derived from the under-
lying Oligocene.

Other producing districts of importance are the Grosny
and Maikop fields. The Grosny field lies on a sharp anticline
of Miocene beds about 500 miles N.W. of Baku and north of
the Caucasus range. (Lat. 43° 30’ North, Long. 44° 45’ East).
It was worked by pits as early as 1823, but its modern develop-
ment begins with the first drilled well in 1893. Several immense
wells were obtained, one being a lake deep enough to float a
steamboat. The yield of the field at one time reached nearly
300,000 barrels daily. The production has increased fairly
steadily to a total of 75,189,591 barrels in 1911,

The Maikop field lies on the north flank of the Caucasus
mountains in Kuban province, N.W. of the Black sea. The
rocks are Miocene, the oil bearing series, about 1,000 feet in
thickness, consisting of dolomitic limestone grading downward
into shales and sandstone. The dip is commonly 45°—60°
to the but considerable variation exists in the eastern
part. Oil in large quantities was first produced in 1910 when
the output was 156,640 barrels. The following year, however,
the yield jumped to 952,453 barrels.

-] NT A ™
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Oil shows exist in a large number of localities in Russia,
Permian indications being noted in Finland, Vologda province,
Central and Southern provinces, in Caucasia, Crimea, Taman
peninsula, Terek, and Daghestan territories, Kutais, Tifles, ete.
Several of the districts are commercially productive, the aggre-
gate yield of the scattered localities being 4,066,782 barrels in
1911.

Notwithstanding the increasing yield of the Grosny, Maikop
and scattering fields the production of Russia as a whole has
declined since 1910, This is in part due to the retarding of
developments in new territory resulting from the lack of trans-
portation facilities, and in part to the Government ownership
of some of the most promising territory. Its resources, how-
ever, are by no means approaching exhaustion.

The Russian gas fields are co-extensive with its oilfields,
but practically none of the gas is utilized and little is known of its
volume and pressure beyond the fact that the yield is great and
the pressure high. At present nearly the whole is allowed to go
to waste,

ROUMANIA.

Petroleum has long been known in Roumania, as is indicated
by the frequent occurrence of the village name Pacureti, derived
from the Wallachian word pacura, meaning petroleum. As early
as 1750, travellers reported its use in treating diseases of cattle,
lighting courtyards, and as wagon grease.

Modern activity in the development of petroleum began
after the redistribution of lands by the government in 1866,
but for 15 years the wells were dug by hand. The years 1880-
1887 witnessed the first successful drilling. Thereafter progress
was steadily forward.

The Roumanian oil district is continuous with that of
Galicia, and lies along the south and southeast flanks of the
Carpathian mountains, the principal centres of production
being Prahova, Dimbovitza, Bacau, and Buzeu districts. The
oil is chiefly from the Miocene and Pliocene, with subordinate
quantities from the Eocene and Oligocene and possibly from
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the Cretaceous. The rocks are mainly shales occurring in
alternations with sands and sandy clays, with some limestone,
gvpsum and salt, the whole compressed into a succession of
sharp, narrow, and irregular folds associated with some faulting

I'he increase in vield has been fairly steady from small
beginnings to 11,101,878 barrels in 1911, Of this 90 per cent
came from Prahova, 4 per cent each from Dimbovitza and
Buzen, and 2 per cent from Bacau.

BOSNIA AND HERZEGOVINA

No petroleum has vet been found in these districts, although
isphaltic indications have been noted at a number of points

MONTENEGRO

Petroleum, associated with salt water and gas, has been
reported as seeping from the Triassic shales at Bukowik, south
west of the head of Scutari lake

EUROPEAN TURKEY

Oil has been found in the sandy Miocene deposits bordering
the sea of Marmora west of Gamos, and on the island of Koraka,
opposite Salagora in the gull of Arta There are also mor
or less indefinite reports of its occurrence in the Miocene near
Feredzik on the Maritza, and in the Jewish quarter of Con
stantinople

1.
CHINA

Oil occurs chiefly in Shensi province, China, and has been
obtained in small quantities there for centuries. At present
small amounts are obtained by antiquated methods and used
locally.  Kerosene is also found in small quantities in Shansi,
Szechuan, and Kansu provinces. At Yenchang, in eastern
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Shensi, are oil wells worked with rudimentary machinery under
Japanese supervision.  The yield of the wells now operated is
small, owing to the methods in use. Petroleum, natural gas,
and salt brine deposits are reported by travellers in the vast
interior of the Chinese empire However, this great empire
will, for many years to come, depend upon the petroleum devel-
oped by other countries for its supply.

For many centuries in the province of Szecheun, wells
have been drilled by a most primitive and laborious method
from 2,500 to 3,000 feet in depth that have produced large
quantities of salt brine, and natural gas and petroleum in limited
quantities, the natural gas being used extensively as fuel to
evaporate the salt brine. The petroleum obtained from the
wells is of four different qualitics. The first is of a very light
colour, and is used in its natural state for burning with refined
petroleum in special lamps; the second is of a very greenish
colour, and is less valuable than the first; the third isof a vellow
colour; and the last is black, very thick and viscous. The oil
first mentioned is also employed by the Chinese for medical
purposes for various diseases, especially for skin diseases and
rheumatism.  The temperature of the petroleum and salt
water, as they come from the wells, is about 250°C., while the
temperature of the atmosphere is only about 40°C

I'he presence of petroleum in the salt wells and its use as
fuel in obtaining the salt, makes it impossible to separate the two

subjects in writing of them. In general, petroleum occupies sec

ond place.  Salt production is ancient—it a developed in-
dustry.  Petroleum production is only of recent date and only
exists as a side issue of the salt industry. It belongs to the
future.  The few wells drilled solely for petroleum may be con-
sidered the first efforts toward this new industry I'he refining
processes are rudimentary where they exist at all, and the oil is
not sold commercially for illuminating purposes

Many of the wells are on the side of a hill which permit of
the utilizing of the natural fall, whether it be for running off the
salt water into the reservoir and pans for the evaporation of the
salt by solar evaporation, or whether for conducting the gas
which is given off from the salt wells, which serves like petroleum
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for fuel. All the conduits for water, gas, and oil are bamboo.
The work of drilling the wells is conducted in the following
manner: An ordinary pit is dug until it reaches hard clay.
which is usually found at a depth of about 200 to 300 feet. In
this a wall is built cone-shaped at the top and with an opening
large enough to admit the passage of the cable of a drill. Start-
ing with the first hard layer, the drilling is carried on with a
drill the width of a section 5 inches by 2} inches and 20 feet long
and weighing a little over 130 pounds. The strikes are 30 blows
to a minute, falling each time 16 inches. The last layer before
reaching the salt water stratum is granite and very hard. In
some mines the salt water is thrown high in the air when the
last layer is pierced, but only for a short time. Any natural
gas found with the water is separated and sent by a main pipe
to be divided to various salt pans for heating. Certain wells
strike rock salt—then a second well is drilled alongside and
sweet water sent down to dissolve the salt.

The largest, and one of the oldest of the springs of natural
gas is that at Tse-liu-tsin, close to the mountain of the same
name; while that of Chu-pai-ching has been in operation day
and night for forty years. As much as 400 or 500 pounds of
fetid oil, which burns on water, may be obtained from a well in
a single day. When a well produces petroleum alone, the oil
is conveyed to special reservoirs, but where it is found mingled
with the brine it floats on the top of the liquid amd is skimmed
off. Where gas is the chief product of a brine-well, all the others
are neglected. The gas appears to come from two separate
horizons—one comparatively near the surface and the other
at a depth of about 720 yards.

According to mining regulations established in March, 1904
the Chinese government reserves for itself 25 per cent of the
profits of all mines.

JAPAN,

The main supply of petroleum thus far developed in the
Empire of Japan is found on the island of Nippon, in the province
of Echigo, on the northwestern coast, about 200 miles northwest
of the city of Tokvo. There are other localities on this island
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where some petroleum has been produced, namely, in the province
of Ugo, in the extreme northern portion, and in the province of
Totomi, about 150 miles southwest of Tokyo.

The island of Hokkaido. or Ezo has produced some superior
grades of crude petroleum, in a limited way, near the western
flank of the foothills of the great mountain chain running to
the north, in the provinces of Mikawa and Ishikari. During
1903 and 1904 several wells were drilled in the Ishikari district
which indicated the presence of petroleum in quantity; later
tests, however, have given rather discouraging results. There
are indications of petroleum scattered over a large portion of
this northern island of Japan, and there are also indications of
petroleum on the island of Formosa, and some small production
in a primitive way. Oil was recently struck on this island at
a depth of 810 ft.

The production in Echigo and the indications elsewhere
are usually in the middle and newer Tertiary formation. Their
individual occurrence is invariably on the flanks or along the
crest of well-marked anticlinals. Generally these anticlinals
are of comparatively short extent, as they suddenly burst out
of the level newer formations, run their course, with slight un-
dulations for from half a mile to 2 or 3 miles, and then suddenly
plunge under the level surface of the plain. There are other
cases where the ridge of an anticlinal can be traced 10 or 15
miles continuously.

There are usually steep dipping flanks on both sides of the
anticlinals, which soon carry the oil-bearing strata to depths
too great to be reached by the drill, or at which the strata are
saturated with water. The depth of the wells is from 750 to
1,800 feet, and probably 80 per cent of the production comes
from drilled wells. The remainder is from dug wells or shafts
which range in depth from 200 to 500 feet.

The present production is maintained by the deepening
of many of the wells that have exhausted the upper pay.

The formation holding the crude petroleum is generally a
loosely cemented sandstone of a bluish cast, with more or less
small crystals of pure silica, and in some cases with pebbles
interspersed; the formation varies from 5 to 40 feet in thickness.




I'here are usually beds of blue shale or clay capping the sand-
stone, and in many wells they follow each other in succession

I'he life of the average well is not long—it requires the con-
stant drilling of new wells and the deepening of others where
lower productive strata have been developed to keep up the
production in most of the fields

During the last six or eight vears, the greater portion of
the production has been secured by regularly cable-drilled wells,
and some wells were drilled by the Canadian rod system. In
1912 and 1913 the California modifications of the rotary system
were adopted with great advantage and the prospect that con-
siderably increased production would result. It is rather sur-
prising that the workmen of Japan should so soon have acquired
the knowledge that enables them to drill wells where there are
serious difficulties encountered, and a very large amount of
skill is required to accomplish the end. In several of the fields,
the improved methods of pumping wells in clusters by wire
rope and solid connexions is used.

Vatural Gas.—The banks of Lake Suwa are said to contain
a large amount of natural gas, and the use of this supply for
various purposes has been greatly extended with the advance
of knowledge among the people there. The present consumers
number more than 100, and certain villages there have been
developing this industry systematically since 1911 with good
results.  The present output comes from four wells

INDIA

\Imost the entire production of India is in Burma

Fhere are in Burma, as a matter of fact, two quite distinct
oilfields, which are in process of being worked, for besides the
main field in Upper Burma, there is a small field near the Aracan
coast, on the islands of Ramree and Cheduba, but the output
from that region per annum is only about 55,000 gallons. 1 here
appeared to be little probability of an enhanced production
from this field, which seems to be of no commercial importance.

The Burma oilfield proper is situated in four sections on
opposite sides of the Irrawaddy, about midway between Rangoon
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and Mandalay. It begins at Minbu, on the west bank of the
river, just above the twentieth parallel of latitude, and about
cighty miles above the old military station of Thavetmyo,
and ceases for practical purposes, so far as at present known,
a few miles north of Yenangvat, on the same bank, about seventy
miles farther up and a few miles below Pagan, the famous old
capital of Burma. Far the greater part of it, however, lies on
the east bank, that portion being divided into the Yenangvaung
field, twenty-six miles above Minbu, and that at Singu, about
twenty miles higher up.

Petroleum is found in Assam in coal-bearing strata of
Eocene age. These are exposed near the foot of the Naga hills
to the southwest of the river Bramapootra. There is a line
of outcrops on the northwestern slopes of the Tipham hills,
a low range running from north-northeast to south-southwest
and intersected by Dihing river near Jaipur and farther to
the southwest by the Disang. Another line of outcrops, known
as the Makum coal field, is met with farther to the east, running
east-northeast and west-southwest, roughly parallel to and
south of the Dihing river. It is intersected by the Tirap,
Namdang Makum, and Dirah rivers, all tributaries of the Dihing,
and then sinks below the alluvium near the Tipham hills.
Some 40 miles farther to the southwest the coal and oil bearing
strata reappear and are exposed in the beds of the Dikhu, Tanji,
and Disa rivers.

Oil-bearing strata in Punjab are found among the Eocene
rocks. There are two lines of outcrop running roughly cast
and west, one near Rawal Pindi, the other north of Shahpur
I'he only locality that has been worked to any extent is Gunda
or Sudkal, about 23 miles west of Rawal Pindi.  Oil wells were
first dug in 1861. The principal well vielded at first only 3
gallons a day; on deepening the amount was increased, but
it never yielded more than 50 gallons in one day, and in one
hundred and ninety-eight days in 1870 only 1,963 gallons were
obtained. About 1880 the total annual yield was rather mor
than 2,000 gallons. In March, 1888, a concession was granted
to an American oil refiner, who does not appear, however,
to have been very successful, In 1889 the vield was only
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2,873 gallons, which appears to be the maximum amount ob-
tained in any one year. A limited supply of oil is yet obtained.
It appears to be employed in gas-making at Rawal Pindi.

PERSIA.

The Persian petroliferous region extends along a line north-
east and southwest, starting at Shanku, on the Turco-Persian
frontier, and ending on the eastern side of the Persian gulf.

The northern part of this basin has its center at Kashara-
shirin, near Shahku. Around this village are numerous pits
of a depth of about 32 feet. This deposit is situated on an
Eocene axis of sand and marl, and the Kurds exploit it in a
most primitive manner, contenting themselves with collecting
the oil from the pits every four or five days. An average output
of 10 barrels is collected each time. The petroleum is very
fluid and of a greenish colour and is refined on the spot. In
the center of the Persian basin, parallel to the Bakhtiari moun-
tains, there is the petroliferous district of Lauriston. This
district, like that of Kasharashirin, is characterized by the same
blue clays which are found in Galicia. The petroleum deposits
are in the neighbourhood of important salt and sulphur deposits.

The existence of petroleum is also shown in a most con-
spicuous manner at Chouster, where the inhabitants collect
it on the surface. The Chouster oil is of a special quality,
being of a yellow colour, very clear and almost transparent,
and having a specific gravity of 0-773.

South of this station and a few kilometers from Ram-
Armuz are the natural springs of Chardin, one of which has a
regular output of about 22 gallons per day.

Natural petroleum springs also exist near the Persian
convent of Nuanzady at Haf-Cheide. These springs, which
have an output of about 1 barrel per day, produce an oil of a
greenish colour and of a specific gravity of 0-927.
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Africa.
EGYPT.

Petroleum indications along the borders of the Red Sea
have been known since ancient times, the Romans giving the
name Mons Petrolius (Oil Mountain) to the elevation near
which it was found at Jebel Zeit near the mouth of the Gulf of
Suez.  Pronounced oil indications have also been noted at
Gemsah, 13 miles south of the first locality, but although borings
were carried in 1885 to a depth of over 2,000 feet only small
seeps were obtained The rocks consist of | pper Miocene lime-
stones, clays and gypsum, which form a belt extending from Ras
EI Gharihy on the north to Abu Shaar on the south.  Oil indica
tions also occur in the Upper Cretaceous sandstones and lime-
stones along a ridge parallel to the coast and lying west of the
Miocene series.  Oil under heavy gas pressure was found in a
boring at Zafarana, while surface seeps have been noted on the
Jebel Atakah, southwest of Suez. Oil indications are also
reported at EI Hamman (Mokattam) in the Eocene in the hills
20 miles inland from Suakin, and on the upper Nile.  Although
there has been considerable activity in prospecting, the produc
tion so far has been negligible.  Considerable natural gas was
encountered in a number of the wells, but is not utilized

TUNIS AND ALGERIA
Seeps of heavy asphaltic oil are reported from supposed
Cretaceous limestones and shales near Testour, about 70 kilo-
metres southwest of the capital of Tunis.  In Algeria the presence
of petroleum has been known since the time of the Romans, the
principal occurrences being on the south flank of the Dahra
range, in the Department of Oran.  An attempt to collect the
oil by tunnelling was made in 1877, and in 1892 test wells were
drilled without much result.  In 1895, however, small quantities
were obtained in wells in a series of alternating Miocene marls,
clays, gypsum, and limestone in the same province.  Oil indica-
tions have also been reported from Cape Ivi, near La Stidia, at
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Bel Hacel, on the Oued Kalaa, from Port-aux-Poules near
Arzeu, in the valley of Oued-Ouarizane in the province of Con-
stantine.  Elsewhere no material production has been anywhere
developed in Algeria.

EAST COAST.

Traces of petroleum are said to occur near the juncture of
the Umzingwani and Limpopo rivers in Matabeleland, and
Livingston reported seeps of a paraffin oil on the shores of Lake
Nvanza. Cretaceous shales with shows of oil occur in Gasa
Land. In Madagascar oil is reported from the Eocene on the
west side in Mesozoic rocks in the valley of the Ranobe and
Mananubolo rivers, and in the Jurassic coal ficlds of Ambavatoby
on the northeast coast.

SOUTH AFRICA

Traces of petroleum are associated with igneous intrusions
in bituminous Triassic beds at several points, and gas has been
reported from Upper Silurian and Devonian rocks in the Bokke-
veldt (Ceres district), 90 miles northeast of Cape Town, and at
Mossel bay. In Orange River Colony petroleum indications
are again associated with igneous intrusions in  bituminous
shales. In Transvaal oil shows are reported in the hills 20
miles inland from Suakim, and on the upper Nile. Also 60
miles northwest of Potchefstroom and in Lower Mesozoic shales
in a belt extending across the Wakkerstroom, Piet Retief, and
Ermelo districts, mostly in association with or exuding from
igneous intrusions.  No commercial developments are reported.

WEST AFRICA.

Oil rises from the sea bottom off the Cape de Verde island.
On the mainland the principal occurrences are in the local
Cretaceous areas along the western flanks of the erystalline
highlands.  Among the localities from which it has been specific-

ally reported are Portuguese Guinea

Gold Coast, island of

St. Thomas, Cameroons, French Congo, and Angola. Some
drilling has been done, but has not resulted in commercial
|)r<u|ll¢‘liullA

—
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Australia and New Zealand.

WEST AUSTRALIA.

Petroleum seeps are reported near the mouths of Warren
and Donnelly rivers on the southwestern coast. Inland, oil
shows are found in the Permo-Carboniferous shales and sand-
stones near Fly brook and Lake Jasper. No developments
have been made.

SOUTH AUSTRALIA.

troleum indications are reported in the Miocene shales
on Leighs creek (Lat. 31°S.) and in the Gawler between Kapunda
and Adelaide. Small quantities have also been noted in boring
on Salt creck near Meningie and at Bordertown. Oil springs
occur near Yorktown. There have been no commercial develop

ments.

VICTORIA.

Traces of solid bitumens occur at numerous points and oil
seeps have been found near Bridgewater, 100 miles northwest
of Melbourne, but no occurrences of economic value have been
discovered as yet

NEW SOUTH WALES

l'ertiary lignites saturated with oil occur on the coast north
of Cape Horne, at Twofold bay and Bonda, and at Kiandra in
the interior, while oil-bearing shales are extensively mined at
various points along the borders of the productive coal measur
basin. There is no commercial production of petroleum other
than derived from the distillation of the shales. Natural gas
has been found in considerable quantities in Triassic rocks at
Grafton in the northeastern part of the State.

QUEENSLAND.

Oil shales occur in the Tertiary basin of Dawson river and
on the north flank of the McPherson range near the border of
New South Wales; natural gas has also been found in the Triassic

No natural petroleum is produced

pi
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TASMANIA.

Oil shales are found in the Carboniferous strata south of
Table cape in the northern part of the island, and in a belt
extending from the Don valley past the Mersey Run to the
Tamar estuary.  Some petroleum is secured from the distillation
of the shales, but there is no natural production

NEW ZEALAND

Oil and gas indications have long been known in the North
Island of New Zealand, especially at New Plymouth and on
adjacent islands on the west coast, and in a belt extending from
the vicinity of East Cape Waiapu to the Okahuatin block, 30
miles west of Gishorne on Poverty hay I'he first drilled wells
were sunk in 1805 near New Plymouth, but only a few gallons
were secured.  Later wells sunk near New Plvmouth, at Poverty
bay and on the Waiapu river, have found a little oil, but have
not produced in commercial quantities

Small showings of oil have been found in borings near Brun-
ner, 21 miles east of Greyvmouth on the west coast, South Island

Central America.

In recent years there has been an extensive search in Mexico
and adjacent countries and in the West Indies, and in South
America, for fuel oil, with special regard to the possible future
supply of fuel for the great navies of the world. The occurrence
of petroleum in these countries is therefore of special interest in
considering the resources of these great powers.

MEXICO.

The coast states bordering on the Gulf of Mexico, Tamauli-
pas, Vera Cruz, and Tabasco, have been known for many years
to contain very large deposits of bitumen, sometimes in the form
of asphalt of sufficient purity to be mined and used as such, in
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other cases, bituminous limestone or sandstone, occasionally
used for road purposes, ete. One deposit near the Tuxpan
river, about 80 miles from its mouth, was worked for many years
and probably thousands of tons were dug out, hauled to the
head of navigation and shipped down the Tuxpan river.

When Capt. A. F. Lucas developed asphaltic oil at Spindle
Top in Texas in 1901, Mr. E. L. Doheny, an oil operator in Los
Angeles, California, conceived the idea that these large deposits
of asphalt in Mexico represented old dried up oil seepages, and
he drilled for oil at Ebano, about 50 miles from Tampico on the
railroad line leading to San Luis Potosi. Wells were very
successful and production from them still continues.

Soon after this S. Pearson and Son bought a small oil develop-
ment in Tabasco, and also developed oil near Minatitlan, in
southern Vera Cruz. They developed a refinery at this place
and organized a general campaign for oil throughout Vera Cruz.
This resulted in the development, first, of the wells at San Cris-
tobal, then the great gusher at Dos Bocas, and finally a well with
the largest daily capacity that has ever been recorded was devel-
oped at Potrero del Llano, about 40 miles north of the Tuxpan
river in Vera Cruz,

igle
Company, have developed several other fields and have pipe

The Pearson interest, now known as the Mexican |

lin=s to Tuxpan bar and to Tampico. Mecanwhile the Doheny
interest, known as the Mcexican Oil Company, have also devel-
oped a large field at Juan Casiana, north of Potrero del Llano,
and other pools have been developed at Panuco and Topila on
the Panuco river, not far from Tampico. Production is devel-
oping rapidly from the two large companies, and many other
small companies.  Refineries are being built and a large fleet of
about forty of the largest sized tank steamers is being developed
for the export trade in the crude oil and its products. At this
time production amounts to about 20 to 25 million barrels a year.

HONDURAS.

In the republic of Honduras, indications of petroleum are
reported in limestone (presumably of Neocomian age) near
Comayagua, in the Guare mountains
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PANAMA.

Oil fields have been reported in the Province of Chiriqui, in
the republic of Panama. No survey or drilling work has yet
been done, so that the extent of the fields is uncertain

GUATEMALA.

Oil seepages have been found in the northwestern part of

Guatemala and on the Atlantic coast side of that republic
COSTA RICA.

Indications of oil have been found on the Altantic side of
the republic of Costa Rica, not far from the port of Limon

West Indies.

CUBA.

Ihere are numerous indications of petroleum in Cuba, with
a range in gravity from that of naphtha to solid bitumen, but

vet there has been no commercial development.  Ther

s
dre
numerous deposits of asphaltum, and shales highly charged with
hydrocarbons are found scattered over nearly all of the provinces
in the island.  There seems to be a peculiar condition brought
about by the volcanic heat that has partially distilled the bitu
mens, whose lighter products have been condensed in the crevices
of the higher and cooler portions of the strata where they are
now found.  However, there seems to have been little real work
done in a systematic manner by persons who understand how
to make a thorough test of the many localities where there are
surface indications of both petroleum and natural gas.

PORTO RICO

Exudations of petroleum are said to occur at several points
on this island, possibly derived from the beds of bituminous

lignite which are found in the Tertiary beds at the southwest
corner of the island.




SANTO DOMINGO,

Recent explorations have, it is reported, confirmed the
existence of crude petroleum on this island. The petroleum
was found in pits and along the dry beds of streams near the
old town of Azua, 4 miles from the harbor of Tortugerre.

BARBADOS.

The petroleum deposits of Barbados are almost entirely
confined to the Scotland district, on the eastern side of the
island, the petroliferous rocks being a series of Miocene sand-
stones and shales, known locally as the Scotland beds. The most
northerly occurrence is that of the Morgan-Lewis estate, about
1} miles north of St. Andrews, shallow wells have vielded a small
quantity of petroleum, as is the case on the Turner's Hall Wood
estate, about 3 miles to the southwest. Tarry Gully, a short
distance south of the latter, derives its name from the quantities
of petroleum-saturated earth found here. Oil is also produced
in the Baxters district from shallow wells, and on the Friendship
and Groves estates, a short distance to the southwest. On the
latter, a large quantity of “manjak"” or desiccated tar occurs
at or about 4 feet from the surface. A little heavy oil has heen
obtained on Barrow Gully, about three-quarters of a mile farther
south, while manjak and oil occur at Springfield, in the Lloyd
wells on the coast, and at St. Joseph farther inland. Manjak is
also found at Burnt Hill on Conset bay, some distance to the
south, outside the Scotland district, in shales of like age.

The deposits which yield this tar occur in the Scotland dis-
trict, which includes the parishes of St. Joseph and St. Andrew.
The rocks in the district consist of thick-bedded sandstones,
coarse grits, bituminous sandstones and shales, and dark grey
and mottled clays. The strata are much disturbed, and are
broken by many faults, being in some instances vertical, while
close by they may be scen at an angle of 13° to 15°,
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TRINIDAD.

The oil fields of Trinidad are situated mainly in the southern
part of the island, and are now being energetically worked. It
is as vet impossible, however, to foresee what will be their
ultimate extent and importance.

Oil has been known to exist in Trinidad for a number of
years, but it is only of late that it has been produced in commer-
cial quantities, and the production now is not large. The oil is
of very low specific gravity and has an asphalt base.

The formation here is somewhat similar to that of the Gulf
Coast country. The surface is a rich alluvium, running off into
a red sandy clay for some thirty feet, when a soft blue shale,
which is a little harder than the clay, is struck. The shale, geo-
logically speaking, seems to be young, and is streaked with
seams of sand, in which the oil is found at various depths of from
300 to 700 feet. The pay sands do not lie in regular strata and
there is no certainty of a well from one location to another, only
a few feet distant.  All the wells have some gas, but not suffi-
cient for fuel purposes.

South America.
ARGENTINE.

There can be distinguished to-day in Argentine four different
oil-bearing regions, namely: (1) The castern border of the Andes
in the provinces of Salta, Jujuy and Tucuman, (2) the limited
deposit of Cacheuta near Mendoza, (3) a long zone of seepages
on the castern border of the Andes in the Province of Mendoza
and in the territory of Neuguen, and (4) the deposit of Comodoro
Rivadavia on the Atlantic coast. Almost always the oil or its
derivatives, often in the form of asphalt (albertite), occurs in
Mesozoic deposits. At a few places where one finds it in Tertiary
formations, the deposits are secondary.

BOLIVIA.
Seepages of petroleum have long been known in Bolivia in
a belt of country traversing diagonally the eastern provinces

of Santa Cruz, Sucre, and Tarija and extending to the Argentine
boundary at Yacuiva.




BRAZIL.

Thus far no deposit of petroleum is known to exist in Brazil,
though very extensive deposits of hydrocarbon shales, containing
33 per cent of volatile matter, are known to exist.

CHILE,

Official confirmation has been given to the report that
petroleum deposits have been discovered on the island of Chile
I'he governor of the colony there has reported that oil in quantity
has been found in a shallow well \rrangements are being
made to investigate the mineral resources of this island

COLOMBIA

Known deposits of oil exist in many parts of Colombia and
ire found on the plains near the seacoast of the Atlantic, in the
river valleyvs, along the foothills of the mountains, and at various
points in the western chain of mountains (beyond the Magdalena
river), where the beds overlying the cretaceous system are
also found

From the Magdalena river to the Atrato river there are
indications of oil along the Atlantic seaboard. Many springs of
natural gas and oil seepages are among the indications. For
some distance up the Atrato river oil is found on the surface at
many points

ECUADOR

I'he oil fields of Santa Elena lie between 50 and 80 miles
westward of the port of Guayvaquil.  The principal surface indic

tions occur at San Raimondo, on the coast; at Santa Paula, about

3 miles inland, and at Achaigan, 2 miles northeast of Santa Paula;
but traces exist for 30 miles eastward of Point Santa Elena, and
southward to Puna island. Oil is said to exude from dioritic
rocks, a days’ journey northward of Quito, and on the cast

flank of the Andes an oilspring is reported as found on the
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southern side of the Pastazza river, about 130 miles east-by-
north of Guayaquil. Asphalt is raised on the Cojitambo hill,
some 13 miles northeastward of Cuenca.

PERLU.

The chief producing district for Peru = at Negritos, the
port of shipment being Talara, a few miles distant.

The second district in importance is the Lobitos field, situ-
ated at Lobitos, a little north of Talara. The third producing
district is at Zorritos. Another district, situated near Lake
Titicaca, is being developed, and although some good wells have
been struck no large sales or export of oil have been undertaken.
These fields, with the exception of that near Lake Titicaca, have
increased in production steadily for the last decade.

VENEZUELA.

There are five petroleum districts in or bordering on Vene
zuela as follows: Mara, where seepages of petroleum were found
near the Limon River asphalt lake; Bella Vista, near Maracaibo;
the district of Sucre, where seepages are found over a large area,
together with asphalt deposits; Sardinate, on Sardinate river in
Colombia, near the Venezuelan frontier, where the oil is used
locally; Colon, in the state of Zulia, south of Lake Maracaibo.

United States.

In the United States, the greatest producer of oil during the
last few years has been California, Oklahoma ranking second
among the states in 1912, Illinois coming third, West Virginia
fourth, Texas fifth, and Louisiana sixth. The production of
California has been enormous, having produced more oil than
any entire nation outside the United States. If Russia and the
United States be omitted, California has produced more oil than
all the rest of the world put together.




Canada.

As in America generally, references to the occurrence of oil,
asphalt, and natural gas date back to the earliest history of
Canada. Thus Sir Alexander Mackenzie noted the tar springs
of the Athabaska region in the “Voyages through North America
to the Frozen and Pacific Oceans,” 1789, 1793, From that time
until the present these tar springs have been commented upon by
all the explorers of that region.  Meanwhile, as far back as 1830,
the settlers in the neighbourhood of Enniskillen in Lambton
county, in the extreme western part of Ontario, noted the presence
of oil in the swamps of that region. The presence of “gum oil”" as
the material in these swamps was called, was sufficient to seriously
detract from the value of the land. Oil was developed from
these swamps in 1857, when Mr. Shaw dug a shallow well near
Enniskillen, at a place which became known as Oil Springs. In
fact, not only does the actual use of oil in Canada antedate the
drilling of the Drake well in Titusville, Pennsylvania, in 1859,
but in 1857, a Mr. Williams drilled a deep well in Ontario with
successful results

Drake’s lucky find caused great excitement in the Oil Springs
region in Ontario. This caused careful search to be made for oil
indications. By 1860 hundreds of derricks had been erected at
Black creck in the township of Enniskillen.  The wells were all
shallow, the oil being obtained at 100 feet more or less. The
first flowing well was struck in 1862 by Mr. Shaw at Oil Springs,
at a depth of 160 feet, described by Mr. J. T. Henry in the
“Early and Later History of Petroleum.” This well was struck
on January 11, 1862, and before October not less than 35 wells
were producing.  In spite of the better known development of
western Pennsylvania, there is probably no quarter of the world
where the production developed so rapidly in these early days
as on Black creek, Ontario, in 1862, on account of the shallow
depth at which large gushers were obtained. Several yielded
as high as 3,000 barrels per day, three produced 6,000 barrels
per day, and the Black and Matthewson wells flowed 7,500
barrels per day, according to Henry.
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Shortly after the excitement of Oil Springs, another large
oil deposit was struck at Bothwell in Kent county, about 30
miles to the southeast, and in 1865 Petrolia, 7 miles north of
Oil Springs, developed a larger field, which led to the desertion
of Oil Springs, in 1867, and has been a principal contributor to
the Canadian oil industry ever since.

As far back as 1844, Sir William Logan noted the presence
of several petroleum springs near the extremity of Gaspé in
the Province of Quebec.

I'he history of the development of the Canadian oil and gas
deposits has been given quite fully in the various reports of the
Geological Survey of Canada.! In this report the further de-
scription of the development of Canadian oil and gas resources
will be given in connexion with the description of each Province.

Statistics of Production.
PETROLEUM

In addition to the historical review which has been given
in the preceding sections, of the development of the world’s oil
industry, the following pages will present in condensed, tabular
form the actual amount of crude petroleum produced by each
nation. The unit used will be the barrel of 35 imperial gallons,
which is the unit of measurement adopted in Canada. The
imperial gallon contains 27727 cubic inches. In the United
States, the unit of measurement is the barrel of 42 American
gallons, each of 231 cubic inches. The imperial gallon, therefore,
is about one-fifth larger than the American gallon, but 33 imperial
gallons, constituting the Canadian barrel, is the same in capacity
as the American barrel of 42 American gallons—that is, to within

'Summary Reports of the Geological Survey of Canada for the years
1888 and 1889 (Montreal, 1890); in the “Report for 1889 of the Division of
Mineral Statistics and Mines of the Geological Survey of Canada,” ' Montreal,
1890, and “Report for 1898,  Montreal, 1899), by E. D. Ingall; in “Report
on Natural Gas and Petroleum in Ontario prior to 1891, (Ottawa, 1892/, by
H. P. Brumell; in “Report on the Mineral Resources of the Province of
Quebec,” 1890, by R. W. Ells
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less than one-tenth of one per cent. Therefore, the American
barrel and the Canadian barrel can be used interchangeably.

Up to the close of the year 1912, the world’s production of
petroleum had amounted to 4,804,715,214 barrels, or 647,483,340
metric tons, and at this time, March 1914, the total production
of the world has passed five billion barrels, three-fifths of which
has been contributed by the United States. Canada, mean-
while, has also contributed over 23,000,000 barrels, as shown in
the following table, in which the petroleum producing countries

of the world are grouped by seniority, beginning with Roumania
where production began in 1857, and ending with Mexico where
production on a considerable commercial scale only dates back
to 1907

The world's total production has increased annually since
1906, and there is every prospect that the total production for
the next few years to come must show an annual increase of
which Canada bids fair to show a greater percentage of increase
than most other countries, with the possible exception of Mexico,
on account of the energy with which petroleum exploitation is
being carried on in Alberta. It is interesting to note that the
production of Canada dates back to 1862, in fact, that—leaving
out Italy as one of the minor producers—there are only two
countries, Roumania and the United States, which have been
petroleum producers for a greater period of time. Canada pro-
duced petroleum before there is any record of a Russian pro-
duction.

The figures in this table are taken in great part from the
various reports of the Mineral Resources of the United States
Geological Survey, where the foreign figures are obtained chiefly
by direct correspondence with the officials of the governments
concerned, and also from th: Moniteur du Petrole Roumain, the
Petroleum Review of London, the Petroleum of Berlin, the Petro-
leum World of London, and the Rivista del Servizio Minerario of
Italy.

I'he following table gives the world's production of petro-
leum for the years 1857-1912 incivsive, by countries, in barrels of
35 imperial gallon:

e




Vorld's productimperial gallons.

§
) YEAR Roumania l\"",l'.'.," Sdasion
1
} 1857 1,977
1858 3,500
1859 4,34 | 2,000
\ 1860 8,542
1861 17,279
5 1862 23,198
1863 27,943
1864 33,013
1865 39,017
V 1866 42,534
1867 50,838
1868 55,369
1869 58,533
187 83,765 |
1871 90,030 |
1872 91,251 |
1873 104,036
1874 103,177 | 10,926,945
1875 108, 569 8,787,514 |
1876 111,314 9,132,669
1877, 108,569 13,350,363 |
1878 15,396,868
1879 19,914,146 |
1880 26,286,123
1881 27,661,238
1882 30,349,897
1883 23,449,633
1884 24,218,438 |
1885 21,858,785
1886 28,004,841
1887 28,283,483
1888 27,612,025
1850 35,163,513
1890 45,823,572
1891 54,292,655
1892 50,514,657
1893 45,431,066
1494 49,344,516
1595 52,892,276
1896 60,960,361 |
1897 60,475,516
1898 55,364,233
1599 57,070,850
1900, 63,620,529
1901 69,389,194
1902 #8,766,916
1903 100,461,337 |
1904 117,080,960
1905 134,717,580 |
1906 6,378,184 | 126,493,936 |
1907 8,118,207 | 166,005,335 |
1908 812520157 1 178,527,355 | ;‘.“:l“.f““‘u
1909 9,3.7,278 | 183,170,874 l.“‘l“Tll
1910 9,723,806 | 209,557,248 | 3'335" 407
1911 11,107,450 | 220,449,391 |, 3" 551" 643
1912 12, Wl 913 | 222,113,218 16,558,215

Total. .| 91, nlo 808 Iluoun 549 \lU.Vll.UI?

o Estimated. “
Tk: In Canada the unit for mey
inches to the gallon. The Ir \:::.Tn LS

| Other.

“liv,
426,000
436,000
440,000
430,000

‘ ul(l) 000
250,000

2 gallons, and 231

6,877,267
11,933,121

(968,741

Il-i 597
61,507,095
76,632,838
91,250,347
89,139,210
92,038,1

124,924,682
131,143,742
149,132,116
167,424,089

212,912,860
264,240,318
INS5 089,815
298,326,073

cubic

han 1-10 per cent.




TABLE 1.
World’s production of Petroleum for the years 1857-1912, inclusive, by countries, in barrels of 35 Imperial gallons.

YEAR, Roumania. | United Italy. Canada. Russia. | Gallicia. Japan. Germany, India. Dutch
States. I | | | East Indies.
_____________ -~
eees N 7
4 hode . 0
36 |
29 1
29 11,775 "
58 82,814 40,810
72 90,000 64,5
2,265 110,000 66,542
992 175,000 3,052
791 190,000 119,917
367 200,000 88,327
144 220,000 '
86 250,000 204,61
213 269,397 165,129
331 308,100 184,391
467 365,052 474,379 Y
604 168,807 " 149,837
813 220,000 » 158,522
2,891 312,000 | 1,320,528 164,157 |
2,934 312,000 [ 1,800,720 169,792
4,329 312,000 [ 2,400,960 175,420 |
2,891 575,000 | 2,761,104 214,800 |
2,035 350,000 | 3,001,200 229,120
1,237 275,000 | 3,601,441 286,400 |
1,316 275,000 | 4,537,815 330,076
1,618 250,000 | 6,002,401 365,160
2,855 250,000 10,804,577 408,120 |
1,941 250,000 | 13,924,596 465,400
1,575 584,000 N 407 305, 884
1,496 525,655 18,367,781 343,832
1,251 +203 23,048,787 466,537
1,273 N 24,609,407 515,208 |
2,098 795,030 | 28,691,218 659,012
8,305 755,298 34,573,181 630,730
18,321 779,753 35,774,504 646,220 5 ..
19,069 798,406 40,456,519 092,609 00 a%
20,552 829,104 36,375,428 949, 146 *
25,843 726,138 N W74 1,452,999 X
18,149 726,822 | 41,220,63 » 36k
13,892 857 | 54,399, 2,226,368 o+ %--‘“ . 7
14,489 758,391 | 61,009,357 2,376,108 Rt Rt 1. |
16,121 1570 | 65,954,968 | 2,313,047 %1 - &4
12,102 913,498 | 75,779,417 | 2,346,505 28 forise ]
16,150 756,679 | 85,168,556 [ 3,251,544 10 4+ M A
18,933 530,624 | 0,540,044 | 4,142,159 | ' 468 m-,‘” 000
17,876 486,637 | 75,591,256 | 5,234,475 14 - ] 426,000
25,476 552,575 | 78,536, 5,947,383 ot us'm . 236,000
4,027 1095 | 54,960, 5,765,317 i+ b3t 940,000
53,577 569,753 | 58,897,311 | 5,467,967 g8 8] 430,000
59,875 788,872 | 61,850,734 | 8,455,841 159! 756226 430,000
527,987 | 62,186,447 | 12,612,295 4 1,011,180 000,000 630,000
42,388 | 420,755 | 65.970.350 | 14,932,799 + 13161 3,481,610 430,000
y 9 0, 8. 315,895 | 70,336,574 | 12,673,688 8 ,-m~“',3 1,488,742 430,000
1911 I107I4s0 | J30weidet | Teion | awioee | selladient | 101S100 049 | 1368:274 | 14.051.648 | e’ 000
1912 12,991,913 | 222,113,218 086,286 | 243,614 | 68,019,208 | 8,535,174 ‘624 l'ul'u: ::“’;:m 4200,000
- ——— - - —— _— - v ’ . . 0 ‘m 000
Total .| 91,616,808 | 2,820,426,549 747,933 | 23,051,003 | 1.492,378,967 (119,022,121 22,30 g =~ '
‘ o L el | 9:106,327 | 10,255,909 | 4,913,017 | 752,000 (4,808,715, 214
Norar Ih Canada the unit I is one barrel of 35 Imperial gallons; the gallon oot 27727 cuble inches, while
Nore: In C the unit for measuring oil is one barrel 5 Imperial gallons; the galloo contal 727 cul i
inches to the gallon. The Imperial gallon is therefore about 1-S larger than the Awicri an don, slthough the barrel at :.:ms:ﬁ-& :"""“m:n"'h‘lr .nl 231 cubic
- per cent,




1859
1860

1861
1862
1863
1864
1865

1566

1
1
1

1886

1887

1888

1889

1890

1891 3
1892 2
1893 2
1894 1
1895 1

|

1896 2
189 1
1898 1
1899 1
1900 1
1901 1
1902 1
1903 1
1904 1
1905 1
1906 1
1907 1
1908 16
1909 1
1910 [
191 L
1912 [

Total |7




Productic of 42 gallons.

Pennsyl- [ | |
Vear. | vaniaand | Ohlo. | | [gyigiana United Total value.
i New York. v | States.
————— - - —_— !
|
1859, .. .| 2,000 2,000 $32,000
1860. 500, 500,000 | 4,800,000
1861 2,113,609 . 2,113,609 1,035,668
1862, .. | 3,086,690 3,056,690 3,209,525
1863, 2,611,309 2,611,309 8,225,603
1864, 2,116,109 2,116,109 20,896,576
1865, 2,497,700 2,497,700 16,459,853
1866. .. .| 3,597,700 3,597,700 13,455,398
1867, .| 3,347,300 3,347,300 8,066,993
1868, 3,646,117 3,646,117 13,217,174
1869 4,215,000 |. 4,215,000 23,730,450
1870 5,260,745 |. 5,260,745 20,503,754
1871,...| 5,208,234 5,205,234 22,591,180
1872, .| 6,293,194 6,293,194 | 21,440,503
1873.. .| 9,893,786 9,893, 7 8,100,464
1874. .. |10,926,945 10,926,945 12,647,527
1875....| 8,787,514 8,787,514 7,368,133
1876. . ' 8,968, 90¢ 31,763 9,132,669 | 22,982,822
1877..../13,135,47 29,888 13,350,363 | 31,788,566
1878, 15,163, 46. 38,179 15,396,868 18,044,520
1879, .. [19,685,17 29,112 19,914,146 | 17,210,708
1880 . . .|26,027,63 38,9490 26,286,123 24,600,638
1881, ..|27,376 33,867 27,661,238 | 23,512,051
1882, 130,083 39,761 30,349,897 | 23,631,165
1883 . (23,128,38 47,632 23,449,633 | 25,740,252
1884 123,772,206 L, 081 24,218,438 20,476,924
1885, |20 M 21,858,785 19,193,694
1886, , 28,064,841 | 20,028,457
1887, 28,283,483 856,606
1888 27,612,025 | 17,950,353
1889 35,163,513 6,963,340
1890, . 45,823,572 | 35,365,105
1891, 54,292,655 | 30,526,553
1892, 50,514,657 | 25,906,463
1893 48,431,006 | 28,950,326
1894 49,344,516 | 35,522,008
1895, 52,892,276 | 57,632,296
1896, 60,960,361 | 58,518,700
1897 60,475,516 | 40,874,072
1898 |15,948, 464 55,364,233 | 44,193,350
1899, |14,374,512 57,070,850 ,603,
1900, ... |14,559,127 63,620,529 | 75,752,691
1901, 1 08 69,389,194 | 66,417,334
1902, 1,014,23 88,766,916 | 71,178,910
1903, 20,480, 28¢ 100,461,337 94,094,050
1904 8,876,6) S X 101,175,455
3 1905, 6,346, 660 134,717,580 84,157,309
o
3 1906, 14,787,763 126,493,936 | 92,444,735
2 1907 1207, 448 1095, 120,106,749
1908 10,858,797 178,527,358 129,079
§ 1909 10,632,793 183,170,874
¥ 1910 9,916,370 200,557,248
1911 8,817,112 | 9.%0,720,420 | 220,449,391 | 134,044,752
; 1912 68,969,007 (12,15'209°439 | 122,113,218 163,802,334
: - B o oo s
‘f Total. [736,205,411 [415,444,184 12383 087,170 | 2,820,426,549  2,337,934,607
HERRRERED IR
.
i
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TABLE 11.
Production of Petroleum in the United States, 18§-1912, by years and by states, in Barrels of 42 gallons.

@ Includes th

ted.

e ndu:t.hn of Michigan.
& Includes wotr' of Oklahoma.
€ l‘:t‘dudrd with Kansas,

Kentucky ‘ "
Ohio. I California. and Colorado. | Indiana. [lligols. Kansas. Texas. | Louisiana.
llll!m I
— ——-—A‘——— — —— ! -
..... ’ $32,000
4,800,000
- 7 1,035,668
3 D : 3,209,525
2 ' o Vo ndnl 8,225,663
2 syl o 20,896,576
2 o . 16,459,853
3,507 | [ 13,455,398
3,347, | | 1066,
3,646 . | 13,217,174
4,215, 23,730,
5,260 20,503,754
5,208 22,501,180
6,293, 1 21,440,
9,89, 18,100,
0,92 { 12,647,527
8,78 1368,1
,96¢ 31,763 12,000 1982,822
3 u 13,000 + 788,566
116: 38,179 15,227 20
168! 29,112 19,858 | 1210,708
,02 38,940 40,552 | 8
37 33,867 99,862 23,512,051
105 39,761 128,636 |. . 631,
12 47,632 142,857 4,155 25,740,252
772, 90,081 262,000 4,148 20,476,924
77 661,580 325,000 5,164 19,193,
1,782,970 377,145 | 4,726 20,028,457
1,022,632 678,572 4,791 8,856,606
0,010,868 690,333 5,096 7,950,353
12,471,460 303,220 5,400 400 500 | 6,963, 340
458,208 |16, m 656 307, 6,000 900 1.200 5,365,108
36 (17,740,301 323,600 9,000 615 1,400 30,526,553
16,362,921 385,049 6,500 b1 5,000 25, 463
16,249,769 470,179 3,000 400 18,000 . 28, 326
16,792,154 705,969 | 1,500 3 300 | 40,000 2,369 35,522,008
19,545,233 1,208,482 | 1,500 4 W00 | 44,430 3,455 57,632,296
u 941,169 1,252,777 | 1,680 4 250 | 113,571 2,878 58 709
13003 o3l | '3n 4 S0 81, 3,650 40,874,072
2,257,201 5,568 3 30 | 71, 5,475 |. 44,193,359
ll |n |os 2,642,095 18, 280 3 360 9, 5,560 |. 64,603,004
,uz, 4,324,484 62,259 4 200 5,450 75,752,691
21,648,083 8,786,330 | 137,250 5,757, 2% T 66,417
10 (21014231 13,984,268 | 185.331 7,480, | 18, 6:253 | 5ak.6i7 IR
, 450, 2 24,382,472 ss» znb 9,186,4 1 8,960 7,711 94,694,050
18,876,631 16494, 11,339,124 | 2 11,542 | 2,958,958 101,175,455
16,346, 660 39.407478 [1,217.591 10,964,247 | 181084 | 2 8,454 | 5,910,416 | 134,717,580 | 84,157,309
14,787,763 X 33,008,598 (1,213,548 7,673,477 ' 4,3974050 |52 9 077,528 | 126,493,936 444,735
12,207, 4296 (39,748,375 5,128,037 |24,281(913 2,409,521 |1 wo.m 166, ﬂ! 335 120,106,749
10,858,797 44,854,737 3,283,629 33,68{238 |1 801,781 |1 5,788,874 | 178, !H.ll& 129,079,184
IO.NI 793 55,471,601 2,296,086 308981339 |1,263, 764 Jll” 531 | 183,170,874 128,328,487
9,916,370 73,010,560 2,159,725 |33,143262 ll.ln.m 6,841,305 | 200,557,248 | 127,899,
8,817,112 81,134,391 1,695,289 '31,317}038 1,278,819 10,720,420 | 220,449,391 134,044,752
48,969,007 86,450,767 970,000 |25,001{308 [1,592,7 0.363,439 | 330010, 00 163,802,334
415,444,184 542,887,881 8,008,961 | 100,532,249 m!ll‘u '49 422978 63,087,170 | 2,820,426,549 | 2,337,934,607







)

39

There are no reliable statistics of production in Canada
prior to 1886, but the following are the estimates of parties inti-
mately connected with the industry:

TABLE 111,

Production of Crude Petroleum in Canada from
1862 to 1885.'

Years
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873

Barrels
11,278
82,814
90,000
110,000
175,000
190,000
200,000
220,000
250,000
269,397
308,100
365,052

Min. Rev, U. S, 1887, pp. 456-8.

U. S. 1907, p. 86,
U. S. 1909, pp. 88-90

Geol. Survey, Canada.

Years
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885

Barrels

168,807
220,000
312,000
312,000
312,000
575,000
000
,000
,000
,000
, 000
,000

i ©

NN NN W
U N S~

The following figures of production of the entire province
are given in reports of the Geological Survey of Canada prior
to 1908, and in the reports of the Mines Branch, Department of
Mines, since 1908:

Year

1886
1887
1888
1889

TABLE 1V

Production, Value, and Average Price Per Barrel of
Petroleum in Canada, from 1886 to 1912, inclusive.

Quantity-Barrels'

584,061
525,655
695,203
704,690

Barrels 8f 35 imperial gallons

Value

713,695
053,600

Average Price
Per Barrel.
S 0.90
0.78
1.02%
0.92}



10
Year Quantity-Barrels' Value Average Price
Per Barrel

1890 795,030 902,734 1.18
1891 1,010,211 1.33%
1892 084,438 1.26}
1893 874, 1.09}
1894 835 1.00%
1895 726,138 1,086,738 1.49%
1896 726,822 1,155,647 1.59
1897 709,857 1,011,546 1.42}
1808 758,301 1,202,020 1.40
1899 808,570 1,151,007 1.48%
1900 013.498 1 867 1.62
1901 756,679 | 820 1.62
1902 530.624 190 1.79}
1903 186,637 1,048 974 2.15%
1904 552 5 984,310 1.78
1905 634 095 856,028 1.35
1906 3 761,760 1.337
1907 788,872 1,057,088 1.34
1908 527,987 102 1.41}
1909 120,755 604 1.33
1910 315,895 1.23
1911 201,096 1

1912 243,614 1.42

' Barrels of 35 imperial gallons

[he production prior to 1895 was sold at prices established
by the Petrolia Oil Exchange—now the producers make sales
direct to the refiners

In the following table will be found a statement of the
production of petroleum from each producing state of the United

States from the year 1859 to and including the production of the
vear 1912







TABLE V

Producers of Natural Gas in Canada.

ARRANGED

(From lists in the office of the Division of Mineral Resources and Statistic

Name of Company Address
Maritime Oil Fields, Ltd Moncton, Box 196.
St. Hyacinthe, Que.

The Canadian Natural Gas (
The Provincial Natural Gas and Fuel
Co. of Ontario, Ltd
Bertie Natural Gas Co.,
Empire Limestone Co
Niagara Nat. Gas and Fuel Co,

Niagara Falls

Ridgeway

| Buffalo, 4th and Virginia
Ltd. Sherkston

Ltd

Humberstone Mutual Nat. Gas and
Fue Tumberston

The D B al Gas ¢ 842 M Bk. Bid

F. R. Lalor

J. J. Lawson
Buffalo and Dunaville Oil and Gas Co

l)wmnnllr

Canboro Nat. Gas Co., Ltd Canboro
Chippewa Oil and Gas Co. Tavistock
Moote, Melick and Lymburner Canboro

. K Dunnvill
Melvin G. Hast and ¢
Aikens, Beck and Lalor Dunnvill
F. L. Snively '

The Midfield Nat. Gas Co. Hamilton, 32 Stinson
Caanfield Natural Gas Co., Ltd Canfield

Azoff Gas Co., Ltd. ®

Sundy Gas Well Co. Dunnville

Port Maitland Nat. Gas Co. Port Maitland

The Dunn Nat. Gas Co., Ltd Dunnviile

The Eastside Gas Co.
Jas. S. Jones. .
Lalor, Aikins and Smxlh

Port Maitland

Dunnville

The Home Natural Gas Co., Ltd Hamilton, 18 Cottage Ave
The Aldrich Gas and Oil Co., Ltd -

David E. Hoover Selkirk. .

D.E.and A. E. and M Hoover Rainham Centre

D. Kindy and Sons. ..... Selkirk

Kindy Gas Company . .. Rainham

North Shore Gas Co., Ltd. Hamilton, Bk of Hamilton Bldg
Fisherville Gas Co. hmﬂk

National Gas Co., Ltd. Centre.
The Producers Natural Gas Lo Ltd. Buffalo, 842 Marine Bank Bldg

The Holmes Gas Co., Ltd. Selkirk. ...
Port Colborne—Welland Nuun.l Gas

Biiie sonssarsonaansveaiassr Port Colborne. ..
Lime and Cement Works. Hamilton.......
J. E. Hoover Selkirk, Box 18..
Lalor and Vokes Dunnville
Nanticoke Natural Gas Co., Ltd. Cheapside. .

M. Wederick = .

Regal Natural Gas Company Hagerwville. . ..

Cheapside Natural Gas Co., Ltd. Cheapside. .......
. Selkirk. .

Nanticoke. . . .

Buﬂdo. 842 \lnnm Bank Rldg

Walter B. Lamb.
Eaterprise Gas Co., Ltd.. ..
The Norfolk Gas Co., Ltd.
Port Rowan Natural Gas Co.

- . -

h Western Gas Co., Ltd Pa., 611 Masonic Temple

an

Blanll»n.l sosee

Standard Natural Gas

The Onondaga Oil and Gas Co.
Telephone City Oil and Gas Co., Ltd.. .
Commonwealth Oil and Gas Co.....

The Crystal Oil and Gas Co., Ltd..

|Hamilton, Iﬂ! Bay N

Brantford, 116 Dalhousie
Cainsville.
Onondaga.
Hamilton. . soss
- -|Caledonia. R.R. No. Z cesse
-|Brantford, 17 Albion
Chatham, 40 Fifth St.

Oxford Oil and Gas Co., Ltd. ...
The Medina Natural Gas Co., Ltd.
The Union Natural Gas Co. of Canada.|

Sl io o b wonnbone asa I.N'unnl-‘llh
The Canadian Gas Co., Ltd. |
The Beaver Oil and Gas Co., Ltd.s. . [Bnndcd 664 Market
The Maple City Oil and Gas Co., Ltd. ‘suu.uo 842 Masine Bank Bidg
Glenwood Natural Gas Co., Ltd. |

Ol Springs Oil and Gas Co., Ltd.
William Hawkin. . .. |Warwick
Corporation City of Medndm Hat \ledxune H.: Mu
Canadian Pacific Railway

Medicine Hat Brick Co., Ltd.... ... !
The Alberta Rolling Mills Co., Ltd.. . . |
Redcliff Brick and Coal Co., Ltd. . . J
|
|

Redcliff, Alta.
The Redcliff Light and Power Co., Ltd.| » E
Dominion Glass Co., Ltd...
Redcliff Rolling Mills lnd Bolt Co..;
Led. I . -
Canada Cement Co. |Montreal, Herald Bldg
Dunmore Dev. Company, Limited Medicine Hat, Alta
The Can. Western Nat. Gas L. H. and
P. Co., Ltd [Catgary. Alta.

Town of Bow Island
Irvine Light and Power Co.
High River Oil and Gas Co., Ltd
The Calgary Pet. Producer Co.,
Lacombe Brick and Tile Co.

Bow Island, Alta

Irvine, Alta.

Calgary, Box 18
Ltd.|Calgary, Alta...

Municipality of Tofield
Municipality of Vegreville z
Athabasca Natural Gas Co., Ltd. . . [‘

|

Tofield, Alta.
Vegreville, Alta...
Athabaska, Alta

"Present address, 842 Marine Bank Bidg., Buffalo, N.V.

ACCORDING TO PROVINCES

AND COUNTIES

cs, Mines Branch, Ottawa)

No. of Producing

Location of Wells Wells as om
Dec. 31, 1913
Albert co., N.B., Stony Ck. Dist 3
St. Hyacinthe co., Que., St. Barnabé 1
Welland co., Ont 212
. Bertie tp n
. Humbersto: 17
. - “ IL4. 5 ¥
1
( and 43
'
H 32
and Haldimand ¢ ‘
Haldimand, Norfolk, Elgin, Lincoln, and Went
worth cos. 406
Haldimand co., Moulton tp. s
- - 3
. s
. Canboro tp. 1
2
10
17
. Chayes Bl '
Walpole n
Cayuga North 7
. . 3
. . - sue | 1
. 2
- Dunn tp. . | 1
. . 16
. - | 4
“  and Sherbrooke | 16
. Oneida tp 4
“ Rainham tp. 10
- . 8
- » 7
- - 3
9 . | 14
" i e | 2
- = and Seneca tps. | 72
. . and Walpole tps.... | 80
. ® T eveine | 30
| e Seneca tp.; also Brant co., Onondaga
| tp. U 25
= Seneca tp. 24
| Walpole tp. 6
s - 1
= - 2
- 1
) - 4
» ' 3
- - 14
| . - - n
Ik jorfolk co., Middleton tp. (Dcini) vesn °
. Woodhouse tp. (Pt. Dover). ...... ; 1
| » Walsingham tp. (Pt. Rowan and St.|
| Williams) 10
Brant co. 4
3 = 12
j o - [ 4
- e | 2
e - -
) - s
i - - | 1
- b 3
| = - 2
| . Tuscarora tp. 1
|Oxford co., East Zorra tp. 3
Illnn co., Bayham tp. 18
Kent co., Romney, Raleigh, and Tilbury E. 88
./Kent and Essex co., Romney, Mersea, and Gos
field S... 20
Kent co., Romney . oo 14
| 2 Romney and Tllbury tp‘. 3
lamb(on co., Euphemia xp. . 2
Warwick tp., Emmoul Rd., 1L 7
Medicine Hat, Alta., Tp. 12 1n
. “ (2 Caristadt Tp. 15 Suffield
(1) Tp. 14 4
Medicine Hat. . 1
- - PRp— 1
Redcliff, Alta., Tp. 13.., 2
| - ¢ = ‘
. - - 1
i, - T ve 1
|Medicine Hat, Alta., (6 mi. south). Tp. 12 (Drilling)
Dunmore, Alta. 1
Bow Id. (16) Tp. 10, Brooks (2) Tp. 18, Dunmore
Tp. 12 19
Bow Island, Alta (Drilling)
Irvine, Tp. 11, R. 2 . .
High River, Alta. Tp. 19, R. 28 1
2
|Lacombe, Alta. Tp. 40. R.27 eaiis
Wetaskiwin, Alta. Tp. 46. R.24......... 1
Tofield, Alta. Tp. 50. R. 19 (Drilling)
Vegreville, Alta. Tp. 52. R. 14 1
Athabaska, Alta. Tp. 66 (Drilling)

Representative or

Manager
A. Crichton
D. A. Coste, Supt

A. H. Kilman, Secy
J. N. Morris, Asst
B. F. Mathews, Pres

Treas

L. R. Sayder Treas
O. P. Miner

Th Iter
Pl

Secy
s. Coi Mgr
Pr
Alair, Secy

Mgr

D
C. E. Stevle
Art. J. Devlin
H. E. Arderlay, Secy

Jesse Kittinger, Pres.
N. R. Teeft, Secy.-Treas
A. E. Ratz, Secy
Robt. J. Melick
W. J. Aikens
w. 1

Mer
Thompson, Secy

Walter Armstrong, G
W. M
Wm. Thompson

Jas. Ralton and Bennett
Ed. Martin.

W. J. Aikins.

W. J. Alkins.

Robt. H. Foster
W. Aldrich, Mgr.
J. A. Norrington

Josiah Kindy.

S.C. Macdonald, Sec.-Treas
Chris. Held.

R. F. Miller, Gen. Mgr.
Art. J. Devlin, Agent.

W. C. Holmes, Secy.

Geo. H. Smith, Secy.-T
Jas. Marshall, Hamilton.

H. E. Arderlay, Secy.
S. A. Thompeon.

Howard Hager.
Geo. E. Pond.

Ast. J. Devlin, Agent.

Art. J. Devlin, Secy.-Treas.
J. S. Owen, Secy.-Treas.

W. J. Aikins

Jus. C. Spence, Secy.-Treas.
B. Forsayerth, Secy.-Treas.
Geo. Schuabel, Pres.

Jas. R. Inksater.

Alf. J. Wilkes, Secy.

M. Westcott.

|
3. J. Howey.
W. C. Ryan, Mgr

|
|D. A. Coste, Secy.

|

|W. H. Beamer, Pres.

:F. M. Lowry, Gen. Mgr.

A. W. Parks, Pres.

|J. W. Craft, Supt., Box 265

[R. S. Winter, Gas Inspector
|A. P. Pashouse, Secy

|J. L. Pollock, Pres.

|E. R. Sellhorn.

|H. O. Wheeler, Secy

l(koA Lydiatt.

|sohn Husband, Mgr
H. L. Doble, Comptroller.
W. T. Black.

Eug. Coste, Man. Dir.
W. A. Bateman, Secy

S. W. Arbuckle.

|Geo. E. Mack.

|A. W. Dingman

W. L. Crane, City Eng
|L. B. Browne, Secy.

. P Rrows

J. W. McMullen
H. R. Pozer, Secy.
|A- A. Greer, Pres

. Qe

Sec
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NATURAL GAS.
Canada.

The preliminary report on the mineral production of Canada
for 1912, published by the Mines Branch, Department of Mines,
states:

“While the production of petroleum has been declining,
the output and use of natural gas has been steadily increasing.
The southern portion of Ontario has for many years been the
principal source of gas, but the Albert County field in New
Brunswick is now an impertant producer, while large develop-
ments are taking place in Alberta with such a rapid increase
in output of gas that this Province may soon take first place as
a producer.

“The total production of natural gas in Canada in 1912
was approximately 15,286,803,000 cubic feet, valued at $2,362,700,
and includes 12,529,463,000 cubic feet in Ontario, valued at
§2,036,245, and 2,583,437,000 cubic feet in Alberta, valued at
§289,906. New Brunswick production was 173,903,000 cubic
fect, The production in 1911 was reported at 11,644,000,000
cubic feet, valued at $1,917,678, including 10,864,000,000 cubic
feet in Ontario, valued at $1,807,513, and 780,000,000 cubic
feet in Alberta, valued at $110,165. These values represent
as closely as can be ascertained the value received by the owners

or operators of the wells for gas produced and sold or used.
The values do not represent what consumers have to pay since
in many cases the gas is resold once or twice by pipe-line com-
panies before reaching the consumer."”

The following table gives the value of natural gas produced
in Canada each year since 1892, by Provinces:




»
i
12
12
TFABLE VI
Value of Natural Gas produced in Canada, by Provinces,
1892-1912.
Total (
Year Alber ta Ontario. | Canada oy
Kir
1892 $150,000 $150,000
1803 238,200 238,200
1894 204,179 204,179
1895 282,986 282 986 >
1896 276,710 276,710 I
1897 308, 448 308, 448
1808 301,599 301,599
1890 140,904 140,904
1900 302,823 302,823
1901 342 183 342,183
1902 195.992 195,992
1903 185,675 196,535 202,210
1904 a74,852 253,524 328,376
1905 a63 085 316,470 379,561
1906 as0,077 533,446 583.523
1907 ab8,533 746,499 815,032
1008 24 0M 088,616 1,012,660
1909 61,722 1,145,307 1,207,029
1910 75,168 1.271.303 1,346,471
1911 110,165 1,807,513 1,917,678
1012 a326,455 ). 036,245 2,362,700
Alberta and other
The first year in which records of natural gas were kept was 1892,
ltaly
I'he icrwvista Minerario gives the production and value of s
2 ght
natural gas in Ttaly from 1903 to 1912, as follows o
IF'ABLE VI {
Production and value of Natural ( n Italy, 1903-1912.
Year Quantity (cubic meters) Value
1903 2,255,596 §$15,024
1904 2.551,396 16,715
1905 3,002,000 19,310
1906 5,723,469 32,394
1907 5.710.000 32.279
1908 6.737.500 33 .809
1909 8,268,000 42,287
1910 8,840,000 73,301
1911 9,021,000 74,174
1012 Not available Not available
e R —




ol

The annual report of the British home office gives the
statistics of the production and value of natural gas in the United
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United Kingdom.

Kingdom for the years 1902 to 1912 as follows:

Production and value of Natural Gas at Heathfield, (1)

Year
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912

IFABLE VIIL

England, 1502-1912.

Quantity cubic feet Value
150,000 S$146
972,460 944
774,800 754

(h) (c)
(b) (c)
b) (c)
(b) (c)
256,800 (c)
262,000 (c)
221,400 (c)
(d) (c)

(a) Heathfield in Sussex county

(b) None reported.

The railway station at Heathfield, however, is
lighted with it, but the quantity is not ascertained.
(c) Not stated,
(d) Not available




TABLE IX.
Distribution of Gas consumed for industrial purposes in the United States.!
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1B. Hill. The Production of Natural Gas in 1912.










TABLE X
Value of Natural Gas produced in the United States. 1882-1912, by States.

‘ | 0
STare. 1 1882, 1 1883, 1884, I 1885, | 1886. | 1887, ! 1888, 1 1889 I 1890. ’ 1891, l 1892, | 1893, ‘ 1894, 1895, l 1896, | 1897 ‘ 1898, x 1899, 1900, 1901, | 1902 i 1903, 1904, | 1909, \F 1910, J 1911 1912,
R D] R S RN (e BN IS S SR el e Y J, o e SN i & e, ‘ L e i [ ‘_ T AL 2
V 1 | |
Penusylvania $7s, lll»t'oﬂ ‘“"' 100, 000] ", 5“3 m $9.000, ‘n"l‘ 749, Sml.l‘l 2"2 375 811,593,989 $9,551,025| $7,834,016| $7, 376 281 $6,488 000 $6, 17‘0 (ll) $5,.852, (XX) $5,528,610, $6,242,543 $6,806,742 $8,337,210,$10,215,412/$12,688, 161,814,352, 183 810, IU‘ BJJ}‘"‘ 139, ‘ilO ‘l\l,lv?,].‘b $18, ‘*N 245/818, KO‘ 156819, 104,944 820,475,207 .)I 0s7,211 96, $18,539 672
New York 210.000 33 ! 332 ‘(I)I S‘(',OZG 552,000 280, 210,000 56,000| 200, lnb 229,078 294, | 335,367 10.‘ 3 346,471 3, 686 52 623,25 1,795 66,1 959,280, 1, 678, 2,343, J’V
Ohio lm m 400, 1, llli 000 1,500, (“ll 5,215,669 4,684,300 3,0i6,325| 2, I.‘O 000 1,510,000, 1, 176 100 1, 155 7(1) 1,172,4000 1,170,777| 1,488,308 1,866,271 2,178%,234] 2,147,215 2,355,458 4 ‘79.0‘0 s, Jl‘ ‘M 5,721,462) 7,145, m ',11'.”1 8,244,835 11,891
West Virginia 60, 000 120,000, 120,000, 12, 5,400| 35,000| 70,500 123,000 395. 100 .uuo ,lllll M ‘!! 1,334,023 Z.JJ5,I(M l.\H'l_lUl 3,954, 141' 5 ]"0 lﬂll 6,882,350 8, IIC 249! 10,075,804| 13, 7‘! NJ 16,670,962] |‘,u7.|n 33, J‘“ “ll
Hlinois | 200 4,000 l 10,6’ 6, 6, 000 12,988 L, 000, 15, 7, 500! 375 £, 000/ o 2,06 L 700 3.3 4.7 7. 43,5 446,077 lo. 7
m.fm} 600, (l!)l 1, JIU 000 2,075,702 2,302, 3,942,500 4,716,000/ 5,718,000 5,437,000/ 5,203,200/ 5, Ol.\ 1635 5,000,208, ¥ X 6,680,370 7,254,539 'IN 566 7 ()lll Nl 6,008, 3 4,342, 3,094,134 1, 1“) 7|5 1,572,605 1,312,507 1,014,295
Ansas 6,000 ., 1 15,8 12 5,500 40,795/ 50,000 86,600 112,400, 750| 105, 700¢ 174,640 JJ!.SV.’i .Q(I')‘ 659,173/ B24,431] 1,123,849 1,517, b‘] 2,261,836/ 4,010,986/ 6,198,583 7,691,587 4,336,635
Missouri ’ | 35,687 1,500| 3,775 2,100, 4,500 3, 500 W) S0 290{ 547 l.Jl!l 2,154 7.0 6,28 7,390 7.) 0 17, 23.”3 11,576
California. 12, 30,000 55,000 62,000| 60,350 55,000 S‘,M] 50,000/ 65,337 86,801 79,083 67,602 120,648 104, 5. 114, |°.§ 133, 134,560 168,397 7,652 1,134 45
Kentucky. 38,993 43,175 68,500, #9200, 98,700 ¥ 90,000/ 103,133 125,745 286,243 270,871 365.356] 390, .ml 322,104 237.200| 287,501 380, l76 424,271 7,909
BONPEIND 4 ¢vsi5x s wtleniavenslascanmon]iarsamemsnlooancanoneferconsonss slizivanasnsadisnscannaned] R e g [ seovnzzrandloss 1 300 300 300/ 3
SIS 50 05 Tn 0 scom10 00 huio s s e nisflbiss sisikon] way sraae s olaansualins b s vadsesnsinlvitssniies dhesend soinevall  BiIE I ce 100| 50| 50 20 765 8,000 20,000, 18,577 14,953 13, ISI 14,082 14,409 3 sepzsrssalvesesaseiss 1,405,077
Alabama. | | ) .|} is0,608| 178,276 """ 236,837 1,747,319
louisiana oop galeveeseesy salevnssosssaslsivosses sallenvscess . . 1,500 . slesocces e sssnsess S0 v s
Arkansas ‘ 250 100| 100| 100| 100, 00| 40 E 2,460 6,515 21,135} 14,500
Wyoming R . ' 228 2sd 126,582 164,930 309 816
| olorado l ssesnsennelbsnceisronalenssvasnis 12,000/ 7,000 4,500 4,000, 3,300, 1,480, 1,500, 1,500/ 1,900, 14,140 ll.m 20,752 12,800
Utah . 500 20,000, 20,000 15,050 7.!75| ....... . ‘ 2 2 sF 0400 satesasloserssseaialoatil esslesccssenssallocccesarsss gaes
o YRR MR et MARensN] teb b RN IORASHEGN MR M1 il e AR AN el R e o sasfesase i . \ 3,500 9,817 7,255 10,280 10,775 12,215 15,200, 15,400 19, 500! 24,400 o402
North Dakota ! foveosssasesfoces * | ssasaleassregugailosser y sxailsonng 3 235 2,480/
Indian Territory ) 360 1,000 49,605 130,137 259,862 47,221 860,159 7,334,599
Oklahoma | snee ’ . ives B Blsireassenilissssesssasalesvasessvai
Uregon., . | | 93! 120
lowa. .. | 1,470
Michigau VieNaNes e .
Other 140, IIIII 215 Jw,mi 32, uuu, 15,000, 50000 1,00 I;SI 1,000 (Il)l 250, M‘ 200, u\n l(ll 000 50,000, 50, 000, 50, III) 20,0 20,000/ seeesssse .o veal | | .
‘.’l‘ 000 “: ,m“l 460,000 'l 557 2, Wl‘ls 5'7 S00 $22,629 875821, 107 W)!.l! 792, 7151.|\ 500, Dl“ ll‘ N70 7| IC J“l 150‘.[‘ 954, “NJ.IJ L0006, 050 ‘IJ u(u 5]1 .I\ 820,422/815,29, l(l.‘“lll O74,873823,09%8 674 l.'r"llﬂlp.(nﬂ.w.l(ﬂ.lelt.“.l(”.loﬂ,u!,m."w‘“l.561.8!5 m.l?].o.‘]lm.lll.m $54,640,374 m.m.“|l.7o.7”.|!l| ‘7‘.¢2|.S~|CI‘ $54, 563,087







CHAPTER IL

PHYSICAL PROPERTIES OF PETROLEUM.
COLOUR.

The colour of a crude oil is usually taken by reflected
light, although where the oil is translucent the colour by trans-
mitted light is usually recorded also.

Colour by transmitted light: While most crude oils are
opaque, except in very thin layers, when they are brown, many of
the thinner grades of Pennsylvania oils and oils lately found in
Alberta vary in colour from a pale straw to various shades of
yellow, red, brown, and deepening shades of brown to black.

Colour by reflected light: Crude oils have usually a green
cast by reflected light. Otherwise they vary in colour from
yellow to black—the same as when seen by transmitted light.
The greenish colour by reflected light is an important character-
istic of crude oils. It is a case of dichroism, differing from the
bluish florescence of refined oils. It is frequently a convenient
means of distinguishing between crude oils and those which
have been manufactured.

Dark crude oils can be deprived of their colour by filtration
through Fuller's earth or clay. This is probably what happens
in earth where white oils are found.

White oils are not common in America, but are sometimes
found. Some cases have been noted in the Los Angeles field,
California, which had a specific gravity of 0-810; some in the
Placenta Canon district, California, which had a specific gravity
of 0-740; some at Butler, Ohio, with a specific gravity of 0-7407.

There are black oils in Mexico, Wyoming, Texas, etc. One
Wyoming oil had a specific gravity of 0-966.

The following is a table showing specific gravity, flashing
point, and the colour of various Canadian oils, taken from Sir
Boverton Redwood's Treatise on Petroleum, Volume One:




46

Physical Properties of Crude Petroleums in Canada.

_ Flashing |
Specific | Point |

Locality Gravity [(AbelTest.)| Colour
¥ |

Canada: | |

Petrolia . 0-858 Dark brown
New Field 0-840 | Below 60° | Reddish brown
Gaspe—1 180 | Brown
2 65° Brown
3 (2,057 feet) 54° Dark brown
4 (906 feet). . | 90° Dark brown
5 280° Black
6 I 210° | Brown
7 Brown
8 104 Brown
9 Brown
10 (2,361 feet) 16 Brown
1 60 ‘ Brown
12 (1,946 feet) 1837 Brown
3 20
14 Below 0
New Brunswick—1 10
2 Below 50° | Reddish brown
3 95
1 84°
5 Below 60° | Dark reddish brown

ODOUR

Oils from various regions are so well distinguished by
odour, that it is frequently quite possible to note the origin
of an oil in this way. Thus, the Pennsylvania oils have a peculiar
odour deseribed as gasoline odour.  On the other hand, the oils
of California, while having much less odour, have an aromatic
smell somewhat like that of coal tar oils.  The oils of Texas and
Russia smell very much alike, and it is easy to detect an odour
similar to oil of cedar in the petroleum from the East Indies.
Frequently these characteristic odours are clouded by the strong
disagreable odour of hyvdrogen sulphide.  Other organic sulphur
ble character to the odour

compounds give a peculiar, disagree
of much of the oil from Ontario which is like that of the oils of
Ohio and Indiana
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In order to determine the characteristic odour of an oil,
three samples should be prepared in narrow bottles, carefully
stoppered, and half filled with the oil.  The oil is shaken vigor-
ously so as to impart its odour to the air above the oil in the
bottle and, if this gives the odour of hydrogen sulphide, five
cubic centimeters of a fairly strong solution of caustic potash
should be added and the oil shaken until the odour of sulphide
of hyvdrogen disappears. In the case of many of the California
oils, the shaking with caustic potash solution will give an odour
of pyrridine. In a second sample, the odour should be noted
after similar treatment of five cubic centimeters of dilute sul-
phuric acid.

SPECIFIC GRAVITY

All varieties of petroleum are lighter tuon water, except
when  contaminated with  finely suspended  mineral matter;
therefore the specific gravity, i.e. its weight, compared with
water as one, is expressed as a decimal ranging usually
between 0-780 and 1:0.  Petroleum lighter than 0-780 is rarely
found. More commonly, the specific gravity of petroleum
ranges between 0-85 and 0-94. It becomes denser on exposure
to air.

On account of the inconvenience of using a decimal fraction
as an expression of specific gravity, another system is used —the
Baume scale which, while entirely arbitrary, is very convenient,
The standard hydrometer scale is known as the specific gravity
scale, and has as its initial point distilled water, which on the
scale reads 1:000 or 1,000, It is divided decimally above this for
liquids heavier than water and below for liquids lighter than water;
all oils come under the latter.  If an oil is 25 per cent lighter
than water, it will therefore read 0-750 specific gravity; 15 per
cent lighter than water 0-830 specific gravity, ete.  This scale
is used by the oil trade in England, France, Germany, Austria,
and in fact nearly all of the continental countries. The oil
industry in this country, however, has adopted and always used
a scale known by its author's name, the Baume or Beaume,
both spellings being extensively used.
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Antoine Baume first published his table for liquids lighter
than water about 1768. He derived his values from solutions
of salt and water, and as his methods were what would now be
known as crude, his errors were so large that an exact duplicate of
his original solutions is impossible. Since the appearance of
this first table there have been some fourteen different tables, all
by good authorities, each known as the Baume table. Lately
the United States Bureau of Standards has adopted the follow-
ing relation of Baume scale to specific gravity: If 140 is divided
by{the specific gravity of the liquid taken at 60° and compared
with water at 60° and 130 be subtracted, the result is the cor-
responding number of degrees Baume or

140 .

Degrees Baume = =130
- . . 60
Specific Gravity
60

The following table shows the specific gravity of the liquid

and the pounds in a gallon for eac h’degree Baume
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Equivalents of the Baume Scale and Specific Gravity,
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The most practical instrument for testing the specific grav-
ity of an oil is the hydrometer, which is undoubtedly familiar to
all interested in the testing of oils. For the benefit of any who
are interested in this subject and have not had actual use of the
instruments, we will describe a hydrometer as an instrument
composed of a long cylindrical body with tapering ends; on the
upper end is mounted a stem, which stands at right angles to the
diameter of the body; this stem contains the scale showing the
gravity readings. At the lower extremity of the body is attached
a small bulb or body, containing a weighted substance, usually
mercury or lead shot, and adjusted so as to make the instrument
float with the stem always perpendicular to the surface of the
liquid. Hydrometers are nearly always made of glass, although
there are a few metal forms on the market, and are made either
with or without a thermometer placed inside the body, in the
latter form enabling one to take the exact temperature of the oil
at the time the gravity test is being made.

The important features in the handling and use of the
hydrometer are: always have the instrument clean, as dirt will
cither weigh it down or buoy it up; see that the surface of the oil
is free from dirt, dust, and air bubbles, and do not force the in-
strument down or allow it to sink more than an cighth or at the
most a quarter of an inch over the point at which it will float, as
the oil clinging to the stem will give it extra weight and cause
inaccurate readings. With ordinary care in making the test, a
hydrometer will give readings of the highest accuracy.

FRACTIONAL DISTILLATION.

While separation of oils into their individual constituent
hydrocarbons is possible, it is never carried out, and the
oil is separated merely into such portions as will best fill the
requirements of trade, which in the past have been simple.
These requirements depend chiefly upon the boiling point
(volatility) of the products. Thus internal combustion engines
require oils (grouped as naphtha, benzine, gasoline, motor
spirit, etc.) which will easily vaporize and mixing with air ex-
plode easily in an automobile cylinder. Illuminating oils require
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that these explosive portions shall be removed so the oil will
burn safely in lamps.  Again, lubricating oils must be still more
difficultly vaporized, so that by separating the oils into these
three classes each one is better by being separated from the
other

The tables above show that oils ‘with low specific gravity
have correspondingly low boiling points, for members of the
same series.  When the crude oil is heated the most volatile oils
are first to distil over.  They are condensed by cooling and run
into tanks by themselves as naphtha or crude gasoline until the
gravity of the succeeding distillates shows that they are free
from gasoline and safe for lamps. These are separated as “burn-
ing oil distillate,”” until the specific gravity becomes too heavy
for the oils to rise freely in a wick, and the next products are set
aside as gas oils because too thick for lamp oils and too thin
for lubricants. The distillation continues at progressively high
temperatures until various grades of lubricating oils have been
distilled off and only a small percentage of coke is left in the still

In examining a specimen of crude petroleum it is customary
to distill 100 cubic centimeters in a glass flask of special dimen-
sions, and at a specified rate heating prescribed by Engler and
Ubbelohde and described in the rules offered by the Interna
tional Petroleum Commission  With American and Canadian,
and most other petroleums, the distillate distilling over below
1507 centigrade is taken as naphtha, and that between 150° and
300°? as crude burning oil for lamps—with some Roumanian and
other petroleums the burning oil fraction must be limited to
250°C. Higher products detract from the good quality of the
oil.

By so distilling an oil a fair idea may be obtained as to what
it will vield in a refinery, although by redistillation and the use
of steam, much better separations can be made

VISCOSITY
The viscosity of oils increases as the specific gravity in-
creases. It is measured by the time of flow of a given quantity
through a small orifice in one of several types of viscosi-
meters. It is of value in determining the facility with which
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the oil can be pumped with or without heat through pipe lines.
There is no dividing line between thick viscous oils and Maltha
Brea and soft asphalt. The viscosity of paraffine oils usually
increases quite rapidly with the lowering of temperature on
account of amorphous wax contained.

The relation between Engler and Saybolt viscosimeters,
which are frequently used in the examination of petroleum
products, is thus given by Dr. S. W. Stratton, Director of the
United States Burcau of Standards:

If E,=time in secs. for outflow of 200cc with Engler

S - a ' 60ce ' Savholt
then E =5, |

I
and S,= "

F

where the conversion factors F have the values given in the fol-
lowing table

E. S, F
Secs. Secs. Conversion Factors
65 37-8 1-72
70 417 1-68
80 50-0 1:60
90 58-1 1-55
100 66-2 1-51
125 86-2 1-45
150 106-4 1.41
175 1259 1-39
200 146-0 1.37
2400 1765 1:36

Example 1. Suppose the observed time of outflow of 60ce
with the Saybolt Universal viscosimeter was 1000 scconds.
The conversion factor corresponding to S, = 1000, taken from the
above table, is about 1:365. Hence the corresponding Engler
time is 1000 > 1:365=13635 seconds

Example 2. Suppose the observed time of outflow of 200cc
with the Engler viscosimeter was 185 seconds. The conversion

P
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factor corresponding to E, =185, taken from the above table,
is about 1-38. Hence the corresponding Saybolt time is

.. =134 seconds.

1-38

The above table was found to hold for all the oils tested
ranging from light machinery to heavy cylinder oils, and at
all temperatures, 70° to 210° F. The table must not be used
below E, =65 seconds, as none of these viscosimeters are adapted
to low viscous oils, as e.g. illuminating oils.

In the use of the Engler instrument, the so-called Engler
numbers are very often used instead of the time in seconds.
The Engler number is the time of outflow of 200cc of the oil
at the test temperature divided by the time of outflow of 200cc
of water at 20°C.  With Engler instruments, having the standard
dimensions specified for these instruments, and in which the
variations do not exceed the specified limits, the time of outflow
of 200cc of water at 20°C is between 50 and 52 seconds

Example. Suppose the observed Engler time (for 200ce of
oil at the test temperature) is 1000 seconds, and that the time
of outflow of 200cc of water at 20° has been found to be 51
seconds. Then the corresponding Engler number is

100
1:96
ai
The above conversion table is given for the time of outflow
of 200ce of oil, which is the standard method of using the Engler
instrument. When viscous oils are tested at low temperatures,
however, the time consumed for the outflow of 200cc is very
long. The test can be very much abbreviated by observing
the time of outflow of 50cc or of 100cc and multiplying by a
suitable factor to reduce to the equivalent time for 200cc, in
the way explained by Holde in his book on “Untersuchung der
Mineraléle und Fette,” 2nd ed. 1905, published by Julius Springer,
Berlin.
A very complete investigation of the effect of small varia-
tions in the standard dimensions of the Engler viscosimeter
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is given by Meisener!. The same author has also published
a paper in the same journal for January, 1912, giving the results
of intercomparisons of one Universal Saybolt, one Redwood,
and two Engler viscosimeters, with formula for reducing to
absolute viscosities in dynes per square centimeter.

COEFFICIENT OF EXPANSION.

The coefficient of expansion of petroleum and its products
varies not only with the density but with the locality from
which oils are obtained. The following table, published by Dr.
C. Engler® shows the coefficient of expansion of oils from various
localities:

Coefficients of Expansion of Crude Petroleum.

Coefficient of | Specific Gravity
Origin expansion at ? °C
< 1,000,000 | % 1,000
Pennsylvania 840
Canada 843
Schwabweiler (Elsass) 843
Virginia 839
Schwabweiler (Elsass 858
Wallachia, 808
Eastern Galicia 813
Rangoon 774
Caucasus 817
Western Galicia 775 |
Ohio 748
Baku (Benkendorf property 784
Oedesse (Hanover) 772
Pechelbronn—Pit oil 792 |
Wallachia 748 |
Oberg (Hanover) 062
Weitze (Hanover). ., 647

!Chemische Revue Uber die Fett-und Harz-Industrie, Heft 9, seite
202-200,

eitangew. Chem. xxi, 1585-1597 (1908) Jour. Soc. Chem. Ind. xxvii, 643.
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Hofer! gives the following co-officients of expansion for

various oi

Relation of Coefficient of Expansion to Specific Gravity.

Origin

West Virginia (White Oak)
(Burning Spring
Pennsylvania (Oil Creek)
Canada
Burma (Rangoon)
Russia (Baku)
Eastern Gallicia
Western Gallicia
Rumania (Ploiesti) 1
(Ploiesti) 2
Italy (Parma, Neviano de Rossi)
Hanover (Oberg)
Elsass (Pechelbronn)
France (St. Gabian)
Zante

OPTIC

Al

Al

Density
1,000
at

0°( 50° (
873 853
841 808
816 784
870 851
892 861
054 0920
870 830
855 852
862 829
901 869
809 772
944 914
912 880
804 861
952 921
TIVITY

Coefticient of

Expansion

100,000

The optical characteristics which are of value in connexion
with the study of petroleum are:

Index of Refraction;

Petroleums from different fields vary
in their refractive indices, and a study of this property is of
frequent value in identifying the source of crude petroleums.
The following table, taken from Redwood, shows the relation
of specific gravity to refractive index, in various petroleum

derivatives from different localities:

Refractive Indices of Petroleum Distillates.

FRACTION
140°-160

Sp. Gr. Ref. Ind.

Tegernsee

7465  1-427
Pechelbronn (Elsass) 7550 1421
Oelheim (Hanover) 7830 1-435
Pennsylvania 7550 1.422
Baku TR0 1436

' Das Erddl, etc., 1888

FracTion
190°=210

Sp. Gr, |Ref. Ind

07840
07900
0-8155
07860
0-X195

1:437
1-440
1-450
1-430
1-454

Fracmion
240°-200°,

Sp. Gr. Ref. Ind

0-8130
0-8155
08420
0-8120
08445

1-451
1:454
1:468
1-454
1.467

Sp. Gr. |Ref. Ind.

0
0
0
0
0

8370
8320
8620
8325|
X640/

Fracmion
200°-310°,

465
462
450
163
475
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Optical Activity.—It has been found that many varieties
of crude petroleum show double refraction. They usually
rotate the plane of polarization to the right but many authorities
have found a number of varieties of crude petroleum optically
inactive while a few, particularly those in the East Indies, rotate
the plane of polarization to the left. The optically inert petro-
leums are usually light paraffin oils from which various bodies
known to be optically active have been removed by the natural
process of diffusion and absorption. Just, as with the index
of refraction, this variation in power to rotate the plane of
polarization (polarized light) is useful in deciding upon the place
of occurrence of crude petroleums

THE CHEMICAL COMPOSITION OF PETROLEUM.
GENERAL COMPOSITION

I'he varieties of petroleum found in different oil fields
over the world are so different in  their general com-
position as to present really almost continuous gradation
from oils containing hydrocarbons of the paraffin series
(with the general composition C H,, ;) through the many series
of hydrocarbons to oils which consist almost entirely of liquid
asphaltum. Nevertheless, the predominance of one or another
series of hydrocarbons in each field makes it possible to give a
rough classification of the oils from different regions.

NATURE OF BASE.

The difficulty in refining oils which contain asphaltic
bodies has led to a common division of petroleums into
those which contain paraffin hydrocarbons alone—so-called
‘“paraffin base” oils, and those which also contain asphaltic
material—so-called *“‘asphaltic base' oils.

HYDROCARBONS.

The oils which were first carefully studied were found in
Pennsylvania and West Virginia, and were shown to consist
chiefly of the members of the paraffin or methane series.
Almost all the members from CH, (gaseous) to Cyy Hes (solid paraf-
fin wax) were found. The study of Russian petroleum showed that
this oil, while containing the paraffine series of hydrocarbons,




”
<1

also contains another series called napthenes which are hydro-
gen addition products of the benzol or aromatic series. An
examination of the oils from the Gulf region of Texasand Louisiana
showed the presence of small proportions of these same napthenes
together with a considerable proportion of asphaltic bodies, but
again containing a large proportion of paraffin hydrocarbons
and even paraffin wax itself. A study of California oils showed
that, while containing the same series of hydrocarbons found in
Russian, Pennsylvanian, and Texas oils, also contain consider-
able proportions of the benzol or aromatic series. The examina-
tion of oils from Borneo and Sumatra brought to light still other
hydrocarbons in addition to the ever-prevalent members of the
parathn series

The following table gives a list of the individual hydro-
carbons which have been found in petroleums in Canada:

Canadian Hydrocarbons which have been identified.

Specific Gravity

Formula Joiling Point at 20 ° (
Ci2Ha, 216

CisHae 228°-230 08087
Cy4Has 141°-143 50mm 0-8096
CyH 159°-169° 50mm 0-8192

st in Petroleum.

Individual Hydrocarbons known to e

Prof. Hans Hofer states that members of the following

groups of hydrocarbons have been identified in petroleum

Hydrocarbons

CoHa
5 ("
CoHia
CaMlin.4

~ o~~~
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Cn H;n+, Hydrocarbons.
Com Spec Refra Boiling | Pressure | Melting | Authority
posidon Gravity Inde Point Point
Cillislso 0 760 mn Mabery
CiH,:Nor. 0-6250 25/25 363 s Young
0620610 /4 .
0-6454
* Iso 06392 2795 | 711 mm
Ce¢HyNor. | 0-6771 6803 “
I ¢ 0:-6730 61-00
C:HieNor 98- 40
Iso 06969 0 4 00 30
CiHNor 0-7188 20/20 12500 760 mn
Iso 07190 119-50 Mabery
CyH s Nor 15100 i
CypHesNor. 0-7479 103-164
- Iso 0-7467 173-174
CuHoyy 0-7581 * 196197
CisHyeNor. 0-7676 * 114-216
CisHay 0-7834 1-451 226
CiH 0-7814 1-436 236~-238
CyH 0-7896 1.4413 | 256-257
Ciellyy 0-7911 1-4413 274-275
Cy:H 0+ 8000 1-4435 8K~ 289 10
CuHl 0-8017 1-440 300-301 ¢ 20
CyHy 0-8122 1-4522 | 210-212) 50 mm | 33—34
CuHu 230-231 “ 10—4
CasH 4 0-7796 15 240-242 “ 34
CuHea 07900 60 258261 3 45
CaH 0-7902 272-274 & 48
CuH 0-7941 IR()-282 o, 53—54
CuHs 0-79 202204 ‘ 38
CyH 0.7992 70 328-330 0
CsH 07945 310-312 : ol
CaHes 0-8005 75 342-345 O%
CyuH 0-8000 80 3006- 308 ¢
CyuH 0-80052 IR0 -384
Monocyclic Polymethylenes—Cn Hyn.
Composition Spec Boiling | Pressure Au-
Gravity Point thority
CsHis Penthamethylene 0-70000 04 50° 760 mm Young
CsHy2 Methylpentamethylenc 0-7660 04 72 s
CeHy2 Hexamethylene 0772204 806
C;Hyy Dimethylpentamethylene 0:7543 20 /4 94
C;Hyy Methylhexamethylene 07964 20 /4 102
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Hydrocarbons Cn H;n.

Spe Refract Boiling
Composition Gravity Point
CuHe 124 20/20
CaHe )-8262 1454 10-242
CyHe )- 8569 1-4714 1538-260
CaHy ) 08 1 6 274
CuH 580) 1-4725 ()

Hydrocarbons Cn H,n —,.

CuHs 8688 20/20° 1-4722 20()-204
Culse )- 8694 1-4800  310-312
Napthenes from Petroleum.
Formula Formation and Occurrence Boiling Poir
(
CeH s Hexahydrober Kijner o9
Russian petr
CiHye Hexahydrot el )
Russian petrole
From the prodt dry d
colophony ) )8
CsHye Hexahydro xylen
Wreden 115° to 120
Russian petroleu Wreden 122° to 124
From colophony 120° to 123
CiH Hexahydromesitylene (Bayer) 135° to 138
Hexahydro cumene
(Knowaloff 135° to 138
From petroleum 135° to 136
Hexahydropropylbenzene
§ (Tchitchibabin 1407 to 142°
CuHay Dodecahydroronaphthalene
(Wreden 153° to 158
From petroleun 160° to 162
From petroleum 168° to 170°

0.7
0.7

Au-
lority

50 mr \labery

50 ) Mabers

Grav

15
8073 to 0-814—
15
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Napthenes from Petroleum (continued.

¢
Formula Formation and Occurrence Boiling Point | Spec. Grav
( (
15
From menthene 168+5” to 170" 0-797
15°
From terpene hydrate 168:5° to 1707 |0
0
From camphor (Starodubsky 167° to 169° 0-8114
0
0
T'etrahydroterpene (Orloff 162° to 167° 10806
0
16
CuH From petroleum 179° to 181 08019
10
18-4
Ciallyy From petrole 197 0)-8120
10
1806
CuHl 240° to 241° |0-8215
10
18-8
CuH 246° to 248 0-8210
10

OCCASIONAL CONSTITUENTS OF PETROLEUM

While petroleum, when pure, consists of various com-
pounds of carbon and hydrogen, it frequently contains
in solution other compounds of carbon, hvdrogen and
nitrogen, or carbon, hydrogen and oxygen, or carbon, hydrogen
and sulphur, and besides it contains sometimes hydrogen
sulphide or elementary sulphur in solution. The nitrogen
present varies from 0-2 to more than one per cent. High per-
centages have been found in California oils. Of these oils, the
nitrogen compounds are usually easily removable by sulphuric
acid, and some of them have been isolated as alkaloidal bases.
These alkaloidal bases are particularly evident in oils from shale
where the distillation has been carried on in an atmosphere of
hydrogen, and especially under pressure.

Sulphur exists in petroleum in the three forms already men-
tioned—these are hydrogen sulphide, free sulphur, and organic
sulphur compounds. The oils of Mexico contain much sulphur
in solution and in the form of hydrogen sulphide, and this is

i
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true of the oils in the Gulf region of Texas and Louisiana. Sulphur
is comparatively easily removed by distillation, and this is true
alsowith thesmaller percentages of sulphur found in California oils
The sulphur in the oils of Lima, Ohio, and in the corresponding
limestone oils in Ontario is present, however, in the form of
organic sulphur compounds which distil over, particularly in
the burning oil fraction, and are removed with great difficulty,
the successful method consisting in exposing a large surface of
copper oxide to the vapor of the oil during the distillation, by
this means the sulphur compounds are broken up with the form-
ation of copper sulphide from which copper oxide can easily be
regenerated and used repeatedly. A considerable percentage
of sulphur is a frequent characteristic of thicker asphaltic oils.
Sometimes the sulphur is partly replaced by oxygen. The per-
centage of sulphur in the so-called sulphur oils usually varies
between 0-5 and two per cent, but oils have been found in Mexico
containing more than five per cent of sulphur. It is, however,
more difficult to remove sulphur from Ohio oils containing not
more than 0:6 per cent than from Mexican oils containing four
per cent.  The sulphur petroleums in Canada contain more sul
phur than the Ohio oils.  Maberry found 098 per cent of sulphur
in addition to that present as hydrogen sulphide. Maberry and
Quayle! separated the following sulphur compounds from Cana-
dian petroleums

Sulphur Compounds Boiling Point
C;H,S il 73
CsH,S 7 81
CyH S 97 98
CyH S 110°—112
CiHaS 114° 110
CiHpS 129°—131
CuHuS 1687170
CisHseS 108 200

These boiling points are all at a pressure of 50 mm.

ournal Society Chemical Industry 1000, p. 5035
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The substances thus far mentioned as accompanying petro-
leum are such as will not settle on standing or can not be filtered
from the petroleums. Ordinarily many of the varieties of petro-
leum contain mineral matter in suspension, and this increases
as the oil increases in viscosity. The percentage of clay which
can remain suspended or emulsified in an oil seems to depend
on the proportion of water. If the water is removed, the clay
will settle out—vice versa, if the clay is removed the water will
likewise settle out.

ANALYSES.

It is unfortunate that so few analyses are existent of Cana-
dian oils. In the early days some of the refineries and other
companies had analyses made, but it was thought that they
were of no particular value and the principle was largely dis-
continued. Few of the analyses are now available. Some
of the old analyses are reported in the chemical dictionary
published by Lippincott and referred to in the British Encyclo-
padia, 9th Edition.

In general the oils in Nova Scotia and New Brunswick are
associated with thick beds of shale and consequently nearly
free from sulphur and asphalt. They consist chiefly of paraffin
hydrocarbons rich in gasoline, lamp oils, and paraffin wax and are
associated with large supplies of natural gas which is likewise
quite pure methane.

In Ontario, on the other hand, the oils are associated with
limestones, and are characterized, as at Petrolia, by sulphur
compounds including hydrogen sulphide which smells so strong
that it can be recognized throughout the field. The crude petro-
leum contains less illuminating oil than Pennsylvania crude oil
or than the Canadian oils farther east, or those near Calgary in
Alberta. The Ontario oils are rich in lubricating oils and show
good yields of paraffin wax. The Lambton county oil is dark
brown in colour and has a gravity of 31 to 35 Baume. Its sulphur
content is much higher than in the United States; the latter
containing seldom more than 0-55 of sulphur, whereas the Cana-
dian oil runs as high as 2} per cent, making refining difficult except
by the most modern methods.

The following table shows the yield of crude oils from
various fields:—
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TABLE

Analyses of Petroleum from various fields.

PHYSICAL PROPERTIES. DistiLaTioN BY ENGLER'S METHOD.

Unsaturated
hydrocarbon:

BY VOLUME. (per cent

Dept! Gravity at % ¥ 3
o [ t 8 i
LOCATION Well Begins 5 ¥ ¢ REMARKS.
foet 1o To 150° C. 150°-300°C Residuum Total. & £ ¥
Colour Odour boil L - - N e
at H b v
o Specific | Specific Specitic £ ] g 150
Specific. | Baum é C.C | gavity, | C€.C. | gravity C.(C gravity X i s Crude. | 300
ada
dntario. Lambton County
1 R580 3.0 2.50 57.50 . @40 .00 100.00 eincludes 4.08°; coke.
2 1235 35.80 8200 | ad8.70 97.00 300 alncludes 43.7%% lubricating oil
54 coke and loss.
3 20.0 50.00 | 8370 | @30.00 100.00 olocludes 2.2 lubricating ol
| % tar, coke and loss
‘ No. 1 8470 8.75 48.00 42,75 99.50
5 No. 2 7950 22.10 | 34.30 042 .80 99.20 alnclud ‘oke.
« No. 3 s280 15.90 41.30 adl %0 99.10 | eincludes 1.4% coke.
United States
Pennsylvania | L
1 Perry County—Millerstow 07900  47.2 17.00 | 0600 | 43.00 | 0.7650 40.00 100.00 Percentages 17, 43, 40 are ap
proxin
8  Venango County 8820 28.7 | Dark brown 8.55 042,78 b48.67 100,00 a150°-270° C.; bIncludes loss and
Kentucky- | water
9 Allen County—Petroleun: 810 | 8490 | 34.9  Brown Like Pa. o n 12.50 7373 41.00 | 8144 45.30 | 09162 98,80 3.65 | 2.10 | Trace 18.8 7.0
West Virginia
10 Ritchie County 1,850 | 7977 45.5 | Dark ct 03 17.00 7265 | 42.00 770 | 40.9%0 8485 99.90 5.8 00 5.6 4.0
n Wood County 3s0 sis0 30.0  Dark un. 165 . 16.00 8356 | 2.4 N872 Vs w0 S Much. e 50
Ohio-
12 Morgan County—Milner pool 325 4“0 7 14.50 7137 38.50 15 | 43.60 8669 96.60 5.36 0 11.6 5.0
Fairfield County— Eremen pocl 2,462 8.4 | Medium green o8 15.00 7036 | 40.00 L7698 42.00 8557 97.00 5.33 00 | None. 6 “n
Northwestern Ohio—Trenton limestone 9.0 15.00 ... 33.00 . | stee o6 ;
1llinoie— |
15 Lawrence County—Bridgeport Twp 1,700 289 38.9  Dark greer Sulphur 73 12.00 1230 35.00 874 ®.20 96.20 “n Trace
Indiana—
16 Vigo County—Terre Haute 8790 9 s 39.60 8254 ©0.40 100.00 300°-350° ( w. g
Kansas— 0.867; 350 { 6
&1, 0879
17 Allen County—Chanute pool 804 31,9 Dark grees 109 5.00 7350 36.00 7993 | s57.80 9223 98,80 4.25 1.23
Oklahoma
18 Creck County—Glenn pool 1,500 8459 35.5  Black 108 8.50 7566 42.00 8001 49.90 9032 | 100.40 6.98 4s
Texas
19 Hardin County—Sour Lake pool 1,020 9352 | 19.7  Dark green.. . Sulphur 170 23.00 K750 76.70 9569 99.70 ) 0 9.6 1.0
Louisiana |
20 o Parish 1,620 | .8723 | 30.5  Black 210 28.00 8299 69.50 #805 97.50 1"
21 ion County, Texas (Caddo poc - 2,300 506 43.6  brown Like Pa 100 6.00 1305 50.50 1646 2w 8739 99.40 02 12.8 5.0
Californ
2 hr-nuu.unu Coalings 959¢ 16.0 | 14.50 85.50 100,00 9.50 Flash point 120°
3 8459 | 35.5  Greenish 33.06 29 57.85 8608 9.9 100,00 Combustion gives carbor: 56.24%
| 0%, bromine
' Kern County—Kern river 9673 "7 Black 1L o289 Lo 100.00 21.28 3 * C. w
tllnll 48.13%. Bt ou 10, 1
| iscosity at 15.5° C.~274.35;
at 85° C.~3.15
Los Angeles Co.—~Los Angeles city 1,060 | 9706 14.2 26.30 8852 73.70 100.00 1 25.30 Gravities at 15* C. 300° C. to
anphalt, 44.2%. Calorific value
| ¥ c. c., 10,013, Viscosity by
edwood viscometer over 1,500
| | at 150°
- Newhall district., 8107 | 42.7 | stoo| .m0 4300 8333 | 6.00 100.00 . 150°-270" C.; above 270° C., 4%;
loss 2%.

i ’ 662 9474 17.8 | 120 7% 40.20 8723 5860 100.00 22.70 00° Co to t, 34.8%
| | Gravities at 15° Calorific
| | | value per c. c., 9,911, Viscos-

ity by Redwood viscometer
| | 1,355 at 150° C.
$ - Whittier field. . N o806 | 19.0 | 5.00 | 420,00 |.... 75.00 100.00 g 37.00 a130-270° C; ,above 270° C, 38%
Maumene 335, Nitro-
gen 0.609; u\l at IV' C.
a Harbara Co.—Santa Maria field 1,600 LU .6 25.9%0 7460 30.00 | L8409 “so|.... 101.00 S 12,00 hv-vme- at 15* C, 300* C, to
| | asphalt; 29.7%. Calorific value
‘ | | per_c.c., 9,364, Viscosity by
Redwood viscometer, 90 at
15° C
0 | 1) 12.00 76.00 e ies 100.00 16.00 No temperature given. Gas oil,
Colorado | 10%, lubricating oil, 50%,
31 Mesa County 150 | 8345 | 37.8 | Yellow | Aromatic 145 1.00... 42.00 $6.50 | 99.50 19.65 124 | 40
2 Fremont County—Floreuce 2,455 8750 30.0 . . 122 1.50 |..... 7.0 70.20 | | 8.7 0.3 .
Wyoming— y
33 Fremont County—Lander field 965 9126 23.4 | Dark brown 108 | 1.%0 | 24.00 3.9 99.40 90 | 1104 8.0
34 Natrona County—8alt creek 8563 | 33.5 | Dark green 126 1.00 ‘ . 36.00 62.4 | 99.40 5.63 0 1 40
tah— |
35 San Juan County—Goodridge 225 8363 37.4 | Black 90 10.00 i 38.00 51,60 | 99.60 .3 Trace.
New Mexico— |
3 ud Count: —D-vm pnnl . | o4 0109 23.7 | Black | Sulphur 142 1.00 ’ | 31.00 8417 | 68.10 | | 100.10 00 SB% feesnnis 5.6 14.0 | aNot determined
a y ..... ' . No. L. @900 | 260 |.... v 1900 ... Ju‘w! ........ | 2.0 .. 100.00 “ aSp. gr. at about 28* C. bin-
} ‘cludes 34% lubricating oil and
| | | 8% residue and loss.
38 fesbebuassnsnnsinnen No. 2. a89%0 | 2.0 A | w0k 38.00 | 84250 |.... 100.00 . aSp. gr. at about 24° C. bln-
| | | cludes 36.5% lubricating ofl
| and 6% residue and loss.
O s TR o555 4 0 i 0 nib A | 8480 350 | 2500 § [ ns | are .. . 31.00 | aLubricating oil
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TABLE XII

Analyses of Natural Gases from various fields.

CONSTITUENTS.
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CHAPTER III.

NATURAL GAS.

GENERAL COMPOSITION.

The gaseous members of the petroleum series are referred
to as natural gas. Practically all oil pools contain the gaseous
members dissolved in the liquid portion and usually under such
high pressure that large quantities of gas are thus stored. In
drilling into the deposit, if the highest point in the oil reservoir
is tapped, the gas is liberated and a gas well is obtained whereas
if the reservoir is tapped farther down the slope of the dome or
anticline in which the oil is stored the pressure of the gas above
presses out the oil inside, and an oil well is the result. It is this
gas pressure which causes the oil to flow into wells, and produces
flowing wells, and even the oils that are pumped owe their produc-
tivity to the pressure of dissolved gas which forces the oil slowly
through the porous rock into the well cavity. Occasionally dry
gas is obtained—that is gas which is not connected with any oil
pool. Such gas can be distinguished from the gas from oil pools
because it consists chiefly of methane, the first member of the
series, and is comparatively free from the higher members such as
ephane, propane, butane, pentane. The latter are vapours which
are easily condensed under pressure and cold to produce a very
volatile grade of gasoline known as natural gas gasoline.  Natural
gas is very commonly found issuing in sufficient quantities to be
dangerous in coal mines and occasionally in mines of other
minerals.

In composition, natural gas—from whatever source it
is obtained —is to a large extent methane, the porportion of
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this frequently reaching 95 to 98 per cent, while the remainder
is ethane, nitrogen, ete., as shown by the following analyses:-

Canadian Natural G

), 416, 1894
M ra

In the above analvses methane is not distinguished from its

higher homologues ethane, propane, et in the last three it

was found that the amount of these homologues was small,

certainly less than 1 per cent I'hat the higher hvdrocarbons
are not alwayvs so low is shown by Burrell and Seibert

Jour
Amer. Chem. So

1014, 1538); they made a complete analysis
of Pittshurgh natural gas by means of fractional distillation at the
low temperatures attainable by the use of liquid air, and obtained

the following results g
Methane 84-7¢,
Ethane 9.4,
Propanc 3:-0°,
Butane 1-39
Nitrogen 1:6°

Stansfield and Carter have examined a Canadian natural

gas from the Dingman well, Calgary, in which there were present
considerable quantities of higher

hvdrocarbons; 1 litre of the
gas at N.T.P

was found to contain 0-565 grams of carbon and )




0-175 grams of hvdrogen: if the gas were all methane the carbon

hydrogen ratio would be 2-98, if it were all ethane the ratio
would be 3:97. The actual ratio of this gas was 3-23, which
shows that it was similar to that examined by Burrell and Seibert
for which the ratio was 3-24 (calculated from above analvsis

The so called “wet™ natural gases contain higher percentages of
ethane, propane, et ind correspondingly less methane than
the “dry" gases

15 in other

Some further analyses are given of natural

countries
1
I 1 ) f
( " ( 0 ‘ i
I ) 1 ( 1l 0
( )
Bibi- Eit 100 0 ( H
1 )
H
f M 1 I
\ Cl J 16, 41¢
So 190
1911

In Kansas a natural gas well has been found which consists
largely of nitrogen while, on the other hand, manv gas wells
especially those connected with a large petroleum supply, are

largely made up of gasoline vapours—so as to be largely con
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densible into natural gas gasoline.  Various methods have been
given for the analysis of natural gas to ascertain the quantity
of natural gas gasoline which can be extracted under pressure
and cold. The simplest of these is to pass the gas through an
absorbent, such as a heavy petroleum, and note the gain in
weight, or to afterwards distil off the gasoline absorbed by the

heavier material.  More direct and, perhaps, more satisfactory
methods consist in the actual condensation of the gasoline by
means of pressure and cold. Where liquid air is accessible,
condensation by this agent is most satisfactory.

SWAMP GAS.

In many stagnant pools, bubbles of gas are noticed
frequently in considerable quantities. This gas, if collected,
usually burns although sometimes the quantity of nitrogen
and carbon dioxide prevents. In many places where large
quantities of vegetable matter, trees, ete., are buried fifty
or a hundred feet underground, as on the sea coast or any flood
plain of a large river, wells drilled into this vegetable mass yield
swamp gas under considerable pressure.  Notable examples of
this are on the west coast of Washington and Oregon and in
Louisiana near the mouth of the Mississippi river. In the
latter place, gas sufficient for lighting several houses has been
obtained for years. This gas can be readily distinguished from
the usual deep-seated natural gas by its odour of decaying
vegetable matter whereas in some cases dryv natural gas has no
odour; however in the far greater number of cases it has the
odour of gasoline or crude petroleum.

Frequently natural gas is largely contaminated by hydro-
gen sulphide, as in Mexico,

In the limited amount of gas which is found in the Petrolia
field, Ontario, a considerable proportion of hydrogen sulphide is

present; consequently, the government gas inspector has

notified the company and consumers that gas must not be used
for illuminating purposes in Petrolia, unless it be first purified.
In Chatham and in some other localities purification is accom-
plished by the companies through the use of individual purifiers
in each house,
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CHAPTER 1V,
Geological Occurrence of Petroleum and Natural Gas.

ORIGIN OF PETROLEUNM.
By Marius R. Campbell.

Although petroleum or its residual products have been
known from very early times, little progress has been made in
determining its ultimate source and its mode of origin. It is
true that many suggestions have been made and many hypotheses
have been advanced with great zeal by their originators and
ardently supported by their advocates, vet none of them has been
universally accepted and they have never passed beyond the
stage of theory pure and simple. Most of the theories are
based on chemical evidence and so are difficult to prove or dis-
prove, as Nature in her world-wide laboratory has been able,
in the long cons of time since first the world began, to accomplish
many things that are impossible to the limited facilities and the
short space of time available to man,

Under such conditions the writer prefers to make a simple
statement of the principal theories and of the strongest argu-
ments that have been adduced in their support, and to leave
the reader to select that which seems to him most reasonable
or which appears to fit most of the facts in the field with which
he is familiar,

Many students of petroleum have taken the position that
the ultimate source of the oil and its mode of origin are un-
important to the practical geologist or oil operator, and that
all that is necessary is to understand the forces which have
caused the oil to move in the rocks and the conditions which
have affected its accumulation. It is true that, from the stand-
point of the man searching for oil, these are the important
factors, but can he really be sure of finding an accumulation of
oil without knowing something of the source from which it may
have been derived and the extent of its migration? In many
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cases the geologist can, in advance of exploration with the drill,
point out geologic structures favorable for the accumulation of
oil, but unless there are some surface indications of the oil itself,
he knows no more of its actual presence in the rocks below than
the merest tyro.  He must advise the oil man to test the ground
with the drill to see if oil is present or not, and even then he has
no idea, if the location is in entirely new territory, how deep
he will have to go to make a thorough test. As the geologist
does not know from whence the oil may come, he cannot set a
limit beyond which it is fruitless to continue the search. In
other words, the practice of exploration for oil to-day is largely
governed by chance, but it is confidently believed that much
which is now uncertain could be eliminated were the source of
the oil well known and its mode of origin understood. The
geologist cannot afford to ignore this phase of the question, for
so long as he does he is obliged to confess that much of his work
is unscientific and that the presence or absence of oil in any
locality is, so far as he is concerned, a matter of accident about
which he can only make a guess at the best. Let us hope that
geologists and oil chemists the world over will be constantly
on the watch for evidence upon which to settle this important
question.

Although many theories have been proposed to account
for the origin of petroleum, none have been well established
and consequently public sentiment varies from time to time
regarding them. At one time a certain theory may be gen-
erally accepted, but the discovery of new facts or the appear-
ance of a new advocate may change the tide of public opinion
and some other theory may be the one generally accepted.
Such will naturally be the case until more positive proof can be
obtained regarding the mode of origin that is at present avail-
able, and then it may be found that petroleum has been pro-
duced in various ways and that many of the theories advanced
have an element of truth in them, but that no particular theory
has universal application.

The theories of origin so far propounded may be separated
broadly into two groups: (1) those ascribing to oil an inorganic
origin, and (2) those ascribing to it an organic origin,




(V)
INORGANIC ORIGIN,

I'he theories ascribing to oil an inorganic origin have been
propounded alone by chemists who necessarily know little of
the geologic conditions under which oil occurs in various parts
of the world. So far as the writer is aware, no geologist has
yet publicly advocated such a theory. It would therefore
seem that the geologic conditions do not favour such an hypothe-
sis, else men familiar with them would rally to its support.
This would seem to militate against such a theory, for the true
explanation of the origin of oil must fit all the facts, both chemical
and geologic, and neither set should be disregarded in attempting
to solve the problem.

It seems to be unnecessary here to review all of the steps
leading up to what may be considered the present accepted
version of the theory of the inorganic origin of petroleum. It
was extremely crude when first proposed, but has been modified
from time to time as chemical knowledge increased

T'he first suggestion that deserves the name of theory re-
garding the inorganic origin of petroleum was advanced by the
distinguished French chemist, Berthelot, in 1866. He sup-
posed that the alkali metals, potassium and sodium, exist un-
combined and at high temperature in the interior of the earth.
Whenever water carrying carbonic acid in solution finds access
to these metals a series of hydrocarbon compounds would result.
According to this theory the formation of oil and gas would
take place deep in the earth without the intervention of organic
matter of any kind, and the process, if not continuous, would
be active whenever water penetrated to this part of the globe.

The theory of the inorganic origin of petroleum, in the minds
of most people, is associated with the name Mendeljieff, the
great Russian chemist, who in 1877 advanced the following
theory. He supposed the interior of the earth to contain large
masses of metallic iron and also metallic carbides all at a high
temperature. The contact of water with these bodies would,
according to his theory, generate metallic oxides and hydro-
carbons and thus by these simple reactions petroleum would
be produced. If this is accepted as the true mode of origin, it
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naturally follows that the process is continuous or intermittent
and will continue in operation as long as the supply of metallic
carbides exists. It is true that the rate of production is not
known and it may be much slower than that of the removal of
the oil by the hand of man, but the very fact that the process
must be in a measure continuous would mean that the supplies
of oil though exhausted to-day may be renewed to-morrow, and
thus we are in little danger of a lack in our fuel supply. This is
certainly a most consoling idea, much more so than the advocacy
of a theory which provides only for a stored supply and little
or no prospect of its replenishment, but despite this advantage
the theory has not attracted many adherents, and few geologists
familiar with field conditions have had the hardihood to advocate
it or to apply it in the solution of the problems that confront
them in the practical development of an oil field.

This feeling had grown so strong that seldom was any ex-
planation of the origin of petroleum put forward, except the
organic theory, until 1903 when an ardent advocate of the
inorganic theory, Eugene Coste, appeared upon the scene and
presented a fairly able defense of the theory. He claimed to
have applied the principles of this theory in the practical de-
velopment of several oil and gas fields, and he expressed full
confidence that it applied to all occurrences of such hydrocarbons.
Mr. Coste presented no new evidence and consequently made
no addition to existing knowledge. He attempted to explain
every phenomenon connected with an oil field by volcanic or
solfataric action, but unfortunately most of his evidence was
derived from the reports of others and he was apparently de-
ceived by the term mud volcanoes, thinking them phenomena
of true vulcanism.

If petroleum originated from inorganic material, then it
should have been in the process of formation since the earliest
geologic times and presumably it should permeate the oldest
rather than the youngest formations, except as it has migrated
through the rocky crust of the earth. It should also be found
in igneous as well as sedimentary rocks; in fact, it seemingly
should be more abundant in the former than it is in the latter.
It should be most in evidence in regions of greater disturbance
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and faulting and least known in little disturbed and thick sedi-
mentary formations. Its occurrence throughout the habitable
globe is under conditions diametrically opposed to those which
should prevail according to theory. It is true, however, that
oil has been found in igneous rocks in many places, but the amount
is small and its presence can be easily accounted for on the
assumption that it has migrated from some sedimentary for-
mation which is or has been in contact with the igneous rock.

Some of the phenomena encountered on the Gulf Coastal
Plain in Mexico and the United S
of the oil with salt, sulphur, and hot water, and the presence

ates, such as the association

in many places of dikes and plugs of igneous rock, are puzzling
and may be interpreted as an argument for the inorganic origin
of the oil, but even if this be granted it explains only its origin
in a limited area and the arguments which may be good here
do not apply in the great majority of fields throughout the
world.

THEORIES OF ORGANIC ORIC

Since 1803, when Leopold von Buch suggested that the
bitumen of the Wiirtemberg Liassic shales was derived from
animal remains in the rock, many theories to account for the
vegetable or animal origin of petroleum have been advanced.
As in the case of the inorganic origin, most of the theories have
been put forward by chemists, and geologists have been back-
ward in expressing views upon the subject. This may be ac-
counted for largely by the conditions which prevail in most
oil fields and which do not permit of a close examination of the
oil-bearing strata, at least in the area in which the oil occurs.
It may also be partly explained by the lack of knowledge re-
garding the laws that control the migration of hydro-carbons
through the rocks, for until that question is settled it is extremely
difficult to say where the oils have originated and what were
the conditions surrounding them.

Most of the oil of the world occurs in formations having
a marine origin, and hence it is commonly believed that marine
organisms have supplied the material from which it was derived.
This view has been greatly strengthened by the demonstration
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in 1865, by Warren and Storer, that fish oil on distillation would
yield hydrocarbons similar to petroleum, and by similar though
more claborate experiments along the same line by Doctor
Engler at a later date.

Many chemists and geologists have contributed to the
literature on the subject, arguing for the origin from animal or
vegetable remains, but the name that now stands out most
prominently as having contributed materially to the knowledge
of the origin of petroleum is that of Doctor Engler, although
the names of Potonié, Orton, Pickham, Hofer, ete., are closely
associated with this subject.

The details of the various advances that have been made,
and the names of the scientists to whom credit should be given,
are ably presented by Redwood in his latest edition (A Treatise
on Petroleum,” London, 1913), and by Dalton in “Economic
Geology” (Economic Geology, vol. IV, pp. 603-631, 1909), but
it seems unnecessary here to do more than attempt to sum-
marize the recent and most important conclusions of the men
who have been most active in attempting the solution of the
problem.

Engler's statement of the various stages in the process of
the formation of petroleum from organic matter, as given by
Dalton,' is as follows:

(1) Putrefaction, or fermentation, by which albumen and
cellulose, ete., are eliminated. Fatty matter (and waxes),
with a small quantity of other durable material and possibly
fatty acids from the albumen remain.

(2) Occurs partly during the first stage; saponification of
the glyeerides and production of free fatty acids, either from
action of water or ferments, possibly both. The waxy esters
are either wholly or partly hycrolyzed. The residues from many
crude oils are probably due to lack of completion of thes

(3) CO, is eliminated from the acids and esters, water

> actions,

from the alcohols, oxy-acids, etc., leaving hydrocarbons of
higher molecular weight containing oxy-compounds, c.f. the
intermediate product like ozokerite of Kriamer and of Zalo-

10p. cit., p. 625.




ziecki, who also regarded that mineral as representing an early
stage in the formation of oil.

(4) Formation of liquid hydrocarbons and violent reaction,
with “cracking” into light or gaseous products=formations
of ]n-lruh-um.

He adds, in regard to all these stages, that he is assuming
that time and temperature compensate one another, though
pressure had no action beyond raising the temperature slightly,
and it is in no way equivalent to it. He considers that with
moderate temperatures and pressures oil of intermediate grade
will be found, while increase of either tends to form light oils.
Polymerization and addition products are formed after the com-
pletion of stage 4.

He further suggests that the various hydrocarbons are
formed as under:

Methanes—as direct products from the “bitumen,” that
is, the fats of stage 1 and heavy hvdrocarbons of stage 3.

Olefines—directly formed by splitting up of saturated
chains of hydro-carbons of the paraffin series

Con Hin4 Cn Han+424-Cn Hun
These would afterwards polymerize to form simple methanes,
etc.,, but they are probably partly reformed in distillation,
especially at high temperatures as in the cracking process

Naphthenes—perhaps from the decomposition of aromatic
acids or esters, or from the isomeric olefines under the influence
of heat and pressure.

Lubricants—formed directly from the original fats, at low
temperatures

Benzine, etc.—from the decomposition of the fats at com-
paratively high temperatures.

So far the evidence presented here has been almost entirely
chemical.  Geologists generally have favoured the theory of the
organic origin of oil, probably because in most fields they found
the oil contained in or associated with thick masses of sedi-
mentary rock, fossils of which might easily have supplied the
original material from which the oil was derived, but unfortun-
ately the conditions have generally been such that no positive
evidence could be obtained. The facts, so far as the geologists
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could observe them, were generally interpreted as favouring the
organic as against the inorganic origin, but after all it was a
matter of interpretation or personal bias and had little or no real
foundation. Thus in the great Appalachian oil and gas fields,
geologists have assumed that the great masses of Devonian shale
in which the oil sands are imbedded were the source of the oil,
but even on that assumption they were compelled to admit
migration to its present resting place. The question then
naturally arose, if the oil has migrated from the shale into the
sandstones, what is to prevent its migration from underlying
rocks, and if from underlying rocks, may it not have come
from deep in the crust of the earth? It must be admitted
that while such a migration is possible, it seems like carrying
the movement to the extreme, and few geologists have been
willing to admit even its possibility.

In probably every known field in the world there are fos-
siliferous rocks to appeal to as a source of origin, but the con-
ditions are such that it is extremely difficult to prove such a
source of origin.  The writer is familiar with only one case in
which the conditions are such as to offer almost positive proof
not only of the particular formation in which the oil originated,
but also the kind of organisms that furnished the raw material.
This case is the oil fields of southern California as interpreted
by Arnold and Anderson.! It would be impossible in this paper
to review all of the evidence, but briefly summarized it is as
follows:

Several of the formations in this region are diatomaccous,
in fact, one formation 2,500 feet thick (the Monterey shale)
is made up almost exclusively of the casts of diatoms. The
diatom-bearing formations do not as a rule contain oil to-day,
but they bear inherent evidence of having contained it in times
long past. The oil is now found in sandstone reservoirs, but
only in those that are adjacent to the diatomaceous material
either through faulting, through conformable disposition, or
through unconformable deposition. This association of the
oil-bearing rocks to the diatomaceous shale has been found to

In various bulletins issued by the U.S. Geological Survey.
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hold true throughout practically all of the fields of southern
California and in case the Monterey or main diatom-bearing
bed is barren of diatoms, as in certain parts of the field, the
oil sands cease to follow it, but are associated with another
diatomaceous shale lower in the series. The relationship is
so constant that it has proved to be a reliable guide in new terri-
tory in determining whether or not the rocks contain oil

The writer regards the assumption that the diatoms fur-
nished the original material from which the oil has been found,
so strong that it practically amounts to proof, and offers it as
one case in which the geologic relations point unmistakably
toward the origin of the oil. It seems probable also that in
such fields as theoil shales of Utah and Colorado it may be possible
by geologic studies to definitely determine the kind of material
that furnished the supply of organic matter, and also to locate
its position in the geologic section. It is to be hoped that similar
proofs may be obtained in other fields so that the chemical results
may be checked by geologic observations in order to completely
establish the source and mode of formation of the oil.

Before concluding this brief resumé of the theories pro-
pounded and the generally accepted beliefs of to-day, it is impor-
tant to consider the optical investigations and the light they
throw on this important question.

Although it has been known since 1835 that the polarized
ray was rotated by petroleum, it was not until 1904 that Rakusin
suggested that this property of rotation was due to cholesterol,
an element found only in animal fats. Later, Doctor Lewko-
witsch pointed out that the rotation of the polarized ray could
be produced not only by cholesterol from animal fats, but also
by phytosterol from vegetable oils. On applying this optical
test it was found that many crude petroleums possessed the
rotary power, but that oil derived from inorganic materials
was entirely inactive. On the basis of such tests Dalton' states:
“* There seems to be no reasonable room for doubt that the optical
activity of petroleum is due to cholesterol and phytosterol

Not only do they establish beyond question the organic origin of

10p. cit.
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petroleum, but also since the alcohols in question occur in the fatty
parts of the animals and vegetables, it confirms Engler's hypo-
thesis that these parts play the principal role in the formation
of mineral oils.”  He also concludes his review with the follow-
ing comprehensive statement:  ** One is led, therefore, to regard
the great majority of oils as derived from the decomposition,
during long ages, at comparatively low temperatures, of the fatty
matters of plants and animals, the nitrogenous portions of both
being eliminated by bacterial action soon after the death of the
organism. The fats and oils from terrestrial fauna and flora may
have taken part in petroleum formation, but the principal role
must, from the nature of most petroliferous deposits, have been
played by marine life.”

In attempting to sum up the evidence presented herewith,
and other evidence which the present paper affords no oppor-
tunity to present, three propositions seem to be established.

(1) The evidence available at the present time favours the
animal origin of most petroleum.

(2) A certain amount has probably been derived from the
fatty portions of plants,

(3) The optical and geologic evidence is decidedly against the
inorganic origin of petroleum, but the association of oil and gas
with volcanic features in certain ficlds suggests that there may
have been a relationship of cause and effect in the associated
phenomena.

MOVEMENT OF OIl. THROUGH THE ROCKS AND
CONDITIONS OF ACCUMULATION.

In considering the manner in which oil has moved through
the rocks and the conditions that have led to its accumulation
in the vast pools that have been found by the drill, it is imma-
terial what has been its source of origin or its mode of formation.
Almost all geologists who have written upon the subject are
agreed that, in general, oil has not been formed in the rocks in
which it now occurs, but that it has migrated from its place of
formation.  Whether this movement has been from vents where
volecanic emanations have come up through the strata, or from
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areas in which the oil has been produced from organic matter,
is of little consequence. The fact of prime importance to the
working geologist is that it has migrated from the place where it
was formed and that it has accumulated where local conditions
have been such as to interfere with its further movement. In
most cases migration must be understood as preceding accumu-
lation, but there are apparent exceptions which will be mentioned
later.  According to the generally accepted idea, there could
have been no accumulation into pools without previous move-
ment; therefore the first part of the problem to be considered
is the migration of oil through the rocks, the cause of the move-
ment, and the various geologic conditions that may have affected
it and modified the results.

Migration—There are three forces which, under certain
conditions, tend to produce movement of oil in the rocks. These
are (1) gravitation, (2) capillary attraction, and (3) difference in
specific gravity of oil and water.

Gravitation.—Oil, in common with all other substances,
is affected by gravitation, but as the attraction of gravitation
is the weakest of the forces enumerated above, it operates only
where the conditions are such that the others are inactive. This
is when the rocks are dry and of an open porous character.
As the pull of gravitation is towards the center of the earth the
movement of the oil under such conditions is always downward,
but. its course is probably not direct and the movement is one
of dispersion rather than concentration. This is due to the ready
response of the moving oil to the inequalities and irregularities
of the pore spaces in the rock and to the surface tension of the oil.

Owing to the vicissitudes encountered by the particles
of oil moving alone under the influence of gravity, the move-
ment is weak and probably has played only a small part in the
great migration of oil from its point of origin to the pool in
which it is found.

Capillary attraction.—The capillary attraction of oil is
much more powerful than the pull of gravitation, but it is entirely
overcome in the presence of water by the greater surface tension
of the latter liquid. Therefore capillarity can produce move-
ment of oil only in dry rocks, and as it operates in material
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having extremely small pores, it follows that it is not a factor
of movement in open porous rocks but in fine-grained rocks.
Day! has shown that petroleum will diffuse readily in all direc-
tions through dry clay and shale and that in the diffusion the
oil will be separated into fractions of very different specific
gravities. From this he concludes that most crude oil has been
ditfused through such material and that capillary attraction
is the cause of much of the movement of oil in the crust of the
carth.  Day also proves that moist clay and shale are imper-
vious to oil and hence that a cap rock of such material is the
one best fitted to hold the oil after it has accumulated.

The diffusion of oil through dry shale or clay would seem
to offer a plausible explanation of the manner in which the oil
has migrated across the planes of stratification from its place of
origin. If it originated from inorganic substances then the oil
has migrated upward by capillarity with the porous strata in
which it is now found, and if it originated from organic matter
it passed from the shale in which it originated in all directions
until it found a resting place in a more porous rock.

While this explanation seems plausible it is based solely
upon the assumption that the rocks were dry, else the move-
ment could not have taken place.  As all of the sedimentary
rocks were laid down by or in water it would mean that all of
this original water must have departed before the migration
occurred.  Also if the oil diffused so readily through the dry
clay or shale why should it accumulate in the open porous rocks ?
As the open rocks are bounded by fine-grained rocks, would
not the oil continue to migrate rather than to accumulate ?
It is true that water could be appealed te as one agent for stop-
ping the forward mdvement of the oil, but if water were present
at any place in the rocks, why with its superior capillary attrac-
tion should it not have filled the rocks before the advent of the
il 2

Although capillary attraction is doubtless an active force
in the movement of oil under special conditions, it seems prob-
able that the conditions have been neither sufficiently wide-

'Am. Phil. Soc. of Phil., Proc., vol. 36, No. 154, pp. 112-155, Jan. 1897;
also Am. Inst. Min. Eng. Trans., vol. 41, pp. 219-224, March 1910,
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spread, nor continuous in the past to make it an all-important
factor in the problem of the broad migration of oil. The first step
as stated above is the concentration of the oil in the porous
strata, and in this movement capillarity may have played an
important part. Its migration after it has reached such a
stratum is almost entirely controlled by the water contained
therein, and consequently the great movement of the oil is due
to the next cause.

Difference in specific gravity of oil and water.—As both of
the forces just mentioned presuppose the existence of special
conditions, it is generally agreed that water has been and still
is the great medium for the migration of oil through open porous
rocks.
upward by the pressure of the water toward the surface. This

As the latter substance is lighter than water it is forced

would cause movement up the rise of inclined porous beds that
are saturated with water, but would not produce migration
down the dip or in a horizontal direction.

Recently Munn has argued that movement was not pro-
duced by the difference in specific gravity of the oil and water,
but by a definite circulation of the water itself. The particles
of oil would, according to this hypothesis, be carried along by
the moving water and the direction and extent of the movement
would be controlled entirely by the movement of the inter-
stitial water. This hypothesis, however ingenious, has not met

with general acceptance and hence the theory attributing the
movement to difference in specific gravity is regarded as having
better «
accepted.

inding and will be treated here as the one commonly

When the anticlinal theory was first propounded it seems
to have been taken for granted that all rocks composing the
outer crust of the earth are saturated with water, but recently
deep drilling has shown that whereas such is generally the con-
dition of the rocks for a few hundred feet below the surface, at
great depths the rocks are generally dry, or at least in certain
localities they are so dry that water must be pumped into the
hole in order that the drilling may proceed.

Another factor, which undoubtedly has played an impor-
tant part in this problem and which should be taken into account
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in attempting to explain the presence of oil in any particular
locality, is the change of water level in the saturated rocks that
may have taken place as a result of orogenic movements in the
crust of the earth. [If, therefore, such changes of level be pos-
tulated, it is evident that rocks which to-day are saturated may
have been dry at some previous geologic epoch, and, conversely,
rocks which to-day are dry may at some other time have been
completely saturated.  Knowledge regarding the circulation
of water in the earth’s crust and the factors which control
its height at any particular point or any particular time is too
meagre to warrant more than a reference, but evidence has
accumulated that seems to prove that different conditioms have
prevailed in the past and that these conditions must be con-
sidered in attempting to interpret the data available at the
present time.

If, therefore, the extensive migration of oil through dry
rocks is ruled out of the problem, the question again reverts
to water as the medium for general migration. The' rate of
movement and the volume of oil depend upon the porosity
of the rocks and the time during which the migration has been
going on. The most porous of the clastic rocks are sandstone
and conglomerate, hence these are gencrally the formations
through which the oil has travelled, but in certain cases dolo-
mitic limestone where formed largely of interlocking crystals,
as is the condition of the Trenton limestone of the Ohio and
Indiana fields, has afforded an open passage for the oil. It must
not be assumed, however, that ail beds of sandstone or all parts
of any particular bed are permeable to oil.  If the grains of sand
are closely cemented the rocks may be practically impervious
but if the grains have little cementing material between them
the sandstone or conglomerate offers an easy passageway for
the oil and also a reservoir for its accumulation if other condi-
tions are favourable.

In a lesser degree joint cracks and fractures afford avenues
for the movement of the oil, but such fractures are not formed
until the rocks have received a certain degree of induration,
which in all probability follows rather than precedes the main
migration. Again, geologists and physicists generally main-
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tain that open fissures are not possible at any great depth in
the crust of the carth and therefore that they afford opportu-
nity for movement only near the surface. With all due respect
to the eminent authorities who have presented such an
argument the writer maintains that it is based entirely on
theoretical grounds which are not borne out by facts revealed
by the drill, as will be noted on another page

Dike walls and faults in many cases afford opportunity
for the circulation of liquids in the earth’s crust, but here again
there may be great exceptions.  In very much indurated rocks,
fractures of any kind may constitute open avenues for the migra
tion of oil, but in slightly indurated rocks, and especially thosc
that contain an appreciable amount of argillaceous material, a
fault may have the opposite effect, or act as a barrier to the move-
ment of liquids or fluids. The reason why faults in such rocks
form barriersis that in the slight movement back and forth that
has undoubtedly occurred along most fault planes the clay
contained in the sandstone has become plastered over its face,
effectually sealing it to the further progress of gas and oil.  Such
barriers not only play an important part in preventing migra-
tion, but they also cause the oil to accumulate behind them
and thus form pools, as will be explained later.

Persons in search of oil or gas should thoroughly under-
stand the effect of faults and fractures on the movement and
accumulation of oil, and when they understand it they will not
look for large supplies of oil or gas in greatly disturbed rocks,
especially if the rocks are geologically very old and greatly
indurated, but where the opposite conditions of structure and
character of rocks prevail they will find that such structures
are no bar to the formation of large pools. These conditions
are well illustrated by the different conditions which charac-
terize the Appalachian and California oil fields. In the former
large accumulations occur in the great synclinal trough which
coincides roughly with the coal fields. In this trough the rocks
are gently flexed into a number of folds, but none are of such a
magnitude as to have produced appreciable fractures in the rock
The belt of oil pools is abruptly terminated on the east by the
line which marks the boundary between the gentle and the
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pronounced structures, and little or no oil or gas has been found
| east of that line. In California some of the largest pools are
| associated with the most pronounced folds and faults, and geologic
structure and fractures cannot be said to be controlling factors
in the case.

Accumulation I'he discussion so far has been confined to
the migration of oil through the rocks and it has been shown
that water is the medium by which this movement is largely
effected. It now remains to consider the conditions which inter-
fere with such a movement and which cause the oil to accumulate
in the so-called pools

Urged on by the difference in specific gravity the oil will
ris¢ through the interstitial pores in the rock. If the rock con-
sists of a great mass of sandstone the oil will be forced to the top
of the bed unless it has been arrested in transit by a barrier of
impervious sand or a clay-sealed fault. After reaching the top
of a particular “sand,” be it thick or thin, the oil, if still forced by
the water behind, will seek to escape into the overlying bed, but if
this bed be composed of impervious clay or shale the oil will be
confined to the one stratum.  When so confined, its movement will
depend almost entirely upon the attitude of the bed or, in other I
words, upon the geologic structure If the bed lies nearly hori
zontal there is manifestly no place to which the oil can migrate
and then it collects in the uppermost lavers of the sand. Beds

of rock, however, seldom retain their horizontality for any great

distance. I they rise, the oil will tend to move in this direc- i
tion, but whether this tendency develops into actual motion will
depend largely upon the degree of inclination of the bed. 1f the 1
| dip is slight the pressure resulting from the difference in specific 1
‘ gravities of the water and oil may not be sufficient to drive the
l oil through the open sand, but in case the bed is sharply tilted
the oil will move freely, provided that the sand maintains its |
open, porous character. This fact explains one of the conditions
controlling accumulation of oil--a condition that is probably i
most marked in the case of the Ohio-Indiana pools in the Trenton (
" limestone. 1 «
h { In the development of oil and gas in western Ohio and in |
\ Indiana, it was found that the oil occurred in pools on the flanks (
\
|
|
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of a broad gentle dome in the Trenton limestone, not at its top,

but on its sides and with little regularity regarding their posi-

it secemed

tions on the dome At first this was very puzzling
to be totally different from the conditions in other fields, but
after considerable drilling had been done, and the position of
the oil-bearing limestone determined, it was found that the pool
marked a sort of structural shelf or terrace or area of arrested
dip. In other words, the limestone rises gradually toward the
centre of the dome, but in places this rise is not maintained and

over a considerable area the rock is nearly flat Bevond this t
flat the bed rises once more toward the axis of uplift }

I'he oil on being forced up through the interstitial spaces
in the limestone finally arrived at the structural terrace and I
there the pressure was not sufthcient to force it through the many ;
miles of horizontal rock and it accumulated and was held in !
place by a large body of water behind it Under such condition
the oil occurs near the outer edge of the terrace, because it is
in that place that it is brought to a stop. If the oil had been

moving down it would have accumulated at the inner edge of

the terrace I'he position, therefore, of the oil pool is a good
indication of the direction in which the oil is moving
\ssuming again a single porous stratum thoroughly 1t f
urated with water, the ol would be forced to rise | it
could go no farther I'his arrest of motion might be due to
1) the oil reaching the limit of the bed of sand, (2) to a change

in the character of the rock by which it becomes impervious,

sealed fault {) to a change in

3) to a barrier such as a cl

the attitude of the sand (gee ic structure), or (3) to the oil

) | 3

reaching the upper limit of the water Conditions 1
ire simple and need no further explanation.  Conditions 4 ane
5 are those which control the locations of nine-tenths of the
pools of the world and call for a more detailed discussion

\s the rock strata of the earth’s crust are generally thrown
into more or less strongly marked folds, it follows that in most
cases where oil is migrating up a sloping bed of rock it will en
counter a more or less well developed arch or anticline.  If the
fold is in an incipient stage it may take the form of an “arrested
dip” or “structural terrace,” as already described, or it may
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take a variety of irregular forms, almost all of which tend to
produce pools of oil, for their effect is that of barriers and they
make it impossible for the water to force the oil to a higher level.
If the anticline is well developed and lies entirely below the level
of ground water the oil will migrate to the crest where move-
ment will be arrested by the dip of the bed in the opposite
direction. In such folds, therefore, there is a tendency for the
oil, or if gas be present, as it is in almost all cases, for the gas and
oil to occupy the highest part of the crest of the fold floating on
the water which had forced them and still holds them in this
position.

This conception of the relation of gas, oil, and water to
the crest of the anticline has been widely known as the anticlinal
theory. Although the close association of the oil pools and an-
ticlines has long been recognized and has been commented on
by Hunt, Hofer and others, it was not until 1885 that it took the
definite form of a theory. In that year it was first definitely

stated by I. C. White' but since then if has been modified in
many respects as knowledge has been acquired regarding the
conditions below the surface of the ground. Many have com-
batted this theory, but to-day it stands as the theory most gen-
crally applicable to the oil fields of the world and most generally
accepted by geologists familiar with oil conditions.

The case noted above as typical of the effect of anticlines
on the accumulation of oil is simple in the extreme. In many
places the structure, although generally anticlinal, may be so
irregular that it bears little resemblance to the type, but in all
cases of this kind each minor fold is controlled by the same con-
ditions as the major fold and may be marked by small pools
on the outskirts of the larger one.

Condition 4 also in many places tends to complicate the
situation, for frequently the water line instead of being entirely
above the anticline may cut it below the summit and at various
angles to the axis of the fold. As there is no tendency for the
oil to rise above the surface of the water it will accumulate in
the rocks along the water line, and as the water line laps around
a pitching fold so may the oil pools change in direction cor-
responding to the change in strike of the rocks,

'White, 1. C., The geology of natural gas: Science, vol. 6, June 26, 1885,
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If a pool is formed in the crest of an anticline or at the water
line along the flanks of the fold and then the water level for this
stratum is lowered, it is manifest that the oil would not remain
at the point where it accumulated in the presence of water, but
gradually under its own weight it will move downward, but
it will lack the power of the water behind it as in its ascent, and
also it will become more or less diffused through the porous
stratum without a large quantity at any given point. Hence,
under such conditions many small pools may be formed, but
they will be so irregularly disposed and so widely scattered that
their discovery will be largely a matter of accident I'his is
purely an assumed case, but the writer is familiar with areas
in the Appalachian region which can be explained only on such
an hypothesis. It seems probable that since conditions in the
earth's crust have not remained constant throughout geologic
time, that many changes in water level may have occurred
throughout the crust of the earth and that similar results may

be found in many oil fields
\s most of the oil has migrated up monoclinal slopes or up
follows

the limb of a syncline from the bottom of the basin, i
that in any minor folds or wrinkles on these major structures, the
oil will accumulate in the top of the fold if that is below water
level, or if it projects above the surface of the water then the oil
will tend to accumulate on that side of the anticline which is con
nected with the long slope down the monoclinal structure or into
the centre of the basin In other words, the large gathering
ground of a long slope is more favourable for the formation of an
oil pool of considerable magnitude than is the short slope on the
other side connected with the slope above Manifestly, the
reverse would be true if the oil were moving in the opposite
direction

In regions of extremely complex geology, as in California,
many modifications of the anticlinal theory are necessary, but
the underlying principles of migration and accumulation, as out-
lined above, clearly fit in this region, as well as they do the Appa
lachian region In California oil occurs in rocks of Cretaceous,
I'ertiary and Pleistocene age, but at the present time the great
bulk of the product is derived from Tertiary formations.

|
|
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I'hese formations were laid down in a region where there were
many and violent oscillations of level and corresponding changes
in geographic conditions,  As a result many formations overlie
others unconformably and then the whole has been folded and
faulted in a most confusing manner. The oil has migrated up
saturated sands, but these, owing to the unconformable relations
of many of the formations, come into contact with other sands
along the line of unconformity. This allows the oil to pass
readily from one formation to another lying above and compli-
cates to a great extent the problem of tracing oil to its ultimate
source.  Again the plane of unconformity may be sealed by clay
and thus it may in places serve as a barrier instead of an avenue
of escape.  Similarly faults in this region are sealed so that they
prevent the movement of the oil and cause it to accumulate on
the lower side of the fault plane

In comparing the conditions in California with those in the
Appalachian fields it is manifest that time is a large element in
the oil problem. In the Paliwozoic oil rocks the time since the oil
migration has been so great that any avenue of escape however
small has been sufficient to allow most of the oil to disappear,
whereas in California the time since the rocks were deposited has
been so short that even where the oil sands are tilted, eroded and
exposed at the surface, the oil has only in part disappeared, but
undoubtedly if the time were extended the oil would in a large
measure pass off into the atmosphere. It must not be supposed,
however, that this failure to escape through the eroded edges of
the porous beds is due entirely to lack of time, That is prob-
ably the most important element in the problem, but the tend-
ency of such thick asphaltic oils as those of California to part
with their lighter constituents where exposed to the air and to
clog the sands with the tarry residue, undoubtedly has played a
prominent part in preventing the escape of much of the oil.

In some fields the oil finds a reservoir in cleavage joints and
fissures in the rock. It matters not whether these occur in
pervious or impervious rocks, they serve equally well in storing
the oil.  The most striking case of this kind with which the writer
is familiar is the Florence field of Colorado. There is seemingly

reliable evidence to show that in drilling many of the wells of




this field the drill has struck open cavities in the shale even at
depths of more than 1,000 feet and such cavities apparently
contain the oil I'he character of this reservoir is still further
attested by the linear arrangement of the locations of the hest

wells and by the effect that the “bringing in"" or exhaustion of

s of this character are not com

one well has upon another P
mon, for the effect of fissures is generally to allow the escape of
the oil from some reservoirs lower down than to retain the oil as
a pool. In the Florence field the oil is apparently held in fi
sures in shale in a broad open syneline, and the impervious laver
that prevents its escape until it is reached by the drill appears
to be a zone of water-saturated shale which extends a certain
distance below the surface Day has shown that oil will
diffuse readily through dry Fullers earth, but that the moistened
earth is absolutely impervious. From this it is seen that the
impervious cover over an oil reservoir may be fine-grained rocks
so cemented as to prevent the passage of the oil through it, or it
may be fine material merely saturated with water

One of the most striking occurrences of oil, and at the same
time the most puzzling, is in the so-called salt domes of the Coastal
Plain about the Gulf of Mexico. The salt domes are low mounds
on the flat plain composed of enormous masses of salt or sulphur
In some mounds the salt appears at the surface, but in others
erosion has not yet exposed the masses of salt which invariably
form the cores of the mounds I'he rock strata of the plain
dip away from these masses in all directions and where not re-
moved by erosion are found arching over its summit In effect
they are true structural domes or anticlines, with the oil occur-
ring on the top or on the flanks of the fold. The occurrence of
oil in these domes seems to conform to the anticlinal theory, but
whether the pool exists in the bedded rocks near the top of the
dome or whether it is derived from a reservoir lower down and
merely finds its way upward around the core of salt has not yet
been determined. Capt. A. F. Lucas, who first demonstrated

the association of large bodies of oil with these salt domes by

sinking the original well on Spindletop near Beaumont, Texas,

'Day, David T The conditions of accumulation of petroleum in the
earth, Am. Inst. Min. Eng. Trans. vol. 41, pp. 212-224, 1911
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sought to determine the source of the oil by deep drilling, but
unfortunately the well had to be abandoned at a depth of about
3,400 feet, and thus the question of the composition of the core
at great depth and the possibility of an oil reservoir below those
already discovered remains unknown. The question of the
origin and mode of accumulation of the oil in these domes is
bound up with that of the origin of the domes themselves and
the geologists who are most familiar with them do not agree in
their explanations. Some have attributed the salt which forms
the cores of practically all the mounds to have been deposited
by currents of hot water ascending along lines of weakness caused
by faults; others have attributed the dome structure itself to the
power generated by the growing crystals of salt, while others are
certain that the domes are but the surface expressions of lacco-
liths of igneous rock which do not reach the surface Natur-
ally, the latter explanation suggests the inorganic origin of the
oil, but it is equally possible that the oil originated from inor-
ganic material in the surrounding sedimentary rocks and has
merely found reservoirs for its accumulation in the salt domes.
I'he evidence available cannot be regarded as at all conclusive,
but until such evidence is obtained it must be admitted that the
theory of inorganic origin applies to this field as well as that of
the organic origin and may prove to be the correct theory to
apply to all fields showing such phenomena

\lthough the limits of this paper will not permit of a full
discussion of the movement of oil through the rocks and the
effect of structure on its accumulation, no account would be
complete without a word regarding the oil shales that have been
found in many parts of the world. Most of these consist of
masses of carbonaceous material, which vield upon distillation
oil of various grades, but some are reported in which petroleum
seems to exist as free oil that has been derived from the carbona-
ceous material held by the shale. Such apparently is the case
i” rQ‘LZ‘Ir'I to ‘l“' “il'\hdll' ol (‘('I“r-ll!" -l”‘l l (.lh, .”I‘l :|I"‘. ace 1?]‘[‘
ing to report, of that of Derbyshire, England. If this interpre-
tation be correct the oil has migrated only a short distance
if at all, and most of it is in the place in which it originated.
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GEOLOGICAL OCCURRENCES OF PETROLEUM AND
NATURAL GAS.

CONDITIONS NE(
ACH

ARY FOR NATURAL G/
MULATION.

In any locality, no matter in what part of the world it
occurs, at least three conditions are necessary to assure its
accumulation at any particular locality. These are

a) A porous formation to act as a reservoir.

b) An impervious cover to prevent the gas from escaping.

c) Some form of geological structure to concentrate it.

Reservoir —Natural gas and oil occur in rocks of all geological
ag It is the character of the individual formations that is
essential to assure a reservoir. The oil or gas rock must be

@

porous; and it generally consists of sand, sandstone, limestone or
dolomite, although there are a few known instances where gas
exists in shale. The presence of gas in limestone may be due
to the natural porosity of the rock, to simple solution, or to
chemical changes which result in the formation of dolomite.
The possibility of the Trenton limestone holding oil and gas
is due to the fact that the limestone has been locally altered
to a dolomite, which thereby becomes more porous than a sand-
stone. The exact point of occurrence may be controlled, there-
fore, not only by the structure of the rock, but also by its internal
characteristics.  Since its upper portions correspond with places
of change from limestone to dolomite, the highest portion of

the anticline is more commonly the region saturated with gas.
In the case of sandstone, the occurrence of gas is due not only
to structure, but is affected also by the continuity of the stratum,
Not all sandstone contains gas, one essential feature being that
the individual grains comprising the rock shall be rounded
sufficiently to assure a porous bed which forms a reservoir.
Well drillers recognize the internal variations when they speak
of a sand being “open” or “close,” “soft” or “hard,” “‘good’ or
“poor” in character. An experienced driller can determine the

porosity of a sand satisfactorily by an eye examination, but
s




he is unable to determine whether it would be productive without
knowing the geological structure of the locality in question. In
order to illustrate the wide occurrence of natural gas and oil
stratigraphically, the following summary is given of the various
horizons at which they are known to exist in the principal fields

of the United States and Canada

Geological Structure of Typical Gas Fields.

Name of \ge of Pr T'ype of G
Cas Field | A ing S Struct
I \ Cretace Cre of geanticline or
great arch in strata
Leamington Ontar Ordovicia Northern end of Cincin
nati geanticline
Norf
( 1d Ontar Ordovician Pinching out of Clin
ind Medina sands
Central Ohio Ol Ordovician Pinching out of Clintor
1 1 Nor ester
0
I Siluria Cre ( i Re
Major { We
Virginia \
Pennsylvania
felds Carboniferou
and Devonian | Crests ol anticline
Southeasters
Ohu Ohi Carboniferous | Structur erraces, small
| Devonian anti s, and domes
Kansa ( ! Crest domes and
tho niar pinching t ol cer-
tain sand
Caddo Louisiana Cretaceous Crest of the Sabone up-
lift (geanticlinal
Transylvania Hungary Tertiary Crests of domes.

Al




Formations Productive of Oil and G

State
New York

Pennsvivania

West Virginia

Kentucky

Alabama

01

Formation
Guelph limestone
Niagara limestone
Medina sandstone
I'renton sandstone

Potsdam sandstone

Conemaugh
Allegheny

Pottsville

Pocono
Catskill
Chemung

Conemaugh
Allegheny
Pottsville

Green Briar limestone

Pocono

Catskill

Pottsville

Pocono
Corniferous
Niagara

Clinton

Hudson River
Trenton limestone
Calciferous
Pottsville

Claiborne

)

\ge

Suurian

Cambrian

Carboniferous

Sub-Carboniferous

Devonian

Carboniferous

Sub-Carboniferous
Devonian

Carboniferous
Sub-Carboniferous

Devonian

Silurian

Ordovician

Carboniferous

lertiary
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State Formation \ge
Louisiana Nacatoch sand
Annona chalk | .
. . Lrsassene Cretaceous
Eagle Ford |
Woodbine sand
Claiborne....cseees 04 ... Tertiary
Texas Navarro.................Cretaceous
Permian series. ... ....Carboniferous
Colorado Mesaverde |
Pierre Cretateos
............. retaceous
Mancos
Benton
" . . |
PIOEre o inivs PR R ..Upper Cretaceous
BENton . . s s vonis oo Upper Cretaceous
Wyoming ROOtenalcveonsseses Lower Cretaceous
BT . v rassenne .. ..Carboniferous :
Fernando. vvve....Pliocene Tertiary
McKittrick y P
........ Miocene Tertiary
Monterey group 5
California TOION vs s smressan vs Eocene Tertiary i
1 ]
Chico :
2 . Cretaceous !
Knoxville | |
Conemaugh | Y
Allegheny .Carboniferous r
Pottsville | s
|
Ohio Ohio shales Pty Devonian . ]
- oy j |
“Clinton sand” ...........Silurian 3
Trenton limestone. . ... . Ordovician | !
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State Formation Age
Indiana Huron sandstone. Sub-Carboniferous
Corniferous limestone, Devonian
Trenton limestone Ordovician
McLeansboro
Carbondale | Carboniferous
Pottsville
[linois Chester . o
: : ; Sub-Carboniferous
St. Geney |r\'ef
Niagara limestone Silurian
Kansas Pleasonton shale | Caitinniferni
. . arbo Prous
Cherokee shale
Trinity. ... e Cretaceous

Oklahoma Cisco
Cherokee |
Atoka [
Winslow

Carboniferous

Cap Rock.— Ordinarily the bed of impervious rock overlying
a “sand "which holds oil or gas is known as the “cap rock.”
It is frequently very hard, though not always, and generally con-
sists of limestone or shale. One of the most widespread forma-
tions overlying gas and oil sands is the Utica shale above the
Trenton limestone in the Ohio-Indiana fields. The Clinton
sand of central Ohio is overlain in a similar way by the Clinton
shale, The numerous oil and gas sands of Pennsylvania and
West Virginia are all overlain by impervious shales. In the
Louisiana fields a very hard stratum of limestone acts as a cap-
rock overlying a more pervious portion of the same formation.
In fact cap rocks may consist of almost any material other than
sandstone.
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TYPES OF GEOLOGICAL STRUCTURE NECESSARY FOR OIL
AND NATURAL GAS ACCUMULATION.

In order to consider the various geological structures in
which oil and natural gas are known to exist, the writer has had
occasion to classify them. The original classification was pub-
lished in Economic Geology! and it referred to accumulations
of oil as well as of gas.

CLASSIFICATION OF OIL AND GAS ACCUMULATIONS.

The structure of the productive stratum itself must]bc
considered independently of the configuration of structure of
any surface formation.

In order to illustrate the difference in geologic conditions,
a tentative classification of fields has been made. There is no
attempt made to distinguish oil structures from gas structures,
nor between the different kinds or ages of productive formations,

The object of the tentative classification is to show that
accumulations of oil and gas can be grouped into classes, each
division of which follows a special rule of structure, and all of
which have certain aspects in common.

The classification proposed is as follows:—
I. Where anticlinal structure exists.

(a) Strong anticlines standing alone.

(b) Well-defined anticlines alternating with synclines.

(¢) Structural terraces.

() Accumulations on monoclines due to thinning
out or change in texture of the sand as it rises
toward the nearest anticline,

(¢) Broad geoanticlinal folds.

(f) Overturned folds.

1. Quiquaversal structures.

(a) Anticlinal bulges.

(b) Stratigraphic domes.

(¢) Saline domes.

11, Sealed faults,

IV. Oil and gas scaled in by asphaltic deposits.

'Econ. Geol, vol. IV, 1909, pp. 565-570,
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V. Contact of sedimentary and crystalline rocks.
V1. In joint cracks.
VII. Surrounding volcanic vents.
VIII. Where there is no particular gas structure, but the
gas is associated with adjacent oil pools.

Class 1. Where anticlinal and synclinal structure exists.
This is the type of oil and gas accumulation with which we are
most familiar. It includes a large majority of the known oil
fields of the world. The Appalachian, Mid-Continent, Illinois,
Indiana, Wyoming, Colorado, northern Louisiana, and northern
Texas, and some of the California fields in this country, and
the Russian, Austrian, Burma, and Borneo fields in the castern
hemisphere, all belong to this class. It is divided into five sub-
classes, in order to distinguish between various structural re-
lations in which oil is found in connexion with anticlines and
synclines.

Subclass (a). Where strong anticlines exist standing alone.
In this division I would include fields that bear a direct relation
to very pronounced uplifts, easily recognizable, and which con-
stitute a marked geologic feature of the region. The only prom-
inent example in the eastern fields of the United States is the
famous Eureka-Volcano Burning Springs anticline in West
Virginia, which is 25 miles in length, ranging in direction from
North 10 degrees West to North 20 degrees East, being from
an eighth of a mile to half a mile broad on its flat crest,and having
side-dips of from 20 to 60 degrees. This differs somewhat in
direction from the main Appalachian folds, and was probably
produced at a different time. It is one of the earliest recognized
anticlines in the country, and probably has had as many wells
drilled on it as any other anticline. It has been described by
White!, Andrews, and Evans. Some of the California fields
having sharp anticlines probably belong to this class.  Possibly
the Baku field of Russia may also belong here.

Subclass (b). Where well-defined alternating anticlines and
synclines exist.—This is really a composite of sub-class (a). With
minor exceptions it includes the entire Appalachian field in

'1. C. White, Bull. Geol. Soc. Am., vol. 10, 1899, p. 20
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Pennsylvania, West Virginia, and eastern Kentucky, southern
Indiana and Illinois, the Oklahoma fields and the Caddo field ol
in Louisiana, the north Texas fields, and those of Colorado, w
Wyoming, and Montana.
The Caddo field has nothing in common with the Beaumont
and Jennings ficlds and other fields of the Coastal Plain of Louisi-
ana and Texas, but it is very similar in structure to the fields
of Pennsylvania, West Virginia, and Illinois. The proper
structure in northern Louisiana is afforded by the Sabine uplift.
The final distribution of oil and gas in the Caddo field is pre-
sumably due to slight anticlines and synclines and differences )
in porosity of the Upper Cretaceous formations which exist
there.
Several of the oil fields of California also belong in this
class  Examples are the Coaling field and the Los Angeles field,
according to descriptions by Eldridge,' and by Arnold and
Anderson.® In 1895 Noettling established the fact that the
oil fields of the Irrawaddy, in Burma, correspond with the struc-
tural theory; and I believe they belong in this subclass.  The
oil and gas in those fields are directly related in their accumulation
to anticlines and domes in the Miocene sandstone.
The rocks in the fields comprised in subclass (b) are folded
into alternating anticlines and synclines, bounded by moderate
dips, seldom more than 30 degrees from the horizontal. This
is the subclass to which the anticlinal theory as originally pro-
pounded applies strictly; the gas occurs in the upper part of
individual sands or “pay streaks,” the oil occurs somewhere
below the gas, while salt water, if it occurs at all, fills in the
remaining space in the sand (if the latter is uniformly porous),
or occurs in the separate “pays” (where the sand as a whole has
not a high degree of porosity), all these deposits being controlled
mainly by the force of gravity. Where oil or salt water occurs
higher in the sand than gas, it is presumably due to sharp changes
in the dip, or to a multiple nature of the “pay streaks.”

SPPE P

'Geo. H. Eldridge, Bull, 213, U.S. Geol. Survey, pp. 306-321, 1902. &
*Ralph Arnold and Robert Anderson. Bull, 357, US Geol. Survey, pp b
70-71, 1908,
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Subclass (¢). Terrace structures are an exaggerated form

of the flattenings of dip, included in subclass (d).—As a rule

| where gas occurs, it is found on the outside of the terrace and
%
|

ONE MILE

EXPLANATIONS.
110 """ STRUCTURE CONTOUR LINES SHOWING
ELEVATIONS OF TOP OF BEREA SAND ABOVE TIDE.
£F GAS WELL WITH LARGE PRODUCTION
XX GAS WELL WITH SMALL PRODUCTION
& DRY HOLE (NO OIL OR GAS)

Fig. 1 Occurrence of natural gas on a wal terrace in Ohio

oil on the inside, though this is not an infallible rule. The
change in the rate of dip, forming a local interruption, seems to
be the essential factor. An example of a structural terrace
in southwestern Ohio is shown in Fig. 1.
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The effect of terrace structure was first explained and illus-
trated by Edward Orton in 1886'. The terraces described by
him were in the Trenton limestone fields of northwestern Ohio,
In the Findlay field the oil and gas were found in two terraces,
separated by a monoclinal dip. The upper terrace yielded
dry gas, the lower terrace vielded oil and water.

Orton gave the name “‘arrested anticlines” to structural
terraces, and cites the Macksburg field of southern Ohio as an
example.? The terrace structure of the Macksburg ficld was
first recognized and described by Newhall in the same volume.

During the past decade hundreds of similar terrace struc-
tures have been discovered throughout southeastern Ohio and
to some extent in adjacent states, and most of them are available
for oil and gas development. Generally, though not always,
the structure can be determined from the geology of the surface
without the need of borings until one is ready to make his test.
Other good examples of terrace structures and relations of oil
to them were shown by Griswold and Munn in Jefferson co.,
Ohio.?

Subclass (d).  Where there are monoclinal dips; i.e., where
he rocks dip in one general direction throughout (although the
dip may vary in steepness).—The majority of the oil and gas
pools in southeastern Ohio belong in this division. Definite
anticlines are not so common in Ohio as in Pennsylvania and
West Virginia, as the prevailing dip of the formations is all in
one general direction (toward the southeast). However, the
application of the structural theory, properly understood, is
almost as certain of profitable results as it is in Pennsylvania,
because the dip is not uniform, but varies from flat to over 5
degrees from the horizontal. Rounded or somewhat elongated
semi-anticlines of subclass (b) are occasionally found.

Oil and gas can be predicted in subclass (¢) through recogni-
tion of the principle that any change in the rate of dip is to be
considered as a possible place of accumulation; and that such a

Science, vol. 7, p. 563.
“'Geology of Ohio," vol. 6, p. 94, 1888,
"Bull. 318, US. Geol. Survey, 1907,
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place of accumulation once discovered, the pool can be easily
extended (within structural limits) by following lines of horizon-
tality in the sand.

EXPLANATIONS.
[ 1

-
WCALE CF WiLih

~1600-~— Structure-Contour Lines, Showing

» Lly of the Qas-Bearmg Sands

- Approsimate outlime of (.m Fields

?lt Distribution of Welslormerly product ve of

Gas from the Shallow Sand

i Distribution ol Wells recently productive of

Gas from a Deep Sand

- Dh"lbunon of Dry Holes whioh passed

through the Deep Send

Fig. 2. Typical occurrence of natural gas fields on anticlines
in Pennsylvania and West Virginia.
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To this subclass may also belong (in part at least) the Flor-
ence oil-field in Colorado, where the oil exists in beds having
a dip of less than 5 degrees, lying between dips as great as 20

EXPLANATIONS.
s 2400 wo STRUCTURE CONTOUR LINES SHOWING
DEPTH OF CLINTON SAND BELOW SEA-LEVEL.

DRY HOLE.

GAS WELL.
® O/L WELL
0 1\ % N 1
e — '
SCALE INE WiLE

Fig. 3. Example of sub-class I (c.). An oil pool coincident with a
change in monoclinal dip, in the Clinton sand of Southern Ohio.
Structure map of the sand in a small area determined
by the convergence method.

degrees (according to Fenneman), and occupying a portion of
a structural slope where the sands locally are rather flat for a
few miles, being a semi-terrace in the formation. In this
field the beds carry little water.

Subclass (e). Broad geoanticlinal folds.—This is an ex-
treme type of I(a). By a geoanticline is meant an anticline
which is extremely long and broad, and constitutes more than

J
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a local feature, extending over thousands or tens of thousands
of square miles. One of the best examples in this country is
the Cincinnati anticline, in which immense reservoirs of oil
and gas have been developed and exhausted, the oil and gas
being contained mainly in the Trenton limestone. Owing to
the broad areas under which oil and gas are found in the Cin-
cinnati anticline the chances of success in drilling were originally
much better than in other fields. The decline of the Trenton
limestone fields was largely due to wastefulness of the gas before
people in general understood that the fields were subject to
exhaustion. Most of the pools in the Clinton sand in Ohio
are situated along the eastern flank of the Cincinnati anticline,
but these pools belong under subclasses (¢) and (d), of the class-
ification.

Subclass (f). Overturned folds.—FExamples of oil and gas
occurring in connexion with overthrust folds are not common
but some such cases are conspicuous in California, as shown by
Arnold and Johnson'.

Class I1. Domes, or quaquaversal structures.—Certain types
of anticlines developed as well-marked domes might be classed
here; but since they are included in subclasses (a) and (b) of
Class I, the domes here considered will be limited to those which
are not part of any well-developed anticline, and are thus suscept-
ible of a different classification. The conspicuous examples of
the occurrence in this country are in the ficids of the Coastal
Plain of Texas and Louisiana, described by Hayes and Kennedy?,
Fenneman?, Harris* and others. Some of the best known in-
stances are Spindletop, Sour lake, and Batson.  The mounds in
which gas and oil exist may not show as such at all on the sur-
face. They do, however, appear in some cases as circular eleva-
tions, covering several hundred to several thousand acres and
rising 50 to 100 feet above the surrounding plain, in which case
they can, of course, be easily recognized. They are frequently

'Ralph Arnold and Harry R. Johnson, Bull. 406, U.S. Geol. Survey, 1901,
). 97,

l 3C. W. Hayes and Wm. Kennedy, Bull. 212, U.S. Geol. Survey, 1903
IN. M. Fenneman, Bull. 282, U.S. Geol. Survey, 1906,
G. D. Harris, Geol. Survey of La., Bull. No. 7, 1908,
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known as “salines,” on account of containing deposits of rock
salt. Underncath the surface the whole body of strata have a
mound-like shape, containing, in addition to the ordinary for-
mations, limestone, salt, gyvpsum, and other minerals, all of

Fig. 5. Cross section of typical saline dome oil field, Texas (after Hager ).

which have been passed upwards in approximately circular out-
lines. Fig. 5 shows a cross section of a typical saline according
to the ideas of Harris.

Class I11. Along sealed faults—The known examples of
this class consist of some of the pools in the Los Angeles field
and some of those in the Lompoc field in California described by
Arnold.  In these cases the highly inclined oil sands are cut off
abruptly below ground by a fault, thus sealing in the oil and gas
and preventing their escape to the surface. Some of the other
fields in California probably belong to this cl To show the
probability that such cases are more frequent than known, it
may be worth while to mention that oil springs frequently, and

e —— e
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perhaps generally, occur along fault lines. Some of these in-
stances exist in British Columbia and others in Gaspé, Quebec.

5 R st w0

Fig. 6. Example of class I11.  An oil pool in California
sealed in by a fault line. (After Arnold, Bull. 309,
U.S. Geol. Survey, Plate 20, 1907.)

Class IV. 0il and gas sealed in by asphaltic deposits.—
Certain examples of this class, like the last, are few, and not well
known, but they may be exemplified by the Pitch lake of Trini-
dad, where small quantities of oil and gas are reported. Some
of the oil found near the vein of grahamite at Ritchie mines,

i+ et A

o ERRA

Fig. 7. Theoretical example of class V. A gas pool
in the arkose zone between granite and Potsdam
sandstone, in Province of Quebec.

West Virginia, described by White!, may belong in this class,
although these deposits are also dependent in their original
accumulation upon anticlinal and synclinal structure, asin Class 1.

1I. C. White, Bull. Geol. Soc. Am., vol. 10, 1899, pp. 277-284.
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Class V. At the contact of sedimentary and crystalline rocks.
—The principal known examples of this class are in the Prov-
inces of Quebec and northern Ontario, and have not been much
studied. It is probable that gas occurs at some places in north-
ern New York state in this way. No records are at hand of oil
occurring in such a position, but gas occurs in commercial quan-
tities. It is held in the zone of the lower Potsdam sandstone,
which is of arkose nature, and rests directly upon the underlying
granite or gneiss.  The deposits seem, so far as the writer has been
able to learn from men who know the fields, to occur on top of
prominent knobs of the granite. The occurrence may be
somewhat as in Fig. 7.
ss VL. In joint cracks.—According to descriptions of
. Gale, some of the oil in the Florence field in Colorado
} occurs in joint cracks in shale. Other examples of this nature

are believed to exist elsewhere.

Class VIL. Surrounding volcanic vents.—This class scems
to be illustrated by certain Mexican fields. It may be consid-
ered an exaggerated form of Class 11,

Although most fields are susceptible of classification accord-
ing to the foregoing plan, some of them do not fit in casily. It
is believed that if all the causes and effects, and the internal
character of the sands, were known in every case, the fields could
be classifiecd.  Another factor of importance in the position and
distribution of all types of oil and gas accumulations is the

n explained’,
ome persons

|
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ERRATUM :—
1y pools have
Fi1G6. 7 1s upsipE DOWN. sil Hes below

To accompany report on "Pm\*ﬂ.-“-dlg‘nwun Resources of Canala," L.
ught lessons
which operators and geologists took years to learn, but now that
they have been learned, they are becoming productive of good
results.  For instance, in pools where the oil occurs in thin “pay-
streaks,” there are sometimes dry ares several square miles in
extent, which lie directly “down-dip” from important pools of

'Econ. Geol. vol. IV, 1909, pp. 565-570.
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perhaps generally, occur along fault lines. Some of these in-
stances exist in British Columbia and others in Gaspé, Quebec.

Fig. 6. Example of class I11. An oil pool in California
sealed in by a fault line. (After Arnold, Bull. 309,
LS. Geol. Survey, Plate 20, 1907.)

Class IV. Oil and gas sealed in by asphaltic deposits.—
Certain examples of this class, like the last, are few, and not well
known, but they may be exemplified by the Pitch lake of Trini-
dad, where small quantities of oil and gas are reported. Some
of the oil found near the vein of grahamite at Ritchie mines,
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Fig. 7. Theoretical example of class V. A gas pool
in the arkose zone between granite and Potsdam
sandstone, in Province of Quebec.
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West Virginia, described by White!, may belong in this class,
although these deposits are also dependent in their original
accumulation upon anticlinal and synclinal structure, asin Class I.

'I. C. White, Bull. Geol. Soc. Am., vol, 19, 1899, pp. 277-284.
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Class V. At the contact of sedimentary and crystalline rocks.
—The principal known examples of this class are in the Prov-
inces of Quebec and northern Ontario, and have not been much
studied. It is probable that gas occurs at some places in north-
ern New York state in this way.  No records are at hand of oil
occurring in such a position, but gas occurs in commercial quan-
tities. It is held in the zone of the lower Potsdam sandstone,
which is of arkose nature, and rests directly upon the underlying
granite or gneiss,  The deposits seem, so far as the writer has been
able to learn from men who know the fields, to occur on top of
prominent knobs of the granite. The occurrence may he
somewhat as in Fig. 7.

Class VI. In joint cracks—According to descriptions of
Mr. H. S. Gale, some of the oil in the Florence field in Colorado
occurs in joint cracks in shale.  Other examples of this nature

are believed to exist elsewhere.

Class VII. Surrounding volcanic vents.—This class scems
to be illustrated by certain Mexican fields. It may be consid-
ered an exaggerated form of Class 11,

Although most fields are susceptible of classification accord-
ing to the foregoing plan, some of them do not fit in casily. It
is believed that if all the causes and effects, and the internal
character of the sands, were known in every case, the ficlds could
be classifiecd.  Another factor of importance in the position and
distribution of all types of oil and gas accumulations is the
degree of saturation of the sand; although, as has been explained’,
the position of the water line is not so important as some persons
have supposed, In the Berea grit, for instance, many pools have
been found, and are still being tapped, where the oil lies below
the water line in neighbouring pools in the same sand.

Some of the newer oil developments have taught lessons
which operators and geologists took years to learn, but now that
they have been learned, they are becoming productive of good
results.  For instance, in pools where the oil occurs in thin “pay-
streaks,” there are sometimes dry areas several square miles in
extent, which lie directly “down-dip" from important pools of

'Econ. Geol. vol. 1V, 1909, pp. 565-570.




106

oil or of water or of both. Near the corner of Brighton, Chip-
pewa and South Beaver townships, in Beaver county, Pa., is a
small pool in which the production of the wells is very light,
which is bordered on the northeast, southeast, and south by a
number of strong salt water wells. The “pay” here, as
in the majority of pools in the Berea sand, is near the top
of the sand. The salt water in close proximity to the pool
oceupies a definite structural position with reference to it, occur-
ring on all sides of the pool except on the up-dip side. However,
this water was not found to extend far down-dip from the oil-
pool, several wells between there and the Ohio river, four miles
southeast, having been dry of both water and oil. Similar
occurrences ace found repeatedly in the Berea sand in Beaver
county, Pa., and in neighboring counties and the Pan-Handle
of West Virginia and in Ohio, where dry areas of the sand occur
on the down-dip sides of several pools of oil and salt water.

The point to be noted is that the lowest oil-pool in a stated
group of pools in the Berea sand is successively higher above
sea-level going from southwest to northeast parallel with the
Ohio river.  Near Steubenville and Mingo, in Jefferson county,
Ohio, the lowermost elevation at which oil has as vet been dis-
covered in this sand is 600 feet below sea-level; at Holidays Cove,
West V., it is about 400 feet below sea-level; on the West Vir-
ginia-Pennsylvania line near the southwestern corner of Beaver
county it is 250 feet below; at Hookstown and Smiths Ferry,
Beaver county, it is at sea-level; while near the corner of Brigh-
ton, Chippewa and South Beaver townships, in the pool first
mentioned, it is 200 feet above sea-level. The progressive rise
toward the northeast is explained in part by the greater general
height of the anticlinal folds and the lesser depth of the adjacent
synclinal depressions in the sand in that direction.

The fact that a so-called pay-streak lying down-dip
from a known pool may be dry of both water and oil does not
disprove the structural theory of the accumulation in its
proper application; but the position of the dry area is due to
the fact that whatever water and oil may once have occupied the
pay-streak  have been drained out, segregated clsewhere
naturally or artifically, or the pay-streak is in reality not so
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porous as would seem from the size of the grains in the sand-
pumpings.  Moreover, many apparently dry arcas are due to a
change in the character of the sand, by which it becomes prac-
tically non-oil bearing or non-water bearing.

The fields in the deeper sands frequently do not correspond
structurally with those in the shallow sands, even where the sands
are parallel, and this is one reason why the deeper fields are not
discovered more rapidly.  As a rule, the shallows sands are
productive of gas near the crests of anticlines, where anticlines
occur, as in Classes I (a) and 1 (b), and are frequently confined
to domes, in these crests, while the deeper sands may be, and fre-
quently are, barren on the crests

and productive of gas on the
flanks of the anticline where it is dipping moderately steeply
towards the adjacent syncline. This is generally due to the
non-parallelism of the deeper sands.  And since the size of pools
is approximately inversely proportional to the steepness of the
dips, these deep-sand pools commonly take the longest to be
discovered by the drill.

THE GEOLOGICAL CONDITIONS GOVERNING THE OCCUR-
RENCE OF PETROLEUM AND NATURAL GAS.

In applying the principles governing the accumulation of
oil deposits which have been dwelt upon in the preceding pages,
to the principal oil fields of Canada and the United States, it
will be evident that in developing any new field, a thorough
knowledge of the geological structure is necessary for any deci-
sion as to whether oil is likely to be found, and if so to locate
the most profitable sites for drilling.

BASIS OF GEOLOGICAL KNOWLEDGE.

While it is true undoubtedly that the great majority of the
oil fields of Canada, especially in Ontario, as in some other
parts of the world, have been discovered by random drilling,
it can be said on the other hand that many pools have been
found on the basis of geological structure. For instance, in
the Raleigh township field in Kent county, the logs of water
wells, which have been drilled, showed the presence of an anti-
cline, and Mr. A. T. Gurd, of Petrolia, who happened to be
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travelling through the region, became familiar with this fact,
and with the presence of an oil scum on the water. In view
of these facts the first well was drilled, which was known as
the “Gurd gusher " After drilling operations had begun and
more holes had been drilled for oil, additional information was
available by which the anticline could be outlined accurately.

The following table shows the oil and gas formations in
Canada in which oil and gas deposits have been found.

Table of Oil and Gas Producing Formations in Canada,

Period Formation Productive Locality
Upper showing at Petrolia and

: milton limestone -
Devonian Hamilton hf'""' - 1__Oil Springs. o
Onondaga limestone Oil Springs and Petrolia fields
Oriskany sandstone Euphemia, Lambton county.

Three horizons in Essex and
'Guelph limestone : —
i ac Welland counties.
Not known to be productive in
Niagara limestone Ontario; locally productive in
New York and Indiana
Silurian,

Clinton limestone Welland county.
Shaidtng rod sandl \\n-l’l.lunl‘n-nul\. Also in New
York state

/Welland and  Brant counties.

‘\\ hite Medina sands Aluor 16 New: Vork state.

(Showings of gas in  Welland

0 ) i 4

I 2 county. This is extensively

"Tres { . s "

Aln“"’" limestone productive in Ohio and In-
diana.

Cambro-Silurian...
(St. Catharines, Ontario.  Also

| Beekmantown and Pots-{  reported® ‘:nnlm‘li\'c locally
dam sandstone | in New York state.

Cambrian. . ... ... Quebec group [Reported  productive in New-
| foundland.

ASSOCIATION OF BITUMENS WITH OIL AND GAS.

The source of the grahamite dike in Richie county, West
Virginia, is believed to have been the Cairo oil sand, at a depth of
about 1,300 feet from the surface.

! The so-called Clinton sandstone of Ohio is probably equivalent to
this sand.

* Reported by Eugene Coste.
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Similarly, the source of the albertite dike in Albert county,
New Brunswick, is believed to have been oil intruded from
petroliferous strata in the Albert shales.! Albertite is a
hydrocarbon filling a large vertical fissure and column, in a
fine-grained dark grey to black shale of lower Carboniferous or
Devonian age. The albertite fissure was as much as seventeen
feet wide in some places, and was mined to a depth of 1,300 feet,
It also fills many branch veins in the wall rock. Albertite is
also reported in the pre-Cambrian metamorphic slates, in the
overlying Coal Measures, and as veins in the gypsum at the
Hillsboro quarries.

The uintaite (gilsonite) of Utah has been shown by Mr,
Eldridge to occupy a fractured zone in the central Uinta syn-
clinal basin. There are many parallel vertical veins of gilsonite
from one-sixteenth of an inch to cighteen feet in width, and from
a few hundred yards to eight or ten miles in length: paralleling
the mountains which border the basin,

To illustrate the importance of such bitumen dikes as in-
dications of oil and gas, it may be said that the grahamite dike
of West Virginia is in the center of one of the greatest oil and gas
regions in the world: that the albertite of New Brunswick is
only a few miles from the Stony Creek oil and gas field; and
that the uintaite dikes of Utah lead, in a general direction,
toward the oil which is found over the boundary in Colorado.

THE OCCURRENCE OF OIL IN IGNEOUS ROCKS,

Petroleum and solid bitumen have often been noticed by
various observers in traps, basalts, and other igneous rocks.
An interesting instance was mentioned by Sir William Logan?
in a greenstone dike at Tar Point, Gaspé, in the province of
Quebec.

Another instance is reported by Rateau in trachite in
Galicia?

An instance from the United States was mentioned by
Arthur Lakes* in the volcanic dike in Archeluta county,
Colorado.

'Bailey, Geol. Survey Canada, 1876-77, p. 354 et seq

*Geology of Canada, 1863, pp. 400-789,
*Annales des Mines, 8th series, Vol. X1, pp. 150, 152,

‘Mineral Resources of the U, 8., 1901, p. 561,
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Another unpublished instance contributed by D. T. Day
refers to a boulder of vesicular basalt from Colorado in which
the vesicles were filled with oil. In order to prove whether
the oil had filtered in from exterior sources, a fragment was
boiled with benzol until no more oil could be extracted, and the
basalt still contained much oil. It was shown, however, that
the cavities had been sealed by a secondary deposit of carbonate
of lime and that by removing this the oil could all be extracted
and the basalt left intact. Thus the exterior origin of the oil
was rendered probable.

In the vicinity of Binny Craig, Scotland, a volcanic neck
or pipe was encountered in an oil shale working; this dike
consisting of trap, and containing cavities in which mineral
wax, piich or paraffine were found.!

A still more radical instance was noticed by the undersigned
in extensions of basalt cones in the coastal plain in the oil fields
of Vera Cruz, Mexico, where a very viscous oil was seen running
down the slope of the cone from a point perhaps about one hun-
dred feet above its face. This and the other instances are not,
however, in the opinion of the undersigned, due to the oil
having had an igneous origin, but are accounted for by the fact
that the volcanic rock was intruded from below into the sed-
imentary formation which contained oil, and consequently
must have absorbed large quantities of bitumen in ascending
to the surface. Moreover, in an instance like that in Mexico
there are a great many crevices in the circumference of volcanic
necks, and these are sufficient to allow oil to enter them from
the surrounding Tertiary and Cretaceous formations, and to
ascend to the surface in that way.

However, it is fair to say that no conclusive argument has
ever been advanced, either for or against any theory of the origin
of bitumen, except certain arguments which will apply in par-
ticular instances. As a rather convincing argument, Mr. Coste
derives evidence from the eruption of Mt. Pelee in Martinque,
where an immense quantity of gas swept down from the crater,

'Henry M. Cadell, oil-shale holdings of the Lothians, Transactions of
the Inst. of Min. Eng., Vol. 22, Pt. 3, pp. 347-353.
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killing many thousands of people and animals. It was inferred
that the gas consisted mainly of hydrocarbons.

On the other hand, the opponents of the volcanic theory
advocate the fact that the gas originating from volcanoes,
wherever it has been collected and tested, consists mainly of
carbonic acid, and the proportion of carburretted hydrogen is
only from one to four per cent.

MUD VOLCANOS AS EVIDENCES OF NATURAL GAS

One of the foremost localities in the world for mud voleanos
is situated in Asia Minor at both extremities of the Caucasus
mountains at Taman-Kertch, between the Black sea and the
Sea of Azof, and also at Baku on the Caspran sea, in which
mud volcanos have been known for centuries and having been
associated with large quantitics of natural gas and petroleum.
The height of the mud volcanos from the Apcheron peninsula
near Bakou is very great, sometimes being as much as 1,300 feet;
while the mud volcanos of Hungary, on the other hand, are
seldom over thirty feet in height.

EXUDATION OF O11

In past times rivers of oil have been known to boil out
from beneath the Caspian sea, and natural explosions of burning
oil have taken place, throwing masses of clay and stones into the
air, uplifting the bottom of the sea locally and giving rise to
small islands in the vicinity of Bakou.!

ASSOCIATION OF OIL AND GAS WITH SALT AND SULPHUR

In a large number of American and foreign oil fields an
association of salt and sulphur and hydro-carbons is found.
This is true in Russia, Sumatra, Java, Japan, China, Roumania,
Germany, and Hungary. Gypsum and zinc blend are also
found associated with these deposits, and pyrites and galena are
reported by at least one writer,

'A De Lapparent, Traite de Geologie, 1883, p. 490.







CHAPTER V.
PREPARATION FOR DEVELOPMENT.
CHOICE OF TERRITORY.

Whether the question is one of “wild-catting” for oil -
prospecting for petroleum outside of all known oil pools—or
whether it is the development of what is known as “proved”
territory, it is possible at the present time to lessen the ex-
pense of the enterprise very greatly by giving careful geological
study to the problem of selecting the sites for drilling.

More frequently than otherwise an incentive to drilling is
given by the discovery of seepages of thick asphaltic oil or dried
asphalt, or by the occurrence of a steady flow of gas from water.
All of these bespeak the broken crest of an anticline from which
oil is escaping, or similar escape from a fault or fissure. Care
must then be taken to drill far enough away from the line of
fracture so as to penctrate the oil-bearing stratum at a depth
sufficient to secure a supply. The distance from the secpages
depends very much upon the dip of the rocks; the greater the
dip, the greater the depth at which the oil rock should be struck
in order to secure a good supply. From a thousand to two
thousand feet is the best range of depth at which to strike the
oil-bearing stratum where the dip of the rocks is comparatively
great. Where the beds have only a slight dip, the oil can be
struck to advantage at 500 to 1000 feet below the surface.

Where the oil is sought in what has been known to be an
unbroken anticline, or dome, the first well may be drilled to
advantage as near the crest as possible, for while this well may
develop nothing but gas, it gives valuable information for sub-
sequent wells, and any enterprise must be prepared for drilling
a number of holes in the development of a new field.

This subject, including a discussion of the best location
for wells, spacing of wells, and the importance of geological
examination of the territory, is given careful consideration
in the chapter by Prof. Roswell H. Johnson.!

‘Chapter x
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LAWS AND REGULATIONS FOR ACQUIRING PUBLIC
OIL LANDS.

The policy of the different provinees of Canada with regard
to the granting or reservation of minerals, both precious and base,
in public lands when these were sold, has not been uniform.
Under the regalian principle of the common law, although not
expressly reserved in the grant, the right to the precious mineral
was reserved if no mention was made of it.

The title to all the land, as well as all contained minerals,
within the present Dominion of Canada was vested originally
either in the King of France or in the English crown. As re-
gards the part originally belonging to France, a grant of the
land did not convey the right to the minerals without special
words of conveyance regarding this right.

The common law of England, unless modified by statutes,
is in force, however, in all the territories and provinces of Canada
except Quebec, where the old French law is the basis of the
legal system. By the theory of the common law in Canada,
gold and silver mines belong to the crown in all land whatso-
ever, unless they have been expressly severed therefrom and
granted by the crown.' By the British North American Act,
under the provisions of which the Dominion of Canada came
into existence, exclusive jurisdiction was given to the several
provinces to make laws in relation to the management and sale
of public lands within their boundaries. In general all the
public lands within the different provinces had been granted
by the crown to the provinces,?® and this grant included the
regalian right to gold and silver. The House of Lords has
decided that in provinces such as British Columbia, which were
not specially mentioned in said Act, but were admitted afterwards,
the assignment of the regalian right to gold and silver to the prov-
inces took effect upon their joining the Dominion.? In the
case of British Columbia, however, this was only a recognition

IMcPherson and Clark, *“ Law of Mines of Canada,” p. 28.

*British North American Act of 1867, sec. 1904, Law ch& 1867 (30-31
Vict), ch. 111, p. 5.

JAttorney-General of British Columbia vs. Attorney-General of Canada,
14 Appeal Cases, 295 (304)
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of the rights which said province held in the lands, precious

minerals, etc., previously. In this province the policy of late

has been to reserve all minerals when public land is sold, to-
gether with right of entry for working it.

Acting under the powers conferred upon them by Sec. 97
of the British North American Act, 1867, the provinces of Que-
bec, Nova Scotia, New Brunswick, Ontario and British Columbia
have by their Legislatures enacted laws dealing with mines
and minerals, including, in most cases, specific provisions for
the development of petroleum and natural gas deposits.

By the provisions of section 109 of this Act and subsequent
Orders of Council, these provinces possess, subject to the ad-
ministration and control of their several legislatures, the right
to dispose of the public lands within their boundaries, excepting
such portions as are reserved to the Dominion for public works
and undertakings or are required for purposes of defence.

Although Prince Edward Island was admitted to the Do-
minion by authority of this Act it was not affected by the pro-
visions of section 109 since at that time it embraced no public
lands.

Public lands in Manitoba, Alberta, Saskatchewan, North-
west Territory, and Yukon are subject to administration by the
Govergor in Council by authority of the Acts admitting these
provinces to the Dominion (Rupert’s Land Act 1868 Imperial
and Order of Her Majesty in Council, dated July 31, 1880),
or by Acts of the Dominion Parliament establishing them
(Manitoba Act, 1870), Alberta and Saskatchewan Acts assented
to July 20, 1905, and Yukon Act, R.S.C. Ch. 63, 1906.

Unappropriated Dominion lands located in the above
mentioned provinces and territories are open for petroleum
prospecting by any individual or company under the following
Petroleum Regulations approved by Order in Council dated
March 11, 1911:

Regulations for the disposal of Petroleum and Natural Gas rights,
the property of the Crown, in Manitoba, Saskatchewan, Al-
berta, the Northwest Territories, the Yukon Territory, the
Railway Belt in the Province of British Columbia, and
within the tract containing three and one-half (3%) million
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acres of land acquired by the Dominion Government from
the Province of British Columbia, and referred to in sub-
section (b) of section 3 of the Dominion Lands Act, approved
by Orders in Council dated 11th day of March, 1910, (re-
established by Order in Council 12th Aug., 1911), and Order
in Council dated the 11th day of March, 1911.

Minister shall mean the Minister of the Interior of Canada.

hare nw pmpern of the Crown, in Manitoba,
kon Territory, the Railwa

+ The petroleam and
Saskatchewan, Alberta, the
in the Province of British olumbia, and
million acres of land red by the Dominion lu\ux
Columbia, and red to
leased to applicants at a ren 3 o p re for the first year, and for each
subsequent ye pavable yearly in advance.

The term of the for a further term of twenty-one
years, provided the lessee can fure evi {0 o the Minister to show that during
the term of the lease he has ¢ All||| fully with the conditions of such lease xuul with the

provisions of the regulations in Inru' from time to time during the currency of the lease.

2. Noapplicant shall be allowed to lease the petroleum and natural gas rights under an
area of more than 1,920 acres.

3.1 the tract applied for is situated in surveyed territory, it shall consist of sections,
or legal subdivisions of sections, but the several parcels comprising the tract shall be adjoining.
the length of the tract not to exceed three times its breadth. In unsurveyed territory, if at
least one of the lines bounding the section of of section applied for has been surveyed,
and such survey has been duly approved, an application for a lease of the petroleum and natural
gas rights under such section or part of section may be considered under the provisions of
this section of the regulations.

4. Application for a lease of the wu-um and natural gas rights on -urveyed lands shall
be filed by the applicant in person with the Agent of Dominion Lands for the district in which
the rights applied for are situated, or vnlh a sub-agent for such district, loc transmission to
the agent, but priority of application shall be based upon the date of the receipt of such ap-
plication in the office of the Agent of Dominion Lands for the district.

5. In case the surface rights of the tract applied for have been patented, or have been
disposed of by the Crown u any Act or Regulation which contemplates the earning of
patent for such surface rights, the lease shall not authorize entry thereon except with the written
consent of the owner or occupant being first had and obtained. In the case of a timber license
grazing or coal mining lease, mlnhm dnlm or other form of terminable grant which does not
contemplate the issue of patent, the renn ssion of the Minister to enter upon the land must
first be ohtained, which permission will be made subject to such conditions for the protection
of the rights of such lessee or licensee as it may be considered necessary to impose.

6. 1f the rights applied for are situated in unsurveyed mmory application for a lease
shall be made by the a ;ﬂ'ham in person to the Agent of Dominion Lands for the district
in mth the rights applied for are situated, or to a sub-agent for luch district, for transmission
to the agent.

7. Applications for a location situated in nmurveyal territory shall contain a description
by metes and bounds of the location applied for, and shall be accompanied by a plan showing
the position of such location in its relation to some prominent topographical feature or other
known point.  The plan shall contain sufficient data to admit of the position of the location
applied for being definitely shown in the records of the department. The location must be
rectangular in form, except where a boundary of a previously located tract is adopted as com-
mon to both locations, the length not to exceed three times the breadth.

The application shall be ac by 1 by affidavit of the locator,
to show that the following requirements Iu\e btﬂ: fully complied with:—

(@) That the location applied for has been defined on the ground by the locator in person
by planting two wooden posts, at least four inches square, and standing not less than four
feet above the ground —such posts being numbered ‘1" and ‘2" respectively. Thc distance
hetween post No, ‘1" and post \u ')' -hall not exceed 15,840 feet, and upon each post shall
be inscribed the name of the locator and the date of the location, Umn post No. 'l there
shall be written, m addition to the foregoing the words ‘initial post,’ the approximate compass
bearing of post No. ‘2" and a statement of the number of feet lying lu the right and to the left
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ol the line between post No. ‘1’ and pol( No. ‘2. Thus— (initial post, direction of post No.
. feet lie to the right an feet to the left of the line between post
‘1 and post No. ‘2°), (O.inC,, 11 \lmch 1911

When the tract which an applicant desires to lease has been located, he shall immediately
mark the line between post No. ‘1’ and post No, ‘2" so that it can be distinctiy seen, in a tim-
bered locality, by blazing trees and cutting underbrush, and in a locality where there is neither
timber nor underbrush he shall set posts of the above dimensions or erect mounds of earth or
rock not less than two feet high and two feet in diameter at the base in such a manner that
the line may be distinctly seen.

(0}

All the particulars required to be inscribed on posts No. ‘1" and No. ‘2" shall be set
out in the application and shall be accompanied by a plan showing the position of the tract
in its relation to some prominent topographical feature or other known point, such plan to
contain sufficient data to admit of the location being shown definitely on the record of the
Department

(¢)  The locator shall post a written or printed notice on a conspiciions
applied for, setting out his intention to apply within thirty days from ti
for a lease of the petroleum and natural gas nights under the said locatio

t of the location
date of such notice

() The application shall be
locator, in due form, to show that
complied with

companied by evidence, supported by the affidavit of the
he above requirements of the regulations have been fully

. In case the tract applied for is located in unsurveyed territory on the margin of a river
or lake, it shall not include more than one mile in direct distance along such water frontage,
and shall ¢ nd b therefrom as may be necessary to include a total ar ot more
than 1, the length of the location, however, not to exceed three miles. The tract
| be marked on the ground by two legal posts firmly fixed in the ground, one at ¢ |end ut
such front boundary.  The posts shall be numbered ‘1" and *2° respectively. 1t shall not be
fulto move post No. ‘1%, but post No. “2" may be moved by a Dominion Land Surveyor if 'hc
distance between th scribed by regulations, but not other-
wise.  The side boun: aral s drawn from h end of the front boundary
at right angles to the bas qu of such river or lake established or to be cstablished, by the
Department. In the event of the base line t being established, the side boundaries of the
location shall be drawn at night angles to th al direction of the valley of the river, or the
margin of the lake. The n « plication shall be posted couspicuously on the
location near the marsin of the lake or niver on which it fronts

he boundaries of claims situated on the margin of a lake or river, and any disputes which
may arise in connect.on therewith, shall be subject to final adjustment by the Minister. (O,
in C., 11 March, 19i1.)

nils situated
Agent of Dominion
gent for such district,

9. Application for a lease of the petroleum and natural gas rights under
in unsurveyed territory shall be made by the locator in person to th

Lands for the district in which the tract applied for is situated, or to a sub-
within thirty days from the date upon which the tract
if it is situated within one hundred miles of the offi
will not be considered.  One extra day, however, shall be allowed for every additional l-'n miles
or fraction thereof that the location is distant more than one hundred miles from the office
of the Agent or Sub-Agent.

10.  Where two or more persons lay claim to the same location, or to portions of the same
locations, situated in unsurveyed territory, the right to the lease shall be in him who can prove
to the satisfaction of the Minister that he was the first to take possession of the tract in dispute
by staking in the manner prescribed in these Regulations, and that he made application for
a lease within the specified time.

11, As soon as the survey of a lnunnlup has been confirmed, all petroleum and natural
gas leases embracing any portion of such ship so surveyed and confirmed, shall be made
to conform to the Dominion Lands S nem nl Survey if the Minister so decides, by the substi-
tution of a new lease describing by sections, legal subdivision sections, or regular portios

of legal mlnlnn on s nearly as may be the truct embraced in the leaschold in so far
township so surveyed is (mwn ed.  If any part of the leaschold is in territory which remaing
unsurveyed, it shall continue to be described as in the lease originally issued, until such portion
is included in a confirmed survey.

12, As soon as the survey of a township has been confirmed, all petrolenm and natural
gas leaseholds embracing any portion of the Imnnllu‘: so surveyed and confirmed, shall be sub-
Ject to the withdrawal forthwith from the lease, without compensation to the lessees, of an:
portions which, in accordance with such confirmed survey, are found to be the property

Hudson's Bay Company.

‘The lease shall bear date from the day upon which the application is granted and the
vrnul for the first year at the rate of twenty-five (25¢.) cents an acre shall be paid within thirty
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days from such date otherwise the application shall absolutely lapse and the rluhu applied
for shall become available for other disposition. 1f during the term of the lease shall
fail to pay the rental in advance for each subsequent year. at the rate of fifty (Sor,) cents an
acre per annum, within thirty days after the date upon which the same becomes due, the lease
shall be subject to cancellation in the discretion of the Minister and to the immediate forfeiture
of all the rights which the lessee had in the said lease.

Provided that if the lessee, in consideration of the expenditure to be incurred by him in
actual boring operations upon his leasehold, makes application, at or before the beginning of
the second and third years, respectively, of the term of the lease. for an extension of time
within which to pay the rental when due, or becoming due, the Minister may grant -u( h ex-
tension of time in writing, and if the lessee, before the end of the year in respect of w al
ylualmn wis made, submits evidence to the Land Agent, or Sub-land Agent, of thr «llnnrl

hich the leasehold is situated, in the form of affidavits by himself and two reliable witnesses,
lluu during such year actual boring operations have been prosecuted upon his leasehold,
required by Section 15 of these Regulations, the amount expended in such boring operations,
exclusive of the cost of machinery and casing, may be deducted from the rental which became
due at the beginning of the said year. The balance of rental due, if any, shall be paid at the
same time as the evidence in regard to work done is submitted. as above required. Failure
to submit such evidence, or to pay the balance of rental due, will render the lease liable to
cancellation, as hereinbefore provided.

14. The lessee shall, within one year from the date of the lease, have upon the lands
described therein such machinery and equipment suitable for carrying on prospecting operations
as the Minister may consider necessary, and he shall within the same period furnish evidence,
supported by affidavit, showing the character, quantity and value of the machinery so installed
and the date of its installation. If the required machinery is not installed within the period

specified. .uu| if evidence of its installation is not furnished within the prescribed period, the
lease shall be subject to cancellation in the discretion of the Minister. Provided, however,
that the Minister shall not require that the value of the machinery so installed shall exceed
the sum of five thousand ($5,000) dollars.

15, The lessee shall commence boring operations on his lc-unehnld within fifteen months
of the date of his lease, and he shall continue such boring
to the satisfaction of the Minister, with a view to the discovery of ml or natural gas. If the
lessee does not commence boring operations within the time prescribed, or if having commenced
such operations he does not prosecute the same with reasonable diligence, to the satisfaction
of the Minister, or if he ceases to carry on the same for a of more than three month
the lease shall be subject to cancellation, in the discretion of the Minister, upon three months'
notice to this effect being given to the lessee.  Provided, however, that if satisfactory evidence
i# furnished to show that the sum of at least two thousand ($2,000) dollars has been expended
in actual boring operations, by recognized methods, upon the leasehold in any year, sus
expenditure shall be accepted as compliance with this provision for the year during which such
expenditure was incurred.

16, The lease shall in all cases include only the oil and natural gas rights, which are the
property of the Crown, but the lessee may, upon application, be granted a yearly lease at a
rental of one (8$1) dollar an acre per annum, payable vearly in advance, of whatever area of the
available surface rights of the tract described in his petroleum and natural gas lease the Minister
may consider necessary for the efficient and economical working of the rights granted him,

17, Should oil or natural gas in paying quantity be discovered on the leasehold, and
should discovery be established to the satisfaction of the Minister, the lessee will be per-
mitted to purchase at the rate of ten (§10) dollars an acre whatever area of the available surface
rights of the tract described in the lease the Minister may consider necessary for the efficient
operation of the rights granted him,

15, 1f it is not established to the satisfaction of the Minister that oil or natural gas in
paying quantity has been discovered on the leasehold, the lease shall be subject to termination
upon two years' notice in writing being given to the lessee by the Minister.

12, The boundaries beneath the surface of a location shall be vertical planes or lines in
which their surface boundaries lie.

20, e of five (85) dollars shall utom‘nny each application for a lease, which will
be ref Iuminl it the rights applied for are not available, but not otherw

21, The lease shall be in such form as may be determined by the Minister of the Interior,
in accordance with the provisions of these Regulations.

2. The lessce shall not assign, transfer or sublet the rights described in his lease, or any
part thereof, without the consent in writing of the Minister being first had and obtained.

23, No royalty shall be charged upon the sales of the petroleum acquired from the Crown
under the provisions of the Regulations up to the Ist day of January, 1930, but provision
shall be made in the leases issued for such rights that after the above date the petroleum products
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of the location shall be subject to whatever regulations in respect of the payment of royalty
may then or thercafter be made

24. A royalty at such rate as may from time to time ed by Order in Council
may be levied and collected on the natural gas products of the le

25. At the end of each year of the term of the lcase essee s
supported by aftidavit, showing the number of days during the year that ¢
we location; the i r of men 5o employed; the charuc
ine incurred; a detailed state t i

1; the total ex setting o

i crude oil or natural gas
re to furnish such yearly return
r each day’s delay in furnishing
shall be subject to canccllation

subject to a fine of ten (§10)
t, and after three months' o

These regulations are extended and applied to lands in-
cluded in the railway belt in the province of British Columbia
(Order in Council, 11th of March, 1911,)

Western Canada School Land Leases.—By ruling of the Domin
ion Government in 1913, school land reserves in the west can be
leased for petroleum and natural gas purposes to applicants, at
a rental of 25 cents per acre for the first year, and 50 cents per
acre for cach consccutive year.  The leases are allowed to run
twentv-one years, and are renewable at the end of that time.
A condition is made, however, that not more than 640 acres

will be leased to any one person.

LAWS CONCERNING INDIVIDUAL PROVINCE

In addition to the laws and regulations quoted above
various statutes and regulations apply to individual provinces

and are quoted below.

Quebec.

Petroleum and natural gas mining rights in the Province
of Quebec are acquired under the provision of the Quebec Mining
Law (55-56 Victoria Ch. 20—-1892). Specific mention of these
minerals is not made in this enactment, but by regulation of the
Lieutenant Governor in Council.

All such unwithdrawn public lands or private lands in which
the minerals are reserved to the Crown containing them are
subject to acquisition for development purposes.

Disposition of mineral lands and mineral rights is vested
mization and Mines who is em-

in the Commissioner of C
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powered to sell mining concessions not exceeding 200 acres each
in extent at public auction or privately upon application ac-
companied by plan and field notes of official survey and cash
payment at the rate of a certain amount an acre, if the land is
more than 20 miles from a railway, which amount is doubled
if the tract is less than 20 miles distant.

Lands may also be acquired for mining purposes by oc-
cupation and working under a mining license.

For a fee of $10 a miner's certificate good only for the
current calendar year may be obtained from the Commissioner,
conveving the right to prospect on all unoccupied unwithdrawn
public lands and on private lands where minerals are reserved
to the Crown in which latter case sceurity is required to answer
for any damage to the surface estate.  When he makes a dis-
covery the holder of a miner's certificate is allowed to stake and
indicate on the ground in a preseribed manner an area not ex-
ceeding 200 acres in extent and after filing notice of his dis-
covery is allowed four months in which to apply for a mining
license. These are of two kinds (1) Private lands license, where
minerals are reserved to the Crown, (2) Public lands license.
Mining licenses are granted to holders of mining certificates
upon application accompanied by a plan showing clearly the
location of the desired claim, by an afidavit that the land sought
is enterable and that the claim is properly marked on the ground,
by payment of a fee of $10 and an annual ground rental of
$1 an acre.  Licenses are renewable from year to year upon
payment of a renewal fee and an annual rental of 81 an acre

subject at the diseretion of the Licutenant Governor to the
requirement of a royalty in licu of such renewal and rental fees,
Private land licenses are qualified by provisions for indemnity
to the owner of the surface estate for damages resulting from
mining operations,

Ontario.

Search for and development of petroleum and natural gas
deposits in Ontario is provided for in the Mining Act of Ontario
(8 Edward VII, Ch, 21, 1908), amended at various times since
its enactment.

- e A -
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Vacant crown lands and patented lands in which the mineral
rights are reserved to the Crown are open for prospecting by
individuals who hold valid miners' licenses from the Minister
of Mines.!

Prospectors so qualified may stake in a prescribed manner
a compact area not exceeding 640 acres, and by complying with
certain regulations as to survey, indemnification for damages
to owner of surface estate, ete., and payment of a fee of $100,
obtain a boring permit granting exclusive right to prospect for
petroleum and natural gas within the desired area for a period
of one vear,

Before the termination of this permit a sum amounting to
not less than 82 an acre in actual development work for oil or
gas must be spent in order to qualify the holder for a renewal
of his permit, which, if the conditions are fulfilled, is renewable
for one year at the same terms as to development work, for a
fee of $100.

After a discovery of oil or gas is made the prospector is
entitled to apply to the Minister of Mines for a lease of any
or all the land involved upon the submission of satisfactory
proof that he is the holder of the boring permit affecting the
land and that he has discovered oil or gas in commercial quan-
tities within the area.  Leases are issued for a term of 10 yvears
at an annual rental of S1 an acre pavable in advance,
and subject to the expenditure of not less than $2 an acre
per annum in obtaining oil or gas, or in actual bona fide oper-
ations or works for the purpose of obtaining the scme from the
lands I'he lessee has the right of renewal of his original lease
for a second term of ten yvears at the same rental, and at the
expiration of this term the right of a further renewal for twenty
vears on terms to be agreed upon at the time if not provided
by statute or regulation.  Every lease is issued subject to such
other conditions, stipulations and provisos as the Lieutenant-
Governor in Council may prescribe and are forfeitable for non-
payment of rent and failure to comply with the prescribed
erms.,

! In the older parts of the province the mining rights have already been
transferred from the Crown to the owner of the surface rights,  See page 123

0




ERen s

122

The lease conveys to the lessee the right to enter upon the
land described and dig, bore, sink, drive, or otherwise search
for and obtain only petroleum, natural gas, coal, and salt. All
other valuable minerals are reserved to the Crown and any
holder of a miner's license is at liberty to enter the lands,
prospect, stake claims and obtain limited patent thereto, pro-
vided the lessee is duly compensated for any resulting damage
or injury to his interests.

FOREST RESERVES.

Lands embraced in Crown forest reserves in Ontario
are open for prospecting by any holder of a miner's license,
bui are not subject to sale, although a lease permitting
mining operations thereon may be granted for a period not
exceeding ten years with the right of perpetual renewal for
periods of not more than ten years each subject to such regu-
lations as may be made by the Lieutenant-Governor in Council.

British Columbia.

Acquisition of petroleum and gas-bearing lands in the
Province of British Columbia is under the Coal Mines Act,
R.S. Ch., 137, and the procedure involved is, briefly, as follows:

Licenses to prospect for petroleum or natural gas over
any compact area of public land in the province, not exceeding 640
acres, for a term not exceeding one year, may be granted to any
person by the Chief Commissioner of Lands and Works upon the
following conditions:—

Applicant must stake the desired area in a prescribed manner
and post thereon a notice of his intention to apply for a license,
must publish for 30 days a notice of his intention in the British
Columbia Gazette and in some newspaper circulating in the
local district; and at the expiration of this publication period
must make duplicate application in writing, accompanied by
a plan and description of the land and a fee of $100 to the local
commissioner, for a prospector’s license covering that area

Licenses so granted are subject to two renewals upon pay-
ment of a fee of $100 for each renewal and satisfactory showing
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to the Chief Commissioner or Assistant Commissioner that
the licensee has bona fide explored for coal or petroleum during
the term of the lease. For purpose of prospecting, provision
is made that license holders, not exceeding ten, on adjoining
lands may unite in a partnership and proceed as a firm in pros-
pecting one claim, which, if done satisfactorily to the Chief
Commissioner, relieves the individual licensee of separate pros-
pecting.

After discovery is made a lease is procurable by an indi-
vidual or firm from the Lieutenant-Governor in Council, good for
five years, subject to the payment of an annual ground rental of
15 cents an acre, and a royalty of 2} cents a barrel for all crude
petroleum obtained from the land, and further subject to con-
tinuous and vigorous prosecution of development work.

At the expiration of this lease if all conditions have been
faithfully fulfilled the lessee is entitled to purchase the land
together with the petroleum therein at the rate of $10 an
acre, or in case the land has been alienated, he shall be entitled
to obtain a grant of coal and petroleum underlying the land,
upon payment at the rate of $5 an acre.

METHODS OF OBTAINING OIL AND GAS RIGHTS FROM
PRIVATE LANDS.

In Ontario the surface owner has a title to the oil and gas
rights and the companies lease the rights direct from the surface
owner. The Canada Company has, however, some land on
which the Government still holds the title. The courts have
decided that oil is not a mineral. This decision was made in
the test case of Farquharson vs. The Canada Land Co. In
Northern and Western Ontario the government has reservations.

GAS LEASES.

As a rule the leases give a limited amount of free gas to
the owner of the property; formerly it was the custom to give
an unlimited amount of free gas. At present they seldom
give over 200,000 cubic feet of free gas from the first paying
gas well on the property. The rentals are 20 to 25¢. per acre
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for every year after the first year. The companies never pay
over 50c. an acre and they generally get one year free lease,
They pay $50 for a gas well or give 200,000 cubic feet of free
gas and only ina few cases do they do both. In a few instances
they pay $100 for a well, but never over this. The leases
provide a royalty of one-tenth to one-eighth of the oil to the
owner of the surface; all the earlier leases giving one-tenth.

Form of Lease.

A lease form used by one of the prominent Canadian
gas companies follows:—

THIS AGREEMENT made in duplicate this.... ... s day ol icoisriiranioinin
A.D. 19, .
BETWEEN.......... P T T A T A R L

of the Township of
the Grantor, n(:h-l'lm?m and

THE COMPANY
hereinafter called the Company of the Second Part.
WITNESSETH that in consideration of the sum of One Dollar, the receipt 'ha-d i
w and cuudud

, and of the rents,

Gran ha granted and do........ lm!by mnl unto the Company, for the

ndwsmtheadud right of searching for, and taki Jtvlypﬂrdﬂlmlndnllurﬂ
All that certain tract of land dumed in the ..wn-h: " i

of Ontario, dﬂcvib«i u

mnly of ..
follows: . .

together with all rights and privileges necessary
the generality d&elmu.(hccammnyln“’bt
lands; the right to transmit power and gas to
to have it oil, vun-nd.nl
0 operate l-he-mc. the right to g-on
piping muh otllturunnd the ucludn right to lay pi
on and across
TO HAVE AND TO HOLD the said premises for the purposes and with the rights af
said, for the term of ten years from the date hereof and as much longer as said premises are
m-udlumwudmloadmlam onmmulndd thereon.

THE COMPANY AGREES:
ll:. To give the Grantor the..............part of all oil produced and saved on the

2nd. 1 gas is found in sufficient uu- to uulhn. that the Grantor shall for un
first paying gas well drilled have the pri of using in his dwelling now on said premises. .

P

-

>e

SEIFFED SRERTFES: ¥
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Ebgasyas feet of each year free of cost or a rental at the rate of . ,

dollars a year, r quarterly in advance so Innl as gas i8 %oid off the p

for all gas used in excess of that amount, the Grantor agrees to YA) to the Company the sum
of twenty cents L-:v one thou-nd cuhk: feet mylblz on de each subsequent paying
gas well drilled Compan! m{ at the rate of

per annum, payable qumnly in ad\nnu %0 lo

.dollars
ng as gas therefrom is behu ‘sold off the pn:nn-u

3rd. To compensate the Grantor at the rate of twenty dollars per acre for all damage
to crops on said lands caused by operating thereon.

4th. To drill no well within two hundred feet of any house or barn now on said lands
without the consent of the Grantor,

If no well is commenced within .from this date this grant
shall become null and void unless the Lumnnny shall my the Gnnuw a rental quarterly in
advance at the rate of year during the remainder of the

. per
wd lum provided however that such rental shall not in any event be payable after surrender
of this lease. Any moneys payable hereunder may be paid to me Grantor in pernm or by
numnz the same in a postpaid envelope directed to him at post
oﬁa by depositing the same to his credit in the Hank
......... and may be made by cheque, Express
Ordet. Post Office Order or the notes of a mh-rund bank.

THE COMPANY may at any time surrender this lease whereupon all liability of the
Company shall forthwith cease and determine except for moneys due and unpaid at the time
of such surrender: such surrender shall be in writing and the same, and any notice required
to be given hereunder may be effectually 5‘"" by delivering the same to the Grantor in
person or by mailing llu same in a puu id envelope addressed to the Grantor at

THESE presents shall enure to the benefit of and be binding urtm the parties hereto,
their heirs, executors, administrators, successors and assigns respectivi

IN WITNESS WHEREOF the said parties have hercunto set their hands and seals
the day and year first above written.

Signed, Sealed and delivered in the presence of
THE. ....ooovvvinonn. . Company, Limiren,

( % oo Ve Pres.

[ ooeoSec'y

The following is a form of lease quoted as a typical form

used in Canada, by Mr. A, Beeby Thompson in ‘“‘Petroleum
Mining,” p. 41.

peto HIS LEASE, made the

A.D.,

. in the y of
v egsovsavass ’s nnd Province of Ontario, farmer, hereinafter nued the
M of the first part, ud o o hereinafter called the Lessee, of the second
In consideration of the agreements herein contained, the lessor does hereby grant and
mlolhel-u lutheurmdlnmn.nd long thereafter as oil or gas is produced
from the land leased in paying quantities, the ududvv ku o drﬂl for ud produce wtrokum
lenldnn.mdlhruhlmemduadl for the product k:i
and transportation of oil or natural b\louunmndn- (if fou i(o'lh!

necessary engines, and to remove all mu.'hlncry ures, etc., placed by the lessee on the
premises, undy
in the Township of

(oumyol . anmced(lnlnm being. .
acres more of less.  No wells to be drilled withi feet of build-

ings without lessor’ lml The lessee to deuvu 1o the lessor on the mmnn free of cost,

the one-tenth part of all petroleum produced and saved from the premises, and to pay ou hund

red dollars ($100) per annum for each gas well from which the gas is marketed for

any Nllnr town or city. If the lessor shall request it, the lessee shall bury all oil md Ras

lines below pludl depth.

pay w-wn-uon for any actual damage to crops or improvements caused by
opnlllau.lohev Rates douduxdlmtnu found, and to pay all taxes rated on any prope
erty or effects he may place thereo
This lease to be null und void nnd no lon:rv hmﬂu on either party if operations for
drilling are not com: the premises within. .. . ... ... ....... days from this date,
unless the lessee -h.ll nmnhn pay yearly to Ir-n t-cmy-lwr cents (25¢.) per acre for delay.
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It is understood between the parties to this agreement that all lhzx\dldom between the

parties hereunto shall extend to their heirs, executors, administrators, assigns.

Lessor to have free use of gas (if found) for h on the during said
terms,

SIGNEDandsealed by.........coovviniansnsnnenssscanss A8 iiaevisnsinse

A form of agreement entered into by individuals and the
Dominion Government in leasing oil and gas lands follows,
together with the latest regulations approved January 19, 1914,
for the disposal of oil and gas rights in certain territories.

l’euoleum and Nlluu] Gas Lease Ni

THIS INDENTURE, mltlc in duplicate, this day of

in the yru ul our | ne thousand nine hundred and BETWEEN HIS

MAJ ISTY KIN OI!(.E THE FIFTH, represented herein by the Minister of the Interior
nldz. hereinaft lled t and

he Minister, of the first part, as
lmrlmmrr called lhe lessec, of the secorl part,

WHEREAS by Order of the Governor in Council, dated the nineteenth day of January,
in the Year of our Lord, one thousand nine hundred and fousteen, regulations were made for
the disposal of peuolcum and natural gas rights, the property of the Crown in the Provuwu
of Manitoba, and the Yukon Territory, the Northwest Territ

the Railway Belt in v.he Pruvlnce of British Columbia, and the three and one-half millions of
acres of land uqmnd bg Domlnlon from the Province of British Columbia, and referred
to in sub-section ( io1 of the Dommion Lands Act, Chapter 20, 7-8 Edward VII,
a copy of which reuulnkms is huno appended.

AND WHEREAS the lessee having applied for a lease under the said Regulations of the
petroleum and natural rights in the lands hereinafter described the Minister has granted
such application upon the terms and conditions herein contained.

NOwW TIIEREFOKB THIS INDENTURE WITNESSETH that in consideration of
the r!nu lnd ties hereinafter reserved and nbj«l to the provisos, conditions, restrictions
and sti f Majesty doth grant and demise unto
the I—! lor the sole and only wrgou of mining nd operating for petroleum and natural
gas, and of laying pipe lines and of unu stations and structures necessary
and convenient to take care of the

ALL AND SINGULAR

TO HAVE AND TO HOLD the -am unto the lessee for the term of twenty-one years,
be computed from the 19 renewable for a further
of twenty-one years provided the le-e furnishes tv(dmn satisfactory to the Minister

gs

of the Interior to show that during the term of the lease he has complied fully with the con-
ditions of such lease and with the of the regulations under which it was ‘ﬂntd
Vlddlumdny«ulm«duvtummmdmdﬂmnnwﬂu Majesty clear
yearly rent or sum of twenty-five cents of lawful money of Canada for each and every acre
of land comprised within said lands, for each subsequent year of such term the rent
or sum of fifty cents, such rent being payable ly in advance on the day of

in each year of the said term, the first of which payments has been made on or before the exe-
cution of these presents; also rendering and n‘l therefor unto His M y @ royalty
at such uuumylmuumwumebc h-l y!)rﬂudtbecevwnm of Can-
ada in Council on natural of the said lands, and also such royal

kas products ity on
petroleum products taken out of the said hndl lmm-nddlummdnyoljmm in the
year 1930 as the r ;.'{5“"“""' then and in force may and such rent and
zy.lgnobelug cleudnndimnlnmudunl‘udmuudlmmdlm

PROVIDED ALWAYS that this demise is granted upon and subject to the following
isos, cond and i that is to say:

1. That the lessee shall and will -vlluuluu:nr uu-u to the Minister
at Ottawa, the rent and royaity all

umuuuilnlhemlnnu or in or under the said

2, Thnv.helcﬁlhlllnd'ﬂl'dl l.mlyndhnhhllyuhurn perform and abide
by all the ML“ mvhundvoulclb- or under the said regulations
imposed upon ovuponlhe lessee.
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3. That the lessee shall and will keep correct books of such kind and in such form as may
be prescribed by the Minister, showing the quantity of petroleum and natural gas taken out
of the said lands, and whenever required so to do shall submit such books to the inspection

any officer or person appointed or authorized by the Minister to examine the same for the
purpose of verifying the returns made by the lessee.

4. Thn the lessee shall and will durln{‘ the said term, make such provision for the
disposal of the earth, rock, waste or refuse of the said lands that the same shall not be an in-
convenience, nuisance or obstruction to any railway right of way, roadway, pass, passage,
river, creek or ’»lu:t or to any private, public or Crown lands, or conflict with or embarrass
the operating of any other mines on the said lands, or in any manner whatsoever occasion any
private or public damage, nuisance or inconvenience.

5. That the lessee shall and will, during the said term, make and deliver
or to any officer or agent appointed or instructed by him to collect, obtain or re:
all such true and proper information of the working and operations of any min

the Minister

on the uh‘
lands (the truth and accuracy of which shall be verified by oath or solemn declaration of the
lessee m’hh manager, agent or employee cognizant of the facts) as the Minister shall from time
to time direct.

6. That the lessee shall also make proper and reasonable compensation to any railway
company for any damage caused to the n.ht M way or station grounds of the railway or other
property of the Company upon the said las

7. That the lessee shall and will penml any inspector or other person duly authorized
in that behalf, with all proper or necessary assistants, at all reasonable times during the said
term, quietly to enter into and upon the -id lands, mines and premises, and into all buildings
erected thereon, and into any part thereof, and to survey and examine the state and condition

, 80 nevertheless that in so doing no unnecessary interference, is caused with the carryi
on of the mining work, of the lessee; and shall and will by all means in his power aid and facili-
tate such inspector or other person in making such entry, survey and examination.

8. That the lessee shall and will during the said term, open, use and work any mines and
works opened and carried on by him upon the said lands in such manner only a8 is usual nnd
customary in skilful and proper mining of similar
proprietors themselves on their own lands, and when working the same lhnll keep and r!ca've

the said mines and works from all avoidable injury and damage, and also the roodm ways,
works, erections and fixtures therein and thereon in good repair and condition, except such
of the matters and things last aforesaid as shall from time to time be considered by an: lns
pector or other person authorized by the Minister to inspect and report upon such matters and
things to be unnecessary for the proper working of my such mine, but so that no casing placed
in any mine shall be removed or impaired, and in such state and condition shall and will at
the end or sooner determination of the said term deliver peaceable possession thereof and of
the said lands to His Majesty.

9, That the lessee shall and will during the said term enclose and keep enclosed all aban-
doned in with or for the purpose of mining operations
on the said lllldl with fences or walls sufficient to prevent cattle and other animals falling
thereinto, such fences or walls to be of a height and character satisfactory to the Minister or
to the inspector or other person duly authorized by him as aforesaid, -nd to comply with any
regulations or directions from time to time made or given by the Minister

10. That no waiver on behalf of His Majesty of any breach of any or either of the
visos, conditions, restrictions and :lel!l(ml herein contained, whether negative or lln
in form, shall take effect or be binding upon him, nnk- the same be expressed in writing
under the authority of the Minister, and any waiver so expressed shall extend only to the
particular breach so waived and shall not Ihmt or lﬂcﬂ His Majesty’s ruhu with respect to
any other or future breach.

t1. That no implied covenant or lub:l:w of any kind on His Majesty’s part is created
by the use of the words “demise” or * herein, or by the use of any other word or wotdn
herein, or otherwise arise by mmn nl these presents or anything therein cont

12, That in case of default in p-ymeut o{ nw said rent or royalty for 30 days after the
ame should have been paid, or in case of b e or
the part of the lessee of any proviso, cond-uon rmnruon or ulpulutlon herein contained, an:
which ought to be observed or performed by the lessee and which has not been waived by lhe
said Minister, the Minister may cancel these presents by written nmicr lo the lessee,
lhemlpon the same and everything therein contained shall become and b-rluuly aull

and void to all intents and purposes whatsoever, and it shall be lawful lor His Majesty into
and upon the said lauds (or any part thereof in the name of the whole) to re-enter and the
same to have again repossess and enjoy, anythin; hemn contained to the contrary notwith-
standing. Provided nevertheless t! in case uch cancellation and re-entry the lessee
llll.ll continue to he liable to p-y und His \lu)ﬂty lhd" have the same remedlel for the re.

ery of any rent (-ll due or amrumu due as if these presents had not beer can-

:tlkd but rvmdned in Inm and effect
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13, That within two months from the termination of this lease from any cause, if all
rent and royalty due thereunder shall have been paid, and all provisos, conditions, restrictions
lnd stipulations hereby imposed upon the lessee shall have h-en duly observed tnr:“r

he lessee may remove from the said lands all tools and mnmnery buildings and erections
-Mdn he may have placed thereon, but shall not remove or impair any of the casing which
is necessary to the use and maintenance of the shafts or wells in any mine on the said lands,
or any article, matter or thing the removal of which might cause such mine to cave in or give
way, and that in default of removal within such period of two months all such tools and
machinery, buildings and erections shall be absolutely forfeited and shall become and be the
property of His Majesty.

14.  Provided that, if in consequence of insufficient survey or of any cause whatsoever
the said demised premises are Il)uml to include a portion of the petroleum and natural gas
rights demised to any other person under the regulations of any Order of the Governor General
in Council, the lessee whose application was first recorded in accordance with the provisions
of such regulations shall have priority.

15. That if in the opinion of the Minister the said petroleum or its products or any portion
thereof should at any time during this demise be rmuir«l for the use of His Majesty’s Canadian
Navy, the Minister shall have a right of pi P of all crude p oil or its products
gotten or won under this demise for such use as aforesaid, the price to be agreed on hetween
the Minister and the lessee or in case of difference to be fixed by the Exchequer Court of Canada.

16.  And provided further and it is hereby declared that this lease is subject in all respects
to the regulations of the Governor in Council, relating to petroleum, and to any regulations
that may be issued in of and in ion therefor,

Where the context permits the expression “lessee” herein includes the heirs, executors,
administrators and ns of the lessee; the expression “His Majesty” includes the successors
and assigns of His Majesty; and the expression “Minister” includes the successors in office
of the Minister of the Interior.

IN WITNESS WHEREOF the IA) of the
a

Minister of the Interior and the Lessee have hereunto set their hands and nnh the day and
year first above written.
SIGNED, SEALED AND DELIVERED |
IN THE PRESENCE OF
|
|
..................... > X =
Deputy of the Minister of the Interior.”
And by the lessee in the presence of
....................... Wi SOty
R uhliﬂu lu the disposal of Petroleum tnd \nur.l Gas rights, the pmpen of the Crown,
- anitoba, Saskatchewan, Alberta, orthwest Territories, the Yul Territory,
uu l.nllwly Belt in u- Province of Bm‘ﬁ Columbia, and within the tract containing
three and one-half (314) million acres of land uqulnd by the Dominion Government
from the Province of B hh(olumbhnnd referred to ion (b) of section 3 of the

Dominion Lands Act, approved by Order in Council d-ted the 19th of January, 1914,
INTERPRETATION
““Minister” shall mean the Minister of the Interior of Canada.

“Adjoining” lands shall be those which are not sepatrated by a section, or by any of the
regular subdivisions into which a section may be divided.

“‘Location” shall mean the tract described in a petroleum and natural gas lease.

“Group” shall mean two or more of the locations described in petroleum and natural
gas leases, dated for of

“Lessee” means or municipality the holder of &
petroleum nnd ulunl ln Ieue in morl nlndinl

“River” shall mean a stream of water the bed of which is of an average width of 150 feet
throughout the portion thereof on which the tract applied for fronts,
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1. The mm&nm and natural gas rights which are the pre _‘y of the Crown, in \lnnltnbl
Alberta, the Northwest Territories, the \ukon erritory, the Railway belt

in the Province of British Columbia, and within the tract containing three and one-half (314)
million acres of land acquired by the Dominion Government from the Pmuncr of British
Columbia, and referred to in subsection (b) of section 3 of The Dominion Lands Act, may be
leased to applicants at a renul of twenty-five (25) cents an acre for the first year, and for evcin
sul mto{m a rental at the rate of fifty (50) cents an acre, ry able yearly in advance,
The term of the lease shall be twenty-one years, renewable for a further term of twenty-one
years, provided the lessee can furnish evidence satisf: factory to the Minister to show that during
the term of the lease he has fully with the of such lease and with the pro-
visions of the regulations in force from time to time during the currency of the lease,

2. The maximum area of a petroleum and natural gas location shall be 1,920 acres,
and no person shall be permitted to acquire a greater area except by assignment.

Provided that a who hu been ed a lease for a location, and who subsequently
abandons or assigns the same, may, af expiration of twelve months from the date of the
said lease, apply for an area not greater than that abandoned or assigned.

Provided further, however, that such rights shall not be granted unless all ‘uymeﬂu

on account of rent or other liability to the Crown due by such person, have been fully made,

up to the date of the registration by the Department of the assignment of his right to such

- hovaz to the date upon which the notice of his abandonment of the same was received
y the Department.

3. If the tract applied for is situated in surveyed territory, it shall consist of sections,
or legal subdivisions of sections, but the several parcels comprising the tract shall be adjoining,
the length of the tract not to exceed three times its breadth. In unsurveyed territory, if at
least one of the lines bounding the tract applied for has been surveyed, and the returns of such
survey have been duly rmlvtd in the office of lh! Surveyor General, an J-pllu\mn for a lease
of the petroleum and natural gas rights under such tract may be considered under the pro-
visions of this section of the regulations.

Applications for a lease of the petroleum and natural nl rights on surveyed lands
shall be filed hy d;e :&rllant in person with the agent of Dominion Lands for the district in
which the righ for are situated, or with a sub-agent lor -uch district, for transmission
to the t, bn priom of lpplluliou shall be based upon the date of the receipt of such
application in the office of the Agent of Dominion Lands for the district.

5. If the rights applied for are situated in unsurvi aed territory, application for a lease
shall be made by the applicant in person to the Agent of Dominion Lands for the district in
'hli;: the rights awlbs for are situated, or to a sub-agent for such district, for transmission
o agent.

6. Application for a location situated in unsurveyed territory shall contain a description
by metes nnd bonndl of the Iocnlon applied for, and lhl." be accompanied by a plan showing
the position in its relation to some prominent topographical lenum- or other
known polnt. shall contain -uMdau data to admit of the position of the location,
applied lor hdn. tely Mn in the ruwdl of the Department. The location must be

form, except where a boundary of a prwloudge ted tract is adopted as com-
mon to both hculon-.theknnhmlouceedlhmllmul readth.

shall be d by ed by affidavit of the locator,
to mow um. the humdnl requirements have bwn fully cmnplh-d with:—

(a) That the location applied for has been defined on the ground by the locator in person
planting two wooden posts, at least lwt inches nq'um and uandinl not less than four feet
a m ground-—such posts being numbered and “2" respectively. The distance
No. “1" and post No. "1" mn exceed 15, Molert. and upon each post shall
be hw:ﬂ the name of the locator and the dnle of the location.  Upon post No. “1" there
h- written, In lddldon lo the dlon.nln. the words “initial nou he approximating

and a st

hnnn’ rou a ement of the number of feet lying IotM right
:‘ndtothildl the betmnpou\o post No. “2 fon

" Thus—Initial post, d
. feet 10 the left of the line between post No. “1" and post

..... . feet Iw to the ﬂghl and

‘When the tract which an lpphnm desires to lease has been located, he shall immediately
mark the line between " and post No. 2" so that it can be distinctly seen, in a
ltmhrmd locality, by bl In. trhv:'n:'ui cutting undﬂbnuh and in a locality where u‘nT(:

neither timber nor underbrush lmrona the above
earth or roek h- than ('n feet Mlh feet in diameter at the base in such a manner
that the line may be distinct)

(b) All the p-nlcuhnmulrad to be inscribed on posts No. “1” and No. 2" shall be sent
out in Lhe application and shall be accompanied by a plan showing the position of the tract
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in its relation to some prominen phical feature or other known point, such plan to
&num sufficient data to admit olmg.uuon being shown definitely on the records of the
partment.

The locator shall post a written or printed notice on a conspicuous part of the location
nppu«l (ot. uulnz out his intention to apply within thirty d.ny- from lht date of such notice
for a lease of the petroleum and natural gas rights under the said location.

(d) The shall be d by d by the affidavit of the
locator, in due ﬁmn. to show lhnt the ubove nsqulmmnu of the muhmml have been fully
complwd with.

7. In case the tract applied for is located in unsurveyed territory on the margin of a river
or Iake it lhall not include more than one mile in direct distance such water frontage
hall extend back therefrom as far as may be necessary to include . total area of not more

than 1,920 acres, the length of the location, however, not to exceed three miles. The tract
shall be marked on the ground by two posts firmly hx:d in the ground, one at each end of
such front boundary. The ?ucu | be numbered * “2" respectively. It shall not be
hw(ul to move post No. 1", but post No. “2" may be moved by a Dominion Land Surveyor
if the distance between IM mul nc«dl the length prescribed ‘y these regulations, but not
The side boundaries shall be parallel lines dr-vm lrom each end of the front boundary
at right angles to the base line of uu:h river or lake, established or to be established by the
rtment. In the event of the base line not being established, the side boundaries of the
lomuon shall be drawn at right angles to the general direction of the valley of the river, or the
margin of the lake. The required notice of application shall be posted conspicuously on the
location near the margin of the lake or river on which it fronts.

The boundaries of claims situated on the of a lake or river, and any disputes
which may arise in connection therewith, shall be subject to final adjustment by the Minister,

8. Application for a lease of the petroleum and natural gas rights under lands situated
in unsurveyed lcmm? shall be made by the locator in person to the nt of Dominion Lands
for the district in which the tract applied for is situated, or to b-agent for such district
within thirty days from the date upon which the tract ap lied for w- taked as above pmvnded
if it is situated within one hundrrd miles of the office of the Agen! Sub-Agent, otherwise it
will not be cousidered. One extra day, however, shall be nllo-td loc additional ten
miles or fraction thereof that (he louuon is distant more than one hundnd miles from the office
of the Agent or Sub-Agent.

9. Where two or more persons lay claim to the same location, or to portions of the same
locations, situated in unsurveyed territory, the right to the lease shall be in him who can prove
to the satisfa tion of the Minister that he was the first to take possession of the tract in dispute
by staking in the manner prescribed in these regulations, and that he made application for a
lease within the specified

10.  As soon as the survey of has been all and natural

gas leases embndns n‘ portion, o( such mwnd:lp 80 surveyed and confirmed, shall be made

to mlonn to the Lands {yystem ot Survey if the Minister so decxdeo. by the sub-
-m.utlon of a new lease describing by sections, legal subdivisions of sections, or regular portions

of legal lvluonn—u nn:lyura, be—the tract embraced in uuleuchold tnuohuube
n surveyed is f any part of the leasehold is in territory wlm:h remains

um“ mr‘vt ed, .It Mm“em be described as in the lease originally issued, until such portion

u sul

11. Anmutu has been all and natural
gas leaseholds embracing lnm the township so surveyed and confirmed, shall be
nubkn to the VlllMll'll u- lmm the lease,
any portions which, in with such confirmed survey, are found to be the property
of the Hudson's Bay Cmmny

Provided, however, that upon such withdrawal being made {rom any location in good
lundl the rental paid on the land so withdrawn, in wﬁl o
n{i inister, be refunded to the lessee.

12. The renta! for the first a(lluhuuoulpﬂhd
(25) cents an acre per annum, y the application filed in the office of the
of Dominion Lands for the dllukun-h the rights applied for are si pplica
thnlwnlc-dwmhunudummmrllhu be accepted or recorded unless it is
accompanied by the full amount of the rental for the first year at the above rate. The lease,
vhenzued shall bear date from the day upon which the application was filed in the office

dtheAnnldDonlnhnhnd-. u.duiummnumu-.ma—mumw
rental in mlov-d:mb-nu-lymnmnudﬂtyyﬂ)mnnmnmum
'llhin lhluul after the date upon which the same became due, the lease shall be subject

in the discretion of the Minister and to the immediate forfeiture of the rights

whkn the lessee had in the said lease.
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13 Plov:dcd that if the lessee, in coluudmuon of the expenditure to be incurred by
him in actual bor upon his makes at or before the begin-
ning of the d u-J third years, respectively, of the term of the lease, for an extension of
1lme within which to pay the rental when due, or becoming due, the Minister may xmm. such

xtension of time in writing, and if the lessee, before the end of the year in respect of which
mhuon was made, submits evidence to the Land Agent of the district in which the lease-
is :h.ulted supported by affidavit, that during such year actual boring operations have
been prosecuted upon his leasehold, as required by section 15 of these regulations, the amount
expended in such boring operations, exclusive of the cost of machinery and casing, may be
deducted from the rental which became due at the beginning of the said year. balance
of rental due, if any, shall be paid at the same time as the evidence in regard to work done is
submitted, as above required.  Failure to submit such rvulmrr or to pay the bahm’e ol rental
due, with interest, will render the lease liable to

14, The lessee shall, within one year from the date of the lease, have upon the lands
described therein such machinery and equipment suitable for carrying on prospecting opera-

jons as the Minister may consider necessary, and he shall, within the same period, furnish
evidence, supported by \f{idavu showing the character, quantity and value of the machinery
00 installed, the date of its installation and the particular parcel of land upon which it was
installed. If the required machinery is not installed within the period specified, and if evidence
of its installation is not furnished within the prescribed period, the lease shall be subject to
cancellation in the discretion of the Minister. Provided, huwevcr. that the Minister shall
not require that the value of the machinery so installed on a location shall exceed the sum of
five thousand dollars ($5,000).

The lessee shall boring i n his ithin fifteen monthe
of lhe date of his lease, and he shall continue such bonnu operations wuh uanoruble dilifm:..
1o the satisfaction of the Minister, with a view to the discovery of oil or natural gas.

oes not commence boring operations within th e prescribed, or if having commenced

such ulionn he does not prosecute the same with icosonable diligence, to the satisfaction

of the Minister, or if he ceases to carry on the same for a puiod of more than three months, the

lease shall be subject to cancellation in the discretion of tiic Minister, upon three months'

notice to this eflect being given to the lessee. Provided, however, that if satisfactory evidence

b furnished to show that the sum of at least two thousand ($2,000.00) has been ugemled in

boring upcrlllons. by recognized methods upon the leasehold in any year, such expend-

lum shall be a8 with this for the year during which such
expenditure shall have been incurred

16. The Minister may permit a lessce, uhn has uqulv«l by assignment or otherwise
more than one petroleum and natural gas lease, t and

lnd to install machinery and equipment on one ut more of the Iouuom described in the lease
affected.  Provided that such consolidation or grouping shall apply only to the second and
third ynr- of the term of the laas and shall comprise only such Ln- as may at the time be
included in such of the of machinery on one
or more of the locations lnrluded in a rmup shall be that ptucﬂbzd by Section 14 of these
regulations. lf the required machiner: ﬁ'a/ ot installed on one or more of the locations included
in a group within the renod speci uml evidence of its installation lummhed wuhln the
prescribed period, an e not and location

or locations in lhe muum set oul in “(Iun l! of these regulations, the Ieun mtluded in m
group shall be subject to cancellation in the discretion of the Minister.

17. The Minister may, in consideration of the expenditure to be incurred by a lessee in
boring operations upon one or more of the locations included in a group, grant an extension
of um within whlch to pay the rental for the second and third years of the term of the several
leases 8o included, and upon receipt of the evidence required by Section 13 of lhf- mul-&lo?'

seve locations uped, the amount expended in ng of ions on one or more
of the locations, exclusive cost of machinery and casing. The balance of the rental
due, if any, shall be paid at the same time as the evidence in rmrd lo work done is submitted,

as al requl Failure to submit such evidence or to pay the balance of the rental due,
with interest, will render the several leases included in the group liable to cancellation.

Provided, lw-wu that the Minister shall not require that the value of the muhlnery

0 be installed on group of locations shall exceed the s um of un thousand dollars

uonoo) nor oh-n M requlm that the expenditure incurred in boris renuom thereon

z m ym shall exceed the sum of two thousand dollars (82, oom each location
the group.

19. The maximum area of the locations which my be included in one consolidation or
mruh-llnotnadtm(y (20) squares miles. nor shall lombmnlndudedbemod
one from the other by a greater distance than two mﬂu

20. The Mhhn may, upon application, grant a lessee during the second and third
years of the term of the lease an extension of time within which to pay the rental and to install
the prescribed machinery nnd equipment, and within which to commence actual boring opera-
tions upon the location, or upon a group of locations consolidated under the provisions of these
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regulations: Provided that evidence to the satisfaction shed to show
that an expenditure equal to that prescribed by these regu
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having 1

district in which the locations are situated might matecially benefited. Upon receipt of
evidence on or before the termination of the year, supported by affidavit and duly corroborated,
that such expenditure has beer rred, and that the work done was of a character beneficial
fistrict, the Minister may deduct the amot of such expenditure from the amount
wccount of the rental of the location or locations affected, in the manner prescribed in

furnished, or, if furnished, is not ac
immediate cancellation in the discretion

13 of these regulations. In case evidence
to the Minister, the leases shall be

g the second and third years of the term of
e boring operations on any location
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lessee of the petroleum and natural gas rights

rights, or with his agent, or the

on the location ion of such interest the surface

for the efhcient operation of the rights ac red

ovided the mineral rights in the land affected with ac thereto

upy such portion of the land as may be necessary for the effectual
working of the minerals therein have been reserved to the Crown in the origina
surface right to the Minister for permission to submit the matter in disy

tion. Upon re such permission in writing, it shall be lawful for the lessee
to the owner agent, or the occupant, to appoint an arbitrator within a peric
la fr the ch not to act with another a ator named by the lessee
t termine w portion of the surface rights the lessee may reasonably acquire

a) For the efficient and economical operation of the rights and priv

The t of comp n to which ywner or occupant shall be entitled
23. The notice mentioned in this section shall rding to a form to be obtained
1por lication to the Agent of Dominion Lands for the district in which the land in question
s sit 1, and sha en practicable, be personally served on the owner of such land, or his
f known, or th nt thereof, and after reasonable efforts have been made to effect
registered ma the las: known place of abode or address of
and ting a { the sa the office of the Agent of Domin
e shall be t
A te: if out of the
province or ter

f such

o known address of such owner, agent

»n his beha

4 ase t wo a ANNOt agree the award to be made, they may within
A per f ten days from the Sate of the appointment of the se 1 arbitrator select a third
arbitrator h two a at annot agree upon a third arbitrator, the Agent of
Dom Lands for the d t in which the land in question is situate shall forthwith select

rd arbitrator

2 All the arbitrator r the authority of these regulations shall be sworn
before a justice of the peace t mpartial discharge of the duties assigned to them, and after
lue consideration of the rights of the owner and the needs of the le they shall decide as to
the particular port { the surface rights which the latter v wonably acquire for th
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38.  No royalty shall be charged upon the sales of the petroleum acquired from the Crown
under the provisions of the regulations up to the 1st day of January, 1930, but provision shall
be made in the leases issued for such rights that af the above date the petroleum products
of the location shall be subject to whatever regulations in respect of the payment of royalty
may then or thereafter be made.

39. A royalty at such rate as may from time to time be specified by Order in Council
may be levied and collected on the natural gas products of the leasehold.

40. Any company acquiring by assignment or otherwise a lease under the provisions
of these regulations, shall at all times be and remain a British company, registered in Great
Britain or Canada and having its principal place of business within His Majesty's Dominions
and the chairman of the said company and a majority of the directors shall at all time be British
subjects, and the company shall not at any time be or become directly or indirectly, controlled
by foreigners or by a foreign corporation.

Any alteration in the memorandum of articles of association, or in the constitution of
the company, or in the by-laws of the company | be reported to the Minister, pmvtd-d
that two months’ previous notice of the intention to make any alteration which mi;
ably affect the British character of the company shall be given in writing to the er, and
if, in the opinion of the Minister the said alteration shall be contrary to the cardinal pnnrlple
that the lessee company shall be and remain a British company under British control, the
Minister may refuse his consent to such alteration.

If the company which may acquire a location under these regulations shall at any time
cease to be a British company, or shall become a corporation under foreign control, or shall
assign any of the rights acquired under the lease without the consent in writing of the Minister
being first had and obtained the lcase shall be subject to immediate cancellation in the discre.
tion of the Mir T

41, The Minister may at any time assume absolute possession and control of any location
acquis under the provisions of these regulations, if in the uﬁlnlun of the Government of
Canada su: ction is considered necessary or advisable, together with all buildings, works,
machinery and plant, upon the location, or used in connection with the operation thereof and
he may cause the same to be operated and may retain the whole or any part of the output,
in which event compensation shall be paid to the lessee for any loss or damage sustai by
him by reason of the exercise of the powers conferred by this provision of the regulations, the
amount of the compensation, in case of dispute, to be fixed by a Judge of the Exchequer Court
of Canada, provided that the compensation in any such case shall not exceed the profit which
the lessee would have earned in the working of lglf location and the disposal of the products
thereof, had possession and control of the location and of the buildings, works, machinery
and plant not been assumed.

42, If the location described in any lease issued under the provisions of these regulations,
shall yield oil in paying quantity, the lessee shall pump and work the wells faithfully and
uninterruptedly with due vigour and skill, with good and sufficient machinery and appliances
in accordance with the provisions of the regulations and to the satisfaction of the H.m.m.
#0 long as the said wells continue to yield oil in remunerative quantity.

43. At the end of each year of the term of the lease the lessee shall furnish a statement,
supported by affidavit, showing the number of days during the year that operations were
carried on upon the location; the number of men so employed; the character of the work
done; the depth attained; the total expenditure incurred; a detailed statement setting out
fully the purpose for which such expenditure was incurred; the r\‘nnmy of crude oil or natural
gas obtained; and the amount realized from the sale thereof. Failure to furnish such yearly
return will render the lessee subject to a fine of ten dollars ($10) a d.f' for each day's delay
in lurlr;luunl the sworn statement, and after three months' delay the lease shall be subject to
cancellation

44. These regulations shall apply to all -p‘&hmlmnl submitted on and after the first
dlny of A'luun 1913, in accordance with the provisions of the regulations which were for the
time in force.

And that if the rent hereby reserved or any part thereof shall be unpaid for thirty days
after becoming payable luhethrr formally demanded or not), or if any covenant, proviso,
mpulanon or condition on the part of lh¢ lessee herein contained shall not be lormed or

ed, then and in any of the said cases it shall be lawful for the Minister by notice in unw
under his bhand to cancel these presents and terminate the mle or term hereby demi
and thereupon these presents and everything therein contained and the estate or term shall,
from the time of the giving of such notice, absolutely cease, determine and be void without
re-entry or any other act or any suit or legal proceedings to be brought or taken, pravlded that
His Majesty shall nevertheless be entitled to recover from the lessee the rent
or accruing, and moreover that any right d action of His Majesty lnhm the lessee |n respect
of any antecedent breach of any of the said provisos, or ¢
shall not thereby be prejudiced.

PR o .-
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DRILLING CONTRAC

All wells in Ontario are drilled by contract.  The contractors
get 90¢ per foot and pay for their own fuel in western Haldimand
county. In eastern Haldimand county the price is less and in
Elgin county it is more. The contractors provide their own
fuel at 85 per day. Generally 40,000 to 60,000 cubic feet of
gas per day is used for drilling. The company provides the

casing and the contractor provides the rig and tools.

GOVERNMEN

BOUNTY ON OIL.

In August, 1904, an Act was passed by the Dominion
government providing for the payment of a bounty on all crude
petroleum produced in Canada. The text of this Act, with its
provisions, is given below:

“An Act to provide for the payment of bounties on crude
petroleum from Canadian wells."”

(Assented to 10th August, 1904.)

His Majesty, by and with the consent of the Senate and the House of Commons of Canada,
enacts as follows

1. This Act may be cited as The Petroleum Bounty Act, 1904

)

The Governor in Council may authorize the payment out of the Consolidated Revenue
Fund of a bounty of one and one-half cent per imperial gallon on all crude petroleum produced
from wells in Canada on and after the eighth day of June, one thousand nine hundred and
four, the said bounty to be paid to the producer of the petroleum

3. The Governor in Council may authorize the payment out of the Consolidated Revenue
Fund of a bounty of one and one-half cent per imperial gallon on all crude petroleum produced
from wells in Canada and held in storage tanks or other storage receptacles on the eighth day
of June, one thousand nine hundred and four, the said bounty to be paid to the actual owner
of the petroleum on that day

4. The Minis
this Act, and may,
as he deems neces

er of Trade and Commerce shall be charged with the administration of
ubject to the approval of the Governor in Council, make such regulations
y respecting the payment of the said bounties

5. This Act shall be deemed to have come into force on the eighth day of June, one thous-
and nine hundred and four."

Regulations under the provisions of the Petroleum Bounty Act, 1904, entitled—

“An act to provide for the payment of a bounty on Crude Petroleum from Canadian Wells."

The Minister of Trade and Commerce having been charged with the administration
Act has, with the approval of the Governor in Council, made the following regulations
ting the payment of bounties.

2. All producers of crude petroleum from wells in Canada who desire to avail themselves
of the provisions of the Act above quoted, and to be paid a bounty, before making claim for
such bounty, shail notify the Minister of their intentions to claim under the provision of the
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School lands in this part of the country rent for 25 cents an
acre for the first yvear and 50 cents cach succeeding vear, the
term of lease being 21 vears.

In Quebec, a yearly rental of $1 an acre is charged
for public oil and gas lands, renewable from year to year and
subject to change by the Licutenant Governor as to rovalty at
his discretion.

Public oil and gas lands in Ontario may be leased at S1
an acre each vear for a term of 10 years, the lease being
renewable upon the fulfilment of certain conditions

In British Columbia a smaller yearly rental of 15 cents an
acre is charged, the term of lease being only 5 vears, and a
royalty on oil is exacted in addition of 2} cents a barrel

Private gas lands are leased for 20 to 25 cents an acre after
the first year, which is usually given free. A rovalty of 10
to 12:59 is also provided. Ontario farmers usually receive 10
per cent rovalty on their lands,

fhaiin
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CHAPTER VL

METHODS OF OBTAINING PETROLEUM AND
NATURAL GAS

SURFACE INDICATIONS USEFUL IN EXPLORATION FOR
PETROLEUM AND NATURAL GAS

By James H. Gardner.!

Surface indications useful in exploration for petroleum and
natural gas mayv be divided into two general classes,  One class
includes all the different conditions by which actual signs are
evident to the non-scientific or practical man while the other class
covers all the various indirect data that enables the technical geolo

gist to map the rock folds from various exposures on the surfac
|

One may be called the “direct” and the other the “indirect”
class. In the direct class are included “oil seeps,” “oil springs,”
outcrops of oil sands,” “oil-filled fissures,” “asphalt veins

isphalt lakes,” “oil in faults,” “escapings of natural gas,” et
[hese are indications that have a direct bearing on the presence
of oil and gas either in small or large quantities in any particular
region.  But it must be borne in mind that many of the large
oil and gas fields of the globe have not shown any of these direct
indications previous to drilling.  But practically all oil and gas
fields show the surface indications that are here classed as the
“indirect, "namely: The presence of folding in the rock strata

The oil and gas bearing folds in the rocks of the earth are
of several types; they bear oil and gas under various conditions
of water saturation in the sands and under varying amounts
of hydraulic and hydrostatic pressure.  What is known as the
‘anticlinal occurrence of oil and gas” in its broad usage in
cludes all the several conditions under which oil and gas are found
related to the rock folding An anticline is what might be

termed the ideal condition wherein the strata are arched into

VOf Fohs and Gardner, oil geologists, Lexington, K i Tulsa, Okla.
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an elongated fold of the nature of an inverted canoe; the rocks
dip downward from the main axis while the fold dies out toward
the two ends; on such a structure gas, oil and water are separated
according to their gravities leaving gas and oil at the crest,
and slightly below, and water in the sand down the sides of the
fold and in the neighbouring depressions. Gas is often held
soluble in oil under pressure as well as usually being entirely
separated above the oil on folds. I the upper limit of water is
low on a fold, then the oil does not reach to the crest and this
permits the volatilization of the lighter constituents of the oil
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Fig. 8. Sketch map showing numbered elevations on the

same outcropping stratum, at different points

into gas at the crest.  Then if later the rock pressure is increased
by subsequent folding the oil and gas are put under pressure, in
which case the oil absorbs the gas. But in case the salt water
limit is near the top of a fold, then oil lies at the crest under
pressure with no chance of volatilizing into gas, as in Lawrence
county, Illinois, where oil lies at the top of the anticline with
no gas of consequence.  But where no water is present in the
sands the occurrence of oil and gas is quite different, and in
that case, as has often been demonstrated in developed fields,
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ilong the sides or at the crests of neighbouring anticlines
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It is sufficient to say that all surface indications in the oil
and gas exploration work belong to the domain of geologic
science.  The use of all surface observations in the selection
of favourable territory for drilling belongs especially to that
branch of geology known as “applied geology.”

The practical oil and gas operator who happens not to be
familiar with geology as related to his business is apt to ridicule
the application of it.  He is likely to be sceptical as to the use-
fulness of all surface indications in throwing light on what is
to be expected at great depths, or else attempt to make use
of some appearance of the surface hills and valleys that have
no application to the subject.  But the operator who has been
taught the methods of modern geology in working out the folds
in the rocks as shown on the surface, and who understands not
only the value but also the limitations of such work is an ardent
supporter of having careful structure maps prepared in advance
ol drilling

It matters not how little the oil man mayv use his eves in
noting the outcrops of rocks in ledges, cliffs, ete., and in ob-
serving the dips and positions of the same, he will nevertheless
find himself, on close analysis, making some slight use of geology
In some manner he feels that the search for oil and gas should
not be wholly haphazard and without method. Manifestly
every operator owes it to himself to investigate the claims of the
oil and gas geologist.  He should not be too prone, in his in-
herited disbeliefs of the old school, to place evervone in the class
of “faker” who claims to be able to foretell in some measure
what is to be expected in drilling a well.  The science of geology
is young. But it is evident to the most casual observer that
vast sums of money are annually appropriated by legislative
bodies all over the world for the purpose of carrving on geological
surveys.  The advance that has characterized all other sciences

including chemistry, medicine, agriculture, ete., has heen equally
shown in geology. Broadly speaking, there is the scientific
and the practical division of all the sciences,  The use of surface
data in oil and gas exploratory work is a practical division
of science. Most of the large operating companies in all portions
of the globe where oil and gas are found have their geologic
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rocks are turned up on edge or closely folded and faulted must
be ruled out as being unfavourable, for in such cases all collecting
ground has been broken up and any oil or gas that may have
previously existed has been given avenues of escape to the sur-
face.  Now and then faults are found in near proximity to oil pro-
ducing territory and in such cases it is very important to locate
them as negative ground.  But in the selection of favourable ter-
ritory, there are certain types of rock folds that are known to
carry oil and gas in other fields that have been developed. These
include anticlines (elongated upward folds), synclines (elongated
downward folds), monoclines (folds with only one direction of
dip), terraces (flat places along the dip), and domes (upward
circular folds as suggested by an inverted wash pan). Now to
work out the positions and details of these different folds in-
volves a thorough knowledge of field geology backed by good
experience.  There are many thorough geologists in the geolog-
ical surveys and in private practice who are amply capable
of working out the details of rock folding. But the practical
oil man should exercise care in the investigation of the experience
and standing of the men he employs in such work, for like all
other professions there are a number of individuals in geologic
work who, without ability, are continually thrusting themselves
forward on the public only to the slander of the science.

I'he surface indications utilized in working out the structure
of oil and gas fields consist of observations, carefully mapped
an orded, of the outcropping ledges of rock as they occur
in ce. In most of the oil countries of the globe, there ar

crous places where the solid rocks can be found in out-

), from point to point over the land; in most cases the ravines,
llies and crecks cut into rocks in their natural bedding, or
exposures are found along roadways or in railway cuts.  These
are very valuable in working up data for a structure map. But
the compiling of the map from observations at these different
points is not so simple as may at first seem.  Not only are ac-
curate levels to these different exposures necessary but the in-
tervals across the bedding from one laver of rock to another
must be worked out, so as to calculate the levels from one place
to another on the same bed. In some fields some certain bed
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can be picked out and different levels run to this bed over the
led the “kev bed™ or

kev horizon™ and the various levels on it above some datun

district that is being worked I'his i

plane (usually sea level) will show the points that lie high and
those that lie low so that in this manner the details of the foldi

can be determined In some ar

as some one co ed can b
used for this if the territory lies within a coal field. The idea i
working out the different levels of some surface beds is to deter
mine the underground variations which usually run parallel with

it; the sedimentary rocks of the carth are bedded over one

mother in a laminated series like the of a bool that if
¢ top lavers are folded the lower ones conform w it So
tle an o1l sand mav li thousand feet or mor eneiath the
rface, its rises and depressions can be worked out by of
e rises and depressions of some one ledge that outerops over the
irface a thousand feet or more l'o fully grasp
dea in all 1t implicity is to understand the | ¢ principle )
geologic oil work.  Now it must Ix under the
rises and depressions of the surface itself are not the me as the
rises and depressions of the rocks that outcrop over the riace

I'his point is dithcult for many men to grasp though it scem

very simple to the student of geology

It must be borne in mind that vast arcas of rock ve been
removed from the surface of the earth. Ledges match aer
vallevs from one hill to another so that the mind must restore
what erosion has taken away In discussing this idea recently
with an oill man he remarked that the surface of the carth
far as the rocks are concerned reminded him of a hw (

nearly bald with patches of hair left here and there showing that

it once covered the entire scalp I'his was a very good
illustration

One hears often some one speak of an anticline when e
really means a valley Ric s, vallevs, and plains are the result
ol erosion and may or may not bear a relat to the folding

they frequently do not in the oil fields, and a ridge in the surface

may be a depression in the rocks so that on botl
ridge the rocks dip in toward it, the ridge lving in the trough

of the strata; or a ridge mayv be half in a svncline and half in an




146

anticline, or in any conceivable relation to the surface con
figuration (topography).

In the preceding paragraphs, the writer has  purposely
omitted the usual notation of the nature of oil and gas origin
and accumulation in order not to distract from these other
points more in line with the subject matter under discussion.

The oil operators all over the globe have in past vears
been gathering data with the drill that has taught the nature of
oil and gas occurrences.  More is known now than ever before
in this respect, and for this reason geological work is more valu-
able than ever before.  Then too the methods of modern
geological mapping are far in advance of former vears. More
detail is supplied, and the results are more accurate.

DRILLING FOR PETROLEUM AND NATURAL GAS WELLS.

HISTORY OF EARLY METHODS

I'he carliest method of petroleum production appears to
have been to skim it off the surface of pools of water, this having
been done in many contries.  In Galicia and Roumania, as well
as in Ontario, wells were dug and timbered in the carly davs.
In Roumania, however, hand-dug wells prevailed long after
drilled wells were introduced in Galicia and elsewhere, and
even at present many small land owners or leasers develop their
properties by this means.  Evidences of such workings can
still be seen at some localities in America

American.

Early oil wells in California were hand dug to a depth of
70 feet and curbed with planks

In Johnson county, Kentucky, according to Prof. Lesley,
oil was formerly collected from sands by making shallow canals
100 to 200 feet long, with an upright board and reservoir at one
end, from which they obtained as much as 200 barrels per year

by striking the sands with a pole.  These are known as “stirring
places.”  Similar spots at Burning Springs, West Virginia, werc

worked in the same way over 100 vears ago
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Oriental Methods.
In 1868 a peculiar method of digging was in operation
Japan Fhe work was done by two men in shifts of 3 hour

the well, the other sending

bellows, which is operate

OW

cach, one man working in
fresh air to him by means of a large |
by walking back and forth along a

Ihe wells were timbered and  cross

board covering the bellow
picces were attached for

! rock and carth

istance in descending into 1 I'he
raised by means of rope-nets, pulled by several men. Well
vere dug by this method to a depth of 900 feet, at t ol

nlv 81,000

In China® carly in the past century artesian wells for
yroduction of brine were sunk by raising and loweri L ra
300 pounds or more in weight, by means ol a man dancin
n a lever which raised the ramn thout tv ( |l
I I'he rock was softened | casionally throwing i !
| of water
More recently the Cl ¢ have de ethod
for salt which parallels our America wlard metho
drilling? A pit several feet i et ir
lepth of about 100 feet I'hen the well s walled lock
wrd stone, giving N ( 9 \
wity then being hlled wi carth bhetwed
e
I'he | machine n I (
wooden axle 7 or 8 feet in leng termi ron pi
rrounded with an iron framework, formu !
on which the cable wind In place of the “walking Ix
lank lever, resting on a wooden frame, s used I'he bor
its differ somewhat in shape tor the upper lower par
e well, and are attached  to the nker | baml
trips, allowing for more or less play in the ¢ of
ised in American drilling \ safety cord ittached to the |
| 1 K¢ { ()
|
Pére Tml \ \ | | \ I8
| is Coldre, A | \ \ AN | ) H
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to eliminate the danger of loss if the cable should be broken.
The cable is attached to the working lever by means of a swivel,
and the length of cable is adjusted so that ‘!.e lever is horizontal
when the bit rests on the bottom of the well. By the process of
working the lever by the jumping workmen, 700 to 800 strokes
per hour are obtained.  The Chinese also have a primitive form
of sand-bucket. The oil is raised by long bamboo tubes of
much the same proportions as an American bailer,

When it is necessary to tube the well, this is done by means
of bamboo stems or hollowed trunks of cypress trees.  The tubes
arce coated first with a canvas wrapping saturated with boiling
water.  Naturally, fishing tools are used in China, as elsewhere,
and some of them resemble American fishing tools, but are con-
structed of bamboo

In Burma the modern drilling methods have improved little
on those of a hundred years ago.! A square hole 5 or 6 feet
in diameter is dug, lined with wooden casing of rough stones as
the work proceeds.  The digging tool in soft ground consists of
an iron shoe in the shape of a chisel attached to a wooden handle,
which is used like a shovel. In order to drill through hard sand-
stone beds, a lump of iron of angular shape weighing 150 pounds
or more is hung by a rope in the mouth of the well, and then
allowed to drop, fracturing the stone. Owing to the presence
of oil vapours, a digger can only work in the well for a few minutes
at a shift.  The earth and rock are raised to the surface by a
leather rope pulled by coolies and running over a drum at the
well-mouth.  Earthern pots are used for raising oil and for con-
veving it to the river.

European Methods.

The methods used in drilling in Europe are a decided im-
provement over those of Asia and are more or less similar to
those in use in America.  The principal European method is the

Canadian system and its various modifications, as effected in

Galicia and Russia. These methods will be hereinafter
(l“\‘liIN'(l.

"Fritz Noetling.  Report on the Petroleum Industry in Upper Burma;
on, 1891, and Mem. Geol. Sur. India, Vol, 27, pt. 2, 1897
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Methods in use in Canada.

In Canada, as in all countries, thousands of shallow wells
have been sunk by digging by hand. This method has been
confined mainly to water wells, but in the Petrolia fields in the
early days many oil wells were sunk by hand. Driven, punched,
and bored wells are also used to a certain extent for water. The
abrasive methods are applied in drilling for coal, iron and some
times other minerals, and a few diamond drill holes have been
sunk in prospecting for oil. But the principal types of drilling
used in Canada, as in American and European oil fields, are the
percussion or churn drill methods. As yet, hydraulic drilling is
little used in Canada; but there is no doubt that in some parts of

the west it will prove desirable.

CHOICE OF METHODS

The choice of drilling method to be used in any part of the
country depends on several factors, among which may be men
tioned the following

a) Depth of well desired whether 500 feet in Ontario

or 5,000 feet in Alberta
oil
gas.
b) Purpose of well desired water
salt

prospecting

hard or soft
sandy or clayey
porous or closc

(c) Character of the materials .4 stratification flat or inclined
similar or changeable
consolidated or unconsoli

dated
d) Amount of water present
e) Custom in the particular field.

I'he advantage of knowing the kind of outfit necessary can
be readily understood. In shallow water wells, in superficial
deposits, driven or bored wells will generally suffice In the 500
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to 800 foot oil wells of Ontario, wells drilled by the percussion
portable rig method are satisfactory and cheapest, while in 2,000
to 3,000 foot wells of New Brunswick or Alberta a heavy Stand-
ard drilling rig must be used. It is probable that in the future
still deeper wells of Alberta, steel rigs must be used for going to
depths of a mile or more; and in some cases rotaries should be
procured.  The character of the material is important, since this
decides whether or not the rotary is necessary, and many other
technical questions.  The amount of water present is very im-
portant, since this has a great bearing on the question of casing
I'he custom of the field must be considered, since the drillers
operating in any field are familiar with and prefer the methods
ordinarily in use there, and disaster might be entailed by experi-
menting with a better, but less understood, method.  No method

can be said to be best under all conditions

CLASSIFICATION OF DRILLING METHODS,

There are a great number of drilling methods employed
in the oil business. For a full comprehension of drilling methods

it is necessary to group them in several classes, as follows

Digging
Driving.

NbS -

Punching
4. Boring
a. Diamond drilling

5. Abrasion methods b. Calyx drilling
c¢. Chilled-shot drilling
a. Standard American method
b. Portable drilling machines
6. Percussion methods c. Pole tool method

d. Self cleaning method
e. California method
Canadian method

7. Hydraulic rotary method

1. Dug wells.—These wells are common in Canada as they

are also in all countries, but they have chiefly been sunk for



water In the Petrolia field in O ) (
for oil in the early d Were ( S then tl
has not been done |
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4. Bored wells—These wells are also used mainly for water,
and are bored with an auger, in unconsolidated deposits. A
common size for bored wells is 8 inches. They are lined with
iron tubing or with wood and the water is raised by a wind-
lass and cylinder bucket having a valve at the bottom. Such
methods are still in use in Arkansas and in Florida, in the United
States, although this method was in common use in the United
States between 1855 and 1885,  The augers commonly range in
size from 2 to 8 inches.

5. Abrasive methods.—The abrasive methods of drilling may

be classified as follows:
a. Diamond
b. Calyx.
c¢. Chilled shot.
These are all known commonly as “core drill methods.”

They are used in prospecting for coal, copper, iron or other

metals, and for testing foundations and dam and bridge sites.
The advantage is that, in hard formations, a complete core can
be preserved of the material penetrated. Core drilling is not
employed in drilling for oil or gas; though in certain cases such
holes have discovered these substances. In Hungary some cores
have been taken of certain strata in gas wells which it was
desired to examine for potash salts. Core drilling is accom-
plished by a circular shoe or bit set on the lower end of a hollow
rod, which is rotated by machinery from above. Such holes
range in size from one-half inch up to 6 inches or more.

These drills may be operated in all kinds of rock from the
hardest trap to the softest shale; but in unconsolidated forma-
tions a hydraulic or other attachment must be used. The three
classes of abrasive methods have their respective advantages in
special instances.  The diamond method was used first in 1863,
being followed in 1873 by the calyx method. This method differs
in the respect that the bit is of hardened tool steel, like the cut-
ting shoe of a hydraulic rotary and has teeth instead of employ-
ing diamonds, for this purpose. There are also other minor
differences, such as an arrangement for preserving fragments of
the material which is ground out in boring. Calvx drill holes
are sometimes as much as 15 inches in diameter.  In the chilled
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shot method, the cutting is accomplished by revolving an ir

or steel tube on shot poured down the hole Distribution of the

shot in the hole is aided by special shaping of the tulw

In all the abrasive methods a constant stream of water is

pumped down the central tube, and, sweeping away the rock

cuttings, it passes it to the outside of the

pipe in a similar man-

ier to that hereinafter described for hy

d draulic rotary boring
6. Percussion method I'he first deep well sunk by per
cussion methods, and for many years the deepest in the world
\ the rtesian water well at Grenelle, near Pari France
completed in 1841 to a depth of 1,798 feet It required seven
to drill it.  One of the earliest wells of this type was the
Pa well in Paris, which w comy n 1857 | curlx (
epth of 1,923 feet, having a diameter of 21 fi d ¢
vi rtesian water well Another well tuated at La
Chapelle, France, was 1,000 feet deep and 5} feet in diameter
It was sunk by ill weighing four tons and operated by a
powerful steam engine
\t about the same time deep wells were sunk in the United
State t Charleston, South ( lina, Louisville, Kentucky
St. Louis, Missouri, and in Pennsylvania Within a few v
wells 2,000 to 4,000 feet deep had been drilled in the oil fields of
8 the latter state
Percussion methods n be classified follow
1) Standard American
b) Portable drilling machine
¢) Pole tool method
d) Self-cleaning method
California method
Canadian method
Drilling Outfit.
0 I I at a we
illed it is ne to have ch fre on ¢
nplicated in all ca 1 of

t) The rig or derrick

b) The machinery

¢) The drilling tools
12 ¢) The casing
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The derrick or rigs.—By either of these terms is meant the
structure with its foundation of heavy timbers, its wheels and
reels and fully equipped frame, on which are hung the lines and
cables to which the drilling tools are attached. Two kinds of
rigs are in use, which are:—

(a) The stationary derrick.

(b) The portable drilling machine.

The first mentioned will be discussed first, and the drilling
machine will be taken up in later paragraphs of this chapter.

The derricks or rigs are of various classes, namely:—

(a) The American Standard rig.

(b) The Canadian or Galician derrick.

(c) The pipe derrick.

(d) The structural steel derrick.

The type of derrick which must be used for drilling a well
in any locality varies according to the character of the formation
to the depth which must be drilled; the weight of the casing
required; climatic conditions; and other features.

Material for the derrick.—As a rule, the timber and lumber
required for a derrick are cut in the immediate vicinity of the
hole, wherever such timber is available. The rig irons—
which include the irons, nails and bolts and also the special
parts for building the wheels and reels—are obtained through a
supply company, costing from $50 to 8275, according to the
size and design.  Their weight varies from 1,500 to 8,000 pounds.
Where the timber and lumber for erecting a derrick are not
available in the vicinity of a well, as is the case in the plains of
Southern Alberta and Saskatchewan, it is possible to obtain the
entire rig from a supply company ready to erect it; the prices
ranging from $600 to $750, and having an average weight ol
perhaps 60,000 pounds.

AMERICAN STANDARD DRILLING METHOD.
General Description.

The so-called “Standard” rig is that used throughout
the American fields for practically all deep wells, with
appropriate  modifications to suit varying conditions

o |
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different fields.  See Plate 1. This outfit acquired its
essential features during the early developments in Pennsyl-
vania; but from time to time the tools have been enlarged and
several features modified, until the rig has become a very modern
and rapid working one. While standard rigs, when completed
in any given field, are so nearly alike that a person unfamiliar
with the business could hardly detect any difference in detail,
the rigs nevertheless generally differ in some particulars to
suit varying conditions or the preferences of the drillers. A
photograph of a Standard drilling rig is given in Plate 11
Description of the rig.—The most conspicuous part of a
drilling outfit is the derrick, which consists, in the Standard
method, of a framework of timber, or sometimes steel, from 30
to 110 feet high, erected over the spot at which the well is to be
sunk. In warm weather the derrick is generally left open except
on one side, which is boarded in to form a shed for storing tools
and clothing, and to protect the forge; but in winter the lower
part of the derrick is often closed on all sides for protection of
the workmen from the severe weather. The essential particu-
are shown

lars of the Standard derrick, when completed for us
in Fig. 12, p. 158. The common height of one of these derricks
is 72 or 82 feet; but the writer has seen one 110 feet high in
Mexico. It is very important that a Standard rig shall con-
tain all of the parts necessary, and they should be of material
up to the required specifications and strength.

The Standard derrick.—The derrick has four legs, extending
from the ground to its full height, and steadied by girts and
braces, and surmounted by what is known as the crown block,
in which is set the crown pulley, over which the drilling cable
passes. Access to the crown block is had by a ladder which
extends the entire height of the derrick on one side. The der-
rick has a solid floor which rests upon its foundation posts, six
in number, which are set deep in the ground to render the struc-

ture very firm. In some parts of the world, as in Louisiana
and Texas, it is necessary to run guy wires from the top of the
derrick to some firm object at a distance to act as wind braces.
On the floor of the derrick and set even with one of its sides are
the bull wheels, which consist of a large reel on which the drill-




156

ing cable is wound; and at each end of which is a wheel which
is usually built up of wooden arms and segments, fastened
together with wooden pins, and known to the trade as arms,
cants and handles. The entire bull wheel equipment is set
firmly into bull wheel posts, and strenghthened by the bull wheel
post brace.

Fig. 11. Detailed drawing of steel bull wheels; consisting of a full side
view of the grooved wheel in the centre; on the right, an edge view of the
brake wheel, and on the left, an edge view of the tug rope wheel

The bull wheel is grooved at one end of the reel, in order to
hold the bull rope, which acts as a belt in operating the reel.
In order to control the movement of the reel there is a brake,
which passes over the wheel at the other end of the reel and is
controlled by a lever. This brake consists in modern derricks
of an iron brake band, although in early rigs rope or belting
was used, which was less satisfactory. At the opposite side of
the derrick from the bull wheel, and resting on four heavy mud
sills is a still heavier main sill thirty feet in length, extending
nearly that distance outside the derrick towards the engine. At
the farther side of the derrick from the bull wheel is set the
samson post, usually about fourteen feet in length, which rest
firmly on the main sill, is strongly braced by the samson post braces
and supports the walking beam. The walking beam is commonly
26 feet in length, and carries the pitman at one end and the
temper screw at the end inside the derrick to which the tools are

-
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fastened, which are used in drilling. The pitman is connected
by a wrist pin with the crank of the jack or band wheel which
is supported on jack posts and transmits the power to various
parts of the rig. This band wheel is set at the farther end of
the main sill from the derrick. The power is transmitted from
the band wheel to the walking beam by means of crank and
pitman and to the bull wheels through the tug wheel and bull
rope.

Just behind the band wheel is set the sand reel, which is
operated by the former through a friction pulley. The sand

reel is mounted on a knuckle post and is controlled by the sand
line pulley from within the derrick and is used in handling the
and bucket or bailer, which is lowered into the well at necessary
intervals to remove the drillings or sediment which accumulate
A modern derrick is not complete without the headache post,
also called the life preserver, which is usually a piece of heavy
timber set on the derrick end of the main sill directly under the
walking beam, so that in case of accident the latter would
only fall a few inches and save the driller from injury to the
head. The headache post is also useful when repairs are neces-
sary to the pitman or band wheel and crank, as in such cases a
block may be placed between the headache post and the walking
beam, enabling the pitman to be easily removed

In the California type of Standard rig there is an additional
reel which is known as the California or “‘calf" reel, which is
set even with the side of the derrick opposite the bull wheels,
and carries a cable which is used in lowering and pulling the
casing, and saves considerable time in deep drilling operations.
The calf reel is operated by the hand wheel through a tug and
rope belt, and its operation is controlled by a lever and clutch.
For supporting the various wheels and reels and the other
parts of the rig, various Standard posts and sills are used which
are given appropriate names by the drillers

Extending from a convenient place on the derrick to the
engine some distance away, is the ftelegraph cord used by the
driller in controlling the throttle of his engine. This cord con-

sists of a double line of telegraph wire passing over small wheels,
Extending from the derrick to the engine is also a reverse lever
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which is used for reversing the engine. A derrick of the type
described can be constructed by three or four skilled workmen
in from three to five days; the time depending largely upon the
accessibility of the lumber. Such a derrick is commonly put
together by nailing and may sometimes be used for three or
more wells, but can seldom be used longer for the reason that
the timber and lumber become too badly worn to be set up again;
hence the advantage of a bolted wooden or steel derrick which
is described in a later paragraph.
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Ihe parts needed, illustrated on the accompanying figure by
appropriate letters, are as follows I'he references are to
ig. 12

1
i

Specifications for Standard 82-foot Derrick.'
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Labour Necessary in Drilling.

The rig is usually erected by carpenters known as rig builders
The rig builder takes entire charge of putting up the derrick
and all wood work. He usually employs on the spot such help
as he finds necessary.  He may or may not install the boiler and
engine depending upon whether the well is let by contract or not.
If by contract, the boiler and engine may be installed by the
contractor in charge of the drilling. The whole care of the
drilling is now turned over to the drill crew under the charge
of the contractor, or, if the well is drilled by day labour, to the
field superintendent who provides for the board and lodging of
the drillers, and furnishes all supplies. The actual drilling is
in charge of a driller and his assistant, a tool dresser I'he

g

driller is in charge of the well and is responsible for the
during his turn of 12 hours, when he is relieved by the night
crew, which is the exact duplicate of the day crew and goes on
at 6 p.m. and works till 6 a.m. The driller’s work requires him
to stay in the derrick while the drilling is in actual progress.
The tool dresser has charge of the machinery; he fires the boiler
and runs the engine while the tools are being drawn from the
holes. Many features of drilling are common to all systems
and may therefore be stated in connexion with the Standard
system.
Fuel.

Gas, crude oil, coal, and wood are the fuels in question,
for power in drilling, pumping, and cleaning oil wells. They
are mentioned in the order of their valuc. In developed fields
gas from some neighbouring well is usually depended upon. It
is piped from the well to the boiler at a safe distance from any
gas which the drilling well may develop. Gas will undoubtedly
be the fuel used in drilling in the western Canadian provinces.
The ordinary charge is the flat rate of 5 cents per day per well for
drilling purposes. Crude oil is burned under the boilers instead
of gas in most drilling operations in California. The amount
for drilling, pumping and other field work amounts to between
3 and 4 per cent of the total California product. In the
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Midway district and where the gas is available it has promptly
supplanted oil.

In wildcatting operations where gas or oil is not available
coal is greatly preferred to wood. Relative cost is not nicely
measured on account of the steadier, hotter fire which coal
maintains,

In California the usual fuels have been supplanted to some
extent by electric power even for drilling—this will be considered
further on.

The consideration of a supply of water of fair quality for
boiler purposes is of greatest importance. In fact drilling opera-
tions have been delayed and even totally stopped for important
periods in the middle west by the droughtsof the past twosum-
mers. Usually the wooden or steel tanks, provided for taking
care of the first oil struck and located close to the well, are utilized
for a considerable water supply.

Where water is so distant that it cannot be pumped economi-
cally to the tanks at the rig, and it becomes necessary to drill a
water well, this is usually put down before the regular drilling
operations are begun. The water well is usually put down under
the walking beam about three feet back from the point where the
oil well is to be drilled. The water is pumped by the walking
beam.

Boiler and Engine.

The boiler used in drilling wells in cases where a stationary
rig is erected, ranges from fifteen to forty horse-power, and
the engine commonly is from twelve to thirty horse-power.
The ordinary cost of this essential is from $500 to $1,000 and
the weight is from 8,000 to 16,000 pounds.

Cost of the Drilling Outfit.

The cost of a drilling outfit varies so greatly in different
types of wells and in different parts of the country, that it is
Imost impossible to give any features of the expense. In

certain cases a suitable outfit might be obtained at a cost of
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500 or less, while under other conditions an expenditure of
ten times that amount may be necessary.

The machinery used in drilling.—In a portable drilling
machine which is described in later paragraphs of this report,
the machinery is all carried on the portable outfit itself; con-
sequently, it will be discussed later. A stationary rig, however,
must be equipped with machinery before the well can be drilled.
By machinery is understood, the boiler, engine and their equip-
ment.

The drilling tools include all essential articles used in making
the hole in the ground and cleaning out the detritus; and also
all special appliances which may be necessary for removing
broken tools, or tools which become fastened in the bore hole:
also the drilling cable and the sand line with tools for handling
the casing used in the wells. The character and type of the
drilling tools are very variable, and will be discussed in further
detail.

Drilling Tools.

I'he string of tools! used in deep drilling consists of several
parts, all of which have certain definite functions and are the
outgrowth of years of experience \ full string comprises rope
socket, sinker bar, jars, auger stem, and bit. Whether or not
the complete string is used depends on the conditions under
which drilling is done.

The socket may be fastened to the drilling rope in several
ways. It may have a tapered hole in which the rope is secured
by knotting; the rope and socket may be riveted together, or
the rope may be threaded back and forth through several
holes in the socket secured by wedging.

The sinker bar is a long, heavy bar, which is used to add
weight and length and thus aids in keeping the holes straight.
It was formerly thought to be an essential part of the string,
but it is now seldom used unless a wet hole (one partly filled with
water) is being drilled. It then assists in sinking the cable

'Bowman, Isaiah Well drilling methods. U, S. Geological Survey,
water supply paper 257, pages 38-40.
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Iv. Ifitis placed between the jars and the bit, it adds forec

rapic
the blow of the latter

I'he jars, as previously stated, consist of a pair of linked

teel bars,  When drilling in rocks in which the bit is apt to

tick they are necessary to jar the drill loose I'he drill

to the powerful upward blow of the jars as they are

respor

erked violently together by the stroke of the walking beam

when it will not vield to the slow and relatively steady pull of
the rope In ordinary brittle rock the jars are now almost
miversally discarded but they have a very important use in
fishing for lost tools; those intended for this purpose are made

nger than jars used in ordinary drilling

I'he jars in no sense act as a maul to drive the drill into the

rock, as many people suppose. In fact, a good driller so adjusts the

ble that it is impossible for the upper jar to strike the lower
ne except when the cable is raised.  The only weight which
dds effectiveness to the blow of the drill is the weight of the
wer jar, the auger stem, and the drill I'he weight of these

hree parts, or of the two last-named parts, makes up threc
wirths to seven-cighths of the total weight of the string of tool
| weight, falling through a distance of several feet, is all
t the drill can bear,  Some inexperienced drill men give the
Il too much rope, so that the bottom of the upper jar strike
o the bottom of the slot of the lower jar at each downward
ke, and in a short time the links are seriously damaged

¢ stroke must be carefully adjusted to the play of the jars

ng into account the stretching of the rope
I'he auger stem gives additional weight to the blows that
re struck, and also, by increasing the length of the drill, help
maintain a straight hole It is of the same shape as the
ker bar, but is considerably shorter
Various patterns of drilling bit are used, according to the
wracter of the rock that is being penetrated Ihe shape
trated at the bottom of the string of tools in Plate VIII, is
e in moderately hard rock; the “Mother Hubbard™ pattern
Plate 1) is a similar, but thicker drill that is used in hard, fis
red rock; the California pattern, which is concave on the bot
m, is much used in the shales of the oil districts in that state \




164

shorter, lighter bit is used in spudding at the beginning of
drilling.  Star bits are sometimes used in creviced rock that dips
steeply, and more complex shapes are used in reaming and in
other special operations.

Bits of good length are very desirable; in the event they
are lost from the stem they are not so easily driven into the wall
of the hole; when they stand in a perpendicular position they
are more casily recovered. It is also desirable that they
be so thick as to almost fill the hole which prevents the hole from
going crooked in passing through crevices or fissures in the rock.
A water course or flutes on the sides of the bit permits the water
and drillings to pass up freely past the bit. The tool wrenches
vary in weight to meet the judgment and ideas of the different
contractors, the average weight being about 300 Ibs. each. They
are usually made to fit a 5-inch square, which is the size of the
square on the larger tools, and by the use of a bushing called a
Dutchman, the size of the wrench is made to fit the smaller tools.
The wrenches are attached to a balancing weight in the derrick
which permits one man to handle them with ease. They are
operated by a powerful apparatus called a “jack”, which con-
sists of an are circle of heavy iron which is fastened to the floor
around the hole and far enough distant from the hole to catch
the extreme end of the wrenches when they are placed in posi-
tion on the joint. The jack travels on the circle, and while
one wrench is firmly held by a wrench post pin, the other
wrench is moved around the circle by a ratchet jack.

The temper screw consists of two steel reins about 6 feet
in length, connected at the top to a steel rod 23" in diameter
and 16" in length, upon the top of which is a tee 2}” in diameter
and 14" in length. On the bottom of the reins is a split
box which, when closed, is 2” in diameter, supplied with a screw
1} threads to the inch. The temper screw proper is a stecl
screw 2" in diameter with 1} threads to the inch and 6 feet in
length; to the bottom of which is attached a C (half circle
which holds the clamps which go around the cable, and which is
attached to the screw with a ball-bearing attachment. When the
screw is placed in the box on the reins, the box is tightened by
a set screw which passes through a band or yoke. When the
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screw is to be raised or lowered, this set is gently loosened, which
allows the screw to be turned.

All joints of the string of tools have taper screws, so that
only a few turns are required to fasten them together. They
are screwed up tightly by heavy wrenches on which great leverage
is exerted by means of a ratchet floor circle and jack, or by a sim-
pler arrangement in which the floor circle is an arc of band iron
with holes punched in it every 2 or 3 inches,  These holes give
footing to a bar by which the upper wrench is forced around.
The great stress that is thus brought on the screw binds the
string of tools together. When first assembled and screwed
together tightly each joint of the string may be marked by a
cold chisel cut that extends across it, and each time a joint is
put together care is taken to see that it is screwed up as far as or
a littde farther than it was before. I the two halves of the
chisel mark fall short of coinciding, sand or mud in the threads
may be the cause, and if this material is not removed and the
joint screwed together tightly, the sand may work out, leave
the joint loose, and cause loss of all tools below the joint.,

Both hemp and steel wire ropes are now used for drilling
cables, the steel wire having come into more general use during
the last ten or fifteen years,

The best quality of hemp rope is that made of manila hemp
not common hemp nor sisal) and is hawser laid, that is, it
consists of three ropes of three strands ecach, twisted together
into a single rope. In its manufacture a “nap” is formed,
of the ends of hemp fibres, nearly all of which point towards
one end of the rope. The roc

socket should be fastened to
the end toward which the fibres point, for although when the
tools are attached to this end the fibres spread out and retard
the downward stroke in a hole that is partly filled with water,
they protect the rope better from being frayed by rubbing
against the casing on the upstroke,

Steel wire drilling cable is composed of several strands
wound about a hemp core, each strand being formed of several
wires. Rope consisting of six strands of seven wires each is a
style commonly used.
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The advisability of substituting steel wire cable for hemp
cable in drilling deep wells has been much discussed, some main
taining that hemp can never be replaced by steel, and others
that steel will shortly be used altogether. The importance of
the substitution of steel for hemp is better appreciated when it is
known that a hemp cable ordinarily cannot be used to drill more
than one or two wells, but the hemp cable possesses certain
qualities which are not found in the steel cables and which must b
considered in dealing with the problem. The careful driller
never allows his tools to fall as a dead weight on the rock which
he is drilling, but so adjusts the rope that the tools will stretch
it in reaching the bottom of the hole. The nature of this action
may be illustrated by suspending a weight by a piece of rubber
elastic a little above a table or other surface. It will be found
that by giving a slight reciprocal motion to the rubber the weight
may be made to strike the surface with considerable force
Manifestly, the force of the blow is diminishéd by this arrange
ment, but in drilling this loss of force is more than compensate
by the springing blow that is struck; and if the rock is easily cut
by the drill this rebound is essential, as otherwise the drill will
be imbedded so firmly as to make it difficult to remove except
by jarring.

In drilling a deep well the stretch of the rope is often under
estimated, and it may happen that the tools are falling when the
walking beam is rising, thus bringing a great strain on the cabl
and making the blows of the drill very ineffective. The opera
tion of the tools is rendered still more difficult when the hole
contains several hundred feet of water, which interferes witl
the free upward and downward motion of the cable.

Steel cable, with its smaller diameter and greater weight
has the advantage of passing comparatively freely througl
water which may stand in the drill hole, the water friction bein
much less than on a hemp cable, and the water also reduces the
shock of the steel cable by acting as a deterrent to the rapi
drop of the tools. On drilling through thick oil as in Mexic
hemp cable would frequently be impossible. On the othe
hand, steel cable has very little elasticity, and drilling by tl
stretch of the rope is hardly possible. Every blow that
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p truck by the drill is a dead blow, as there is no compensating
| rebound and the upward stroke causes severe strain, both on
the derrick and on the cable itself where it is attached to the

if tools at its lower end and to the temper screw at its upper end
I'he difference in stretch of the two kinds of cable is shown by

the fact that with a 5-foot temper screw 7 or 8 feet may be

drilled with hemp cable, while at best a distance of only 3} feet

possible with steel cable Some drillers use 150 or 200 feet

of hemp rope between the tools and the steel rope, and this gives

ome elasticity to the cable and rebound to the tools

I'he use of the steel cable was considerably increased during
the Spanish-American war by the fact that the price of hemp
cable became <o high that its use seriously increased the cost of
1 well

In the last few years at least half of the oil wells put down in
he California fields, where the wells are usually drilled “wet,”
have been drilled with steel cables. In other oil fields a very
small proportion of the drilling is done with steel cables. For
cleaning wells, however, it has largely supplanted hemp cable
throughout the east, as in this work it is not necessary to use
such a rapid stroke, and hence steel cable may be advantageously
emploved

Experiments have been made by several supply companies
looking toward the construction of some device that will give
elasticity to a steel cable, but the thousands of dollars thus
spent have had little practical result. Several experimenters,
however, are continuing this investigation, working along the
line of a spring fastened to the walking beam, the whole being
wljusted in such a way that the spring, when given the proper
tension, will take up the slack of the cable on the upward stroke
ind give it out again under the weight of the tools on the down-
ward stroke.  Experiments are also being made with a cushioned
walking beam, looking toward the same result; and it is possible

. that a sufficient degree of efficiency may be reached in the
construction of this device to permit the wider distribution of
steel for hemp in future drilling operations,

The standard well-drilling outfit with steel wire drilling

cable has been used to some extent in the Baku oil region of




168

Russia, where it was found that only a very limited amount of
rotation could be imparted to a wire rope without damaging it,
because of the untwisting and kinking of the strand I'o over-
come this disadvantage a special kind of wire rope was employed

consisting of left-hand and right-hand strands plaited together
It is said that this rope worked satisfactorily in the hands of a
skilful attendant, but it had to be disconnected from the main
drum at each change of operations

As a general proposition it may be said that with well

which are drilled to any great depth a manila cable is used for

the first 1,000 feet; after that it is the general practice to sul
stitute a steel cable

\ complete outfit of cable drilling tools and machinery
suitable to do testing or deep and difficult drilling consists of

the following

1-—25 h.p. boiler

1—25 or 30 h.p. steam engine

112" 6-ply, 90 ft. rubber belt

121" Manila hemp drilling ble; length governed
the depth of hole to be drilled, or equivalent in steel cable

1—Wir md line, 1} or 53-8 n diameter, 2500 ft., i

»—Bull rope 21 in diameter, 83 ft. in length

1 ~Temper screw

1—Jack

1—Blower for heating bits

1300 1b. anvil

1—Full equipment of miscellaneous small tools, such
sledges, hammers, hatchets, wrenches, blacksmith's tongs, sa

square, et

1-—16"" all crescent steel bit, weight 1500 Ibs

)—137 « “ “ 1300 Ibs. each
2—10" ¢ = " s " 1100 Ibs. *
2—81" « “ “« o« “ 800 1hs

All of the above bits provided with taper pins 3} X 4}

7 flat threads per inch; outside diameter of collar 61"
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wearing surface to run in slate formation, in which event it
will stick with the same results as noted above.  In cither
case, the driller will loosen the tools by switching. This is done
by increasing the speed of the engine, which gives the walking
beam a quick motion which usually jerks the tools loose.  When
this is done, the tools are pulled out.  If the bit is off, the stem
is taken down and sent to the shops for a new box. A spud is
attached to a light stem and lowered into the hole.

The cable is then connected to the beam.  The wrist pin
is changed in the crank to give the beam a short stroke.  The
tools are then operated much the same as if drilling, with the
result that the spud usually brings the bit into an upright po
sition again. After this is accomplished, a friction socket i
lowered over the bit and it is recovered,

When tools lost in a hole are so large as not to allow
fishing tool of sufficient strength to withstand great weight «

jerking, to go over them, it then becomes necessary to turn ofl
the outside of the broken part in the hole, leaving a core to which
the fishing tool can be attached.  This is called milling a pin
and is accomplished by attaching a mill of the desired size

The tubing is lowered into the well unti

two-inch tubing.
The upper end of the tubing

the top of the lost tools is found.
is connected to a wheel in the derrick which turns it The weight
of the tubing is lifted off the mill to allow it to turn freely. ©i
this way the pin is milled. The tubing is removed and the
necessary tool is lowered, and the lost tools are recovered.

The various fishing tools are referred to on a later pag
under difficulties in drilling.

'

SPUDDING.

The term spudding is applied to drilling without tl
aid of the walking beam—the method nearly always used
sinking the first 75 or 100 feet of a well, as the string of too
is too long to be operated from the walking beam in begi
ning work. It is possible to attach the tools to the drilling cab!
before the hole has been drilled to this depth, but owing to th
short length of cable between the tools and the walking bes
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there is very little spring in the rope, and the hole must be
spudded to a suthicient depth to allow a considerable length of
cable to come between; otherwise the blow of the drill will be
dead and the rope will be likely to break

For spudding a short cable is run through the crown pulley
at the top of the derrick, one end being attached to the bull
wheel shaft and the other to the rope socket, to which are usually
screwed only the auger stem and spudding drill. - The drill
may be given an up-and-down motion in two ways: In the first
method the rope is carried around the bull wheel shaft in two
or three turns, its end being left free \ man standing in front
of the bull whe

light pull, causing the coils to tighten and grip the revolving

s grasps this free end of the rope and gives a

shaft, and by this means raising the tools; when the rope is
slackened the tools fall. By alternately tightening and slacking
the rope the operator may rise and drop the drill. The second
method has come into use comparatively recently and is much
more effective than the other.  In this method, which is self-
adjusting, the drill rope 15 wound about the bull wheel shaft
and passed through the crown pulley, and from its end the tools
are suspended in the drill hole. A rope called the jerk line is
attached to the wrist of the band-wheel erank, brought inside
the derrick, and attached to the part of the drilling cable which
extends from the crown pulley to the bull wheel shaft by a
curved metal slide called a spudding shoe. By carefully ad-
iusting the length of this rope each revolution of the band wheel
results ina pull on the line and its subsequent release, and a
rresponding rise and fall of the tools.  As the hole deepens
cable is let out by giving the bull wheel shaft a partial revo-
lution, and the spudding shoe is slipped farther and farther
down, for this downward sliding of the spudding shoe increases
the length of the pull on the drilling cable and hence the distance
through which the drill drops.  The sliding motion is imparted
by the driller's assistant, between the jerks of the line, by means
of a crooked stick long enough to reach the spudding shoe from
the floor of the derrick.
Spudding is much harder on the derrick than is ordinary
drilling as the strain is brought on the top of the derrick where




172

In drilling with the walking

there is the greatest levera
beam the weight comes on the samson post, which is not directly

connected with the derrick, and the strain comes on the derrick

only when raising or lowering tools or « asing and when using the
sand bucket or the bailer.

DRILLING WITH THE WALKING BEAM,

As the hole is deepencd the tools are lowered by releas
ing the brake and allowing the cable to gradually unwine
from the bull wheel shaft \fter a certain depth i
wav, the bull ropes are thrown on tl
bull wheel and the tools are pulled up into the derrick, an
the larger bailer, attached to the sand line and operated |
the sand reel, is brought into use to remove from the hole th
which have been mixed by the bit.  When this is don
again and the spuddi

reached in this

drillin
the tools are lowered into the hole
The hole is usually spudded in this way to a dept

continued.
of 150 feet, when the connexion is made to the walking b
by the use of the temper screw.

This is done by lowering the tools into the hole to the projp«
depth: the beam is elevated by putting the pitman on the wr
pin in the crank and a wrapper is securely wound around tl
cable at a point directly opposite the temper screw clam

This wrapper is tapered from the bottom upward, and w!
placed in the clamps, which form a kind of socket, the br
is released and the wrapper is allowed to settle into the clam
which causes it to tighten on the cable.  When this connexi
is complete the bull wheels are released and some cable is tal
from the shaft which will prevent the bull wheels from int
fering with the motion of the beam. The beam is now put
operation by the driller standing near the hole in the derr
who has control of his engine by means of a cord, called a t
graph line, which extends to and is wrapped around the engir
throttle wheel. There is also a reverse ]li]i(’ ' inch in dian
connected to a reverse lever in the engine and of suffic
length to extend to the position in the derrick occupied by
driller.  This connexion allows the driller to operate the e

at will.
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In a shallow hole, the engine is usually run at a pretty
rapid motion as the tools drop freely, but as the hole is deepened,
the motion of the beam is slackened. The driller while drilling
in a shallow hole, notes the working of the tools by a down jar
as the tools strike the bottom. As the hole deepens this jar
gradually works off and is changed to an up jar. While the
tools are being operated, the driller usually stands near the hole
with his hand on the cable, and by an unexplainable knowledge
or intuition, gained only by experience, he is able to correctly
note and determine the action of the tools. The labouring of
the engine will also indicate to the driller whether or not the
tools are working properly.

If the driller gets lost, or is not sur> that his tools are a proper
distance from the bottom of the hole to strike the most effective
blow, by checking the motion of the engine, the tools, if working
properly, will swing clear of the bottom and the jar is not noted
on the cable. By increasing the motion of the beam again
the tools will reach farther and again strike the bottom of the hole.

As the hole deepens the driller lets out the temper screw
which lowers the tools, and this process is continued until the
entire length of the screw is lowered, which deepens the hole
approximately 6 feet.

The bull ropes are then thrown on the wheel, the tools are
pulled out of the hole, the bailer is brought into action, by which
the drillings are pumped out of the hole. Sufficient water is
pouredt into the hole to mix another screw length; the tools are
lowered again and the operation is repeated. As the hole is
deepened and the soft cavey formation has been passed through,
it is often necessary to keep the wall of the hole dry to prevent
caving. This makes it necessary to lower the water in the bailer
wd dump it in the bottom of the hole.

Until within the last few vears it was the custom to revolve
the drill by inserting a stick in the rings below the temper screw
and slowly turning the rcpe first in one direction and then in
the other. This was thought to insure a round hole by causing
the drill to strike each time in a different place. The drill,
however, is jerked free from the rock unevenly, and the torsion
of the drilling cable under the lifting strain has the effect of
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rotating the tools in one direction on the upstroke and in the
other on the downstroke. This action, however, takes |il.| e
to a notable degree only when there is a sufficient length of rope
between the tools and the walking beam; until a considerable
depth is reached it is often necessary to turn the cable by hand,
otherwise the drill may strike successive blows in the same
place, but it is now rightly considered that after the hole is 200

or 300 feet deep it is needless to turn the rope while drilling.

I'he skilled workman takes hold of the rope or swivel often,
for by the feel of the rope he ascertains whether the string of
tools is intact and the drill is cutting the rock.  When the drilling
bit strikes the bottom of the well, the cable is drawn taut and
conveys the vibration to the driller’s hand; by this means he
soon learns when to adjust the temper screw.  In the same way
the operator learns whether or not the jars open and shut at
cach blow of the drill.

T'he proper tension of the cable can be determined only
by practice.  An old cable has more spring to it than a new one;
and the weight of the drilling tools, the depth of the hole, and the
speed at which the machine is running must also be taken into
consideration.  Ordinarily the engine should be speeded up
until the cable tightens slightly in advance of the stroke of the
drill, not so as to retard its fall, but so that when the drill touche
bottom it will be instantly lifted, with no time either to settle
or stick. This careful adjustment of the stroke is absolutely
necessary for rapid and skilful work. If the drill touches bottom
when at rest, there is too much rope out and it should be taken
up with the temper screw, for the downward stroke of the drill
will stretch the rope sufficiently to let the bit strike the bottom
of the hole.

The motion of the drill will be greater than that described
by the walking beam, unless too much cable is let out, in which
event the stroke of the drill will be less than the stre of the
walking beam, the strain on the cable will be greatly increased,
and little or no progress can be made. One of the hardest

things for a beginner to learn is that he can not make the drill
cut faster by letting out more cable. With a hemp cable,

at a depth of about 50 feet, when the drilling tools are at the
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lowest point in the stroke, the point of the bit should hang 2 or 3
inches above the bottom of the hole. At 100 feet it should be
4 or 5 inches; at 200 feet it should be 6 to 12 inches; and at
greater distances with greater depths. An unskilled driller
will sometimes allow the full weight of the tools to fall on the
drill rope, the drill actually being stopped in its descent a short
distance above the rock in which it is supposed to be cutting.
The likelihood of such an occurrence increases with the depth
of the hole, for the increasing weight of the drill rope added to
the weight of tools, often several tons in all, makes it difficult
to detect by the feel of the rope whether or not the total
weight is decreased at the end of the stroke by the weight of
the tools below the jars.

As the drill cuts deeper it is necessary to let out the drill
rope gradually, so that the drill will strike at each stroke. This
is done by loosening the yoke clamp a little, and running out
the temper screw a turn or two. At the end of from half an hour
to several hours the temper screw has been run out its length
of several feet and the drill has advanced an equal or greater
distance. The tools are then withdrawn, the waste that has
accumulated since the last bailing is removed with the sand
bucket, and if necessary a sharpened bit is substituted.

The withdrawal of the tools is accomplished by first taking
up the slack cable on the bull wheel shaft, thus transferring the
weight of the tools to it through the crown pulley. The rope
clamp is then loosened, the temper screw is disconnected, and the
pitman is thrown off from the band-wheel crank pin, as in
Plate V. By rotating the bull wheel brake shaft with the
engine connexion, the tools may then be raised or lowered at
will.  This part of the work demands skill, for if the bull wheel
brake should not be applied as the tools clear the hole and the
tools are allowed to be raised to the crown pulley they would
fall on the workmen beneath.  After the tools are clear of the

hole, they are swung to one side and caught in the loop of a
1" rope fastened to a leg of the derrick.

The operator is now ready to bucket the drillings from the
well. The sand bucket, or bailer, consists of a section of tubing
15 to 60 feet long and somewhat smaller than the well. It has
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an iron valve at the bottom, cither of the flat pattern, or the ball
and tongue pattern. In some materials in which the drillings
are thick and heavy and do not readily enter the bailer, a sand
pump is used. Inaddition to the bottom valve this has a plunger
which is worked like that of a water pump, and thus sucks the
drillings into the tubing. The bucket or pump is suspended
from a wire cable that is wound on the sand line reel and carried
through the sand line pulley. The reel is operated from the
derrick by a lever, which brings its friction pulley into contact
with the band wheel.  The sand bucket line is thus wound up and
the sand bucket is swung over the hole. The friction bearing
on the band wheel is then released and the bucket is lowered
into the well at any desired speed.  As the drillings form a thin
mud, owing to the addition of water from time to time by the
driller, they rise into the sand bucket, are retained by the valve
in its bottom, and are then removed. The bucket is emptied by
lowering it upon an upright stake or pin beside the well, thus
opening the valve.

The liquid condition of the drillings often makes it possible
to drill 5 or 6 feet without bucketing; otherwise the drill would
become ineffective at the end of a very short time, by striking into
its own cuttings, and the necessity for frequent bailings would
greatly increase the work and cost of drilling. Water is usually
added to the drillings by the bucketful at the well head. Some-
times it comes into the well from water-bearing strata that
have been penetrated by the drill in a quantity sufficient to
soften up the drillings, and yet not great enough to interfere
with the work. It is then unnecessary to pour in water from
the surface.

In many localities water is added to the drillings by means
of a barrel set at one side of the derrick, from the lower end of
which a pipe extends within 2 or 3 feet of the drill hole; to this
pipe is fastened, by a loose joint, another piece of pipe as long,
at least, as the height of the barrel and long enough also to reach
from the end of the horizontal pipe to the mouth of the drill
hole. When the short length is dropped to a horizontal position
water flows from the barrel down into the hole; by raising the
short pipe to a vertical position the flow is shut off.

M S I Tl e
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TOOL DRISSING

While the tools are drilling in sand rock the bit wears
out of gauge. It is usually taken off the stem after it
has drilled five or six feet and another bit of the proper
vauge, which is always in readiness, is put on the stem. While
this bit is being run the tool dresser heats the bit taken off, which
is done in a forge in the side of the derrick.  When itis ready for
dressing, the driller and tool dresser, each with a 151b. sledge,
upset and expand the face of the bit to a size larger than the hole
being drilled.  The bit is then turned on its edge and the corners
are drawn forward and rounded to correspond to the circle of
the hole, leaving the flutes or water course on the sides of the
bit open. The bit is dressed with a double short bevel on its
face and is otherwise shaped to do the most effective work in
the formation it is required to drill.

To dress the bit the exact size of the hole, a steel gauge is
used which is a complete circle the size of the hole.

When oil or gas is found the forge is removed from the derrick
to a safe distance outside to guard against fire. The boiler is
also moved for the same reason when necessary, and again
connected to the engine by lengthening the steam lines.

HYDRAULIC ROTARY SYSTEM OF DRILLING,

This system is an improvement on the American Standard
method, made to suit certain conditions, originally employed in
I'exas and Louisiana, but now extended to other parts of the
world where very little, if any, solid rock formations are present;
and, consequently, the ordinary churn drill or Standard method
of percussion drilling will not apply.

This method of drilling was first successfully used in sinking
oil wells in the Spindle Top field near Beaumont, Texas, where
other methods of drilling had failed, and it has since been a
great factor in the development of the Texas fields.  Its succ

ful use in that region and the consequent great improvement
in the machinery employed has led to its increasing use where
soft materials are encountered.
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The Hydraulic Rotary system should be applicable to
in western Canada, where the formations are com-

large ar
paratively
Drilling with a rotary machine is not desirable where it

soft, but up to the present it has not been introduced.

can be avoided, inasmuch as the weight of water used to force
the drillings out of the hole is greater than the rock pressure
found in the producing sands. The sand formation is plastered
with mud and often salivated to such an extent as to hide the
value of the well.

Description.—A rotary drilling machine consists of heavy
rollers placed in a revolving frame; the frame is supplied with
cog gear, sprocket wheel and chain, which connect it to the engine
which operates it.  The drill stem, consisting of heavy four
inch pipe made especially for such work, passes through the
rollers freelv when being elevated or lowered.  When the rotary
is revolving, the rollers grip the drill stem and turn it; the bit made
to resemble a fish-tail, is fastened to the bottom of the stem:
water pump is connected by a heavy two-inch rubber hose 1
the top of the stem with a swivel joint connexion; when i
operation, the stem revolves quickly; the bit on the bottom of
the stem cuts or loosens the formation, and at the same tim
the water is being forced down through the stem and escap
through holes in the bit, and coming up on the outside of tl
stem carries the drillings to the top of the hole

With the hydraulic rotary outfit, a derrick similar to that of
the standard rig is used, but the machinery and tools are unlike
those of percussion outfits.  The principal parts of the machiner
are a revolving table or whirler, two hydraulic pumps, and boiler
engine, and line shaft to furnish power

The revolving table is a heavy rotating device, set on heavy
tool-steel rollers, that grips the casing firmly and permits it to Ix
revolved and yet allows it to be gradually lowered as sinkii
progresses.  The table is revolved by means of bevel gearis
connected with the line shaft and controlled by a clutch and leves

The hydraulic pumps, which supply water for drilling, ar
capable of developing pressure of from 125 to 175 pounds to 1!
square inch.  As the water used is very muddy, the pumps o
made with but 6 to 10 valves, whereas if the water were cle










Prate V.

Rotary hydraulic ready for use.
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20 to 24 valves would be used.

The valves also fit more loosely
than in ordinary pumps, so as to reduce the abrasion produced

Fig. 14, Three sections of a rotary derrick; these derricks
differ little from the ordinary standard derrick, only in
the lower sections as shown here

by the sediment. Only one pump at a time is in use, but to
permit packing of the valves and to provide for accidents and
emergencies two pumps are always installed. In many plants,
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two boilers are also installed for similar reasons. The pump
that is in use is connected with the top of the casing through a
hose line and water swivel similar to those in the self-cleaning
outfit, but larger, so as to allow the continuous pumping of
water into the casing while the latter is being rotated. A back-
pressure valve is usually inserted in the gooseneck at the upper
end of the swivel, to relieve pressure on the hose.  Two swivels
are needed, one being attached to the joint of casing, to b
added next to the string, while the other is in use.

The drill stem is suspended from blocks through which line
pass up through and over pulleys on top of the derrick, returning
to a wheel at the base of the derrick, where the reserve line is
spooled and which is under the control of the driller, who car
lower the drill stem at will by releasing a friction brake which
holds the wheel

The engine is connected by a link drive to the line shaft
which also furnishes power to the revolving table and to a hoisting
drum and reel.

I'hin mud or slush plays an important part in drilling, and
a slush pit is an essential accessory to the outfit. This pit i
on the same side as the pumps

usually dug near the derrick
is about 40 feet long, 15 feet wide, and 3 or 4 feet deep
though the size varies with convenience and the preference of
the driller. A ditch where sand may settle out of the mu
is cut from the well circuitously to the slush pit, from whicl

and i

hose or pipes lead to the pumps.

The cost of a rotary outfit is somewhat variable, but ma
be placed in the neighbourhood of $3,000. The rig used is ven
similar to the American Standard rig.

Drilling Operations.

Drilling is accomplished by rotating the entire string
casing, on whose lower end is a fish-tailed bit. The rotatic
under heavy pressure breaks off and grinds up particles of tl
material that is being penetrated, and they are carried to tl
surface by water that is pumped down the casing under pressur
and rises to the top on the outside between the casing and w
of the hole. Only one casing, that which is being revolv




Prate VI

Raised derrick, showing “sludge pool," Oi! City,
Caddo field, La., USA
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is used, for as the muddy water escapes upward it puddles the
side of the well so that the material stands alone,

If a bed of clay is encountered, the water used in drilling is
kept as clear as possible and is not drawn from the slush pit,
for the clearer the water is when introduced the greater is its
capacity to uphold and move particles of earth, and the clay is
sufficiently compact to make a wall that will not cave. In
penetrating sand and gravel layers, clay often has to be added
to the slush pit, so as to make a thin mud that will plaster up
these beds and prevent them from caving and also prevent
the escape of drill water into them. In some oil fields, a trough
with revolving paddles, called a mud mixer, is used to prepare
the slush of proper consistency for plastering up sandy layers
and also for closing gas pockets.

\ pressure guage enables the driller to feed the casing into
the hole with uniform pressure.  The casing must be lowered
with care, for if it is fed too fast the hole may become clogged
by failure of the pumps to raise the outside column of water
and carry up the drillings.

When the casing has been sunk so that its top is near the
revolving table, another length of casing to whose upper end
the seccond water swivel is attached, is elevated by means of
the hoisting reel so that it can be screwed on to the last length
used.  The first water swivel is then unscrewed, the new length
of pipe is coupled on, and the hose connected to the water
swivel at its upper end. This operation requires only a few
scconds of the skilful workmen's time, and drilling procecds
with scarcely any interruption. To prevent the drenching of
the men during the attachment of the water swivel, the pipe
couplings are sometimes fitted with back-pressure valves,

It is essential that the pump be kept going constantly
otherwise the drillings will settle in the bottom of the hole and

freeze' the pipe fast.  Should drilling cease at auy time, the

ter cireulation must be kept up if possible, as siight cavings

of material will cause the pipe to become clogged.
Sharpe-Hughes Bit.——What is regarded as the greatest ad-

vance yet made toward the perfection of the rotary system of

drilling oil, gas, and water wells has been accomplished by the
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invention of a practical and highly efficient mechanical bit,
which successfully overcomes one of the weak spots in the rotary
process—the difficulty of drilling through rock and other hard
formations. Heretofore cable tools have had the best of the
rotary in “making hole" in rock, but this new bit evens up the
discrepancy in results in this respect as between the two
methods, and removes the only valid objection to the rotary's
claim of superiority over other systems of drilling in localities
where soft formations predominate. It is the invention of
Howard R. Hughes.

Briefly stated, it consists of two or more detachable, cone-

shaped, hardened steel cutters, running on bronze bearings
and lubricated with oil supplied by means of a small pipe carried
inside the drill stem. The cutters, being detachable, may be
removed and sharpened while duplicate sets are in use. The
patent bit has sixty or seventy series of cutting edges as compared
with the two cutting edges of the fish-tail bit,

For fishing operations, which are some

imes  rendered
necessary by the twisting off of the casing, tools are used that
do not differ greatly from those employed for similar ‘purposes
in percussion drilling. 1f the twisted-off portion is short,
however, it may be possible to pass it by using a diamond-
shaped bit and side-tracking or drilling past it.

As in the percussion methods of oil well drilling, the drive
shoe is usually set in the formation that is known from other
wells in the same locality to overlie the oil-bearing sands
Drilling is then continued inside the casing for the remaining
and a smaller string of casing
with a strainer at the bottom is lowered to the oil.

Yacking is accomplished, as in other methods of drilling,
by seed bags, cement, or special packers. A packer called a
boot leg is also frequently used. This is a slightly tapering
leather sleeve somewhat larger than the casing. If it is slipped
over the casing and its lower (smaller) end is tied fast to the
casing a short distance above the strainer, the mud remaining
about the casing settles into the open upper end of the boot leg
and thus fills and packs the space between the casing and the
side of the hole.

few feet or vards to the oil sands
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Prate VIIL

(a)
Standard Fish-Tail Bit

(Underside View

(®)
Sharp-Hughes Patent Cone Bit
(Underside View)
Views showing the cutting edges of a Standard fish-tail bit,
as compared with sixty or more rows of cutting teeth
of the S-H cone bit
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Many water wells sunk by the hydraulic rotary method
are difficult to screen because of the depth at which the oper-
ation is conducted and the fineness of the material. A method
in use is to puddle the wall of the well at the water bearing
Jayer, set the screen, and draw the casing to the top of the screen.
By pumping heavily for a few hours, the pores of the puddled
water bearing sand are partly re-opened, but the method has
the defect of leaving the water bearing layers more or less
clogged by fine material. A more difficult but a better and more
common way of screening is to sink the screen below the casing

by forcing a hole down by a jet of water, the wash pipe being
run ahead of it. A packer or lead seal is then inserted at the
point where the top of the screen joins the well casing to pre-

vent material from rising over the top of the screen and filling it.
Advantages and Disadvantages.

An objection to the hydraulic rotary method for drilling
wells has been made by some engineers, who claim that the
driller often seals oil off by puddling, and that the location of
the oil bearing stratum must be known before drilling begins,
otherwise it will be passed through without the driller being
aware of its presence.

The hydraulic rotary is very rapid for drilling in loose
material where the drill may descend continually. At Corsi-
cana, Texas, 1,065 feet were drilled through clay and marl
in thirty-two hours. Both method and machinery have been
rapidly developed through extensive use in the Texas and
California oil fields. The method will, however, never sup-
plant the jetting and self-cleaning methods for shallow work
where only a cheap, light rig is required, any more than the
heavy standard oil well outfit will supplant portable rigs for
drilling shallow wells.

THE COMBINATION METHOD OF DRILLING,

The combination method, used in localities where the
formations are very soft and consequently suitable for the rotary;
but where occasionally hard strata are encountered through




184

which it is necessary to drill by the ordinary percussion method ;
in other words, the Combination rig is a combination of the
American Standard rig and the Hydraulic Rotary rig.  Such an
outfit weighs about 47,000 pounds and costs approximately
§5,000 in addition to the timber and lumber for the derrick.
The combination method should be used in many parts of Alberta.

CALIFORNIA OR “STOVEPIPE™ METHOD.

This form of well construction has been developed in Cali-
fornia to meet local conditions, but it is equally well adaptable
for use in many other parts of the country; particularly where a
number of water-hearing beds are available in unconsolidated
materials,  This method has been described by Slichter.!
The abundance of boulders and other heavy debris in the out-
wash in mountain valleys of southern California necessitated
special devices.  The sizes of these wells are 7 to 14 in. The
well is started with a riveted steel starter, from 15 to 25 ft.
long, made of two or three thicknesses of No. 10 sheet steel
with a forged steel shoe at lower end.  For ground containing
large boulders still heavier starters are necessary.  The rest of
the casing consists of two thicknesses of No. 12 sheet steel in
riveted length, each two feet long.  One set of sections is made
just enough smaller than the other to permit them to telescope
together, and the outside section overlaps the inside section by
about a foot: hence the name “stovepipe” method.  The casing
is sunk by ordinary heavy oil-well machinery, with a few maod-
ifications and the casing is forced down, length by length, by
hydraulic jacks, which must be previously securely anchored
The material from inside the casing is loosened and removed
with the sand pump, which must be large and heavy, generally
weighing 1,100 to 1,400 pounds.

When the well has been drilled to the required depth o
cutting knife is lowered into the well and vertical splits are cut
in the ing opposite known water bearing beds, which have
previously been determined by keeping an accurate log as the

1 C. L. Slichter, Eng. News, Nov. 19, 1903, \W. §. P, No. 110, US.GS
pp. 32-30.
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well progressed.  Hence, by this method the sereen may be made
to occupy as much of the well as circumstances render desirable.
For splitting the stovepipe a special form of perforator is
provided of which a number of forms are in use.
The advantages claimed by Slichter for the stovepipe
method are as follows.!

1. The absence of screw joints liable to break and give out
2. The flush outer surface of the casing, without couplings to catch on boulders or to
hang in clay.

3. The elastic character of the casing, permitting it to adjust itself in direction and other-
wise to dangerous stresses, 1o obstacles, etc

4. The absence of screen or perforation in any part of the casing when first put down,
permitting the easy use of sand pump and the penetration of quicksand, etc., without loss of
we

5. The cheapness of large size casings, because made of riveted sheet steel

6.  The advantage of short sections, permitting use of hydraulic jacks in forcing casing
through the ground

The ability to perforate the casing at any level at pleasure is a decided advantage
over other construction.  Deep wells with much screen may thus be heavily drawn upon with
ttle loss of suction head

character of the perforations made by the cutting knife are the best possible
tor the del |I\l'l\ of water and avoidance of clogging. The large side of the perforation is inward,
hat the casing is not likely to clog with silt and débris.

%, The large size of casing possible in thissystem permits a well to be put down in boulder

wash where a common well could not possibly be driven.

10, The uniform pressure produced by the hydraulic jacks is a great advantage in safety
and in convenience and speed over any system relying upon driving the casing by a weight
of ram

n he cost of construction is kept at a minimum by the limited amount of labour required

an the rig, as well as by the good rate of progress possible in what would be considered
% impossible material to drive in, and by the cheap form of casing

The cost of constructing a 12 in. stovepipe well is given as
generally 50c per foot for the first 100 ft. and 25¢ additional
per foot for each succeeding 50 ft., casing to be furnished by
owner.  The cost of No. 12 gauge, double stovepipe casing
averages §1.05 per foot, and a starter costs $40.

The style of rig varies with the driller, a common form
being shown in Plate 1X.

The stovepipe is devised to give the very maximum vield
from every water-bearing formation penetrated by the well.
Some of the best wells of this type in use are those of the Sea
Side Water Co. at Long Beach, California.

4 Ibid, pp. 34-35,
14
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SINKING WELLS WITH PORTABLE DRILLING MACHINES,

This method is preferable in all cases where the wells are of
shallow depth; and, consequently, that the great weight and
strength of a Standard derrick are not required to carry the weight
of the tools. For shallow wells, a rig which can be moved
about has many advantages. Various portable drilling machines
are in the market, among which may be mentioned the Star,
Columbia, Keystone and others; and it would not be in the
province of this Report to discriminate between them, as they
are all good, and, moreover, they all have their special uses in
various fields. The wells at Puce and Belle river in Essex
county were drilled by such machines.

CANADIAN POLE TOOL SYSTEM.

The Canadian Pole Tool system of boring is perhaps the
most useful all-round prospecting rig which can be purchased,
and it is especially suitable for those regions where excessive
caving makes it necessary to have some positive method of rotat-
ing the bit. The Russian and Galician systems are only modified
pole tool processes in which the original ash drilling poles have
been replaced by iron rods.

Rig.—The Canadian rig is a simple woodwork framing in
which one shaft and two spools running in bearings transmit
the various motions desired. The drive is taken by a pulley
attached to the main shaft on which are also keyed two band
pulleys which communicate by belting with two spools run
ning immediately overhead in the upper part of the framework
The main shaft is also provided with a disc crank on one of 115
extremities which, through the medium of a pitman or con-
necting rod, transmits an oscillating movement to an overhead
pivoted walking beam when the engine is run. The band and
spool pulleys are flanged to prevent the driving belts which su:
round them from slipping off, as the belts are always left looscly
in position, and the spools are put into action by jockey pullcy s
which are drawn firmly inwards by levers against the belis
One spool wheel operates the sand line when cleaning out the
well, the other is used for raising and lowering the rods and tools
as they are inserted or withdrawn from the well. © To the wulk-
ing beam is attached at the centre of oscillation a slipper o
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Cleaning well with Star No. 27 drilling machine,
Muskagee field, Okla., US.A
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which is used for giving the feed during drilling, and is merely
a clutch gear attached to a spindle upon which is coiled a chain
leading to the spring pole overhanging the well. At the end
of the beam the chain several times encircles a fitting so that
when the tools are released by the clutch gearing, the greater
part of the weight is taken by the beam and not by the clutch.

Plate X1 shows the general arrangement of a Canadian
standard rig.

Drilling tools.—The tools consist of chisels or bits, sinker
bar or stem, jars, substitute and wooden ash drill poles to the
surface. Sometimes wing guides are coupled to the stem to
keep the tools straight in inclined strata, and an under-reamer
is occasionally connected also. The tools are very similar to
those used for the cable rig, the only important difference being
the ash drill poles which are used instead of a rope. The bits
are sometimes fluted and somctimes flat, with or witliout side
wings, and not infrequently eccentric bits are employed to en-
large the hole sufficiently to allow the casing to follow. The
pole tool system permits under-reaming much better than cable
systems, as the action is positive and definite, the rotation of
the rods at the surface assuring the twisting of the bit in the hole.
The sinkers have diameters between 2} and 4 inches, and lengths
from 10 to 30 feet, and the jars are similar to those already
described under cable tools.

The poles are of 2 to 2} inches hexagonal or round trimmed
ash, in lengths of about 18 feet, to the extremities of which are
riveted iron straps which partially encircle the rod and have a
screwed pin or a box joint. Sometimes two such rods are coupled
together by means of two iron straps encircling the pole, making
36-foot lengths. The joints are always screwed taper to take
up wear, and there are six to eight threads to the inch. The
figures below give the Canadian standard sized jointe for poles
and other attachments:—

Diam. at | Diam. at Threads | Size of | Diam. of
No. | _ point Shoulder | Length per inch | Wrenches | Collar
Inches Inches Inches Inches Inches
1 1 | 3 8 24 3
2 1 | 21 4 8 3 4
3 2 3 4 8 3 4!
iy 3) i 8 i) i
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The rods are raised and lowered by a pole box and swivel
on a § inch steel wire rope worked by one of the spools, a suitable
fork being pushed beneath the collar of each joint as it reaches
the mouth of the well. The descent of the rope after a rod has
been raised and placed aside in the derrick is brought about
by a heavy weight coupled to the rope above the swivel-screwed
joint by which they are lifted. When the tools and rods have
been lowered to the bottom of the well, suitable short lengths
of rods are attached tc give the desired distance to couple up
the feed chain on the walking beam by a drill swivel, the feed
being adjusted by the slipper out clutch during work.

In addition to the ordinary sand pumps and bailers which
can be operated by a steel wire line, augers can be lowered and
rotated by the rods. The common fishing tools consist of horn
sockets and slip sockets which can be guided over lost and
broken rods by “bonnets,” which are simply bell-mouthed
guide pieces which can be attached to the tools.

SPECIFICATIONS OF CANADIAN RIG AND TOOL FOR DRILLING
2,000 FOOT WELL.

1 steam boiler capable of evaporating 1,000 Ibs. of steam per
hour at 100 1bs. pressure, with Colonial type fire-box,
fusible plugs, feed pump, injector, and spares.

1 horizontal 12 by 14 inches single cylinder reversing stem en-
gine, with pulley and flywheel, feed pump and feed-water
heater, with means of operating steam admission and
reversing gear from a distance.

1 derrick, 56 feet high, 18 feet square at base, 4} feet at top.

1 heavy drilling rig for 2,000 feet, including bolts, beams, husk-

blocks, snatch post, spring pole, etc.
1 mud pump, 12 in. by 6 ft. long, with
“ .

hinged bail and drill pin
1sand “ 101* 18 “ “

1 “ 73 36 “ “ “
1 ‘ “ 51 ¢ 36 “ “ “
1 - “ 4 36 “ “ “

-l N e e

3
1
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Fishing Tools.

1 fishing jar, 1§ by 2} inch box and pin. )
1 pole hook for 10-inch hole. ii
1 9-inch horn socket, with 3 dogs. i

1 6}-inch two-legged socket, with two dogs and springs.

1 5%-inch “ o " L

9 4}-inch

6 bonnets for sockets for 5-inch, 6-inch, 7-inch, 8}-inch, 10-inch
and 12-inch casing. fild

1 wire rope knife. g |

1 ® spear.

“ “ “ “ t‘
4

Casing, Elevators, etc.

2 casing swivels for 12-inch casing. :
2 = 10 i i
2 “ gy b
) “ - “ !
1 “" (’ “" "d
2 “ 5 “" d

6 sets wooden clamps for above casing.

4 2-inch casing clamp bolts, with heavy nuts.

2 casing chains, § and { inch ring and hook.

3 clevices and pins for casing swivels.

1 extra heavy quadrangle block, with 15-inch sheaves and swivel
head.

1 extra heavy treble block, with 15-inch sheaves and shackle.

1 steel shoe for each size of casing.

Cables, Wire Ropes and Bells.

200 feet 1}-inch manilla rope.

200 feet §-inch N

200 feet §-inch =

1 {-inch by 120 feet draw line, with 2 eyes,

1 {-inch by 650 feet block line, with 2 eyes.

1 §-inch by 2,500 feet sand line, with 2 eyes.

2 12-inch by 65 feet double leather draw belts.



4 gross belt laces.

1 12-inch by 42 feet drive belt.

1 pair belt clamps.

Drilling Tools.

2 13}-inch bits, 250 Ib. steel, 3 by 4 inch pin-joint.

211} - 180
2 9} 150
2 8 T 110
2 6} e 90
2 5% = 75
2 4 “ 60
2 11}-inch undercutting t

9% .+

8 “

6} g

5} “

4} #

T 15

33 12

y “ 12

6

5104

4L

“

“

“

“

“

O B0 s bt bt et s s et e et e e RN N NN NN

jar, 3 by 4 inch box, 2} by 3} inch pin.
2} by 3} inch box, 2§ by 3} inch pin.
“ 13 by 23
substitute, 3 by 4 inch box, 24 by 3} inch pin.
3 by 4 inch pin, 2} by 3} inch box.
24 by 3} inch box, 1§ by 2{ inch pin.

“

“

“

2} by 3}
24 by 3}
1} by 2

13 by 2}

“

2 knock wrenches.
1 catch wrench.

“

7-inch by 15 feet long sinker, 3 by 4 inch joint

** pin, 11 by 24 inch box.
** box, pole pin.
** box, pole pin.
24 by 34-inch pin, pole box.

heavy tool wrenches for

bits, 3 by 4 inch
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“ “

2} by 3} “

e R

1% by 2} i

2} by 3} =

1% by 2 <

‘24 by 3} inch joint.
“ 11 by 2} inch joint.

s 13 by 2} *

44-inch square.
4 “
3 “
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1 key wrench for iron poles.

1 chain lever, heavy.

56 drill poles, 36 feet long.

4 tubular hand poles.

1 pole swivel, with chain.

1 drill swivel.

1 sand pump swivel.

1 sand pump hanger and chain.

1 pole hook.

1 3-inch clevice and pin for top of derrick.

HOLLOW-ROD METHOD,

Outfit—The self-cleaning or hollow-rod method of wel
sinking includes the essential features of the percussion methods,
but differs in combining in one operation the breaking up and
removal of the material.

The tools consist of a string of pipe with screwed couplings,
usually of special manufacture to insure strength and durability,
with a water swivel at the upper end and a drill bit at the lower
end. Because of this use of joints of pipe instead of a drilling
cable the machine is often called the hollow-rod outfit.

The water swivel is essentially a swiveled goose-neck that
allows the water and drillings to be discharged from the pipe in
a constant direction and still permits the drill pipe to be rotated.
In the usual outfits of the class the pipeis 1} or 2 inches in diam-
eter and the drill is 2} to 4 inches across, though the hole may
be enlarged by using an expansion bit,

The drill has one or more holes at its upper end and a flap
valve that allows water and drillings to enter the pipe and be
lifted automatically to the surface. Blind valves are also
usually placed at intervals within the pipe to relieve the lower
valve of the weight of the entire column of water and drillings.

In drilling by the self-cleaning method water must occasion-
ally be poured into the well until it is encountered in sufficient
quantity for the needs of drilling. The drilling operation is
continuous, for as the drill is alternately raised and let fall the
jumping or pumping action forces water and drillings into the
drill rods and upward to the surface. This action resembles
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that of a hydraulic ram, but in the drill the sudden compression
required to open the valve is obtained by the drop of the tools
instead of by the fall of a water column, as in the ram.

A properly tempered bit will be sharper when it is taken
out of the hole than when put in, for the wear comes mainly
on its edge and tends to reduce its gauge. When the approxi-
mate depth of the hole to be drilled is known, bits may be run
long distances. So long as they are larger than the joints on
the rods they will not stick as will cable bits when worn, for the
vibration of the rods keeps them free. Many holes 100 to 150
feet in depth have been drilled with one bit without removing
it from the hole. When a bit is used too long, however, the
hole must be reamed when a bit of standard gauge is substituted
for it.

JETTING METHOD.

Outfit.—In the jetting method of well sinking the material
is both loosened and carried to the surface by water under
pressure.

The principal parts of the outfit are a force pump and water
swivel, drill pipe, nozzle or drill bit casing, and drive weight.

Hand-power jetting outfits are made in several styles which
differ chiefly in the arrangement for driving the casing. One
outfit uses a block and tackle for raising and letting drop a weight
of 200 pounds or more; another uses a lighter weight which is
lifted directly by hand. Some outfits require a light derrick
and working platform; others are operated from the ground.

In the jetting method water is led into the well through a pipe
of relatively small diameter and forced downward through the
drill bit against the bottom of the hole. The stream of water
loosens the material and the finer portion is carried upward
and out of the hole by ascending water current, as in the hy-
draulic rotary method.

Casing is usually sunk as fast as drilling proceeds. In the
softer materials, by using a paddy or expansion drill a hole may
be made somewhat larger than the casing, which may be lowered
a considerable distance by its own weight. Ordinarily, however,
a drive weight is necessary to force it down.
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CORE-DRILLING.

General Features.—Core drills are little used for sinking
wells, though they have been tried from time to time in develop-
ing new oil fields, and diamond drills have been employed to
some extent in South Africa for deep-water wells. The core-
drill principle is, however, occasionally employed in connexion
with the more common well-drilling outfits.

The advantage of core drills over all other types of boring
machines is that they enable an accurate sample of the material
penetrated to be obtained. They are therefore widely used in
prospecting for coal and other economic deposits, for making
borings for foundations for dams and similar structures, in
preliminary tunnel investigations, and in excavation work.
The importance of obtaining a true sample of the material
penetrated is illustrated by the experience of a firm of contractors,
who became bankrupt because at a certain depth they encoun-
tered hard conglomerate instead of the gravel indicated by the
drilling of a percussion outfit.

Rotary core drills of the several classes are alike in employ-
ing a hollow rotary drill that by abrasion wears an annular
hole, leaving a core in the centre. The drillings are removed
continuously by water under pressure, and the core is broken off
and removed from time to time.

Core drills are intended primarily for drilling holes of rela-
tively small diameter in hard material. They resemble hydraulic
rotary outfits in method of operation, but the formation of a
core and the necessity for its occasional removal makes the drill-
ing process intermittent instead of continuous.

Core drills may be used in all kinds of rock, from the hardest
trap to the softest shale, but where a core is not especially
desired drilling in the softer formations can usually be done
more rapidly by means of percussion, hydraulic rotary, jetting,
or some other method, and as a rule saving can also be effected
in the cost of outfit.

DIAMOND DRILLING,

Outfit.—~Diamond-drill machines to be worked by hand are
made, but the larger outfits require a derrick, hoisting sheave,
and hoisting drum similar to those employed in other methods
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of drilling. The drilling apparatus includes a force pump and
water swivel, drill rods and rotating device for turning them,
feed mechanism, and a cutting bit.

The derrick in most common use is a tripod 20 to 80 feet
high, the height varying with the work to be done. Where
timber is easily available the derrick may be constructed of
poles, but for drilling to depths of 1,000 feet or more a strongly
braced 4-pole tower or a steel derrick s usually employed.
The drill rods are smaller and lighter than those used with the
hvdraulic rotary outfit, and the hoisting drum, force pump,
and water swivel though similar, are correspondingly lighter and
are of somewhat different design. Only one force pump is
installed. The drill rods are of heavy lap-welded iron tubing
or of seamless steel tubing, with screw joints, and are 5 to 10
feet long. The sections are added as sinking progresses.

The bit is made of a ring or sleeve of tough but ductile
steel, three-eighths to five-eighths inch thick, whose upper end
is threaded to screw into the drill rods and whose lower end is
turned true and bored with eight holes to contain the diamonds,
The diamonds are carefully set in the holes so that their lowest
points lie in a plane, and are arranged alternately on the inner
and outer faces of the bit, so that the outer edges of four project
a little beyond the outer face and give it a clearance, while the
edges of the inner four project slightly beyond the inner face
and clear the drill of the core. The diamonds are calked in
place by carefully swaging the steel firmly against them with
light blows.

Two kinds of diamonds, known as carbons and borts, are
used in diamond-drill work. Carbons are found as opaque,
irregularly shaped nodules, black on the outside and shades
of grey on broken surfaces. They have no cleavage planes, and
it is this quality, together with their hardness, which especially
fits them for drilling in hard rock. Borts are semi-transparent
diamonds similar in appearance to the rough brilliant but
differing in crystallization. They are usually nearly spherical
in shape, are as hard as carbons but not as tough, and have .
cleavage plane, so that when used in hard rock they may break
whereas carbons wear away but seldom break. Carbons conu
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mainly from Brazil; borts from both Brazil and South Africa.
Borts are much cheaper than carbons and may be used in boring
in soft rock. In some holes a toothed cutter bit similar to that
of the hydraulic rotary outfit is used in penetrating soft rock.
In moderately hard material a drill armed half with carbons and
half with borts may be used, but for drilling in very hard rock
only carbons are suitable.

CALYX DRILL.

The calyx drill was invented in Australia. It is now in
use in many parts of the world.

The hoisting and driving machinery of the calyx drill is
similar to that of the diamond drill, and feed water is supplicd
through a swivel and hollow drill rods. The bit of the calyx
drill is made of hardened tool stecl and consists of a toothed
collar, somewhat like the cutting shoe of the hydraulic outfit,
but having longer barrel and teeth, the teeth being so set as to
provide clearance to the core and to the bit and rods.

Above the core barrel a cylindrical chamber or calyx,
open at the top, encircles the drill rods. Into it the coarser
rock fragments torn off by the drill bit are caught as they are
dropped by the upward water current when its velocity decreases.
They are removed when the rods are hoisted to remove the core,
and furnish a second record, in inverted order, of the materials
penetrated. This record is of especial value in material too
soft to yield a good core.

The action of the toothed bit in cutting the rock seems to
depend largely on the torsional power of the drill rods, for the
drill bites into the rock and resists turning until the twist of
the rods forces it to loosen and partly turn around to a new grip,
It thus has a “chatter” motion, which chips off fragments of the
rock.  Its action has been compared to that of the stone mason's
chisel, which chips off rock fragments at each blow of the hammer.

The calyx drill is not restricted in size by such considerations
of cost as is the diamond drill, and machines are built capable
of taking cores 15 inches in diameter.
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CHILLED SHOT METHOD.

Experiments in drilling by the use of loose abrasives poured
down the drill hole led to the adoption for this purpose of chilled
steel shot, such as is used in sawing marble and other stone.
Other parts of the shot outfit are similar to those of the diamond
drill, but cutting is accomplished by revolving an iron or steel
tube on the shot. A slot a few inches long and half an inch wide
cut into the lower end of the tube or bit allows the shot to reach
the cutting surface more readily and be more evenly ‘distributed.
Distribution is also aided by slightly beveling the edges of the
tube so that the shot may get under it. Under the weight
of the drill rods the shot bites into the rock and chips out or
wears off small pieces of it, which are brought to the surface
by the water current.

That the supposedly round and smooth shot can thus wear
away rock may seem at first almost impossible, but close exami-
nation of the tiny steel balls shows that they are slightly irregular
in shape, and because of this unevenness of form they sink into
the softer bit tube and are held firmly by it, abrading the rock
surface as sand-paper abrades wood. The shot does not develop
a tendency to polish the hard rock—a tendency sometimes
shown by the diamonds used in the diamond drill.

COMPARISON OF CORE-DRILLING METHODS,

The diamond drill is especially adapted to penetrating hard
rock to great depths, and will bore a hole at any angle; hence
it is especially useful in mineral-prospecting work. It is some-
what restricted by the character of the rock formation, however;
for example, no diamond-drilling firm will send a drill into the
lead and zine districts near Joplin, Mo., for the limestone there
contains many chert nodules, loosely embedded, which tear the
diamond bits. In highly inclined and flinty rocks there is thus
the danger of loss of the stones.  The high cost of the diamonds
limits the use of this drill to boring holes of smaller diameter, and
hence to the higher classes of work, such as prospecting for ore
deposits,

The calyx drill is commonly used to bore much larger
holes than the diamond drill, and in soft or moderately hard
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material it is cheaper.  In very hard rock it works more slowly,
however, and it is not adapted to boring holes at an angle greater
than about 45° from the vertical. It is largely employed in
coal prospecting and in boring holes for testing foundations.

The shot method may also be used in obtaining cores of
large diameter. In very hard material it is more efficient than
the calyx cutter, but it is not adapted to soft material. It may
be used for boring holés at any angle, provided the drill is rotated
rapidly and the shot kept properly distributed by centrifugal
force.

All rotary core drills are portable and, as they can be taken
apart for transportation on pack animals, can be used in regions
where more cumbersome outfits are debarred.  Nearly any
power can be vsed—electricity, compressed air, steam, gasoline,
horse, or hand—but where its use is possible steam is usually
the best.

Tne three methods of rotary coring are sometimes used in
boring the samc hole, the style of cutting bit employed depending
on the character of the material that is being penetrated.
The shot and calyx bits are frequently interchanged, and on
one of the leading makes of core drill the outfit is expressly
designed to use a toothed cutter bit in soft and moderately
hard rock and shot in penetrating the hardest materials. For
this purpose a double water swivel is used, through one neck of
which the shot is fed into the rods.

The percussion core drill should prove valuable in sampling
coal beds and in other work in comparatively soft formations
in localities where a cable rig can be advantageously set up.

DIFFICULTIES IN DRILLING.

The contractor usually holds the driller responsible for
accidents caused by losing tools in the well, but not for those
due to geologic conditions, unless the formation is well known
from previous borings.

Causes of Loss of Tools.

These are usually due to one or more of the following con-
ditions or causes:—
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1. A worn cable. The stretching and bending of the part

of the cable immediately above the socket cause it to become

thin and frayed after a few weeks' wear.

2. The imperfect attachment of the cable to the socket.
The joint should be tested by putting a strain on the rope while
the drilling tools are anchored at the surface.

3. Neglect in setting up the tools after each run. If the
parts are not securely fastened together, they become unscrewed
and fall into the drill hole.

4. Paying out too much or too little cable. If too much
cable is paid out, the jars will batter and break; if too little,
the whole weight of the tools will fall on the cable and strain
it « \l‘('\\i\t'l'\'.

5. Crystallization of the iron of the tools through successive
jarrings. The screw pin of the auger stem may break from
this cause.

To ascertain the nature of an accident one-half mile below the
surface in a hole perhaps only 6 inches in diameter, by means of
a cable having a very appreciable stretch, is clearly an operation
requiring great skill. As the string of tools is usually more than
50 feet long, weighs over a ton, nearly fills the hole, and is wedged
in so tight that the strongest cable could not pull it loose in
a straight pull, the conditions involved in some fishing jobs
is obviously unusual. Occasionally, the driller is compelled
to break up the broken tool in the well, crushing it with the driller
by repeated blows.

Locating Lost Tools.

The first step in recovering a lost tool is to learn the shape
of its upper end and the position in which it lies in the well.
This knowledge may be obtained by lowering over the tool a
sheet iron vessel containing soap or other soft material, in
which an impression is easily made. An examination of the
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mould then enables one to determine the position of the tool and
to devise means for its recovery.

If the fallen object has been caught in the well wall above
the oil or water or lies in a dry hole, its position may be deter-
mined by reflecting light into the well from a mirror. It was
perhaps this operation which suggested the invention of a
photographic device for determinations of this character. The
device was invented by Mr. Loran, a Baku engineer, and
both the instrument and process of photographing have been
described by A. Beebe Thompson.

The device consists of a stereoscopic photographic apparatus,
which is lowered to a point near the lost tool, light for the neg
tive being furnished by an electric current carried by wires
arranged in the camera. Concerning its construction, Mr.

Thompson says:!

An internally blackened, bell-mouthed vessel, at the small upper end of which is fixed
the stereoscopic camera, and at the fes of which are fixed two small electric lamps with shades
reflecting the light downward, is attached to a sinker rod with guid Inca t
chamber above the photographic device is an electric accumul which supj
and interposed in the circuit is a small clock that can be regulated to produce contact at any
desired time, switching on the light and opening the camera shutter at the same moment,
Above this is placed a cylinder in which compressed air is stored, leading by minute tubes
to the bell-mouthed photographic vessel beneath. By a clever device, a quick upward or
downward motion of a few inches causes a disk, nearly equal in size to the well, working freely
on the central spindle, to rise or fall and transmit a motion to a lever which actuates an air
valve leading from the air vessel. The pressure of air must exceed the pressure due to the
subme: e of the appara itus in the liquid, and on the air valve being opened the fluid is dis
placed in the bell-mouthed vesse an undisturh w of the lost article is secured.  After
an exposure of one or two |u_ air is shut off by a repetition of the before-mentioned
jerk and the apparatus raised.

Recovering Lost Tools.

Most of the instruments made for recovering lost tools
are expensive and so many of them have been devised that one
contractor can not afford to own a complete set. Usually he
purchases first the ones he is most likely to need and others
as he may require them.

Slip socket.—1f the drill is lost in the well, but is not jammed
tight, it may be possible to lower a spudding spear into the well
and prod the top of the drill loose from the wall. The drill
may then be grasped and removed by a slip socket which con-
sists of a pair of slips inserted in a tube-like instrument and

‘Thompson, A. Beebe, The Oil Fields of Russia, 1904, 2d ed., 1908,
p. 164
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suspended by a light string.  The teeth of the slips are bevelled
upward, so that when the socket is lowered the slips readily
move downward over the upper part of the lost tool. By quickly
jerking the socket upward the string supporting the slips is
broken, the teeth bite into the tool, and as the socket is raised
the bevelled groove in which the slips work narrows the space
and causes the grip to become more firm. In this operation,
it is essential that jars be used to cause the teeth of the slips
to bite as deep as possible into the drill, and also to jar the drill
from the rock in which it is held. If it is impossible to lift
the tool, the socket may be driven down again. The slips are
thus raised and are automatically caught on the side of the
socket. If a harder pull on the object is required, the socket
should be brought to the surface and reset. If the jars should
be broken and the string of tools fall into the well, the tools
may be withdrawn by lowering a slip socket of special pattern
over the sides of the broken jar.

The slip socket was invented in this country and has been
adapted to many uses and is more employed than any other
instrument for lost tools. If it is properly arranged before being
lowered into the well, it will not fail to seize the lost object
and it grips it with greater and greater force as stronger pull
is applied to the drill rope, and if the driller is unable to bring
enough force to bear on the cable to withdraw the tools, it may
be easily released and raised.

If tools have fallen far, and have become firmly embedded
in the rock at the bottom of the well, the fishing jars must be
very long and the longest possible stroke must be given to the
walking beam. The tools may usually be loosened by repeated
blows and then removed.

Horn sockets.—If the tools have fallen only a short distance,
they may be removed by a horn socket, a tube with two slits,
cut on opposite sides, which when jammed down over the fallen
tools expands slightly and obtains a friction grip. It is cheap,
easy to operate, and is almost as much used as the slip socket.

Electric-magnet.—Another device used in fishing is a power-
ful electro-magnet, by which a lost tool may be drawn out of a
niche in the drill hole and recovered. The electro-magnet has
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been used successfully by Mr. Phillips, of the firm of Phillips and
Worthington, New York city, in drilling a well in New Jersev,
but the rigging up of the apparatus is expensive and difficult.

Rope spear.—I1f the cable has broken near its connexion
with the temper screw and has fallen into the well, it may per-
haps be withdrawn by catching it with a rope spear, a rod
armed with upward pointing barbs, which is lowered into the
well by a rope. If the drill is wedged in so tight that the cable
can not be withdrawn by the spear, a rope knife is lowered by
which the cable is cut off as near as possible to the drill.  The
drill may then be withdrawn by a slip socket and the cable
speared and removed.

Defective casing.—Two instruments that are frequently used ‘
in dealing with defective casing are illustrated in Plate X1 ‘
If the casing has been dropped to the bottom of the well from

a considerable height, it may be bent, or even twisted like a
corkscrew, so that it can be withdrawn only in short sections
To do this the casing cutter is inserted, the knives of which
expand as the pipe on which it is screwed is rotated, and the casing
is cut at any desired point. If the casing is only slightly bent,
it may be straightened by the use of a pipe swedge dropped
into it repeatedly in the manner in which the drill is operated
from the walking beam.

Redrilling and enlarging.—1f the methods just described
are ineffective in removing the broken parts, the driller may
shift the drilling tools a few inches to one side and re-drill and en-
large the hole. By drilling some distance below the level of
the top of the lost tools and spearing them into the new hole,
part of them may usually be grasped by a slip socket and with-
drawn. If the drilling is done in relatively soft material, the
tools may be pushed to one side and passed by thus drilling a
second hole. Thi

at first seems to be an almost impossible
operation, but it is easily done, and is effective in disposing of
even large broken instruments.

GEOLOGIC DIFFICULTIES.
Spalls—Spalls of rock or loose stones may fall from the wall
of the hole on top of the drill and wedge it in so tightly it can
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not be withdrawn by cable pull alone. This is a common ac-
cident in wells in highly creviced or fissured rock or in glacial till,
without casing or drive pipe. The spalls or loose stones may

usually be broken up by a smaller drill, and the tools can then

be withdrawn.

In brittle sandstone and in shale the top of the string of
tools may become jammed in a cavity in the wall of the well,
made by the detachment of rock fragments. It is then neces-
sary to bring the string of tools into their normal position in
the drill hole by means of the spudding spear.  They can seldom
be loosened simply by plaving on the cable.

Boulders —An accident that shows the close dependence
of drilling on geologic conditions is the mistaking of a boulder
for bed roc Ordinarily the driller determines whether the
hard rock which the drill has struck is or is not a boulder by
noticing whether it seems loose and rebounds under the stroke

of the drill. I it does not seem to be solid rock, he endeavours
to break it to pieces and remove it.

The boulder may be so large that the driller mistakes it
for bed rock, and after drilling into it for 3 or 4 feet sets the
casing in the boulder, substitutes a smaller drill, and proceeds as
if he were in bed rock, but after drilling a few feet farther he
again encounters sand or clay of the same character as that
above the boulder. He must then draw the casing set in the
boulder and ream out the hole to a size which will enable him
to sink the proper casing through it.

The error of xni~l.|killu a lmuhlrr for ||\-(] rock may be
avoided by observing the drillings brought up to the surface and
noting whether they are of material like the bed rock in the
vicinity. In northern Indiana, for example, a driller may be
pretty certain that if the drillings indicate granite, or schist,
or trap, the drill is in a boulder and not in the bed rock, which
in that region is for the most part limestone. If the rock ap-
pears to be a boulder, he will of course expect to find soft material
below it and will proceed accordingly.

In the glacial regions of North America the bed rock is
overlain by a bed of till that ranges in thickness from a few

!
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feet to several hundred feet and contains many large boulders,
The bed rock in most places is shale, sandstone, or limestone,
but the boulders, having chiefly come from the north where the
rocks are of different character, are chiefly of granite, schist,
and other crystalline rocks; some boulders, however, as those
derived from the country rock, are of limestone and sandstone.

If a boulder is especially hard, it may be blown to picces
by dynamite or rock powder tamped with a bushel or two of dry
sand or clay. This may split the boulder so that the casing
will pass down between the broken parts, or it may break it
into pieces so small that they can be further reduced by the drill
and removed by the bailer. If a boulder is to be broken by
explosion, the casing should be drawn 3 or 4 feet above the charge
so that it will not be injured.

Running Muds and Clays.—Mud produced from some shales
hardens quickly when exposed to the air.  If such mud runs into
a well and fills the space between the drill and the well, it may
solidify and interfere with the withdrawal of the drilling tools.
A hole drilled through a stratum of such shale must be cased
down and drilling must be pushed forward so rapidly that the
mud will not have time to solidify. The drill may be freed from
obstruction by this mud and withdrawn by slowly working it up
and down so as to gain on the up-strokes, and the mud may be re-
moved by small buckets or augers. If this method fails, 1}
or 2 inch pipes may be lowered into the well and the hardened
mud and sand may be flushed out by a powerful water jet.
Such a layer of mud and clay can sometimes be passed by casing
it off with a short length of pipe and using a smaller drill, but
the driller usually prefers to work patiently past it rather than
te reduce the size of the hole by casing it off.

Even if only a small quantity of water is present, clay will
“crawl” and relieve pressure by squeezing through very small
openings in threads or sheets. The slow but forcible movement
of plastic clay into a drill hole may fill the hole during a single night
when drilling is suspended. When drilling is resumed, the next
morning, the drill will strike this soft plug of clay and ram it
down until the compression of the air below prevents its further
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movement. The drill may continue to pound this elastic cush-
ion for uays, or even weeks, without making further progress
while the clay slowly accumulates in the hole. The difficulty
may be overcome by casing off the clay before it forms a plug
or by jetting through the plug. Plastic clays are encountered in
South Dakota and in the Atlantic coastal plain, but most of the
glacial clays are so sandy that they vield readily to the drill
even if the well does become clogged.

Caving of the formations~—One of the most important
difficulties which drillers have to contend with in oilfields is a
frequent caving of the strata into the wells from the sides, In
many fields there are special beds which cave particularly and
these are often given names by the drillers in recording the
depth in the wells at which they are found. For instance, a
certain caving shale of peculiar character in the West Vir
oil fields is known by the drillers as the “pencil caving”, being

inia

generally situated between two prominent beds of limestone

in the Lower Carboniferous formation. In Oklahoma caving
also takes place in formations similar to those of eastern Canada. '

This is one of the great difficulties encountered in drilling
in New Brunswick, and wells have frequently been delaved

for many weeks owing to its occurrence. (
(
Quicksand. !
\
Character of the material —In drilling water wells in the soft «
coastal plain formations that stretch from Cape Cod westward §
and southward along the border of the continent the most
serious difficulty encountered is caused by beds of quicksand, (
which are as a rule interstratified with beds of coarser sand and t
of clay. The quicksand comes into the drill hole and must be I
bailed out in large quantities before the casing can be driven 1
further and drilling continued. Under ordinary conditions, I
quicksand will not yield its contained water, and therefore, (
if it has a tendency to rise in the pipe the difficulty can seldom 1
be obviated by pumping alone. The whole mass is saturated, \
its water can not be separately withdrawn, and it exerts practi- 1 I
cally hydrostatic pressure. p
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A driller in the Northern States may find pockets or lenses
of clay or coarser sand in a quicksand laver, and these cause
him to think he has passed through the quicksand. Coarse
sand, such as “bar" sand, will not rise if the velocity of the water
through it is less than about 2} feet per minute I'he drive
pipe shuts off the water and quicksand above such a pocket of
coarse sand or clay, but as soon as the drill penetrates the pocket
the quicksand again flows in and may rise to the height of the top
of the deposit.  If the bed is 20 feet or more thick, the pipe can
not be driven through it on account of the resistance of the com-
pact sand; and if the water in it is under great head, so as t
force the sand up to or above the point at which the bed wa
truck, further progress may be almost impossible. In some
wells, quicksand has risen in the pipe 100 feet above the depth
at which it was struck

Pressure of material.—1f the drill hole is not kept full of
water, the pressure exerted by quicksand on well casing may b
very great.  Experiments have shown that quicksand saturated
with water exerts a lateral pressure equal to one-half its
vertical pressure. Beyond the point of saturation, the pres-
ure is hydrostatic, the vertical and horizontal pressures being
equal.  Quicksand can be confined only by using water-tight
casing, for it is commonly so fine that it will pass a standard
100 mesh sieve. Saturated material of this fineness will flow
wherever water flows. The lateral pressure of quicksand is
exceeded only by that of clay, and the clay moves much more
slowly.

Withdrawing tools.—\When quicksand is encountered not
only does the material require laborious excavation, but unless
the drill is withdrawn rapidly it gets jammed in the hole and is
buried by the sand. The driller is then under the necessity
not only of cleaning out the hole, but also of recovering the drill
before he can resume drilling.  In this event it is usual to bail
ut the quicksand to the point at which the drill is stuck and then
introduce into the well a wash pipe an inch or two in diameter.
With this the quicksand is agitated (or jetted) and washed
ip to the surface. This operation continues until the drill is
partly free, when a slip socket is inserted over its upper end
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and, with the assistance of the fishing jars, it is jerked free from
the quicksand.

In connexion with the up-and-down motion given to the
drill while it is being removed from the quicksand, it must be
raised with each stroke, and in this way gradually freed. The
same method of procedure is required where quicksand comes
into a well suddenly, the drill being moved up and down as if it
were cutting into rock, while at the same time it is lightly raised
at cach upstroke. This operation must be carried on rapidly,
otherwise the sand will pack about the drill and prevent its
removal

If the driller is working in sand of rather fine texture, he
draws the drill at night, as otherwise the sand may creep up
around the drill and set almost as hard as rock. The drill
is seldom left in the well over night on account of the danger
from sand or of malicious cutting of the rope, or, in a rock well,
or having a boulder fall and become jammed between the drill
and the well wall.

Penetration of quicksand —1f the layer of quicksand is only
a few feet thick it may be penetrated by bailing out and then
driving the casing. The pipe is driven as far as possible into
the bed without bailing, and the quicksand may occasionally
be passed through at one drive.

A thin bed of quicksand that lies near the surface may be
shut off by driving sheet piling around the mouth of the well.

Difficulty caused by quicksand may be partly overcome
by filling the bottom of the well with mortar or Portland cement,
which sinks through the quicksand and sets. The hole may then be
drilled through the mortar or cement, which forms a wall that
prevents further inflow of quicksand.  Stones, clay, and asphalt
have also been dropped or poured into the hole to restrain the
quicksand, with some success.

Water pressure~—The head of water which produces the
pressure in quicksand is nearly always less than that due to
the elevation at which the mouth of the well is located. Some
drillers maintain that quicksand can always be penetrated
by keeping the drill hole filled with water. If the quicksand lies
at a depth of several hundred feet and its pressure head is 100 or

—
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150 feet below the surface, a column of water in the well will exert
a back pressure on the quick sand of 43-4 pounds per square inch
for every 100 feet of drill hole, which will prevent it from rising
in the pipe. The sand bailer may then be inserted and the well
may be bailed through the column of water.

It sometimes happens that after bailing out large quan-
tities of quicksand the pipe becomes bent, a fact that is explained
by assuming that the quicksand bailed out is removed from
beneath a higher layer of firmer material, such as till or clay,
on only one side of the pipe, and that the pressure of this material
against one side of the lower end of the pipe causes it to be
thrown out of alignment. The remedy consists in keeping the
hole full of water. This prevents the formation of such an
artificial cave; or if the pipe has already bhecome crooked, cor-
rects the trouble by causing the pressure on the pipe to be equal
on all sides.

If such cave is formed beneath a layer of till, boulders may
fall down from its walls and become jammed against the pipe
and prevent it from being driven ahead. The side pressure
caused in this way may likewise be at least partly overcome by
keeping the hole full of water. If the trouble is not remedied
by this means, the process may be supplemented by drawing
the pipe until the drive shoe is above the boulder. The boulder
may then be crushed with the drill and the pipe driven ahead.

Pumping.——By keeping the shaft full of water, J. E. Bacon,
in sinking a large open well at Charlotte, Mich., in 1904, removed
quicksand by a powerful sand centrifugal pump. This method
was also successfully employed at Millville, N. J., in sinking a
well 8 feet in diameter, to a depth of 36 feet, the lower 16 feet
being through fine, saturated sand.

Freezing.—Quicksand has been penetrated by shafts by
means of freezing. This method was first employed in 1883 by
F. H. Poetsch, a German mining engineer, who by using it sunk
a shaft in a mine near Schneidlingen, Prussia, through a bed of
quicksand about 18 feet thick, lying about 100 feet below the
surface. As other methods had proved unsuccessful, Poetsch
drove pipes into the quicksand and circulated through them a
refrigerating brine which froze a wall of quicksand 5 feet thick
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around the proposed shaft. Excavation was continued within
this wall, and the shaft was carried downward through and
below the quicksand. The same engineer later excavated
through 107 feet of quicksand by the same means. The process
has also heen used in this country in sinking a number of shaft

one of which is described by D. E. Moran.! The machinery
used in freezing the quicksand consisted of the following essential
part

1. An ammonia compressor or pump with suitable motive
IH'\\I[

. Pine coils surrounded by constantly changing cooling
water In these coils the compressed and heated gas coming
from the ammonia compressor is cooled to such a temperature
that, at the pressure existing in the coils, it condenses to the
liquid form

3. A valve, regulating the flow of the liquid ammonia from

the above described coils into

1. A second set of pipe coils, surrounded by brine or other
vehicle I'he liquefied ammonia passes from the regulating
valve into these coils and immediately expands, absorbing
the necessary heat from the surrounding brine.  From the coil
the gas is led back to the compressor, completing the eycl

I'he brine used was a 60 per cent solution of the impur

calcium chloride

f commere I'he cold brine was pumped
from the refrigerating tank through a system of distributing
pipes and regulating valves to the ground pipes, and after cir-
culating through these it returned to the refrigerating tank,
the velocity of the brine in the downward flow pipes being about
! feet a second. No protection was given to the connecting
pipes above ground, so that these were soon covered over with
a snow-like ice, the result of condensation from the atmosphere,
and this served as a cheap and effective lagging

Soon after the brine was started in circulation the ground
began to freeze around each pipe, forming frozen cylinders,

which increased in diameter until at the end of six days adjacent

Nloran, D. F I'he freezing process as applied at Iron Mountain,
Mich., in sinking a sl hrough quicksand: School of Mines Quart., vol. 2
1890, pp 254. 3
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cylinders intersected and made a circular wall extending from
the surface to the bottom of the drive pipe and thus formed a
cofferdam inclosi

g the proposed shaft.  Excavation was then
begun inside this cofferdam, and no water came through the
frozen wall at any time I'he rate of freezing differed in different
parts in the deposit, depending on the amount of water the parts

! contained I'he smaller the amount of water the longer it
required to effect freezing

Some of the physical qualities of the frozen quicksand
were noted

Frozen quicksand may be regarded « mortar in which

¢ cementing material is 1ce, and, as in a cement mortar, the

trength will prol be found to depend on the quality of

the sand and the pr wce of suthicient cementing material, a

vell as on the strength of the cement

f working the material is more than doubled by the presence

Frozen quicksand looks like a fine-grained sandston It

erfectly homogeneous, breaks with a tendency to conchoidal

fracture, and is hard to work as a stone of similar character

i When mixed with gravel or boulders the mass resembles con-

'p glomerate or a concrete made with similar stone I'he difficulty
!

ravel, which greatly increases its density d dulls the pick

of the miners I'he strength with which the

ts or “moils’
ck=and adheres to the stone is shown by the line of fracture

i iterial.  There seems to be no tendency for the rounded

) , but rather for the break
; t w the shortest line, whether through flint or quicksand.!
s Juicksand beds that lie near the surface can be thus frozen

I to pull out of the quicksanc

i ut very great expense, but the expense of freezing beds
i t lie at depths of over 100 feet will probably be great and the
¢ rocess will be slow.
f

. GENERAL DRILLING OPERATIONS

ng.

X Primitive methods of casing.-—As elsewhere stated, deep wells
t the Orient are sometimes lined with bamboo or hollow tre
§

i trunks for casing.

Op. cit., pp. 248-249
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Some bored water wells in Arkansas and Florida even,
are lined with wood.  This is ineffectiv
ing contamination; and besides has the disadvantage of deca
in time and adding organic matter to the water. A better casing
for bored water wells is clay tiling, now frequently used.

Modern  Methods—Conductor Box.—In many places the
surface material consists of loose sandy clay, sand, and gravel,

15 a means of pre

varying in thickness (in the Pennsylvania oil regions) from a
few feet on the hills to several hundred feet in the valleys. To
restrain this material, which would otherwise impede the work
of drilling, a conductor box, made of plank, circular, square, or
octagonal in shape, and 8 inches to 20 inches across, is sunk
to the bed rock.  If the rock lies only a few feet below the surface
the necessary excavating is done by hand; if the soil is deep,
a large drilling bit is used to spud down a hole, into which the
conductor box or a section of large iron pipe may be sunk as
fast as drilling proceeds.

Drive-pipe or conductor.—In starting a well it is the custom
to extend what is known as a conductor or drive pipe from the
surface to as great a depth as can be driven by ordinary driving
methods, through the superficial formations to the solid rock.
Years ago it was the custom to use a wooden conductor made of
planks for this purpose; but at present the metal drive pipe is
used almost exclusively.  The ordinary sizes of the drive pipe are
10, 8, 6, and 4} inches in diameter. The length of the drive
pipe varies very greatly; being in some parts of Ontario and
elsewhere as much as 100 or 200 feet, while in other localities
the solid rock comes to the surface and no pipe line is required.

The casing.—The casing of a well is not properly equip-
ment used in its construction, but is rather part of the material
which is used up in sinking the well; in other words, the rig
machinery, rig and drilling tools can be used again in sinking
some other well after the completion of the first, while a casing
becomes a part of the well and is never used again, unless the
well is a failure, in which instance it is pulled out and used in
another well.  The principal object of the casing is to shut of
water which is encountered in the upper strata penetrated, but
casing is also of service in preventing the caving of formations

iy
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which are very soft. In me

deep wells, casing of several

different diameters is used; the larger sizes being put in the
upper part of the well and smaller sizes used successively with
depth

The methods of casing vary somewhat according to the

different methods of drilling; but the general principles are sub
stantially the same, namely, that when a strong flow of water

or dry caving formation is encountered, a casing should I

n
serted to line the well just as soon therealter as a hard stratum
can be reached in which the casing can be set. When once a
casing has been set in a formation firmly to shut off the overlving
water, it is then possible to drill deeper with a bit of smaller
diameter until a deeper water vein be encountered, when a second
string of casing is required, which will of necessity be of
smaller diameter than the first

Casing is of various types and the type used ir

any pat
ticular field must correspond with the local conditions I'he

sizes of casing in common use in the oil fields are as follows
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IFABLE XIII

Dimensions, etc., of Lapweld Casing.

INcu
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Machine set for pulling casing, Muskagee fic Id, Okla., US.A.
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Pulling Casing.

After casing has been in a well for a time the formation
settles around it, sometimes making it difficult to remove it.
If it cannot be pulled out in the ordinary way with blocks and
lines, hydraulic jacks are used. If the bottom of the casing
will not yield to the pressure of the jacks, it is usually parted.
The upper part is pulled out. If a collar is left on the casing
in the hole a steel die is attached to the collar and the casing
is then pulled out. It is lowered again and the die firmly screwed
into the casing below. If the collar is pulled off the casing left
in the hole a steel collar with cutting dies is sent down and firmly
screwed onto the casing. A casing cutter is then sent down on
a string of tubing and the casing is cut off where it is thought the
obstruction is holding it. If the first cut does not release it, it
can be cut again and again each time higher up, until it is released.

Squibbing the casing with nitro-glycerine is the quicker
and less expensive way to loosen it when there is no water in
the casing to damage it by the explosion. This is done by filling
a small tin tube with nitro-glycerine and attaching this tube to a
wire line with a firing head attachment; on the bottom of the tube
a piece of stiff V-shaped wire is attached, the points coming up
on either side of the tube and extending to the casing. The
points drag along the casing while the squib is being lowered.
When the objective point is reached, the squib is pulled slowly
until the points of the wire come to a collar, when they usually
catch the bottom of the upper joint of casing and hold the
squib; a piece of small pipe through which the wire has passed in
lowering the squib is released; it drops upon the firing head.
The explosion which follows separates the casing.

The size of the hole is always governed by the contemplated
depth of the well, and the anticipated difficulties to be encoun-
tered.

In wild-cat wells, or wells drilled in undeveloped territory,
sometimes an 18-inch hole is started which is drilled below the
surface sands, which may contain water. Casing 16" inside
diameter is then placed in the hole and all water found to this
level is shut off. The hole is then continued 16” in diameter
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to other water sands and casing of 12}” inside diameter is inserted ;
the hole is again continued 12}" in diameter to another objective
point, when casing 10" inside diameter, 45 pounds to the foot,
is inserted; the 107 hole is then continued through the deeper
water sands or cavey formation, when casing 8}” inside diameter,
weighing 24 pounds to the foot, is inserted; the hole 81" in di-
ameter is then continued, usually to the top of the oil producing
sand, when casing 63" inside diameter 17 pounds per foot is put
in, which shuts off all cave and water found above the oil-bearing
sand. If, however, other difficulties arise and it is found neces-
sary to use additional casing, casing 55" inside diameter,
weighing 13 pounds to the foot is put in.

In the event any of the strings of casing placed in the hole
have not reached a sufficient depth to shut off water or caving
as anticipated, the casing is pulled up eight or ten feet from the
seat upon which it rests, and is suspended from clamps which
securely hold it at the mouth of the hole; then a tool called an
under-reamer is inserted and when it passes out of the lower
end of the casing in the hole, it expands sufficiently to meet the
wall of the larger hole and the shoulder or former seat of the
casing is reamed so that the larger hole is carried to the point
where it is desired the casing should be re-seated, in order to
shut off water or cave which may have been encountered;
the casing is then lowered on the shoulder or seat made by the
under-reamer.

In proven territory, where conditions are well known and
after a well has been fully completed and put in producing
order, all of the larger sizes of casing are usually pulled out of
the hole, leaving the inside string to shut off all water and cave
from the oil-producing sand. The casing so removed can be
used in additional wells, which greatly reduces the cost of oper-
ation.

Pucking.—The importance of proper casing can not be
over estimated. An important precaution with artesian wells
is to make sure that no water escapes between the outside of
the casing and the surrounding rock.

The usual method of preventing such an escape is to sur-
round the casing just above the water-bearing stratum with

3
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a seed-bag, i1.e., a bag made of leather or rawhide and filled
with dry flaxseed. The latter absorbs the water and by swelling
it expands the bag so as to shut off all escape of water outside
the pipe. The method of attaching the bag is shown in Plate
X1 Another method of shutting off the water is by means of
rubber disks described later on.

In order to prevent water from entering an oil or gas well,
the casing is set as tightly as possible on some tight rock below
the point at which the water would enter. A small amount of
water may enter at this point without doing serious damage,
provided the pressure of the oil is strong and flushes invading
water to the surface.  Frequently, however, the amount of water
which would thus enter is so great as to require special precau-
tions known as packing.  The water from casing wells should
be packed in as completely as possible, otherwise it will accu-
mulate in the well and frequently, by hydrostatic pressure, stop
the flow of gas. In the early days of oil exploration, a bag of
flax seed was sometimes inserted at the point where the casing
was to be set. The seed swelled rapidly, closing the cracks
between the end of the pipe and the rock. In other cases the
bag of flax seed is placed around the casing where it is desired
to fill the crack between the casing and the wall of the well.

Patent Packers.

While there are too many patent packers to be mentioned
in detail, a device in most common use is made of two metal
cvlinders with rubber between, one or two inches thick and vary-
ing in length. Such a packer is lowered into the well by lengths
of pipes to the position it is to occupy. A weight is then dropped
into it which relieves a string, causing the two cylinders to
approach and bulge the rubber out into the space to be filled.
If the problem is to shut off water from the bottom of the hole,
the packer consists of a rubber plug with a tapering hole. The
top mandrel of wood or iron is driven into the block and expands
the rubber to fit the wall of the well and shut off the water
below.

—
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Mr. Coste states that the wells at Bow Island are packed
with a lead packer to keep out water from below. There are
two of these wells which penetrated strata containing salt water
and had to be packed.

The city of lola, Kansas, is cleaning out the old gas wells
by a simple method. The well is cased with 13" pipe.
After it has been drained by the demands of the consumers
and water has seeped into it until the gas no longer is forced
upward, a smaller pipe is placed inside the first and connected
at the top by a T shaped pipe, one side of which is connected
with a drip reservoir and the other with the main gas line. From
the drip-pan another pipe leads back into the well again.

When the smaller pipe is placed inside the large one, pres-
sure is increased because of the smaller area of resistance. The
water is forced up through the pipe even by the pressure of the old
worn-out well and as the well cleans itself, the pressure grows
stronger. The water is caught in the drip-pan, while the gas
passes on through the pan, back into the pipe and is in turn
forced back into the main, the T pipe being regulated by a
valve which is operated to suit the conditions under which the
well is being cleaned.

When medium size gas wells show water, it is best to use
a {" siphon or water line hanging from the top inside
of the tubing and with a blow-off on the top end. The bot-
tom of the siphon should be plugged and hung one foot from the
bottom of the well. The joint of the pipe opposite the main
gas sand is perforated with } inch holes. Both sides of the
pipe are drilled through and spaced one foot apart. If blown
often, this method keeps the water out of the well. Where
there is no floating sand in the well, the same method can be
installed with a 1” working barrel and anchorage on the
bottom of the }” pipe, using the 1" pipe as a sucker rod as
well as a conductor for the water. The top of the $” casing
should work through a stuffing box on the top of the tubing
with a small walking beam and gearing, using a horse for power,
or a two to four h.p. gas engine.

In equipping gas wells with {” water pumping out-
fits where the size of tubing is over 3”, a cast iron spider




can be used on every second or third joint. The spider fits loosely

- : f g ,

in the tubing and is made to slip over the 1", but not large
. L4 Tt

enough to slip by a " collar. T'his method prevents the

" ; : g
1" from weaving while pumping.

Screening.

Where wells are sunk in fine sand, etc., a screen must be
used which will permit water or oil to enter, but not sand.

In Texas oil ficlds the screens or strainers are made of
ordinary pipe, with perforations usually 2 to 6 inches apart. The
pipe is then wrapped around with iron wire. If the sand is
fine, the wire is wrapped close, if it is coarse, space is left between
successive wrappings. This kind of strainer is supplied by
machine shops throughout the oil fields, and can be made by
any mechanic. Frequently the casing is perforated with slotted
holes after being set.

Patented strainers are also used. Some makes, like the
Layne strainer, differ from the shop-made ones in the shape
of the wire used. In the Layne and similar streamers the wire
has a triangular section and presents a narrow surface to the
sand, and thus reduces the clogging of the screen and insures
greater production and a longer life to the well.

Capping.

This operation merely consists of placing a gate on the
tubing or casing and shutting in the well.

If in drilling a gas well a volume greater than 335,000,000
cubic feet daily capacity is anticipated, and the conditions of
the well are favourable for casing to be used in place of tubing, a
gate is screwed on the casing and the size of the drill or bit
reduced just before drilling into the gas vein. If reducing the
size of the bit is objectionable, a swedge nipple is used and a
gate one size larger than the casing.

Torpedoing.

The torpedoing of oil wells with nitro-glycerine dates back
almost to the very beginning of the oil industry, and there is
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no part of the construction and operation of oil wells which
demands more careful attention. The very dangerous character
of the high explosive is too well known to require comment here,
but, regardless of danger, nitro-glycerine is freely used to stim-
ulate the production of declining wells and is always used in
torpedoing new wells when completed where the sand is found
of a close hard texture.

Locating the glycerine in the pay sand is of the greatest
importance. If the torpedo is allowed to extend above the pay
sand, the barren formation shattered by the explosion will fall
down and cover the pay sand, greatly interfering with the opera-
tion and production of the well.

A selfish competition among producers often prompts the
use of large torpedoes, with the hope of shattering the pay sand
to such an extent as to let the oil come more freely to the hole
from a great surrounding area. Where large torpedoes are
used in wells with limited pay sand, the barren formation is
usually shattered to such an extent as to render the wells value-
les

The experienced and conservative producer will not ruin
his property in this way. If he has a well with ten feet of pay
sand, which he desires to torpedo, he will place 20 quarts or 663
Ibs. of glycerine in a shell 5}” in diameter, and 4 feet, 4
inches in length. An anchor, consisting of a tin tube of suffi-
cient strength to support the weight of the torpedo, and of suffi-
cient length to elevate the top of the torpedo to within threc
and one-half or four feet of the top of the pay sand, is attached
to the bottom of the shell. The shell is attached to a line with
a hook which releases its hold of the shell when it reaches the
bottom of the hole and after the torpedo is placed in this way,
the careful operator, to guard against any possible error in cal-
culation, or in danger of some obstruction preventing the tor-
pedo from going to the objective point, will take a steel line
measurement to determine the exact location of the torpedo
before it is exploded.  Should the torpedo be found misplaced
it is fished out of the hole; the obstruction is removed, or the
anchor is shortened or lengthened, as the case may require,
to bring the shell to the desired place in the pay sand.
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When the explosion occurs, the fluid and much shattered
sand is usually thrown out of the hole. Should the shattered
sand settle into the hole made by the explosion, it is taken out
by the use of tools made for this special purpose. When the
hole is thoroughly cleaned, it is usually sufficiently large to
admit several torpedoes of the size of the first one used, being
placed in the same space in the pay sand.

When the shell of a subsequent torpedo is released from
the line which carries it to the bottom of the hole, there being
no wall to support it, it falls over in the hole; additional shells
can be placed in the cavity, or shot hole, and in this way, the
size of the torpedo greatly increased, and at the same time kept
in the pay sand.

Shells used in subsequent torpedoes, or where the wall of
the hole will not keep them in a perpendicular position, should
be so constructed that the opening in the top of the shell through
which it is filled, can be corked to prevent the glycerine from
escaping from the shell.

The old style plan of exploding torpedoes in oil wells
consisted of a small tin tube attached to the top of the torpedo
shell and extending down on the inside into the glycerine. In
this tube were several small steel pins fitted to percussion caps.
A longer pin came up through the top of the tube and shell
and connected to a flat cast iron disc, nearly the diameter of
the top of the shell; this pin or rod made a connexion between
the disc and the pins carrying the percussion caps

When everything was in readiness to explode the torpedo,
the “go-devil,” a cone-shaped cast iron weight, was dropped
from the top of the hole, which struck the disc on the top of the
torpedo with the desired results.

Many premature explosions caused a change in this method
of exploding torpedoes. The glycerine jack squib is now being
generally used. This squib consists of a tin tube about
1" diameter, and two feet in length. A 3 minute fuse,
with a fulminate cap attached to the lower end, is wound
wound the tube to the top and extends several inches above

e tube. The tube and fuse are placed inside of a larger tin
ibe about 2" diameter, and slightly longer than the
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inner tube. Dry sand tamping fills the space between the two
tubes. The top of the larger or outside tube is turned in and
pressed down on top of the sand, keeping it in place. When
everything is in readiness to explode the torpedo, the inner tube is
filled with glycerine and corked; the fuse is then lighted and
the jack is dropped into the hole. The explosion usually follows.

It is desirable to have fluid tamping on top of the torpedo.
Where this cannot be done on account of the proximity of the
casing to the top of the sand, large torpedoes cannot be used
with success.

i N

Electric Torpedo.

When it is found necessary to case a well near to the top
of the pay sand, it cannot be given a large torpedo safely in the
pay sand without great danger of damaging the casing. In
cases of this kind the well is given an electric torpedo, as
follows:

The torpedo is placed in the proper location in the hole;
a squib containing two or three quarts of glycerine attached
to an insulated wire is then lowered to the top of the torpedo.
The casing is pulled out of the hole over the wire and the squib
is exploded by a battery and it in turn explodes the torpedo,
The casing is again put into the well, the hole cleaned out and
the well put in producing order.

This style of shooting should only be resorted to in newly
developed territory where there is a good rock pressure. In
old territory where the rock pressure is low and where much
oil has been taken out of the sand when the casing is removed,
the water and cavings which have been shut off by the casing are
allowed to flood the sand. When the torpedo is exploded the
column of water offers more resistance than the rock pressure
of the sand, with the result that the mud and water is blown
into the pay sand and the well greatly damaged, and in many
i cases totally destroyed.

There are times when wells flowing large quantities of ;
i oil can be improved by torpedoing. This is a dangerous pro- 34 <
ceeding which is usually accomplished in this way. If the 3
well is flowing by heads, careful gauges of its production are

qipe
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taken, noting the time between flows and the quantity of oil
produced at each flow. When the maximum flow is ascertained
in this way, it is known almost to a certainty how much time
will elapse before the well will flow again. The torpedo is
prepared, the well is watched closely; when it flows the gauge
is taken and if it has produced the maximum flow there will
then be sufficient time to lower the torpedo safely before the well
will flow again. If the well did not make its maximum flow it
will come in again in less than the usual time and if the well
should flow while the torpedo is being lowered, it will be thrown
out of the hole with disastrous results.

When a torpedo is safely landed in the pay sand, it will
not be thrown out by the flow. The torpedo shooter is usually
waiting for the well to flow and while the hole is empty or the
oil which has been left in the hole is held in suspension by the
gas, the torpedo is exploded safely without damage to the casing.

If a well flows continuously and the production is large, “well
enough should be left alone.” Such wells should not be tor-
pedoed. If, however, the wells are gassy, and do not produce
much oil, and the owner desires to torpedo with the hope of in-
creasing the production of oil, and in the event the gas pressure
offers too much resistance to permit the torpedo to be lowered
into the hole, a weight sufficient to overcome the gas pressure is
attached to the bottom of the torpedo which carries it to the
bottom of the hole.

The Petrolia wells were shot with 8 to 10 quarts of nitro-
glycerine, the charge being much smaller than in the Pennsyl-
vania fields, where 80 to 90 quarts are frequently used.

Shooting has been tried at Brantford, but as it does no
good, the wells are not now shot.

FLOWING WELLS,

When wells are new, there is usually sufficient rock pres-
sure to flow the production. Where the production is large and
especially where there is much gas coming with the oil, the lead
lines conducting the oil from the mouth of the hole to the re-
ceiving tank should be of sufficient capacity to relieve the well
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of all the back pressure. This, however, cannot be done in parts
of Louisiana and Texas where some wells flow the sand out
with the oil to such an extent as to wear out the heavy six-
inch pipe used for lead lines within a short time. Such large
wells in the districts referred to, when allowed to flow unre-
strictedly, usually drill themselves into water; when the oil is
greatly damaged by being cut or mixed with the water to such an
extent as to make it difficult and expensive to refine it.

Where gas is found in large quantities above the oil pro-
ducing sand and allowed to come in contact with it, it not
only greatly interferes with the production of oil, but the oil
which is produced is usually blown into the tank with much
force and often much of it is lost, and the gas itself, a most
valuable product, is lost entirely. This waste of oil and gas
can be avoided in nearly every instance by the use of an extra
string of casing. The bottom of the casing is supplied with a
special gas packer to be lowered to a point below the gas, where
the packer is set, which will prevent the gas going down by the
bottom of the casing. An appliance called a stuffing box casing
head is then attached to the top of the larger casing and the gas
safely and securely confined between the two strings of casing.
Suitable holes in the stuffing box head supplied with gate valves
will control the gas and allow it to be utilized as needed. In
this way, the production of oil and gas coming from the same
well can be utilized

The method by Pollard and Heggen for controlling great
gas pressures so as to allow drilling to deeper oil sands, is referred
to in the chapter on conservation.

PUMPING WELLS,

As the rock pressure of the oil sand or gas sand works off,
the wells cease flowing and it becomes necessary to equip them
for pumping. In good territory, where wells will pump a good
production, each well is usually operated with an individual
engine, which is used not only to pump it on the walking beam
but also to pull the pumping equipment from the hole when

necessary.
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As the production declines, a central pumping power plant
is installed. All wells are connected by iron rod lines to cam
wheels in the power plant, which is driven by a gas engine. As
the power plant is always centrally located, the rods in the wells
on one side of the plant are dropping, while the rods in the wells
on the other side are being pulled up. This forms a kind of
teeter, it balances the strain on the cam wheel and relieves
the power.

The oil when it comes from the well is conducted through
a system of gathering lines to storage tanks, where it is measured
and sold to the pipe line, or purchasing companies.

Where wells produce salt water from the same sand which
produces oil, a separator for separating the water from the oil
should be used and the salt water should not be allowed to go
into the storage tanks.

Where a well produces water with oil, and in the event
the valves are not kept in perfect condition, the leaking of the
oil and water back through the valves will cut the oil to such
an extent as to render it unmerchantable. In order to reclaim
such oil, it must be heated by steam to a temperature of 80°F.
and allowed to stand for several days during which time the
water usually settles to the bottom of the tank and is drawn off,
leaving the oil of a gravity to meet the pipe line requirements.

Wooden tankage is generally used on producing properties,
ranging in capacity from 100 bbls. to 1600 bbls. To avoid
evaporation, wooden tanks should be securely decked and housed.
I'he lead line carrying the oil from the wells to the tanks should
be buried before reaching the tanks to guard against lightning
following the lines into the tanks.

COST OF DRILLING

Only for well developed oil fields is it possible to give any
general statement of the costs of drilling, and even then the
prices per foot are subject to great variations under excep-
tional conditions. The following table shows in some cases
the usual total cost in established fields and in others the price
per foot, while in newer regions the cost of individual wells is
mentioned.
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As a rule in the Ontario fields the thrift of the oil and gas

industry is much more advanced than it is in similar fields of
the United States. While wells in some of the large fields of
the United States have been abandoned sometimes in cases
where they produced as high as 10 or 20 barrels per day, wells

in the old Ontario fields, on the other hand, are seldom abandoned

until the production falls to a few gallons
FABLE XI\
Cost of Drilling Wells.

S (
Metl Method |
I
I «
Brantford fiel S 800,00
Onondaga
Petrolia 160 .00
well SO0 (0
Haldimand cc
Carlow S 700,00
1.35 per ft !
lowan > 000 .00 ?
1 12,000, 00 {
Alberta
25,000, 00
Central Alberta
No. 2 Tofield 9. 50 per ft
No. 3 Tofield 7.50 per ft
Vegrevillc 900 per ft
Wetaskiwin 10. 00 per ft
Southern Alberta
Medicine Hat 7.25 per ft. for
10" hole
6.50 per ft.{
6"" hole

10,000 .00
10,000, 00

Brooks station

Lethbridge

Gaines, Pa 65 per ft
Summerland, Cal 85 per ft
Northern Mississippi valley 75 per ft
Eastern Washington
2,50 per ft
I'exas
Beaumont field 4.00 per ft.

In Ontario in the carly days it naturally took a long time tc
put down a well, as the methods were not improved as they are




[
ey
wn

at present. In 1868 it sometimes took six months to drill a
well.  In 1890, however, a hole could be drilled in four or five
days at a cost of $160 per well, the owner of the well furnish-
ing the casing. After the well is finished the pump is inserted
by the driller and the well is tested for a day.

In the Petrolia fields a drilling gang consists of six men,
three working in the day shift and three in the night shift.  Pole
tools are used, consisting of a bit and an iron bar about 3}" in
diameter connected with the walking beam above by poles.

Owing to the decline in production and the abandonment
of most of the oil wells in Ontario, it has been necessary for the
men employed in the contracting and drilling business to seek
employment elsewhere. The Canadian drillers, being very
expert, have been in great demand, and have now moved to
il parts of the world, including Germany, Austria, India,
Burma, Mexico, Australia and some have even gone to Penn-
sylvania.

The cost of sinking an ordinary well in the Petrolia fields
in the early days of development was about $1500. The cost
in 1890 had dropped to $150 or $160, which is as cheap as wells
can be drilled in almost any oil field in the world, with the
exception of Oil Springs, where the depth is 100 feet less

In the Petrolia field the plan was to drill one to ten oil wells
to an acre, and it was supposed by the oil men that if less than
four wells to the acre were drilled, the territory had not been
thoroughly tested.

Wells in the Petrolia field are kept in good condition by
occasionally cleaning them, which custom has been followed
in recent years.

In the last few years wells have been rapidly abandoned in
the old fields of Ontario.

In the Simcoe field, Ontario, American standard rigs are
used in general, with 72 foot derricks, although there are several
Canadian cable rigs in the field. Drilling as a rule, is done by
contract at $1.35 per foot, the company furnishing water and
charging 10 cents for gas, or a net price of $1.25 per foot for drilling
one. It costs from $2,900 to $3,200 to drill and equip a
producing well in the Port Rowan district, the higher price
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being accounted for from the fact that American drillers use
more iron in the well. Canadian rigs can drill better in a wet
hole with a steel cable than the American; but the Americans
can drill faster in a dry hole with a manilla cable. On this
account the American drillers case off the water at from 600 to
700 feet, this accounting for the extra cost of such wells. Cana-
dian rigs take from 24 to 28 days as a minimum, up to 60 days,
to complete a well. The well on the Clemens farm was drilled
in 24 days. But the average time to build the derrick, drill
the well and tear down the derrick again is two months. The
rock is sharp and hard on the bits. Pole tools could not be
used with ash rods, although possibly solid iron rods could be
used in this field. A new wire line is necessary for each well,
on account of the hard drilling and the great amount of corrosive
sulphur and mineral water. Farther east, in Selkirk, eight or
nine 800-foot wells are drilled with one line.

The average cost of a 400-foot well in the Bothwell pool
is about $§500. Pole tools are used as a rule, and the derrick
is removed upon completion of the well. A small three-pole
or tripod derrick is then used for pulling the tubing and cleaning
the wells. Most of the wells are pumped by iron or wooden
shackle rods from a central steam plant, although several in-
ternal combustion oil engines are in use at present.

In the Petrolia field in Ontario wells were commonly 4§”
in diameter, and where cased they are reamed to accommodate
a casing of 5}" outside diameter. The wells were drilled in
five or six days and the cost was $150 to $160. This was in
1890, but in the early days of the field the cost ranged from
81 to 83 per foot and the time occupied was from two to six
months. Wooden rods were generally used instead of cables,
The drilling was done in three shifts of three men each. The
great majority of the drillers from the old Petrolia field have
since gone to fields in Europe and Asia, being in great demand.

In the Vienna pool in Elgin county, both Canadian and
American standard rigs are used, but the latter predominate.

In Ontario it is the custom to drill 10 feet through the
White Medina, this giving a pocket in most wells below the pay
stratum, of 113 to 125 feet. In one well the bottom of the Red




Medina was struck at 1,067 feet, and the well was drilled to
1,180 feet in depth.

In Haldimand county wells are largely drilled by contract.
In the eastern part of the field they only cost from $1,000 to
$1,200. In the Carlow field both cable rigs and drilling machines
are used. One standard American rig with 64-foot derrick is
in use and one steel derrick is giving good satisfaction. The aver-
age cost of drilling a gas well in the Carlow field is $§700. Pockets
of 50 to 100 ft. are drilled. In the Selkirk and South Cayuga
fields gas wells are drilled with 50-foot pockets below the last
producing stratum. By practice it has been found that this is
necessary to keep the face of the sand clear, the pockets serving
as a catchment for water and oil seepage, and also for the ac-
cumulation of sediments. One company, the Standard Natural
Gas Company, has recently gone over all the wells and drilled
all pockets deeper to 100 feet, claiming that they could be
cleaned with greater facility.

The cost of drilling and equipping a producing well in the
Onondaga pool of Brant county, including pump, tanks, etc.,
is about $900. Drillers contract for $800 to do the drilling
alone, which is done with a standard Canadian rig, with a 55-
foot derrick. Wells are cased to the top of the Clinton sand
with 5§ inch or 6} inch casing.

The spacing of wells in this pool would be considered too
close in many fields in the United States, especially in the par-
affin oil fields. However, while at one place there are 22 wells
in ten acres, and in another as many have been drilled in a five
acre space, yet they are all small producers, and experience in
the Petrolia and Bothwell pools has been of such a nature as
to indicate that where like underground conditions govern,
the most efficient recovery is obtained by a large number of wells.
However, as the oil in the Onondaga field contains a greater
proportion of the heavy paraffin, there being more gas associated
with the oil and the productive formation being of a different
nature, the rapid decline of wells in this field would seem to
indicate that different handling was necessary from that of
wells in the older oil fields of Ontario.
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At Brantford they drilled a pocket for the oil, but not for
the gas. It takes ten days or so to complete these wells. All
the Brantford wells are small in volume. Most of the drillers
in this field use standard rigs or petrolia rigs, but there are some
Star drilling machines in the field; the Star drilling machine
drills with a mast. Mr. Carmody has a 50-foot derrick, which
he bolts together. It can be taken down in one day. He
reports it good for drilling from 25 to 30 wells. He does not

use a house over his engine in the summer time. The price
paid for wells in the Brantford and Onondaga fields is $850.
A contract is made at this price to drill 40 feet below the White
Medina sand.

He states that all the wells have a pocket of 40 feet in the
red shale below the sand, which gives room for the water to
settle.

The machine wells at Brantford are drilled with masts. The
Dominion Natural Gas Co. would drill one well to every 100
acres if they were let alone, but the other companies of course
will not observe this rule.

The wells throughout the old Kent county field were drilled
by the Canadian rig. When the wells were completed the rig
was removed and a thrae pole rig erected for use during pumping
of the wells. The power was transmitted by shackle rods operated
by a gas engine at a central pumping station. In these fields
the wells average 500 feet apart but are irregularly spaced.

The best time made in drilling a gas well in the Tilbury-
Romney field is reported to be 17} days for a 5§” hole, which
was drilled to a depth of 1,362 feet by the Beaver Oil and Gas
Company. American standard rigs with 72-foot derricks are
used.

The principal objection to the American standard drilling
rigs is that the driller is obliged to pay a duty on the United
States materials. This is essential in the case of the deep sand
pools, such as the Tilbury-Romney gas field, for the reason
that the Canadian pole tools cannot be used in the deep
wells.
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In the Delhi field Canadian standard rigs are used for drill-
ing, all drilling being done by the Company, which is cheaper
than contract drilling. No tubing is used at Delhi, cheapening
the cost of the wells.

THE CASING OF OIL WELLS.
By Ralph Arnold and V. R. Garfias.
GENERAL STATEMENT,

Oil wells generally are lined with wrought iron or steel
casing, the depth to which any column or “string” is carried
depending on the nature of the formation, the location, number,
and importance of water and oil-bearing strata penetrated,
drilling method employed and the ability of the driller.

As the nature of the formations penctrated by the well
varies, not only in different fields but in distinct areas in any
one territory, it is out of question that uniform methods of casing
wells should prevail. For instance, the strata overlying the oil
beds in some of the Russian fields are so incoherent that only
comparatively shallow depths can be attained before the casing
is frozen. For this reason it is customary to start a well of lar

diameter, a 40-inch hole not being uncommon. The opposite
conditions are encountered in certain fields in the Eastern
United States where it is possible to drill 2,000 feet or more
without the necessity of lining the well, except to exclude the
water before tapping the oil-bearing beds. Somewhat similar
conditions prevail in parts of the Mexican oil fields where the
wells pass through about 2,000 feet of practically impervious
shales. Conditions in California, and in some of the Gulf Coast
fields represent in a general way an average between those ex-
isting in Russia and the Eastern United States, it being necessary
to line the hole as drilling progresses, but with less difficulty
than in Russia. Thus it is common practice to carry a 10-inch
hole for over 2,000 feet.

In drilling for oil it is the aim of the operator to tap the oil-
bearing beds with a well not smaller than four inches in diameter.




230

Wells finished with six or eight-inch casing are usually operated
more satisfactorily than with the four inch.

Oil-well casing is manufactured in two general ways: (1)
from plates two or three feet in length, lap-riveted to diameters
from twelve to twenty inches, and (2) in lap-welded sections
twenty to forty feet in length and from four to sixteen inches
in diameter. This represents the average American practice;
the Russian wells are lined with casings of considerably greater
diameter.

RIVETED CASING.

Riveted or stovepipe casing is manufactured from No. 8
to No. 12 steel plates in two to three-foot lengths, from
twelve to twenty inches in diameter. To build a string of
these short tubes two separate columns are necessary, one
fitting tightly inside the other so that the joints between the
tubes of one column come in the middle of the tubes forming
the other. These two columns are riveted together in lengths
from ten to twenty feet before insertion in the hole, and in order
to obtain a better bond between the pipes they are indented
by hammering with a pointed sledge.

Stovepipe is used for lining the first few hundred feet
of hole in order to hold in place the loose surface material. This
casing, owing to its smooth outer surface, penetrates more readily
the gravel and coarse sediments generally encountered near the
surface, and its freedom from screw joints makes it adaptable
to heavy driving. The absence of screw joints, however, pre-
cludes the easy removal of a complete string of stovepipe, and
it is usually left in the well or only partially taken out.

SCREW CASING.

After the stovepipe has been landed, the wells are lined
with wrought iron or steel, lap-welded casing. This is madi
in twenty to forty foot lengths, four to sixteen inches i
diameter, threaded at both ends and coupled by a threaded
collar, the California standard thread for screw casing being
ten to the inch and from three to three and one-half inche
in length. The collars have at either end a smooth recess which

—————
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fits tightly around the casing, thus affording greater rigidity
to the string. During the last two years the manufacturers
have put on the market casings provided with extra long collars
with a deep recess at each end, and when one considers that
the most frequent casing trouble in incoherent formations re-
sults from weakness of the joints, it is easy to realize the impor-
tance of a rigid and strong bond between casing and collar

At times it is necessary to employ screw casing that will
stand heavy driving, in which case the couplings are made so as
to allow the joints to abut. The use of this drive pipe is
only resorted to when it is thought that its withdrawal is non-
essential,

Every string of casing generally is provided with a shoc
at its lower end to facilitate its insertion and prevent damage
I'he shoe is riveted to the stovepipe and screwed to the lap-
welded casing, the toothed shoe being a great improvement over
the plain type.

As before noted, casings are made of iron or steel, and al-
though each operator may claim all merit for the particular
type he favours, it is safe to state that both are equally well
adapted to the requirements, the deciding factor being the pre
vailing price, which now favours steel

THE EXCLUSION OF WATER FROM OIl. WELLS

By Ralph Arnold and V. R. Garfi
One of the most important problems encountered in well
drilling is the permanent exclusion of water from oil wells
'he details of the operation vary according to the location of
the water-bearing beds in relation to the oil zone, it being com-

ratively easy to case off water occurring a considerable di
nce away from the oil zone, and proportionately harder to
exclude water immediately over, between or below the oil-
caring beds and these difficulties are greatly magnified with
he increased depth of the wells. The porosity of the formations
netrating the different gravities of the oil and the varying
ind hydrostatic pressure affecting the oil or water are also

[P
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important factors having a direct bearing on the problem of
shutting out the water.

The number of water-bearing beds encountered before the
oil-producing zone is reached varies, usually being from one to
five. In some fields there exist two or more distinct oil zones
and water sometimes occurs between them, in which case the
operation becomes doubly important as the greatest care must
be exercised in order to effect the recovery of the oil from the
different sources without admitting the intervening water,

At one time it was considered sufficient, in order to exclude
water, to land a string of casing on any tough sticky shale
or flat surface of hard shell encountered between the water
and oil-bearing beds, it being considered that sticky shale gave,
as a rule, better results. Later, this method was proven to
afford in many instances only temporary relief, and at present
it is thought that the only permanent means of excluding water
is to place cement in the space between the casing and the wall
of the hole.

Although there are in use many processes of cementing
which differ in minor details, the operation generally is accom-
plished in one of two ways: (1) by filling with water the space
between the inner casing and a column of tubing and pumping
the cement mixture through the tubing, whence, unable to flow
back between the tubing and the casing owing to the water pres-
sure, it is forced outside the casing; or (2) by lowering the cement
mixture in a dump bailer and forcing it to the outside, either by
means of a plunger driven down with the aid of water under
pressure, or with a plug fitted to the end of the casing. The
first method is known commonly as the pump method while
the devices used in the latter are variously designated, according
to detail, by the name of the inventor.

For a detailed description of the operation one is referred
to Technical Paper 32—"The Cementing Process of Excluding
Water from Oil Wells as Practiced in California"—prepared
by the writers for the United States Bureau of Mines.

Before cementing, it is essential to place the well in good
condition, this being particularly true as regards lost or side-
tracked casing and tools in the well. 1f gas appears through the
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water it should be excluded, as the agitation of the cement by
gas often prevents it from setting. It is also advisable to under-
ream the lower 100 feet of the well so as to obtain a cavity sur-
rounding the casing, and in order that the latter may not touch
the wall. Some operators prefer not to under-ream the lower ;
few feet, so that the casing will be held fast at the bottom, pre |
sumably in the centre of the larger under-reamed hole above.
In shallower wells a toothed shoe eliminates considerable under-
reaming and casing troubles

Cement, if properly placed, not only permanently excludes
water but protects the casing from the action of mineralized
waters and reduces the water pressure on the casing. In a num

wr of cases it is found economical to cement all the strings be

fore reaching the oil, and some operators believe that the larger
ed water strings should be cemented as nearly as possible
i er their entire length as these usually are left in the hole during

1e life of the territory
When all the water encountered is excluded by cementin

ne casing alone, the failure of this one string jeopardizes the

fe of the well, but additional cemented strings add new barriers
ween the water and the oil sources, much as the different
‘ tertight compartments protect the eventual flooding of a

p. In order to avoid the possible cracking of the cement or
stratum on which the casing rests, it is considered best to

wrt the weight of the string on clamps at the surface

\fter the operation is accomplished, should it bhecome

sary to drill through the cement core inside the casing,
is best done with a rotary, as the jarring of the standard
15 very apt to cause the cracking of the cement on the out
When the well begins to produce, the oil should be tested
tter at least once a week in order to ascertain whether the
ter is permanently excluded.
In certain cases the following procedure may be emploved
ubstitute for cementing I'he hole is filled with muddy
cr containing about 40 per cent solids, this being forced e
Y n the casing and the wall of the hol I'he casing is then
I and the well left to stand for a considerable time In
1y the clay held in suspension in the water settles and packs




)34

tightly around the outside of the casing, thus providing a natural
and efhicient water-tight bond between it and the wall

\ very necessary factor in the successful exclusion of water
and, in fact, in the intelligent operation of a well throughout
its economic life, is a carefully compiled log, based on the most
reliable and minute information I'he log should record any
water indications and the nature of the formation penetrated
all accidents encountered in drilling, either to tools or casin
ind desceription of whatever tools or fragments of casing may

have been left in the hole together with the exact location of

the same \ careful watch on neighbouring wells should also
be maintained in order to counteract the bad effects of any car
lessne ol operation For example, if the water has not beer
excluded in a neighbouring well and this is abandoned befe
reaching the oil beds, any barren sands penetrated by it wou
be eventually flooded, thus ruining adjacent wells in which the

e I were not cased ofl. 1 the defective well has been dril
ed into the oil, the water thus admitted will eventually for
the oil in the reservoir away from the well.  In this case som
operators consider that the best poliey is to shut off the wate f
in nearby wells by landing the water string as near as possil
to the oil beds, the presence of water in the wells thus finish
1ne ing tl practicall Il of the oil between these and

flooded well has been removed

'HE PREVENTION OF FLOODING OF OIL, WELLS |
WATER

I'he following statement of the injury to oil wells by e
ing is taken from the report of Isaiah Bowman
Irremediable injury is constantly being wrought in |

old and new oil fields by “flooding the invasion of the

or gas bearing stratum by water from some higher source

\s water is heavier than either oil or gas, it displaces

substanc or becomes mixed with them, and not only dan
| th Bow Well Drilling Methods, Water Supply Papers, |

Geol, Sury L]
Ihe ter fl iso used locally in another sense with re

ence | mning \




the well into which the water first enters, but also floods the con-
tiguous sands and may result in the destruction of an oil district
In some wells flooding produces a mixture or emulsion of
oil and water, which in the rock can only very slowly separate
wain under the influence of gravity
Oil usually rests on salt water, and in order to keep the well

in good condition as long as possible the oil should |

pumped
off the water slowly. In a state of rest the oil and the water are

eparated by gravity I'he tlow of oil from a well producing 500

barrels a dav is so slow that it does not disturb the water, but if

tl great as 5,000 barrels a day the oil is drawn over

¢ water so rapidly that the two are to some extent disturbed

i amount s a

nd the water is drawn into the porous beds containing the oil

An emulsion is also formed if the well has been put down
far into the oil-bearing strata and the water level has risen
reason of continued and rapid outflow of oil Forced pro

ion is often practised, however, because it enables the owner

f one well to draw oil from under his neighbour’ property
fore his neighbour has had time to sink a well.  In small
fiel this forced production is important, because the oil
1 exhausted, and each well owner tries to get large a share

upply as possiblc

Rapid pumping may exhaust a well and cause water to rise i

rea around its lower ¢ 0 as to flood adjacent wells an

er them useless, as w hown in the fields at Chanute

[N 1s, at Humble, Tex., and some fields in Hlinoi

Rapid pumping may have the further disadvantage of
king 1t necessary to store large quantities of oil at the sur
where 25 per cent of it may be lost dun ingle summer
poration I'he sand or rock originally holding the oil

best reservoir, because does not permit evaporation,

furnishes the maximum yield
Well owners have apparently not realized the importance
nsidering the durability of well casing in connexion with
ling, vet the decay of the casing is probably the chief cause

he trouble. A well to which water has had no access for a

¢ of years may be suddenly rendered useless by tlooding caused

ecay or break in the casing. It is more probable that by

|
1
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action of minerals in the water, chiefly iron sulphate, the pipe

has been corroded and water allowed to come into the well

Another source of flooding may be an abandoned or dry
well—one that does not vield oil or gas, but contains water.
The hole may have been drilled into sands that yield oil at some
near-by point, and unless the hole is properly plugged before
it is abandoned water from it may enter the oil sand, find its
wayv into neighbouring wells, and cause great damage

Where the rock throughout an oil field is widely floeded,
as from abandoned wells whose locations even are no longer
known, there seems to be no remedy for the flooding, either by

pumping or by drilling deeper.

PERMANENT EFFECTS

I'he permanence of the effects of flooding may be judged
from the results of experiments made by a number of well owners
Mr. L. C. Sands, secretary of the Oil Well Supply Company
attemplte | over twenty vears ago to restore a flooded area
Elizabeth, W. Va. The wells of the locality produced oil hefore
the civil war at the rate of 200 to 300 barrels a day, but when the
war began they were abandoned and water accumulated in them
Mr. Sands purchased about 1,000 acres of oil-producing lar
and attempted to pump the water off the oil sand. The pumpin |
was continued for a long time, but the yield of oil was increasec
mly about a barrel a day, and the experiment was thereford
abandoned

Flooding is a serious matter Again and again it is causes
by the ignorance or carelessness of the drillers that first ente
a field, who practically destroy all chance that it will ever b
successfully exploited.  Wild-cat drillers in a new field, wl
work rapidly and move from one place to another, frequent!
cause flooding, for they drive many wells that do not yield «

or gas, and abandon them without casing off the water or proj
erly plugging the wells. Even the casing may be withdraw:

Water and oil may be found near by and after the oil well

pumped for some time it begins to show water, which has ¢ H
tered from the hole first drilled and flooded the sands—th
is, has partly displaced the gas and oil. i
]
|




I'he term wild-cat driller is applied to one who drills

in a locality where oil or gas has not previously been found

er engaged in exploration

STATE LAWS FOR PREVENTION OF FLOODING

o guard st floodin cveral in wh |
indon a drill hole itho fir plugging it wit 1 wooden
lug of a specified length, to be driven down the drilling tool
I'he wood swells under the influence of the water and presses
inst the mncer surface of the casing, | eali t at ¢
ttom. Most of the la prescribe the distance above « clow

il sands at which the plug is te

If water fills the well to a considerable depth it is difficult

lower through it a plug of the required size, hence the |

nade in the form of a hollow cylinder, which is lowered to the

vell bottor ind a pin or plug is firmly driven into it by the
ng of tools. Several feet of earth are then thrown on top
the plug to complete the sealing process If oil and gas are

I at several horizons plugs must be inserted below the

ermost and above the uppermost horizon, and if a water

caring stratum lie etween oil and gas bearing strata this must
plugged satisfactorily both at its top and bottom. In addition

p of the well must be closed by a plug

idoned

\ few of the statutes relating to the plugging of

Is are quoted here, as they show the seriousness with which

oding is viewed

n Pennsylvania a law passed June 10, 1881 (sec. 1, P, |

0), prescribes that

! well sha " en p ) purpose «
producing oil, upon abandoning or ceasir » operate the e,

wperator shall, | e ol excludi \ erf ¢ |

k, and befor 1 f \ -

the depth of f bove the g

ive a round, seasoned, wo st 2 feet h,

eter to the diamete fth ell | e casing ) it

et below the bottom of the i iately after t rawing

|
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DRILLING LINE AGREEMENTS IN CALIFORNIA.

In order to overcome the great disadvantage of forcing
cach company to dri!l on the property line to offset the wells
on contiguous leases, much progress has been made in California
in agreements to limit drilling to a given number of feet from

the line
Kern River Field.

I'he old practice in this field was usually to drill 100 feet
from the property line. In later years this has largely been modi
fied to 150 feet. The Associated now drills 150 feet from the lines
but is not always able to get the neighbour to agree to this. In

general the larger companies agree to this readily while the

maller companies, whose holdings are limited, drill closer,
usually 100 to 125 feet. Probably none drill closer than 100
feet I'hese agreements are binding contracts and have been
in vogue since the early years of the field. The oil sands ar

fairly uniform over considerable distances in this field and a

uniform system is possible.
Coalinga Field.

Here the usual practice is to drill 150 feet from the line
On Section 36 the Associated drills 300 feet from its lines and
where adjacent to the Kern Trading and Oil Company, the same
is done by the K. T. and O. No other company in the field use
the 300 foot distance

McKittrick Field.

Here the field is narrow and irregular. No uniform prac-
tice is used, where conditions permit the wells are not less than
100 feet from the lines. In one instance near the southwest
limit of the field, there is an agreement between the Reward

C.J. and K. T. and O. companies in which the companies to the

south drill 50 feet from the line and those north drill 150 fe
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making the distance between wells 200 feet
has been made to fit the McKittrick field on
plicated nature of the geology

Midway Field.

I'he Associated has not operated in tl
1910. Most of the wells in the 5 Hill

feet from the lines. Many of the older well

field were drilled very close to the line

lue to uncertainty as to the exact location

No uniform rule

account of the com-

s field previous to

were drilled 150

in other parts of tl

ol the hines On 1t

property in what is considered gusher territory, the Associated

is endeavouring to get agreements with it

not closer than 300 feet from the property li

neighbours to d

nes. It is prest

that with deep drilling and comparatively light free flowing oil,

600 feet between wells will be the most econ

omical distance
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DEEP WELLS
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I'his subject is further discussed in connexior itl !
chapter on the efficiency of oil well drilling by Mr. R. H. ]
I'his work, however, has produced certain well ich are
phenomenal from the standpoint of well-drilling
ibulated below
Lately the United States Government an he (
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vith a view to determine rate of increase te
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( nexi
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I 1
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| ( depth of 5,673 feet It is hoped
: ( ( 1 I 1t L de¢ ) i1
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cep well ever drille \
t Oil Compar it West Elizabet ’
Pittsburgh, to a total depth of f
! t 100 feet below the Pitt o O
15¢ it bei 6} 1
At 2,285 feet below the surf
1 o Kt
e emper r 129°F \
e CTO cut the re
et, causing of opera I
L failure
T'o drill the well extra he lnery w ne
total weight of cable from top
14,000 pounds, representing value of 82,250 |

ite cost of the well was $40,000




I'he deepest well in the Eastern States that ever produced
oil is supposed to be situated on the G. Robinson farm in Wetzel
county, W. Va., and it reached a depth of 3,555 feet

CONTRACT DRILLING

Drilling by contract is advisable, provided the operator
conscientiously looks out for the best interests of the proprietor
in actually finding oil rather than drilling for a speed limit or
to reach an exceptional depth in a given time. An important
duty of the driller is the exclusion of water from the well during
the process of drilling and though he usually receives only a
mall amount of pay during the suspension of drilling for this
purpose, this course is necessary for complete success in bring-
ing in a productive well

The form of contract varies in different localities. Certain
parts of the machinery as well as fuel and water must usually
be found by the contractor, though he is sometimes furnished
everything by the proprietor. The following is a typical form of

agreement used by one of the largest oil companies of the United

States
"
art, and
e
anted and agree th the
| parties of the first part
pose of obtainir tr
f f
ecessary for i edmblating sald
ed, & ! g the | be done in the manner hereinaf
e carpent f good quality (including wooden conductor) to be fur
of t < and all repairs on same while well is being drilled shall be
he expense art
ing to be fur cond pa
er | ter « i connections to be furr ed at
ting same to be borne by parties of the first part
Fuel to t arties of the first part
Water to t nished at the expense of the parties of the yart
Oil saver and steel measuring line at expense of the party of the first part
All machinery, material, and appliances furnished by said parties of the second part
" ymple or abandonment of & 1 turned to said party of the second
part, in a { condition as when r d b \\(lelu-wvlm first part, ordinary wear and
the action of the elements alone ex
1 rt further agree to pay all expenses and furnish ev

except the

articles and 41‘“.‘”. es herein s
1 part

of the party of the second part
Il be two dollars per foot.

~.(<>ux not less thar . «+inches,




Data collecte

McDonald, Washington co., P’a
Schladeback, near Leip:
many

Derrick City, near Bradford, P’a

Spring niles east of Johanne

Bimerah | Queer
Ra « South Afri
Slau r creek Kan
W. Va
ir, Dickens co., Tex
Gaines, Pa

Bimerah, Queensland
l'urfontein Estate
Johannesburg, So. Africa
Near Boksberg on the R

Africa
Pittsburgh, Pa
Elderslie No. 2, Queenslan
( ksburg district, South Afri
In the Black Reed series 12

of the main reef

Rand
4 miles southeast of Wheeling, \
In the city of Erie, Pa

One well in State of South A
|

It Westmoreland county, |

Buchanan well, 6} milc on
ol elistown, Pa

Knurow, Upper Silesia

Glenariffe, Queensland

Warbreccan, Queensland

Dolgelly bore, New South Wale

Northampton, Mass

Winton, Queensland

In the Vlakfontein district, Sou
Africa

New Haven, Conn

Renova, Pa

Darr River Downs, No. 4, Quee
land

Norris well, Findlay, Ohio

Grubb well

|
|
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TABLE XV,

List of Deep-Well Borings.

Data collected by B. L. Johnson.

|
| Depth l Diameter |
Location. Feet l Inches Object Remarks
East of Rybnick, Up-Silesia, Ger ’
many .. 6,572 3:6 to 2.7 Coal Cost $18,241—completed Aug., 1893, aflter
| 1} years' work—deepest bore in the world
\I;‘P(&II?}!({ kWaahmg;uu co., I"A. 6,487 |‘ “ Oil or gas [Still drilling
Schladeback, near Leipsic, Ger
many 5,735 ‘ 11 to 13 | Coal Cost $53,076—completed about 1893. Average
) A i daily rate of drilling 4} feet
&)er'ru-k (2';ly,_lncar llra;l&orld. Pa..| 5,673 ‘ 12t0 6 0il Boring being continued.
Springs, miles east of Johannes-
burg, So. Africa A 5,582 [ 2to 1} | Completed 1905, after 9 months' work. Dia-
mond drill hole.
Dornkloof, l() nul('h east of Rand- | [
fontein, So. Africa 5,560 | 201} | Completed December, 1904, after 14 months'
s actual work—diamond drill hole.
In  Aleppo lu\\!lslllp Greene| X |
4( »u;‘uv, Pa. L B 5,322 13 to 6§ Gas Abandoned July, 1905.
2 miles west o est Elizabeth, |
%a 5,575 10 to 6} | Oil Cost ‘40,000—(!0('[)(‘& well drilled with a
| ' | cable—deepest well in the United States
: | | third deepest well in the world.
Bimerah Run, Queensland 5,045 | | Water [F low, 70,000 gallons a day
Randfontein, South Africa 5,002 | Diamond drill hole.
Slaughter creek, Kanawha co., | |
.{\" Vo, 5,000 |
Spur, Dickens co., Texas 5,000 |
Gaines, Pa. | 5,000 |
Bimerah, Qu:enslmd 4,860 | | [
Turfontein Estate. .. |
Johannesburg, So. Africa 4,845 ’ |Diamond drill hoe
Near Boksberg on the Rand, South | |
Pittaburgh, P 1618 | | il
ittsburgh, Pa. ’ Oil or gas
Elderslie No. 2, Queensland 4,523 L Water Flow, 1,600,000 gallons a day, temperature
| 202° F.
Clarksburg district, South Africa.| 4,500 '
In the Black Reed series 12 milc 3| |
south of the main reef series
on the Rand..... 4,500 | Diamond drill hole
4 miles southeast of Wheeling, W |
s e s 4,500 41 | Oilor gas
Inthe (‘i'tly of Erie, I'af. 4,460 Oil or gas |Abandoned 1889,
One well in State of South Aus-
tralia. 4,420 Water Flow 600,000 gallons a day.
Irwin, Westmoreland county, P'a.| 4,380 Oil or gas
Buchanan well, 6} miles south
of Burgettstown, Pa 4,303 Oil or Gas
Knurow, Upper Silesia. 4,173 1921013
Glenariffe, Queensland . ‘ 4,140
Warbreccan, Queensland . | 4,125
Dolgelly bure New South Wales 4,086 Water Flow, 745,200 gallons a day.
Northampton, Mass. | 4,022 Water
Winton, ueensla d . 4,010
In the ‘/Iakfonlcm dmnu, South
Africa.. 4,003
New Haven, Conn.. 4,000 8 Water
Renova, Pa.. 4,000 Oil
Darr River Down-. No. 4, Qmens-
land..... e 4,000
Norris ‘vell l‘mdlay. ()hlo . 3,000
Grubb well. ... 2,470
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The diameter of the well when completed shall not be less than “ee .inches.

The outside strings of casing, viz., the inch and

inch, shall be pulled at the up‘ nse of the party of the second part

“When said well reaches the oil or gas-bearing sand, the method of drilling through the same

shall be under the direction of said party of the second part, or its agent in charge of the farm

e, and if oil or gas is found in sufficient quantities to endanger the rig and material by

fire from the boiler, then said parties of the first part shall, without delay, and at second party's

own expense, move the boiler to a safe distance from the well All pipe fittings made necessary
by such removal to be furnished by the said party of the second part.

When \nnuwl(lnl un\wn prevented by too great a volume of gas or oil, the well shall be
thoroughly “bailed” and “sand pumped” by the said parties of the first part, until all drillings
and sediment are removed therefrom and the well thoroughly cleaned

The parties of the first part shall carefully examine all machinery,
appliances to be furnished for said well by the party of the second part
found therein sufficient to make the use of such machinery, casing, or other appliance unsafe,
shall immediately notify the party of the second part of such defect or defects, and the party
of the second part shall at once replace the article so found defective with a good and safe
one; but if the parties of the first part shall not make such examination, or shall not
any defects in said machinery, casing, or other appliance, they shall be deemed to have assy
all risks and all responsibility for any mishap which may occur in the drilling of said well by
reason of a failure in such machinery, casing, or other app!

No part of the contract price mentioned shall in any event be paid until said well be com-
pleted to the depth above required, and delivered to the party of the second part in thorough
good order, free and clear of all obstructions
The parties of the first part agree to begin the drilling of said well within thirty days
and prosecute the work actively

casing, 1 other
, and if any defect be

from
and continuously (Sundays excepte to completion

t is Further Agreed, That time shall be of the essence
the parties of the first part shall neglect or discontin b
space of ten days, such neglect or discontinuance shall of itself be a forfeiture of all rights
and claims of the parties of the first part under this agreement without any notice or demand
by the party of the second part The party of the second part shall have the right at
after such forfeiture to take posse of said well, discontinue the drilling thereof,
its pleasure dismantle or abandon the same without liability to the
for any portion of the contract pr above
also have the right at any time after such forfe
possession of said well and all the ropes, t
part, and drill said well to cc
cost of such completion withc

of this contract, and that in case
work of drilling said well for the

y time
nd at
parties of the first part
entioned. The party of the second part shall
re as above mentioned, if it so elects, to take
1 appliances thereat of the parties of t
it shall succeed in completing said we

it any to said parties of the first part for the
the said ropes, tools, and appliances, shall I- de ted from the contract price above mentic
and the balar if any, paid to the parties of the first part; but if said party of the seco
should not succeed in completing said well, it shall not be liable to the parties of the first [»u(
in any sum whatever, and sh return said tools, ropes, and ay

liances to the parties of the first
part in as good order as when received, natural wear and tear and accic nlul loss or breakage
excepted

ols,

In Witness Whereof, the parties of the first part have hereunto set th
and the party of the second part has caused these |

date first above written,

r hands and seals,
1ed by its representative the

esents to be
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CHAPTER VIIL

PUMPING, STORAGE, AND TRANSPORTATION OF OIL
AND GAS.

PUMPING THE WELLS.

of
their own accord, they must be pumped. The preliminary

If wells are not “gushers,” that is, if they do not flow

pumping to determine the capacity and character of a new
well is usually done directly from the walking beam of the drill
rig. After more than one well has been brought in, however,
the pumping is done from a central power plant by means of
pull rods or pumping jacks, or in the Canadian fields by jerker
rods, bell cranks and walking cranks. The pull rods are
usually steel rods or wire cable mounted on supports at dif-
ferent heights, depending upon the topographic configuration of
the land. An oscillating pull wheel or jerker in the central
power house, by means of large double pull rods, which radiate
from the power house, actuates a number of flat pumping discs,
which rotate through about 50 or 60 degrees and from which
further pull rods radiate to the pumping jacks over the in-
dividual wells, In this way a great number of wells may be
pumped from a single power plant, and it becomes possible to
profitably pump wells of small vield. The pumping jack con-
sists of a right triangular framework suspended on a pivot at
the right angle and connected up with the pump at the upper
acute angle, and with the pull rod at the lower acute angle, so
that when the pull rod brings the lower angle forward, the upper
angle rises carrying up the pump rods. The weight of the
sucker rods sinking back into the well takes the slack in the pull
rods and brings them back into position for another pull.  When
the sucker rods are either too heavy or too light a weight on the
appropriate arm of the triangle suffices to balance things.

The pumping jacks are made of wood or steel. In the
home-made form of pumping jack, the pivot angle is at the
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bottom, the pull angle at the top, and the pumping angle is
connected with the pump by a rigid rod, by the thrust of which
the pump is moved. In the Petrolia field wooden shackle rods,
jerker lines, take the place of steel rods and cable, and are
capable of transmitting the power many hundreds of feet,
and in some cases as much as a mile. When the direction of
the power must be changed horizontally, cranks are used, e.g.,
where the pull is transmitted to the horizontal walking beam
pump at the well.  The jerker system of pumping was adopted
in this ficld at an early date. Before that the wells had been
worked by man power with spring poles

The number of wells pumped from one power plant varies
greatly. On the C. O. Fairbanks property at Oil Springs,
200 wells are pumped by one 40-horse power steam engine,
and at one time there were 242 wells on this engine. The Cana-
dian Oil Fields Co., Ltd., operates 240 wells from one power
plant at Petrolia, and J. L. Englehart and Co. pull 226 pumps
from one central power plant described in more detail below
In the Petrolia field a 12-horse power engine has driven as
many as 90 pumps. A 50-horse power engine is generally
regarded in the United States as capable of pumping 175 average
wells. The cost of pumping in large series is so small that
wells vielding but a few gallons daily are worked at a profit.

I'he following description of pumping arrangements on
the J. L. Englehart and Co.'s land at Petrolia, is taken from the
Canadian Department of Mines Report on the mining and
metallurgical industries of Canada, 1907-8, page 435:

I'he pumping system which has been developed in the Petrolia oil

fields is a somewhat interesting one, and differs in some particulars from that

in vogue in Pennsylvania. A good example of this system is the plant operated
by this Company. One central power plant pumps direct from 226 wells,
scattered over an area of 400 acres. It is a balanced system, half of the dead

load of rods and mechanism in the field being lifted, while the other half is
descending, so that the power required is only that for overcoming inertia
and friction, plus the weight of the oil lifted at cach stroke. Counterweight
are unnecessary, thus reducing the mass of material to be moved, and giving

in consequence a higher efficiency. In the case of the Englehart plant, four
engines, coupled in pairs, each of 40 indicated h.p., serve the entire group of
226 wells. These two pairs of engines are connected to two main, or master

wheels, which, in addition to direct conne xions to pumps, operate 2
or local wheels, h controlling two jerker rods. These are lar
horizontally, cast with four lugs, at the ends of two diameters at right angle

secondary
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to each other, Each lug carries two wrist pins for connecting the jerker rods.
I'he wheels have a reciprocating motion imparted to them, which causes them
to swing through an arc sufficiently to give the jerker rods the necessary for
ward and backward motion to produce the proper length of stroke at the
pumps, which is communicated to them in the ordinary way by walking

beam or triangle-arm connexions. The jerker rods are of wood, with spliced
joints, suspended from posts by pin-connected hangers of iron, and serve, in
conjunction with the pump rods, as the counterbalance in the system. The

pump rods are of gas pipe, 1° pipe being used with a 1}* pump, and
pipe with a 13* pump, the average length being 475 feet.

“The power plant consists of two tubular boilers of a total capacity of
200 h.p., heated partly by natural gas (derived from 7 wells), and partly by

coal. There are 32 underground collecting tanks, each of 50 barrels capacity,
distributed through the field, and two main collecting tanks, each of 700
barrels capacity, close to the power plant. A 2" pipe line connects the main

tanks with the receiving station of the Imperial Oil Company, on the 12th line

lown new wells.”

I'here is also a complete drilling outfit always in use in putting ¢

The power for pumping is usually furnished by a gas engine
or by a steam engine. A boiler is generally erected near the
power house for emergency use, and for steaming the oil to
precipitate suspended sulphur. In fields where gas is not
available oil is burned beneath the boiler.

In some fields the oil is raised with an air lift by forcing
compressed air deeply in the well through a central tube, the
oil rising between this and the outer casing. The chief ad-
vantages of the air method are that it is automatic and that
there are no wearing parts to get out of order and require care.
However, this method has not been extensively adopted and
has not been used at all in the Canadian fields.

In some fields where the wells do not flow and where there
is 5o much sand that ordinary pumps cannot be employed, the
oil is raised by a bailer holding commonly about 50 gallons.
This is a long bucket which will move freely inside the well
casing, and which has a valve at the bottom. The bailer is
raised and lowered by means of a steam winch. This method
s employed extensively in the Baku field.

STORAGE OF OIL.

The first oil from the new well is put into emergency tanks
vhich are low cvlinders of wood holding from 100 to 1,600
arrels of oil, but commonly of about 250 barrels capacity
ind costing about $100. When the permanent tanks are built
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the oil goes directly from the well to these tanks. In case there
be more oil than can be taken care of in the tanks, temporary
earthen reservoirs are built by throwing a dam across a hollow,
or by building a square embankment on level ground. But
permanence of production presupposes some system of storage.
The tanks may be wooden, steel or earthen. A group of tanks
is known as a tank farm. So far as the topography permits,
the tanks are located so that the oil will flow into them by
gravity from the contributory wells. When the oil will not
flow by gravity, a donkey pump is used to force the oil from the
well to the tanks.

I'he larger steel storage tanks, having a capacity of 35,000
barrels, are 90 feet in diameter and 30 feet in height, the steel
varying from 13-64 Ibs. per square foot in the lower ring of
plates to 815 Ibs. in the 7th or upper ring. Each tank has
a conical roof of sheet steel and is equipped with a windlass
to raise the swing pipe

All sizes of steel and wooden tanks between the 250 barrel
wooden tank and the large steel tank are found. When several
smaller wooden tanks are situated in a row, they are covered with
a low inclined shed to prevent evaporation of the oil and drying
and warping of the tanks.

The oil in the Petrolia fields of Canada is frequently stored
in large underground tanks which are excavated in an im
pervious clay and are boarded over and covered with earth
These tanks ordinarily are 60 feet deep and 30 feet in diameter,
holding 8,000 barrels of oil.  From these tanks the oil is pumped
to the refineries. The underground system of tanking was
devised in the early days on account of a fire which destroyed
a large amount of property in 1867. The advantage of these
earthen tanks is that the clay formation makes a perfect reser-
voir if the hole is kept filled with oil or water, and moreover the
carth-covered tanks are pfractically fire and lightning proof
The following notes on the use of these earthen tanks are taker

from an article by James Kerr in the Toronto Mail, December 1
1888.

One of the necessities from the want of which the early oil operatc
suffered was tankage in which to store his oil pending the season of the yea
in which the bulk of it would be required, or to tide over a plethora of pre
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duction till the requirements of the market could overtake it. Naturally
the Canadians erected in the first place great wooden tanks, which increased
in time to enormous proportions, some of them being as large as 24 feet in
jiameter and 29 feet deep, set on the ground and bound with iron |
Large iron tanks were introduced in 1865, two of which of 3,000 barr
pacity still remain a memento of that period. These, however, were found
very expensive and subjected the oil stored in them to many sources of danger
ind a vast improvement was found practicable, and of such a nature as no
other part of the world has been known to supply

The Erie clay, before referred to, would almost appear to have been
supplied for the express purpose of oil storage. This clay is of a solid tena-
ious quality, free from seams or flaws, and easily removed.  When properl
constructed the tanks sunk therein prove to be cool, perfectly free from danger
or loss from leakage or evaporation or destruction by fire, whether caused |
lightning or otherwise. The tank is formed by excavating a circular hole
about 30 feet in diameter to a depth of about 15 feet through the top soil
the Saugeen clay, which is somewhat porous; a wooden crib is placed therein
formed of double inch rings, five inches wide, outside of which boards are
nailed and clay from the strata below is solidly packed between the curbing
ind the wall, making a solid “pudding” about five inches thick. The sinkin
of the tank is then proceeded with to a depth of 50 or 60 feet; the entire wa
is lined with segments made of inch pine about five inches wide, forming a
perfectly tight tank holding from 8,000 to 10,000 barrels of oil, which satur-
ating the wood renders it exceedingly durable. Timbers are projected across
the top, supported by a bolt from the arch over it; joists are laid thereon,
overed with plank and clay and the contents rest in perfect safety till re-
quired

A large number of these tanks (of which about one million barrels ca-
pacity exist in this locality,! are owned by companies, who receive the oil
from the producers at the wells and convey it through their pipe lines, some
of which are nine miles in length, storing it and issuing certificates to the
owners thereof.

In the Petrolia field tanking is undertaken by the Tanking
Company which has many miles of pipe throughout the field,
in order to gather the crude from the producers into the central
underground tanks. The prices charged by the Tanking Com-
pany are necessarily variable, but range from 2 to 37 cents a
barrel, according to the distance from Petrolia. The tanks
are at Petrolia, and there are 50 or more of these reservoirs
with a storage capacity of 8,000 barrels each, or a total capacity
of 400,000 barrels. An 8,000-barrel tank of this description
can be completed in six weeks at a cost of §1,760.

Storage capacity must not only be provided on the lease,
it the loading rack, at the pipe line pumping station, and at
the refinery, but also at the seaport, if the oil is to be transported
wver sea in tank steamers, and at the seaport where the oil is
lelivered by the tank steamers. A 37,000 barrel tank of the
latter sort was recently completed near the wharves of the
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Grand Trunk Pacific railway at Prince Rupert, British Columbia.
An inner steel shell is surrounded and reinforced by a concrete
wall 3 feet thick at the base, but somewhat thinner at the top.
Pipes are laid under the wharves through which the oil is pumped
into the tank from tank steamers which bring the oil from
California. The oil is to be used as fuel for oil-burning loco-
motives on the Grand Trunk Pacific railway.

TRANSPORTATION OF OIL.

Where an oil field has a small yield, as when a small output
of oil is incidental to natural gas production, and the market is
purely local and the oil is used in a crude state, the means of
transportation and distribution are apt to be correspondingly
simple and primitive. For instance, in the gas fields of New
Brunswick some of the wells vield a few gallons of oil per day.
This is piped to a loading tank by the roadside, from which it is
transferred to tank wagons which distribute it.

Some heavy lubricating, or otherwise peculiarly valuable
oils which do not occur, or are not purchased in quantity suffi
cient to make a separate run in a pipe line or even to justify
shipping in a tank car, or which are destined to points away
from railway or pipe line facilities, are shipped in wooden barrels,
or more generally in steel drums.  In the carly days of the in-
dustry, of course, this was the customary method of shipping
crude oil, but now on land the great bulk of the petroleum prod-
uct is transported in pipe lines, with smaller quantities in tank
cars, and, on the ocean, in tank steamers.

Tank barges, 130 feet long by 22 feet wide and 16 feet deep,
holding 2200 barrels of oil, were used in the early days of the
Pennsylvania oil industry to transport crude oil from the wells
on the lower Alleghany and the Little Kanawha to the refineries
on the Ohio river.

In transporting oil by rail, the first form of tank cars in
use about 1865 or 1866 consisted of flat cars on which two wooden
tub-like tanks, holding about 2,000 gallons each, were fastened.
These were succeeded in 1871 by cars with tanks of the present
horizontal cylindrical type 24} feet in length, 5} feet in diam-
eter, and holding about 5,000 gallons. The tank cars now used
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are 32 feet long, 6 feet in diameter, and hold 8,000 gallons.
A train of tank cars is filled simultaneously from a loading rack
which consists of a long platform beside the track and about
on a level with the top of the tanks. The oil feed pipe runs
along thisplatform, and at intervals equal to the distance between
domes of the tank cars is fitted with valves and T branches
through which, with suitable extensions, the oil is conveved
into the tanks. Such loading racks are provided with facilities

for measuring the oil put into the tank cars

In the Kansas and Oklahoma oil fields of the United States, in
1913, there were in September, 1382 tank cars still in use among
refiners and small shippers. In addition to the cars owned by
the railway companies, the Standard Oil Company and the
lexas and Gulf companies, certain refining companies also
had a large number of tank cars in these States and they were
used also in connexion with eastern plants.  In 1904 the Union
I'ank Line Company, a subsidiary of the Standard Oil Company,
had about 9,000 tank cars, and the Waters Pierce Company
had about 1000 tank cars. The capacity of the tank cars
in the Kansas and Oklahoma fields ranges from 4,000 to 10,000
United States gallons
The first successful pipe line was laid in Pennsylvania in
1865, was four miles in length, and was put two feet underground
I'he sections of pipe were joined by carefully fitted screw-sockets,
whereas previous pipe lines had failed because of leaky joints,
From that time until the present the use of pipe lines has rapidly
grown. Most of the oil produced in the United States, except
in Texas, Louisiana, and California, is transported to the refineries
by means of pipe lines. A network of small pipes gathers the
oil from the wells and trunk lines, often of great length, and
conveys it to the refining point. The oil of Texas and Louisiana
used chiefly for fuel, largely within the States themselves,
[t is, therefore, transported chiefly in tank cars, though there
ire several short pipe lines to the Gulf ports. California oil
s also used mostly for fuel but pipe lines reach from the oil
fields to tidewater at Port Richmond and to the refinery at Port
Costa and other points.
The rifled pipe line, introduced in 1907, greatly facilitates
the transportation of the heavy viscous grades of oil. This




pipe is provided with spiral grooves about an eighth of an inch
in depth, and making a complete revolution of the pipe every
ten linear feet. Through these grooves a lubricating current
of water is pumped with the oil. In California the heavy oils
are heated with steam and sometimes mixed with lighter oil or
water, before being admitted to the pipe line. Insulating the
pipe with some non-conductive covering is also found to help.

The construction and operation of pipe lines is discussed
with some fullness in the chapter by Mr. Towl in the following
pages

The pipe lines of the United States, comprising those of
seventeen subsidiary companies of the Standard Oil Company,
and eight independent lines, owned and operated pipe lines,
were estimated by the United States Bureau of Corporations
in 1907 to total more than 45,000 miles of pipe ranging from 2
to 12 inches in diameter. The majority of the lines are 6
or 8 inches in diameter. The largest continuous line reaches
from Oklahoma to New York city.

I'wo of the chief producing oil fields of Canada, the Petrolia
and Oil Springs fields, are located within eight or ten miles of
the refinery of the Imperial Oil Company, Ltd., at Sarnia, on
the St. Clair river. From six receiving stations in these ficlds
the oil is carried through pipe lines of the Imperial Oil Company
to the refinery at Sarnia.  From a receiving station in the centre
of the East Tilbury field, oil is delivered through a 4-inch pipe
line owned by the Imperial Oil Company to a large receiving
tank of 700 barrels capacity at Merlin station on the Pére
Marquette railway. From Merlin the oil is shipped in tank
cars to the refinery at Sarnia. These several short lines, to-
gether with the feeders from the producing properties to the
recei

ing stations of the Imperial Oil Company, comprise ¢!l
the oil pipe line service of the Dominion.

By sea, crude petroleum is transported in tank steamers
or tank barges. Fuel oil from the Texas and California fields
is piped to the seaports as noted above, and distributed to the
various markets by tank steamers. Mexican oil likewise goes
to European refineries and markets in tank steamers. From
the eastern seaboard of the United States some crude oil is
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shipped to Europe in tank steamers and in tank sailing vessels,
but the main employment of tank steamers is for shipping in

bulk, refined oil or kerosene. On the Caspian sea, early in
1913, there were 168 vessels engaged in the transport of oil to
ind from different parts of the Russian e¢mpire I'he vessels
fitted with Diesel engines, owing to their low consumption of
fuel, are m[»idl\' h']tLu inu the other forms of power boats As
has just been said, the bulk of the oil transported in tank steamers
is refined oil, including kerosene. Since 1905 the Standard Oil
Company has also used tank barges I'he tank steamer carrving
100 tons of oil tows a tank barge carrying 6,000 tons of oil,
by means of a 600 fathom steel-wire hawser, fitted with winding
lrums which automatically take in or pay out the hawser
lepending on the strain upon it and thus act as shock absorbers
Both steamers and barges are entirely of steel, divided into
compartments by bulkheads and provided with means of escape
for the oil gases, and with supply tanks to make up any loss of oil
in the tanks by leakage or evaporation. The Imperial Oil
Company operates three tank steamers of 6,000 barrels capacity
each, and with its shipping docks near Sarnia on the St. Clair
river has all facilities for shipping its products by steamer as
far west as Port Arthur and as far east as Montreal.

Refined oil products, lubricating oil, kerosene, gasoline
and the like when shipped by rail are transported in tank cars,
in wooden barrels, in steel drums, or in tin cans. Towns on a
railway and large enough to support a distributing wagon
service, have receiving storage tanks adjacent to the railway
switch and the oil is pumped into these tanks from the tank

irs.  Smaller towns, especially those without railway communi-
cation, are supplied with oil in wooden Larrels usually.  In the
western part of the country considerable oil is shipped in tin
cans in wooden cases, each container holding two cans, each
of 5 gallons capacity. Much kerosene is shipped to foreign
countries in such cans.

MEASUREMENT AND TRANSPORTATION OF NATURAL GAS

I'he volume of natural gas yielded by some wells is enormous,
Ihe Tippecanoe well in the Findlay field of Ohio yielded 32

illion cubic feet the first day, falling to 19 million cubic feet
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the third day.  The open pressure was 38 lbs. the first day and
11 Ibs. the second day. The Mellott well six miles north of
Findlay vielded 28 million cubic feet with an open pressure
of 28 lbs,, and a well near Bairdstown furnished 33 million
cubic feet daily at an open pressure of 45 Ibs. The Wallace
well at Fostoria yielded 50 million cubic feet daily but
lasted only three days. In the Sunset-Midway  district of
California  there are very large gas wells. The largest one,
which was a shallow 18-inch well lasting only a few weeks, was
reported to vield 65 million cubic feet dailv.  Several others
were estimated at 30, 35 and 40 million cubic feet daily. The
gas wells so far struck in Canada have not such large vields as
those just mentioned, though a well in Essex countv, Ontario,
vielded 10 million cubic feet per day and several wells in the
East Tilbury field vielded 13 million cubic feet daily The
Tuna well at Medicine Hat, Alberta, vielded 6 million cubic
feet, and the first wells at Bow island 7 or 8 million cubic feet
daily Well No. 4 at Bow island is reported to have had an
original flow of 29 million cubic feet, as measured by Eugene
Coste

When a gas well is struck, and capped, the pressure of the
confined gas rises to a maximum point known as the rock pressure
The time required for the pressure to reach this point depends

upon the porosity of the gas reservoir.  In porous or fissured
rock it reaches the maximum very soon. In tight reservoirs
some time may elapse before the rock pressure is reached.  The
rock pressure varies greatly in different fields, In New York
rock pressures as high as 1,500 Ibs. per square inch are known
Rock pressures in Pennsylvania vary from 300 to 800 lbs. per
square inch; and in West Virginia, 1,000 to 1,250 pounds to the
inch; the rock pressure in Ohio and Indiana ranged between
50 and 800 Ibs. per square inch.  The original rock pressure
in the gas ficld of Kansas was 325 Ibs. to the inch; and in Okla-
homa about the same. In California the rock pressure is very
great in some districts.  In the Sunset-Midway district one
well has been measured at 2,000 1bs. to the square inch, and this
was not the maximum pressure, but only the limit of the gauging
appliances,  Other wells in the same district have pressures
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ranging from 500 Ibs. up to 1,200 lbs. per square inch In
Canada according to Coste! the rock pressure varies with the
geologic horizon of the gas feservoir as follows: “In every field
where gas is found in several strata, the highest pressure is
alwavs recorded in the lowest or deepest strata; for instance
in the Welland county ficld the rock pressure of the gas wa
300 1bs. in the Guelph dolomite; 400 Ibs. in the Clinton; 525
Ibs. in the Medina white sand; and 1,000 1bs

n the Trenton

limestone.”  The rock pressure at Medicine Hat, Alberta,
is 550 Ibs., and at Bow island 810 1bs, per square inch
I'he cause of rock pressure has been variously ascribed

to hydrostatic pressure of the ground water, to pressure du

to accumulation of gas by distillation from organic remains, and

to pressure of gascous emanations from beneath the sedimentary

rocks.  Prof. Edward Orton of Ohio maintained the hydrostatic
pressure theory and apparently demonstrated its truth for the
Ohio fields deriving their supply from the Trenton limestone,
since in nearly every case the observed rock pressure agreed

with the required pressure assuming it to be of artesian origin,
taking the level of La

¢ Erie as the elevation of the outcrop of
the Trenton limestone. However, the occurrence in New York
of rock pressures of 1,500 Ibs. at many hundred feet less than the
hydrostatic theory would require casts doubt on this theory as a
general explanation.  There remains for those who believe in
the organic origin of gas and oil, the theory of pressure due to
gases distilled from the organic remains of the sedimentary
rocks, and for those who believe in its inorganic origin, the
suggestion of gaseous emanation from below

The minute pressure of a gas well is used in one method
of obtaining the open flow of the well; i.e., the volume of gas
which will escape from the well into the open air in one day.
It vields an approximate, but conservative result, and is much
in use for rough measurements. The minute pressure is
obtained by allowing the well to blow into the air until its
head is blown off; i.e., until the open pressure hecomes con-
stant.  The well is then closed very quickly, and the accumulated
pressure read one minute after the closing of the well.

'Coste, Eugene, Jour. Can. Min. Inst. vol. 111, p. 83
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['he formula for determining the open flow of a well by
means of the minute pressure is given by Weymouth,' as
follows:

“Q, the open flow capacity of the well in cubic feet per day
on an atmospheric pressure base of 14.4 Ibs, per square inch
absolute, becomes

'pm+|‘u Po)

0 =1440V - = 1440
) I Po I'n"

Vpm - 100Vpm
Po
in which V= volume of well tubing in cubic feet

pm = minute pressure in pounds per square inch gauge.

Po =atmospheric pressure in pounds per square inch ab
solute.

The Pitot tube is also used in the open flow measurements
of gas wells. This method, which is generally employed in ac
curate measurements, was devised by Prof. S. W. Robinson,?

and is bound upon this formula

B} *% ]
0=1,462,250 d (I') 1 *

in which

Po=absolute pressure of atmosphere, pounds per square
inch.

Py =absolute pressure shown by Pitot tube, pounds per
square inch.

d =internal diameter of well mouth in inches.

I'he Pitot tube consists of a short tube bent at a right angle
and with one end drawn out into a nozzle. This tube is inserted
into a horizontal pipe through which a liquid is flowing, with
the nozzle pointing upstream. The height to which the liquid
will rise in the vertical arm of the Pitot tube varies with the
velocity of flow of the liquid and is a measure therefore of the
volume of flow. The Pitot tube was adapted to the measure-
ment of the flow of gases by bending twice the vertical arm of
the tube to form an inverted U water manometer. An accurate

Weymouth, Thos R., Measurement of Natural Gas, Trans. Am. So
Mech. Eng., vol. 34, 1912, pp. 1901-1104

! Robinson, S. W., Van Nostrand's Eng. Mag. Aug. 1886; Ohio Geol
Surv., vol. 6, 1888
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TABLE XVI.,

Discharge of gas 06 specific gravity from one inch opening corresponding to water pressure in inches

Pressure Cubic Pressure Cubie |  Pressure | Cubic I Pressure ‘ Cubic
in feet per in feet per " in | feet per in | feet per
inches hour inches hour [ inches } hour inches | hour
0:10 495 0:90 1,485 350 | 2,928 1000 | 4,950
20 714 1:00 1,555 4.00 | 3,130 11:00 | 5,215
30 857 1:25 1,738 4:50 | 3,321 12:00 ‘ 5,422
40 980 1:50 1,915 500 30500 | 13-85 | 5800
.50 1,106 | 1-75 2,070 600 { 3,834 | 2077 {7,110
60 1,213 | 2:00 2,214 7:00 1,140 2:770 | 8,200
<70 1,310 | 2:50 2,475 800 | 4,428 |
-80 1,401 300 2,112 900 | 1,694

TABLE XVII.

Discharge of gas of 06 specific gravity from 1-inch opening corresponding to pressure of mercury
column and of gauge pressure.

Pounds Pounds Pounds
Mercury gauge Mercury gauge Mercury gauge
ressure pressure Cubic feet pressure pressure Cubic feet pressure pressure Cubic feet
ininches | per square per hour in inches per square per hour in inches per square | per hour
inc | inch inch
0-10 005 | 1,835 5.59 2.75 13,315 | 14-00 28,495
.20 10 2,50 | 6-10 3.00 14175 | 15:00 | 29,295
-30 15 3,170 661 | 3.25 14,755 | 16-00 30,045
40 | 20 | 3,65 711 3-50 | 15,320 | 17-00 30,755
-50 +25 4,005 7:62 3.75 15,850 | 18:00 31,415
60 30 4,49 813 4:00 16,370 | 2000 32,730
<70 -35 4,850 864 4:25 16,875 22:00 33,470
-80 40 5,180 915 4-50 17,360 2500 35,620
90 45 | 5,495 965 I 4.75 17,845 | 3000 37,945
1:02 50 | 5,79 10-16 5:00 18,330 | 35-00 | 40,040
1:52 75 7,095 12:20 600 19,835 4000 | 11,945
2:03 1:00 8,195 7:00 21,555 | 15:00 | 43,605
2-54 1:25 9,165 8:00 22,600 | 50-00 | 45,080
305 1:50 10,030 900 23,735 | | 60:00
3-56 1.75 10,830 | 10-00 24,815 | 75-00 ‘
4:07 2:00 11,550 11-00 25,915 9000 54,350
4.57 2.25 12215 | 12:00 [ 26,715 | 100.00 | 55.705
5-08 250 12,950 13-00 27,695 | 110-00 | 57,055
J |
TABLE XVIIL
Multipliers for pipe of other diameters than 1 inch.
Size of ( Size of Size of Size ol
opening | opening opening opening
diameter Multiplier I diameter Multiplier diameter Multiplier diameter | Multiplier
in inches ! in inches ininches | in inches |
1/16 00038 | 1} 2:25 5 | 25.00 7 [ 49.00
( 0156 2 4:00 53/16 | 26-90 7} | 52-50
3 <0625 24 6:25 5t 3160 8 | 64:00
i <2500 3 9.00 6 3600 81 [ 6800
H 5625 4 16:00 6 39:00 9 | 81-00
1 1-00 4] 1800 6 4390 10 l 10000
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pressure gauge should be substituted for the water manometer
when the Pitot tube registers more than 5 Ibs. pressure. Tables
for the calculation of volume of open flow of gas wells based
upon Pitot tube readings have been prepared by Prof. Robin-
son,! and by F. H. Oliphant.?! Of these the latter are here
given as being more compact in form.

Correction for foregoing table: For any specific gravity
other than 06, multiply by , . . For temperatures

A given sp. gr. gas
of gas over 60° F. deduct 1 per cent for each 5° and add 1 per
cent for each 5° less than 60° F. In practice these corrections
are usually neglected and the calculation made directly from
the values in the table. Weymouth ® has criticised the for-
mula and the tables as giving quantities slightly in excess with
high pressures, and somewhat too small with low pressures. A
thorough discussion of the Pitot tube is given by W. B. Gregory .4
Natural gas is transported in pipe lines, except in rare
instances when, greatly compressed, it is carried in cylinders
as noted on a later page. The construction of pipe lines has
been very fully discussed in the chapter by Forrest M. Towl,
which follows on a later page. So too the compressor stations,
at intervals along the long gas mains, in which the pressure of
the gas is raised to a point sufficient to force it to its destination,
have been described by Mr. Towl, and likewise the different
forms of meters by which the volume of the gas transported
or delivered is measured.
Pipe lines for the transportation of natural gas in the United
States, while not of as great length as oil pipe lines, being rarely
more than a hundred miles or so in length, are nevertheless very
numerous. So too in Canada there are many gas mains for carry-
ing natural gas. Of these the principal ones are as follows
In New Brunswick, gas is piped from the Stony Creek
field 9 miles to Moncton through a 10-inch main, and 4 miles
to Hillsborough through a 4-inch line.
1Ohio Geol. vol. VI, 1888, pp. 5
*Oliphant, F. H., S. Geol. Surv,, The production of Natural Gas

in 1902, p. 26; reprinted in West Virginia Geol. Surv., vol. 1 (a), 1904, p. 39.
2 0p. cit., p. 1093,

4 Gregory, W. B., Trans. Am. Soc. Mech. Eng., vol. 25, 19034, pp.
184-207; with supplemental note by Prof. S. W. Robinson, pp. 208-211
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In Quebec, the Three Rivers field furnished gas for Three
Rivers, Yamachiche, St. Barnab¢ and Louiseville.

In Ontario the three gas fields have furnished much natural
gas to the cities and towns of the province and much gas has
been exported to the United States.  The Essex county field
furnished gas to Toledo, Ohio, by way of Detroit through an
8-inch main. Two mains laid across the bed of the river at
Detroit furnish that city with gas from the same field, which also
supplies Chatham. Leamington, Blenheim, and other towns,
The Welland field gas is piped to St. Catharines, Niagara Falls,
Bridgeburg and other places, and until 1898 was piped to Buffalo,
N. Y. The Haldimand-Norfolk field furnishes gas to Hamilton,
Dundas, Galt, Brantford, and elsewhere. These are by no
means all of the towns supplied with natural gas in Ontario.
Recently incorporated companies propose to pipe gas throughout
western Ontario.

In Alberta the output of the Medicine Hat field is con-
sumed in that city. The gas from the Bow Island field is piped
in a 16-inch main 160 miles in length to Calgary, Lethbridge, and
fourteen other towns.  This is the only pipe line in that province
at present, although others are planned.

DISPOSAL OF OIL PRODUCT.

In new fields where the yield of oil is small, with no
gas, and there is much drilling, a considerable portion of the
output of crude oil may be used as fuel in the drilling operations.
So too when the field is close to an industrial market, the output
of oil may be consumed as fuel. Large quantities of Beaumont,
Texas, oil found a market in the field itself with the railway
companies being used as fuel for oil-burning locomotives.

The great bulk of the oil, however, is sold to the pipe line
companies, or to oil purchasing companies owning lines of
tank cars. The methods pursued in the former case have been
outlined in the chapter by Mr. Towl.

The refined kerosene, gasoline and lubricating oils are sold
by the refinery company direct, or by subsidary wholesale
dealers.  As previously noted, these companies ship the kerosene
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and gasoline by tank cars to the local agents in the towns, where
the oil is distributed from receiving storage tanks by means of
tank wagons. Lubricating oils are sold in wooden barrels.
Kerosene and gasoline are distributed to small country places
without railway communication in barrels and tin cans, usually
through wholesale grocery houses.

DISPOSAL OF NATURAL GAS PRODUCT,

More or less gas is produced in nearly every oil field. The
local use of such gas as fuel in further drilling operations is
comparable to the similar use of crude oil where gas is wanting,
There is also more or less use of the gas in the field for domestic
lighting and fuel purposes. When the field is near towns,
the gas may be sold to local gas companies who distribute it,
or if the supply be plentiful enough it may be piped to distant
markets., Mention has been made of the pipe line from the
Essex field of Ontario to Toledo, Ohio, and of the 160 mile main
from Bow island to Calgary, Alberta.

While gas struck without oil, will generally be closed off
and utilized, it is nevertheless true that in new gas fields there
is a great waste of gas in continuously burning flambeaux, and
wild wells.  On the other hand, it is the history of practically
all oil fields, that in their earlier days the associated gas goes to
waste. It has been true for Pennsylvania, Ohio and Indiana,
Kansas and Oklahoma, and is now true for California in the
United States, and was true of the oil ficlds of Ontario. There
are, of course, reasons for this waste; among them, lack of markets,
difficulty of controlling and closing off the flow; and the undesir-
ability of stopping the flow of gas from an oil man's point of
view because of his belief that if the gas be allowed to escape
oil will usually follow it in the well; and finally, the lowering
of the gas pressure to a point which makes it unprofitable to
try to market it.  Many states have enacted statutes compelling
oil companies to close up and plug all gas wells, and to prevent
the escape of gas from oil wells. A new provision that all
reasonable precautions be taken to guard against the waste
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of natural gas was inserted in the Dominion petroleum and nat-
ural gas regulations, January 14, 1914, Such compulsory con-
servation is necessary and wise, though naturally repugnant
to the oil prospector.

An economic use of natural gas which has been greatly
developed within the last four or five yvears and which promises
in time to do away with the waste of natural gas in most oil
fields as well as gas fields, is the manufacture of gasoline
from natural gas

I'his subject is treated fully in Chapter IX.

\
or i\
tank,
are b
i\ B
cars {
numb
it to
of at
of aj
stand,
\fter
for gi
at eac
simila
cither
run b
pump
\\'h“l'('
lines,
in diai
necess
to l'!‘
about
and tl
more
the he

except

tained




CHAPTER VIIIL
THE TRANSPORTATION OF OIL AND GAS.
By Forrest M. Towl.

When an oil well is completed, it either flows naturally
or is pumped into a tank situated near the well. From this
tank, the usual methods of transporting the oil to the refineries
are by tank cars or through pipe lines. (Boat transportation
is good and cheap if location of wells permits.) When tank
cars are used, it is customary to gather the production from a
number of wells through a system of pipe lines and to conduct
it to some point located on a railroad. Before the production
of a field reaches an amount sufficient to warrant the building
of a pipe line, the oil is either collected in tanks and allowed to
stand, or, if there is a railroad convenient, shipped by cars.
After a field is developed enough to warrant a pipe line system
for gathering the oil, there is run, from the producers’ tanks
at each individual well, a pipe line which connects with other
similar lines leading to a point of concentration. The oil is
cither forced through these lines by a pump located at the well,
run by gravity, or run into a system of lines having a suction
pump at their terminus. The gravity system is to be preferred
where it is possible to use it, even though it often requires larger
lines. Where the oil is nearly as fluid as water, a pipe of about 2"
in diameter is used, but where the oil is viscous, larger pipes are
necessary, the size, of course, depending on the amount of oil
to be handled. With the same head, the more liquid oils flow
about the same as water, but, when the oil becomes viscous
and thick, the flow is very much reduced. The fluidity of the
more viscous oils changes with the temperature. In general,
the heavier oils are the most viscous, but there are many notable
exceptions to this rule. The gravity of the oils is usually ob-
tained by a Baumé hydrometer. The specific gravity of the
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oil can be obtained by substituting the Baumé gravity in the
formula:—

- 144
Sp. gr. =
134 + Baumé degrees

After the oil has been collected by the gathering system
into the first concentration tank, it can be pumped through
lines to some point of storage, or through a series of pump
stations to the places where it is to be refined. There is a great
difference in the crude oils, some of them being black, brown,
or dark red; while others are amber or straw colored. As
these lighter colored oils are often of more value than the darker,
it is necessary to keep the different grades separate. This
can only be done by pumping through separate lines, or handling
the oil in large consignments. The history of the pipe lines
dates back nearly to the discovery of oil in large quantities.
The first successful pipe line in the United States was built
in 1865 by Samuel Van Sickle. This line, between Pithole
and Miller's Farm, was only four miles long, but they were
able to pump 81 barrels of oil per day using three pumps. Since
that time the pumping machinery has improved in line with
other machinery being built. At first, high-pressure steam
driven pumps were used, the steam being used but once. This
was followed by the introduction of the compound pump, then
the triple pump, which later gave place to the high-duty triple
expansion condensing fly-wheel type of pumps. The first style
of pumps required about 120 Ibs. of water, converted into steam,
per H.P. per hour. The last type of steam pumps require
about 15 Ibs. One pound of oil will evaporate about 15 Ibs.
of water, so that a pound of oil burned under a boiler with a
good triple expansion pumping engine will furnish a H. P.
for one hour. Recent developments in the oil engine have
resulted in producing an oil engine driven pump which vill
furnish a H. P. per hour on less than 0-5 Ib. of oil. In 1902
and 1903 the writer built a pipe line for handling the viscous
California oil. The oil was heated by a surface heater using
the exhaust steam from the pumping engines. This heating
system is now in general use where viscous oils are to be handled
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In the United States, the pipe lines take the oil from the
producer’s tank, gauging the tank before the oil is run into the
pipe line system and after the run has been completed, care be-
ing taken to sce that all of the water has been drawn from the
tank before the run starts, and that the valves and connexions
are all tight so that no water or oil can come into or leave the
tank while the oil is being run into the pipe line. It is custom-
ary for the pipe lines to seal or lock their valves when oil is not
being run from the producer's tanks.  Where the il is handled
by a pipe line company not owning the production, the company
furnishes the owner's representative at the well with a statement
called a “Run Tic

ing to run, the level at the close of the run, and the number of

t", showing the level of the oil before start-

barrels of oil taken from the tank as shown by the engincer's
table. In the United States, the barrel contains 42 US. gallons
of 231 cubic inches each. This is equivalent to 35 imperial
gallons.  There is generally some water and sediment in the oil
coming from the wells and also considerable gas. For this
reason, it is necessary for the oil to stand for some time before
it is measured and run into the pipe lines. Even when this pre-
caution is taken, it is found the lighter gravity oils, containing
considerable gasoline, lose some in volume; for this reason, it has
become a question to allow a certain percentage of difference
between the gauge of the producer's tanks and the gauge in
other tanks along the lines.  With the light gravity oils, this loss
amounts to about 2 per cent of the oil run which is the figure used
in most of the fields producing light gravity oils.  The heavier oils
carry more water and sediment and hold them suspended for a
long time.  In handling the oils through pipe lines, it is neces-
sary to be very careful around the pumping stations and keep
fire or lights away from the oil or its fumes.  Fires are often
caused around the pumping stations and tankage fields by light-
ning. It has been found that a steel tank with a steel rool is
not as liable to be struck by lightning as a steel tank with a
wooden roof.  Where there is a large tankage field, it is neces-
sary to build banks around the tanks, or place them far enough
ipart so that when one is on fire it will not endanger others.
Lightning rods have been used to prevent lightning striking the
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tanks, but it is generally considered that their value in prevent-
ing the loss by lightning does not warrant the additional ex-
pense. Where tanks are located wecar power plants having
steam available, a steam pipe is connected into the top of the
shell of the tank, so that, in case the tank is struck by lightning,
steam can be turned in above the oil.  If the roof of the tank is
not blown off by the explosion, it is often possible to put out the
fire in this manner. Care is to be taken to see that all of the
openings in the tops of the tanks are closed to retain this steam.
If water is available, it is the practice to play water on the adja-
cent tanks and sometimes on the tank which is on fire. This
can be done with reasonable safety for a few hours after the tank
has been struck. Oil is sometimes drawn off from the tanks by
connecting pipe line systems and water forced in at the bottom
to keep the burning oil as high as possible. By this means it is
sometimes possible to save the bottom and lower ring of the
tank, which is the most expensive part.

For the pipe lines, mild steel or wrought iron screw joint
pipe is used. Bessemer steel also is used, but makes a cheaper
and inferior grade of pipe.

In the collection of natural gas from the wells, there is often
water or oil carried with the gas in such quantities that it wiil
clog the lines. For this reason the wells are connected up with
a trap to catch the liquid before it enters the lines. A number
of wells are connected into a larger line and these larger lines
converge to the trunk line which carries the gas to a point near
to where it is to be consumed. At this point it is usual to reduce
the pressure of the lines before distributing. The distribution
is carried on in the same manner as when handling manufac-
tured gas. When the pressure at the wells is not sufficient to
deliver the gas to the market, compressor stations are put in and
the pressure raised to a point sufficient to carry the gas through
to the point of consumption. The following formula can be
used in computing the amount of gas which will be delivered
through a given line:
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TABLE XIX.
Chemical and Physlcal Properties of various forms of Fuel Oil.

| o Specific | | Oxygen
Description. gravity | Carbon. | Hydrogen.| Sulphur. | and Net Calorific Valye
| at 15°C. | i | Nitrogen
Pl ol i ot Per cent Per cent. | Per cent. | Per cent Calories ~ British
“uel oil used on trial of a torpedo- | ¢
boat destroyer............... o 0.921 | 8528 | 11.93 | 0.55 2.24 9,08 | e, yita
A petroleum pnyluu sold at a litdle | |
over £2 Perton. . ............... ‘ 0.888 86.20 | 12.57 | 0.31 0.92 10,097 18,175
(at 18°C.) |
An ordinary crude petroleum often| [ | |
used for Diesel engines. . ........ 0.923 | - | 045 | - 9,956 17,921
| | (Hydrogen
‘ assumed as 12
| for correction
“Light fuel oil” 0.900 88.58 10,81 | 0.43 0.18 10,114 18,205
(at 18°C.) |
“Admiralty fuel oil", 0.028" | 86.40 | 11.55 | 0.34 1.71 9,961 17,930
“Residuum"’ 0.943 86.44 11.23 0.30 2,03 10,065 v,
| (at 18°C.) | |
| “Black oil” [ 0.928 | 86.44 | 11.83 | 0.51 1.22 9,977
| A refined oil specially .uh[.(u. for|
! Diesel engines. . . . saal 0.904 | 85.05 12.15 0.37 2.43 ),008
| (at18°C.)
' A Roumanian crude oil, . ., 0.825 - 0.20 - 9,924 17,863
| | Hydr 1\
S ned a
13.
| A Roumanian crude oil 0.830 83.77 12,98 0.29 2.96 10,012 18,022
Solar oil (Texas). ... 0.862 85.35 12.92 0.17 1.56 10,191 18,344
at 18° (
Scotch shale oil. ., 0.855 86.16 12.37 0.26 1.21 10,138 18,24
| (at 18° C.)
| Scotch shale oil 0 \u’l 85.35 12.44 0.29 1.74 10,176 18,31
| Scotch shale oil; works well on Diesel
| engines.... 0.867 - 0.33 - 17,93
|
|
| A coal-tar oil 0.958 86.16 9.05 0.80 3.9 9,422 16,9
A gas oil; gives wrouble with Diesel
engines. .. ... » . 295 1.067 87.62 5.98 0.67 5.73 8,974 ¢
A gas oil; a composite coal-tar product 1.004 83.72 7.29 0.82 8.17 6 1
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Q = cubic feet per hour (15 Ibs. absolute).

Py=absolute head or initial pressure in pounds per square
inch.

P:=absolute delivery or terminal pressure in pounds per
square inch.

D =diameter of the pipe in inches.

L=length of the pipe in miles.

C =a constant.

The onstant used for air computations is C = 3828,

The constant for any other gas is inversely in proportion
to the square root of the specific gravity of the gas.

For a natural gas having a specific gravity of 059 the cor-
responding constant is C =50,

These constants have been checked by many tests on pipe
and lengths.

With natural gas, it is seldom necessary to use gas holders
to regulate the supply at the point of consumption as the line
itself forms a reservoir and can be used to store a large amount
of gas by what is known as “‘packing the line,”" which consists in
permitting the pressure back of the regulator to increase until
it approximates the pressure in the field. In Volume 34 of the
Transactions of the American Society of Mechanical Engineers,
page 185, is to be found a very interesting paper on problems in
Natural Gas Engineering by Mr. Thomas R. Weymouth of Oil
City, Pa. This includes a discussion of the properties and com-
position of natural gas, transmission of natural gas, pipe line
storage capacity, the power required to compress natural gas,
station designs, and general remarks on the subject. In the
same volume on page 1091 is an article by the same author on
the Measurement of Natural Gas. In the National Tube Com-
pany handbook of 1913, pages 320-325, there is an article on
“Flow of Gas in Pipes—High Pressure,” giving several coeffi-
cients and formule. The writer respectfully refers the student
of these questions to the articles above cited.

lines of various diameter

PIPE LINE REQUIREMENTS.
The transporting of gas requires a pipe line which shall be
air tight. It is much more difficult to make a line to hold gas
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under pressure than it is to hold a liquid. Trouble has been
experienced in almost all lines built for high pressures on account
of the leaking of gas at the couplings. The first high pressure
lines were laid with bell and spigot joints, caulked with lead. The
lines might be tight when they were first laid, but the movement
in expanding and contracting soon caused them to leak large
amounts. The next lines used were of wrought iron or steel
pipe, with screw joints.  While these held much better than the
bell and spigot pipe, there was still enough leakage to make it
desirable to have a more perfect joint. The leakage on some of
the earlier screw joint gas lines was such that by putting a rubber
bag over the coupling, gas could often be collected at the rate of
from 20 to 50 cubic feet per hour, or enough to run a good sized
torch. This was true of lines up to 8 or 10 inches in diameter.
When the lines became larger the leakage increased so much
that it was practically impossible to use large size lines and get
a large percentage of the product to the market.  As the demand
for natural gas increased it became necessary to use larger lines,
and a rubber packed stuffing box was developed. The first
successful joint of this kind in the market was the Dresser coup-
ler, and it is due largely to this and other couplings that the
natural gas industry has become so great.

The Dresser coupler consists of a sleeve into which the ends
of the pipe are placed. There is a projection in the center of the
sleeve so that the ends of the pipe will be each inserted into the
sleeves the same distance. This sleeve acts as a follower to
compress rubber in an annular space into the end rings which are
drawn together by bolts.  The rubber is surrounded on one side
by the pipe, on another by the body of the coupling, and on the
remaining sides by the end rings so that there is very little of the
surface of the rubber exposed either to the gas on the inside or
the air on the outside of the line. It is found that these joints
will last for vears. (Plate XV shows a cross section of the
Dresser coupler).

The Hammon coupler is a modi
one of the principal features of which is that the projection at
the centre of the sleeve is made by lugs welded on to the sleeve
When it becomes necessary to take apart one of these couplers,
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the lugs can be broken off and the coupler slipped back so as to
allow of the pipe being casily renoved., (Plate XVI shows the
Hammon coupler).

Lines of pipe can be built in almost any kind of country,
but it is necessary in some places to arrange to keep the line from
acting as a Bourdon tube aad expanding in one direction until
the ends of the pipe may be pulled out of the coupling. To
avoid this trouble it is customary in such places as river cross-
ings to use screw pipe, and to place over the collar a clamp which
is constructed to make a rubber joint between the ends of the
collar and the pipe.

For power transmission lines or for temporary gas lines
where the distances are short or the service temporary and it is
not considered necessary to bury the pipe, it will be found that
the screw joint pipe is satisfactory, but for other natural gas or
air service, the rubber coupling has many things to recommend
it, and when the capacity requires large pipe it is almost abso-
lutely necessary to use this type of coupling. These couplings
have been used for manufactured gas, but it is found that the
condensation from the gas collects in the coupling and soon
causes a leak in the rubber joint. Work is now in progress to
perfect a material which will not be acted upon by the condensa-
tion in the gas and which will make a gas tight joint.

METERS.

When gas having a commercial value is to be transported,
it becomes necessary to measure it with a considerable degree
of accuracy, and, as the problem of the flow of gas must be
based on some measurement of volume or weight of the gas, the
first thing required is the establishment of a basis for measure-
ment and an apparatus for measuring. The basis usually em-
ployed is the cubic foot at atmospheric pressure and at a stated
temperature, although many engineers use one pound of air as
the unit. By Mariott's law, it is a simple problem to change
from one basis to the other.

On account of the change of volume of the gas, for differ-
cnces in temperature and pressure, the actual accurate measure-




270

ment of the gas becomes a very difficult problem. It is usually
considered that a gas meter is accurate if it registers within 2 per
cent of the standard. The commercial gas meter has been
perfected so that, when it is in good condition and working under
normal speed, it can be relied on to give results within that
amount, provided the temperature and pressure remain practically
constant,

The measurement of gas at high pressures in particular
presents many difficulties.

The following types of meters are at present in use:

The displacement or regular type of meter.

The orifice.

The proportional, which is a combination of the first and
second.

The anemometer.

The dynamic, and

The electric.

Each of these forms of apparatus has its special advantages
and limitations when emploved in measuring gases at high pres-
sure. For measuring large volumes at high pressure, the pro-
portional meter, the orifice, the dynamic and the electric seem
to be the only ones available.

THE ORIFICE METER.

A number of meters have been made using the orifice to
measure the gas. The meter is usually calibrated by gas or air
flowing through the orifice into a gasometer under a constant
difference in head. After the orifice has been calibrated, one
or more orifices are placed in line and the pressure is noted each
side of the opening.  This requires constant watching and read-
ings in order to compute the amount of gas flowing. The St.
Johns meter of this type uses a variable orifice and on a chart
records the position of a plug in an opening. There is no at-
tempt in this meter to make corrections for variations in pres-

sure. The charts are averaged by a planimeter. This plan of
measurement is used largely by the New York Steam Heating
Company.
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THE PROPORTIONAL METER.

In the proportional meter, it is necessary to make correc-
tions on account of change of pressure. This requires cither an
observer to note the readings of the meter and the pressure or a
recording apparatus to show the readings and pressures simul-
tancously. Such an apparatus is manufactured by several of
the companies, but it is difficult to make the computations from
the charts.

THE DYNAMIC METER.

The principal representative of the dynamic class is the
Pitot tube. The General Electric Company makes a record-
ing Pitot tube which is automatically corrected for variation
in pressure. The general practice in measuring gases with the
Pitot tube is to take readings at stated intervals and make com-
putations from these readings.

THE ELECTRIC METER.

The electric meter is a recent development in gas engineer-
ing resulting from work done by Prof. Carl C. Thomas of Johns
Hopkins University. It is based on the principle that to in-
crease the temperature of a given weight of a gas a given amount
requires the addition of a corresponding .mount of heat. The
heat is supplied electrically and the amount of energy required
is measured.

In 1901 an 8" pipe line supplying gas from northern Penn-
sylvania to the city of Buffalo, New York, was tested under
various conditions to obtain the coefficient for the flow of natural
gas. Pressure gauges were carefully calibrated and installed at
each end of the line and at five intermediate points. Observa-
tions were taken every fifteen minutes night and day for a period
of one week. The amount of gas delivered from the line at
Buffalo by a Pitot tube showed the delivery to be at the
rate of 221,000 cubic feet per hour. The temperature was 32




degrees F.and the weight of the gas per 1,000 ft. was 51:61 Ibs.
when measured at an absolute pressure of 14:65 1bs.  From this
test, the coefficient of C-30 for gas having a specific gravity of
0-64 was obtained which corresponds to a coefhicient of 40 for air

A number of formulas have been suggested, based on data
which seems to show that the number of cubic feet per hour
varies as the square root of the 5:33 power of the diameter.
Other formulas suggested have slight variations in reference to
the diameter but the author does not consider that the evidence
is at all conclusive and prefers the formula using the square root

of the 5th power of the diameter as it gives results which are in

all probabilities as accurate as the gas measuring apparatus in
use at the present time.




CHAPTER IX.
UTILIZATION OF PETROLEUM AND ITS PRODUCTS
By T.7T.Gray
UTILIZATION OF CRUDE PETROLEUM.

Petroleum is sometimes used in the crude state for fuel, for
surfacing roads, or for dust prevention on roads, but ordinarily
the first stage in the utilization of crude petroleum for any pur-
pose is to subject it to some form of distillation which will reduce
it to the most desirable consistency for the purpose in question
Petroleums used in the crude state as fuel are the more viscous
varieties occurring on the Pacific Coast and in Mexico.  Perhaps
30 per cent of the fuel oil burned in Mexico in the year 1913 was
burned as crude oil, without any form of previous treatment
These viscous oils contain, as a rule, considerable asphalt and
sufficient water to make it difficult to distill them, and are there-
fore used in the crude state.  Similarly the oils used on roads are
the heavier grades containing asphalt which in California some-
times reaches 60 per cent

PETROLEUM PRODUCTS.

The nomenclature of petroleum and its products has never
been clearly defined, and is therefore often confusing.  As stated
in Chapter Il of this report three general kinds of crude petro-
leum are spoken of, namely: paraffin-base, which carries solid
paraffin hydrocarbons and practically no asphalt; the asphalt-
base, which contains asphalt and no paraffin; and paraftin-
asphalt, which is a combination of the two. Generally speak-
ing, the paraffin-base petroleum is of lighter gravity, and vields
a greater variety of lubricating oils.

In the early days of the petroleum industry, when petro-
leum was refined for illuminating products only, at which time
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gasoline was a drug on the market, the residue from the distilla-
tion known as tar which contained the lubricating oils, was run
to waste. Later this tar was distilled separately for the manu-
facture of lubricating oils, being processed in stills and distilled
to coke. The distillation of tar was particularly hard on the
stills, due to the formation of a large bed of coke. Tower stills,
or stills of the dephlegmation type were finally adopted, and the
crude oil distilled to coke in one operation, which process is the
one in general use to-day.

Asphaltic base oils are distilled to asphalt and the distillates
are cut according to gravity. As asphalt base oil does not yield
steam refined cylinder stock or paraffin wax, it does not answer
well for an illustration of the different refining methods,

REFINING

In general, whatever use petroleum is to be put to, it is nor-
mally pumped and shipped in tank cars to a refinery, and the
lighter products are distilled off.  The simplest methods are those
applied to oils which are essentially fuel oils and from which a
slight amount of naphtha and burning oil is distilled off in order
to vield a fuel oil which can be stored with entire safety.  The
oil is pumped into a horizontal, eylindrical still and ordinarily
heated by external fire made by burning crude oil or some form
of residuum in a jet burner by which the oil is sprayed into the fire
box and thus burned in a long flame under the boiler.  These
methods of burning oil will be described under fuel oils.  The
practice is becoming very general at the present time of intro-
ducing steam into the still for all kinds of distillation, this caus-
ing the distillation to take place at slightly lower temperatures
than would be the case without the steam, and also preventing
overheating the residum left in the still so that a sweeter product
isleft.  In practice the distillation is carried on until the distillate
which is passed through a condensor and appears in the so-called
still house, shows by its specific gravity that the oil remaining
in the still will have a flash above a degree designated as sale
usually 150° Fahr. The oil is then pumped, while still warm,
into the proper tanks for distribution to the points of use.




In the manufacture of road oils, the process is the same
although the practice is becoming more frequent of carrying the
distillation until the residuum left in the still is largely asphaltic
oil that is almost solid when cold.  Steam is used very generally
in the reduction of crude oils for road purposes because the re-
sulting oil is more elastic than would have been the case if steam
had not been used. Without steam, the oil is cracked into
a product which is more brittle,

General Refineries.

A refinery which is intended to furnish the usual list of pro-
ducts is much more complicated than that required simply for
the production of road and fuel oils. It was the former practice
to pump the crude oil into stills of from 500 to 1000 barrels
capacity and carry the distillation to the stage when first
naphtha, and then the oil suitable for illuminating purposes
had been distilled off and sent to the appropriate tanks for
crude naphtha and crude burning oil distillate. The resid-
ium was then called tar, and was pumped while warm-—but
not hot—into tanks or direct into the so-called tar sills
where the distillation was continued to coke with a fraction
first of low grade naphtha, low grade illuminating oils, gas oils
as the next succeeding product, then light lubricating oils
containing parafiin wax, then successively heavier oils also
containing paraffin wax, and finally paraffin butter as the last
semi-solid product, leaving the last product of coke in the
still.  The still was then steamed free from explosive gases,
allowed to cool down, and the coke dug out, and the still made
ready for another distillation. The recent progress in distil-
lation has avoided the use of two of these stages of
distillation, in the two different kinds of stills described, and
the crude oil is distilled clear to coke in the first stills, which
are modified by the introduction of towers on top of the still
through which the vapors pass and are more thoroughly
fractioned, portions—when desirable—being returned to the
still for the purpose of cracking them to afford a greater vield
of light products. By this means, the present day stills can
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be made to yield very different proportions of products accord-
ing to the market demand. As a rule, the greatest possible
vield of naphtha and burning oil is desired, and the proportion
now obtained is considerably greater than the same variety
of oil would have yielded in the past under the former systems
of distillation.

The crude products obtained from the primary distillation
of crude oils are next redistilled. The crude naphtha is pumped
into large sti heated entire by injected steam, the outside
of the still being well insulated to prevent loss of heat. A
modern improvement in naphtha steam stills is to install over
the still a higher tower through which the naphtha vapour from
the still ascends and meets the cold, crude naphtha which flows
down fron the top of this tower. The heat exchange thus
effected has proved a great economy in naphtha distillation,
By this distillation, the crude naphtha is fractioned into a great
variety of products ranging from gasoline with specific gravi-
ties between 80 and 90 degrees Baume to ordinary stove gaso-
line with specific gravities between 70 and 80 degrees Baume.
Motor naphthas with specific gravities of from 56 to 60 degrees
Baume and certain special heavier products designed as sol-
vents are prepared from a certain variety of crudes, especially
in Texas and Californi A considerable proportion of heavier
material corresponding in gravity and flash point to illuminat-
ing oil is left in the still. This is added to the tank containing
crude burning oil distillate. This distillate is similarly dis-
tilled, partly by fire underneath and partly by steam slightly
super-heated. The first products from this steam still are again
heavy napthas which are mixed with the corresponding pro-
duct from the naphtha stills, and the burning oil is then taken
off, distilled—being gauged both by its gravity and colour, and
the distillation continued until one or the other is unsatis-
factory when the residuum is either added to gas oil or returned
to lower grade stock. The gas oil distilled is usually sold for
enriching water gas, that is this gas oil is sprayed into the top
of the white hot column of coke which is being decomposed
into gas by the injection of steam below. The oil is princi-
pally broken into gases of high illuminating power. Within the




last few months, this gas oil has been applied to the production
of so-called motor spirits by distillation under pressure, accord-
ing to Burton and other systems, in one of which the hydrogen
or fixed gases obtained in various cracking processes with the
refineries are passed, together with vapor of the gas oil, through
porous, catalytic agents by which the permanent gases are so
combined with the cracked gasoline as to afford material with
satisfactory colour and odour

In the case of oils from the Petrolia, Sarnia regions, et
in Lambton county, Ontario, the crude burning oil distillate is
agitated with copper oxide during the operation for the purpose
of removing the sulphur, according to the process invented
by Dr. Herman Frasch

In distilling petroleum of the Pennsylvania type, three
methods are used, namely: The dry or destructive distillation,
the steam distillation, and the vacuum distillation
Ihe dry or destructive distillation, which causes cracking

or decomposition, is conducted by means of fire heat only

and is usually carried to coke. The process is better adapted
to petroleum which is unfit for the manufacture of cvlinder
stocks.

The steam distillation makes it possible to distil oil at
lower temperature than by the dry distillation, and is therefore

used to prevent decomposition.  The stills are of the same
type as those used in the dry distillation, except that they ar
well insulated in order to prevent the vapors from condensing
on the sides and falling back into the superheated oil.  Steam
is introduced into the body of the oil ir

the still, and the dis-
tillation controlled by fires underncath the stills

Vacuum distillation is sometimes used in conjunction
with the process of steam distillation. A partial vacuum is
created by means of a pump, thereby causing the hydro-car-
bons to distil at low temperatures. This method requires
heavier stills, and although the results are said to be superior,
the difference is not usually considered great enough to warrant
the increased cost of installation and operation

Where Pennsylvania crude petroleum is subjected to dis-
tillation, gasoline is the first product to pass over. The stream




78

starts flowing at about 75° Baume gravity, but as the dis-
tillation continues the gravity becomes heavier. Gasoline is
separated by the gravity of the stream at some pre-determined
point, which varies in different plants but which is in the
neighbourhood of 57° Baume gravity. The stream of distillate
starts practically water white in colour but darkens slowly until
the cracking point is reached, or at about 43° Baume gravity,
at which time the colour changes very rapidly.

The cracking which ensues after the normal illuminating
oil distillate has been separated, gives rise to the production
of a gasoline of unsaturated character. The different fractions
separated, namely: gasoline, normal burning oil distillate,
and low test or cracked burning oil distillate, are redistributed
in specially constructed apparatus heated by steam. The
heavy end of the gasoline fraction finds its way into the normal
burning oil distillate, and the light end of the normal burning
oil distillate goes into the normal gasoline fraction.

PRODUCTS OF THE DESTRUCTIVE DISTILLATION OF PARAFFIN
BASE CRUDE OIL OF THE PENNSYLVANIA TYPLE.

Gasoline.—This name has been applied broadly to the lighter
products derived from petroleum, ranging in gravity from 58°
Baume to the very high gravity products, 90° Baume and
over, which are extracted from the still gases by the com-
pression method.

There are two general grades of gasoline; the normal gaso-
line which exists naturally in petroleum, and the cracked gaso-
line formed by the decomposition of the heavier products.
The normal gasoline has a low iodine absorption, whereas the
gasoline produced by the cracking process has a high iodine
absorption.

The examination of gasoline should include gravity test,

temperature distillation, with determination of initial and

boiling points, and the iodine absorption.

Normal gasoline should be water white in colour, of sweet
odour, should evaporate without leaving any stain or appre-
ciable odour, and the iodine absorption should be below five




279

per cent. Normal gasoline is used, or rather should be, in all
dry cleaning establishments.

Cracked gasoline, as the name implies, is likely to fluc-
tuate in properties. Speaking generally, and of its application
to use in gas engines, it should show a low initial boiling point,
and should have a final boiling point of not higher than 350°
F. As long as these conditions are fulfilled, the lowest gravity
is the best product

Iluminating oils.-—~These oils are the products heavier than
gasoline, ranging from 100° to 250° F. flashing point.  Like gaso-
line, they are divided into two general classes, depending whether
they are normal or cracked products. The usual tests applied
to burning oils are, gravity, flash point, fire test, distillation,
sulphur determination, viscosity, colour and burning tests.

There are several grades of illuminating oils, which may
be classified roughly as follows:

i > to 47° Baume gravity, usually called Water White
burning oil (normal product), fire test 150° F. or better.

2. 43° to 45° Baume gravity, usually called Standard White
burning oil (cracked product), fire test 100° F. or better.

3. Below 43° Baume gravity, a cheaper product which
may be either normal or cracked, fire test 110° F. or better.

4. 300° F. fire test, known as 300° Oil, Mineral Sperm,
Mineral Colza or Mineral Seal.

The first three grades are ordinary kerosene lamp oils. 300°

oil is used as an illuminating oil in cases where lower fire test
oils are objectionable.

The most practical test to apply to illuminating oils is to
make an actual burning test, taking into consideration the in-
crustation of the wick and diminution of the flame. These
tests are merely comparable and require some practice in order
to judge the quality of the oil. Provided the flash is satis-
factory, the best burning oil is that with the lowest viscosity,
lowest iodine absorption, highest gravity, lowest sulphur, and
best colour.

Fuel oils.—In judging the quality of fuel oils, consideration
must be given to the following points: Safety, transportation,




280

storage, and method of application.  Naturally the best fuel oil
is the one which will do the work most satisfactorily at the lowest
cost. It would not be practical to design a set of fuel oil speci-
fications for one case that would fit every other case.

Fuel oils, from a refining standpoint, are usually the dis-
tillates heavier than burning oil and lighter than the lubri-
cating oils, ranging from 25 to 30° Baume gravity.

A discussion of the uses of fuel oils will be found on a later

page.

Paraffin oils—The lubricating oils made by the dry distilla-
tion method are generally known as paraffin oils.  They range in
gravity from 30° to 20° Baume, in flash from 300° to 450° F. by
the Cleveland open cup, in viscosity from 40 to 600 seconds on
the Saybolt viscosimeter at 70° F., in cold test from 0° to 40° F.,
in colour from pale-yellow, through red, to dark green.

Paraffin oils are usually decolorized by the sulphuric acid
treatment.

In judging the quality of paraffin lubricating oils we face
the same condition as with fuel oils, in other words, the oil
that does the work most satisfactorily at the lowest cost is the
best product from the consumers' standpoint. The ordinary
physical tests should be determined, such as gravity, flash-
fire test, cold test, viscosity, and colour, and the oil should show
no trace of acid.

Uses.—These oils are suitable for all kinds of lubrication,
except perhaps for steam engine cvlinders.

Paraffin wax.—Refined paraffin wax should be practically
water white when in the molten state, should be odourless, and
should not darken rapidly when exposed to the sunlight.

Paraffin wax is derived from the paraffin distillate, which
it will be remembered, is the heavier distillate separated at
the crude stills after the fuel oil has been cut and until just
before the coking period, at which point a very heavy, sticky,
green, asphaltic like substance known as wax tailings, distils
over.

The paraffin wax is separated from the paraffin distillate

by cooling and filter pressing. The pressed distillate is used
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for the manufacture of the paraffin oils, and is reduced by the
steam distillation method.

Uses: Paraffin wax is used to a large extent in the manufac-
ture of candles; it is used also in making so called wax paper,
for water proofing, for laundering, protecting preserves from
fermentation, in admixture with asphaltic products for making
insulating pitches for wires, for floors and a variety of other
‘ll]rllli\l".

Wax tailings.—This product of decomposition contains
chrysene, picene and other compounds formed by destructive
distillation. It is of dark green colour but darkens on exposure
to light. It is asphaltic in nature and varies in melting point
according to the care with which it is separated and later
refined.

Uses: Used for weather and waterproofing compounds, in
some cases as a flux in street paving mixtures, and as a filler
in very cheap axle greases.

Coke. — Petroleum coke usually shows the following composi-
tion: volatile and combustible matter, 5 to 10 per cent; fixed
carbon, 90 to 95 per cent; ash, from a trace to 0-3 per cent;
sulphur, from 0-35 per cent to 1:0 per cent.  On account of the
purity of petroleum coke it has found wide application in metal-
lurgical processes, in making of battery carbons

aind carbon pencils,

PRODUCTS OF THE STEAM DISTILLATION OF PARAFFIN BASE CRUDI
OIL OF THE PENNSYLVANIA TYPI

Normal gasoline.—Same as with the dry distillation.

Illuminating oils.—The vield by the steam distillation is
much lower than by the dry distillation.

Fuel oils.—Lower yield than by the dry distillation.

Spindle oils.—The lubricating oils range in gravity from 26°
to 35° Be., in flash from 320° to 450°F. (Cleveland open cup),
in viscosity from 400 to 40 seconds—Saybolt at 70°F., in cold
test from 10° to 40°F., and in colour from almost colourless to
lark red.

Spindle oils are usually decolourized by filtration through
Fullers earth or bone-black, they differ from paraffin oils in that
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for a given viscosity they are of higher Baume gravity. For
illustration, a spindle oil and a paraffin oil of the same gravity
may have the following tests:

Spindle Oil. Paraffin Oil

Baume gravity @ 60°F .......... 300 30-0
Flash, Cleveland open cup von. 420°F. 340°F.
Fire test, Cleveland open cup..... 475°F. 390°F.
Viscosity, Saybolt @ 70°F . 300 seconds. 60 seconds.

Spindle oils are used for all kinds of high grade lubrication
except steam cylinders; as high grade engine oils; for spindles
in textile mills from whence the name came, and on account
of the fact that spindle oil does not make bad stains on fabrics
whereas paraffin oils do. They find wide application as auto-
mobile oils, for which purpose they seem to be particularly
well .ulAIpl\'lL .\|)n’i.|ll\ purified oils of this class are being
used in medicine with very successful results in treating cases
of bowel auto-intoxication.

Steam cylinder stocks (oils).—These are the steam residues
from high grade crude oil, they vary in gravity from 20° to 27
Baume, in flash from 650° to 475°F., in viscosity from 350
seconds to 100 seconds Saybolt universal viscosimeter at 210° F,
in cold test from 30° to 60°F. They are dark green in colour and
contain varying amounts of asphaltic matter, depending upon
the quality of crude oil refined and the care exercised in refining.
These oils are often further refined by filtration through Fullers
earth or bone-black, which process raises the gravity and the cold
test, but reduces the viscosity depending upon the degree of
filtration. Filtered cylinder stocks may be recognized by their
transparency.

Uses: The lubrication of steam cylinders, for which pur-
pose they are often compounded with fatty oils

Vaseline or Petroleum Jelly —This is the steam residue from
selected crude oil rich in amorphous paratfin wax, which has been
refined and decolourized by filtration through Fullers earth or
bone-black. The colour is dependent upon the extent of the
filtration and varies from white to red.

Uses: Largely as a salve. It is also put on the market in

medicated forms as an antiseptic salve
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Miscellaneous.
TURPENTINE SUBSTITUTES

These products are usually intermediate between gasoline
and illuminating oil. They vary in gravity from 40° to 58°
Baume, and are more homogeneous than the burning oils.
As they are designed for paint thinners and for admixture with
turpentine, they should evaporate without leaving residues or
stains. A representative sample found in the market gave the
following tests:

Baume gravity @ 60°F. 482
Refractive index @ 60°F 14593
One drop evaporated from white paper No stain
15 drops in a watch glass evaporated in 2 hrs., 23 mins
15 drops of turpentine in watch glass evapor-

ated in . 2 hrs., 15 mins.
Initial boiling point ' 282°F
Final boiling point 126°F.

BLACK OILS,

These oils may be residues from crude oil or from distil
lates. They vary widely in tests and are cheap lubricants.
They are used on car wheels and in other places where the higher
refined oils are not necessary

ASPHALTS

I'he residues of asphalt-base oils are known as petroleum
asphalt.  They may be steam residues, dry or oxygenated
residues.  Asphalts are made also from the sludge acids resulting
from the sulphuric acid treatment of paraffin oils, or they may
be made by blowing distillates with air at high temperatures,
which converts the low viscosity oils into asphalt by the ab-
traction of hydrogen and carbon and a reconstruction of the
molecules,

Uses: Street paving, roofing pitches, water-proofing, and
similar purposes
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Use for street oiling.—In the past few years various cities
in Canada have taken up oil for oiling their streets instead of
sprinkling with water, as heretofore. This has been done
extensively in London, Ontario, and towns to follow suit are
Windsor, St. Thomas, Aylmer, Tilsonburg, Parkhill, Otterville,
Tilbury, Wheatley and Kincardine.

Conclusion.

In addition to the uses given above for petroleum products,
they are used in the manufacture of harness oils, leather and belt
dressing, greases, wool oils, soluble oils and in many other
products and other ways too numerous to mention.

Pressure distillation, which for a long time was avoided on
account of the hazard involved, has finally come into practical
use in the manufacture of gasoline from heavy fuel oils. Under
the patent of Dr. Burton, the Standard Oil Company is now
making this cracked product under the name of Motor Spirits.
Dr. David T. Day took out a patent previous to Burton's,
which combines pressure distillation with hydrogenation. By
this process hydrogen or a hydrogen carrying compound is
introduced at the time of cracking of the fuel oil and, mixed
with the light gasoline vapours formed, it then passes over a
contact or catalytic agent. These processes will no doubt
have much to do with the future development of the gasoline
industry, and it is perfectly safe to say, that as long as we have
oil, we will be able to manufacture gasoline in large quantities.

FUEL OILS.
GENERAL CONDITIONS.

There are certain oil products which must, in the future of
the Canadian oil trade, require especial consideration. Chief
among these is fuel oil. At present the situation is one of
finding a supply, especially for railroad locomotive use, sufficient
for a demand which is now not filled at all and yet is increasing
rapidly. In spite of importation from the United States it is
safe to say that the fuel oil will not be filled from the present
sources of supply. Even a large development of the oil shale
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industry, which would be most fortunate for the eastern pro-
vinces, would find its product absorbed without affording any
considerable low grade oil for fuel purposes. On the other
hand it is quite likely that a large addition to the supply
of Canadian oil may be furnished from Alberta or Saskatchewan
at any time, when the conditions would be reversed and a larger
market than now exists would be required to dispose of the supply.

DEVELOPMENT OF OIL AS FUEL.

In a previous paragraph fuel oils have been defined, as
regards the product furnished by refineries. But in all oil
countries so many products have been utilized for fuel that a
brief review is desirable of the history of fuel oil.

The use of large quantities of any oil as fuel began in Russia
when the one product in general demand from crude was
kerosene and it was obligatory to find a use for the residue
“‘astatka,” which was sold for whatever it would bring for fuel
in place of coal for the steamers on the river Volga. This was
no definite product, but simply whatever was left behind when
first gasoline and then kerosene had been distilled away from
the crude oil. From that time to this the practice of the oil
men has extended of getting rid of waste products by selling
them as fuel oil. The points of advantage of oil over coal
became so evident that the amount which could be sold as fuel
was practically unlimited provided the price was not so high
as to be entirely out of proportion to solid fuel. These advan-
tages caused the adoption of oil in place of coal in certain places
at prices far above the coal equivalent; thus, in the United
States, glass makers adopted this easily regulated fuel, obtaining
the supply from eastern refineries.

In 1901 the unearthing of a flood of oil at Spindletop,
Texas, quickly brought about its adoption by the Southern
Pacific railway, which was already using crude oil in the same
way in California not only because there was little use for Califor-
nia oil for usual refining purposes but also because coal fuel was so
very high priced. This crude oil became fuel oil, as well as
the surplus refinery products. This has always been an expedient
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for marketing a surplus until the development of refining methods
suitable for the new oil. Then the fuel oil trade again was filled
by the less valuable residues.

Only a few years ago Dr. Rudolph Diesel found that many
heavy oils could be efficiently burned in internal combustion
engines, in place of gasoline, by so increasing the compression
as to heat the oil to the point of ignition. Not all oil residues
are acceptable for this Diesel engine, chiefly because it is
difficult to feed certain thick oils to the combustion chamber
in good admixture with air. But for this it is claimed that any
oil would be satisfactory; in fact it is claimed that vegetable
nut oils are thus used in Africa, and that coal dust could be
burned if it could be properly supplied to the cylinder. As a
matter of fact very clean oils free from sediment and not so
thick as to clog the feed are desired for the Diesel engine, and
distillates are preferred. With the progress in converting one
kind of oil product in almost any desired condition it is probable
that less attention will be paid to the improvement of Diesel
engines for using heavier crudes and more will be given to the
furnishing any desired grade of fuel oil.

CHARACTERISTICS.

A valuable description of the characteristics of fuel oils in
common use was given in a lecture by Mr. W. Hamilton
Patterson, M.Sc., in the University in Liverpool in 1912, from
which the following is extracted from the Petroleum Review of
January 15, 1913.

“Since the report of the Royal Commission on Coal Supplies in
1893 there has been vast development in the world's oil resources; new oil
fields are being continually tapped. There has also been a great increase in
the production of tar oil obtained from coal, and there will probably be a
larger increase in the near future. In line with this the internal combustion
engine has made rapid strides, being constructed of ever-increasing size and
higher efficiency. An epoch in the history of internal combustion engines
was inaugurated by the advent in 1897 of the Diesel engine, which is adapted
to burn almost any variety of liquid fuel, at the same time creating a record
in efficiency, being able to transform 37 per cent or more of the heat energy
of the fuel into available work. Of no less importance are the engines of lfle
semi-Diesel type.

The chemical side of the question has scarcely kept pace with the me-
chanical, and there is much room for scientific research and investigation in
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the preparation and utilisation of fuels. There is also much overlapping and
biguity in the enclature of the various technical products which are
put on the market as liquid fuels. To begin with, there ought to be some
distinction between oil fuels and fuel oils, blfn this paper the term fuel oil will
be reserved for oils burnt in external combustion, e.g., under a boiler for the
urpose of raising steam; oil fuels, on the other hand, will mean oils utilised
ror the production of power in internal combustion engines. The term liquid
fuel may be applied in either case. Athough many fuel oils may often be
equally well utilized as fuels, there is a dilference in the requirements.
In oil }ucls. volatility is of greater importance, and the obtaining of oils which
will neither corrode nor give trouble in the cylinders of internal combustion
engines on explosion or burning. In fuel oils more vital factors are: cheap-
ness, a fairly high flash point, and high calorific value. The various liquid
fuels and their allied products, derived either from petroleum or coal tars,
are not definite compounds; it is therefore impossible to assign to these
varying mixtures scientific names. It is, however, greatly to be deplored
that, in technical usage, the same name is not applied in different parts of
the world to denote what is essentially one and the same product and vice
versa. What confusion occurs, for example, in the designation of the words
paraffin, benzine, solar oil, naphtha, etc. To add still further to the chaos
which already exists, we find specially coined trade names. Of oil fuels, the
only variety widely used for certain kinds of motor engines is petrol, but
alcohol might be used instead, provided it could be obtained cheaply enough,
and also benzol, or better still, a mixture of the two. When, however, liquid
fuels have to compete with coal for the production of power, only crude prod-
ucts, by-products or residues can be considered . The available sources of
such liquid fuels may be divided as follows:—

(1.) Crude petroleum, or residues and products from petroleum;

(2.) Tar oils from coal distillation, coking, or producer plants, especially

from_ bituminous coal producers;

(3.) Liquids or oils from vegetable or animal sources, including alcohol

and nut oils, at the present time of little importance;

(4.) Oils from lignite, peat, wood, or shale.

The last class is not very important as far as this country is concerned,
except as regards the Scottish oi{ production from shale, which amounts to
about 70,000,000 gallons per annum. This figure includes, however, a large

reentage of constituents too valuable to be utilise ordinary liquid fuel.
lﬁ\e following results have been obtained in the examination of various liquid
fuels, most o?which are available in this country, and obtainable at the cheap-
est price; the highest price in any case in this country is a little over £1-3s. per
ton, most of them, however, being cheaper. They have been examined more
particularly with reference to their use as oil fuels. The calorific values were
determined by the Mahler Bomb Calorimeter, a method which gives abso-
lutely reliable results when worked under proper conditions. The sulphur
was determined by titration of the bomb liquid, allowance being made for
nitric acid produced in each case. Carbon and hydrogen were determined
by the ordinary combustion method of elementary organic analysis. Open
tests were made of flashing and burning points, while viscosity was determined
in a special viscometer. The main figures are here tabulated:'—

Of these, Nos. 3, 11, and 14 have been found to work well on Diesel
engines, and there is good reason to suppose that Nos. 1, 2, 7, 8, 13, and 14
would work equally well. Nos, 16 and 17 have been found to give trouble
with Diesel engines.

As fuel oils, probably all the oils tabulated would give an efficienc
proportional to their net calorific value. It will further be seen that the sul-
phur content is in no case excessive. The much lower calorific values of oils

" iSee Table XIX.,
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Nos. 16 and 17 may account in some measure for the trouble they give in
Diesel engines, but there are other factors which are brought out in the tables
above.  In combustion of fuels in the bomb calorimeter, the products of com-
bustion are cooled to the ordinary te mperature of the (.nlnrlnwwr, the h\nlrukn n
of the fuel is oxidised to water, which gives up its latent heat on condensation.
There is also a small amount of sulphuric and nitric acid produced which
must be allowed for. The heat value actually obtained in the bomb calori-
meter is the gross value, while that corrected for hydrogen and acid formation
is the net value, and corresponds to the maximum ene; rgy of the fuel which
is available for the production of work in ordinary practice. It is ustonishing
how, in ordinary commercial practice, the two v lluu are confused. To
apply the right correction for the water condensed, it is necessary to know
the hydrogen in the oil (also the free water if there is any). To ascertain
the correction due to the former cause, the only absolutely reliable means
|~ to determine the hydrogen by m.\hnh an elementary analysis of the oil.
ious process, and in most cases, as will be shown below,
the hydrogen content may be assumed with an accuracy sufficient for the
purpose of applying this correction in technical work. In the table given
above the figures are given for the open flash points, burning points, hydrogen
contents, gross calorific value given by the bomb mlurnmur determination,
the water correction for the hydrogen, the acid correction in the order, nitric
acid, sulphuric acid, and the corrected or net calorific value.
In low boiling fractions of p(-nnh'um products, the hydrogen content
may reach 16 per cent. or more.

Oil burning locomotives have been in use hardly a dozen
years, but at the present time oil engines are rapidly being in-
stalled in ocean steamships and in the navy. The progress of
fuel oil consumption has been largely increased through the
invention of the crude oil consuming gas engine, which has ren-
dered oil the world's best fuel. The British Admiralty has re-
cently decided that the use of oil as fuel is of such great advantage
over coal as to warrant its adoption in the navy. The American
navy also is well advanced in oil burning.  All battleships—
the construction of which has been started within the past
half dozen years—are equipped for oil burning, either as an
auxiliary to coal or in place of coal. Oil is used as an auxiliary
fuel in seven battleships and is used exclusively in four, while
thirty torpedo boats have exclusively oil fuel. The superi-
ority of the ocean steamers driven by internal combustion
engines was largely a matter of theory up to the year 1912,
but in that year the fuel question was revolutionized by a Danish
Company operating a line from Copenhagen to Singapore,
which completed a 7,000 ton steamer, equipped with oil engines,
which was the first large steamer ever to use oil fuel. The
latter has proved to be eminently successful. Since that time

AT
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several other large oil burning steamers have been launched in
various countries.

Advantages of oil over coal asocean fuel.—The advantages of
internal combustion engines over engines driven by burning
coal are numerous. In the case of the navy the removal
of funnels increases the firing arc for a number of guns. The
proportionate energy of fuel oil over coal is considerable. The
oil occupies much less space than would the coal; hence, there
is an increase in horse power. The reduction in the number
of stokers employed results in economy, both from the sleeping
space and from the salary and food question. Perhaps one
of the greatest advantages of oil is its cleanliness and the absence
of smoke.

The United States has equipped its latest submarines with
internal combustion engines. Since the discovery that oil
possesses great advantages over coal as a fuel in warships,
Great Britain has energetically prosecuted a search for a large
fuel oil field throughout her colonies; nothwithstanding these
efforts, no large supplies have been found in any of them. Some
oil has been discovered in Trinidad, but this is far from sufficient
for the purposes required. There have been encouraging pros-
pects in Malaysia and the East Indies, but neither in India,
Australia, Japan, or Canada have fuel oil fields been developed
of large size, and it will be necessary for Great Britain to pur-
chase her fuel outside the empire unless supplies can be dis-
covered in some other places mentioned.

The largest supplies of fuel oil in the world have been dis-
covered in Mexico and Russia. When stating that the British
empire has not yielded important deposits of fuel oil, however,
we must make an exception of the Yenangyaung in Burma, mid-
way between Rangoon and Mandalay; but even this field, which
produces approximately 7,000,000 barrels per year, is not com-
parable to the American, European or Dutch India fields. Con-
sequently, it would be a great boon, not only in Canada, but to
the British empire, if a large supply of oil could be developed
in western Canada.

YT TR A - bt 1
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USE OF OIL AS RAILWAY FUEL.

On the Great Northern railway in British Columbia, oil has
been used as fuel on the locomotives for several years, and since
the installation of oil burners, no fires have been reported start-
ing from locomotive sparks, whereas previously the fires were
numerous. The use of oil in the same respect is also reported
on the main line of the Canadian Pacific railway, between Kam-
loops and Field, British Columbia. Similar results are reported
in the Adirondack mountains in New York state. Oil is also
used as fuel on the Esquimalt and Nanaimo R. R. The total
mileage on which oil is burned is 587 miles, exclusive of the
Grand Trunk Pacific railway, which proposes to adopt oil
burning locomotives on its Pacific division.

USE OF OIL FUEL FOR SMELTING.

The use of fuel oil for generating steam and in internal
combustion has been discussed quite generally in the technical
press, compared to the meagre accounts of the use of oil in
smelting. This practice, however, has been remarkably suc-
cessful in the United States and elsewhere and justifies the

following description by E. H. Hamilton in the New York
“Engineering and Mining Journal.*

“In Pueblo, in 1896, I roasted ores and mattes, using oil for fuel in Brown
O'Hara roasters and by proper adjustment obtained a perfectly nodulized
product which was in ideal condition for smelting in a blast furnace. In
another plant fuel oil was used with great satisfaction in the retorting of zinc
crusts, but the economy depended upon the whim of the sellers of the oil.
I also ran three mufile furnaces containing two muffles, each muftle 13 X 21 X 7}
in., for assaying in a copper smeltery., We used 28 gallons of California crude
oil per day of 6} hours per furnace, with good results.

The greatest advance in reverberatory smelting of recent times was the
large reverberatory furnaces which were developed in Anaconda by Mr
Mathewson while I was his assistant, These furnaces were enlarged from a
50-ft. hearth up to 118 ft.  The average tonnage was brought up to approx
imately 300 tons per day on a coal consumption of 1 to 4} of calcine.

In 1904 these furnaces were copied by Cyrus Robinson and built in Arizona
with modifications to use California crude oil, and it became my lot to make
them operate successfully., The ore was first roasted in Edwards roasters
to which were attached oil jets. Whenever the heat began to get too low
to do good work these jets were turned on for a few minutes. By this means
the roasting was maintained in the furnace. At times when there was a short
age of sulphur the length of time for oil firing was increased considerably
Many difficulties were encountered, but the application of the oil as fuel
Wis a4 great success.

1Eng. Ming. Jour., Jan. 28, 1911,
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It seems strange that the smelteries did not adopt that system in various
parts of the country, where the conditions the ore, ete,, afforded ideal
conditions for the \\urkmg of oil-fired reverberatories. The conditions which
were forced upon me were such that the silica in the slags ranged from 45 per
cent downward and the lime from 2 per cent up to 23 per cent. The physi
and chemical conditions of the constituents varied widely ulunug the time
these oil-fired furnaces were run and 1 know from three years' experience
on the coal-fircd furnaces of the Anaconda plant, that it would have been
impossible to smelt charges in Anaconda with coal which I smelted successfully
with crude oil for fuel.  From tests made | came to the conclusion that,
given the Anaconda conditions of charge (both chemical and physical) we
would have been able to smelt over 300 tons per day in oil-fired reverboratories

My experience showed that about 19 per cent 1o 20 per cent of the heat
was absorbed by the charge and about 50 per cent was taken up by the boilers
However, anyone who has been a close student of the reverberatory smelting
will know what a great r: of possibilities there are which tend to vary
these proportions and the firing of the furnaces by oil affords especially good
opportunities to study these. In our case we had 1o produce power from the
waste heat to run mines situated 20 miles away and to furnish power for a
concentrator and to run the whole smelting plant and sampling mill.

With a furnace hearth of over 100 feet in length, all at a white he.
it was possible to regulate the flames so as to obtain complete combustion,
if desired, before reaching the throat, where there was practically no CO,
All the combustible constituents of the oil were completely burned before
reaching the boilers, and in  this way an efficiency was obtained which could
not be obtained in ordinary oil-fired boiler practice.

One barrel of 42 gallons of the California oils was about equal to one

ton of best lnlunnnuu« coal. However, it must not be lost sight of that the
heavy California oils have to be kept warm in passing through the pipes,
and that a considerable amount of the steam generated in the boilers is used
to atomize the oil. A small amount of steam is also used (either directly
or indirectly) to run the oil pumps. Steam was also used to heat the oil in
various tanks. These losses of course are variable, (Iv[ntntling on many
conditions, but in our case it averaged very closely to 7 per cent of the steam
produced in the boilers. A great number of factors enter into the loss, many
nl which can be avoided by proper construction and by the arrangement and
balance of the plant, but others cannot be avoided, such as weather conditions,
etc. A great (Iml is being written about n-urlnr.nur\ smelting which is
misleading. It is only under certain conditions that reverberatory practice
is profitable

Much has been written about burners.  The point to be borne in mind
is ln “atomize" the oil and burn it in the right part of the furnace

I also dried and heated up converters by means of a small oil jet. This
for a time gave trouble as each new converter was cold and damp.  Finally
it was successful and the converters were dried and heated more economically
than by any other fuel.

On one occasion (lurm;, a scarcity of coke it became quite evident that
we would not e sufficient coke to keep the blast furnace running and,
as a shutdown was objectionable, I resolved 1o use oil as an auxiliary to replace
some coke. So far as I was able to find out, the principal difficulty previously
had been that the thick oil failed to reach the fire zone and the fire went out;
so | rigged up a temporary “hot blast” consisting of one -lml;,’n |-l;u around
which I built a temporary brick furnace and put a small oil jet under it.  This
gave a warm blast for the tuyere in which the v-|| was injected.  This gave
an ITIIF.II illustration of the action of the blast in the furnace, because we
could see the flames from the oil in two or three tuyeres on each side of the
one in which the oil was introduced. In this way we kept the blast furnace
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running several days longer than we would have been able to do otherwise,
until a supply of coke arrived
This was what | set out to do and it was certainly not done at any monetary
loss as between a full coke supply and the cost of oil which replaced it. The
question then arose as to how much of the saving of coke might be due to
warm blast and how much to the oil fired m the furnace. So | proceeded to
try the warm blast alone, but my “stove” burned out and as the manager
did not sce any immediate profit to the company the stove was not rebuilt
The only difficulty experienced was the slagging of the furnace tuyére."”

UTILIZATION OF NATURAL GAS AND ITS PRODUCTS.

The most important use of natural gas and the use
for which it is most beneficial is in domestic heating, lighting,
and cooking. In all countries where gas is found, however,
a certain  proportion of the product is used for industrial
and manufacturing purposes, particularly for burning brick
and lime and in glass, iron and sugar works, in generation
of steam, cement manufacturing, zinc smelters, etc., because
it is very difficult and very costly to store natural gas from wells
of high pressure, and the gas must either be used or wasted.
In industrial works the price of g: generally a little over half
the price charged to domestic consumers; consequently, the

depletion of the supply is generally very rapid in cases where
industrial works exist within the range of the pipe lines.

ADVANTAGES OF NATURAL GAS

People who live in portions of the country where natural
gas has never been found do not appreciate the great boon
enjoyed by the inhabitants of more favoured communities where
gas can be found by drilling or within the range of pipe lines
constructed from distant fields. The consumers of artificial
gas do not appreciate natural gas after having once enjoyed
it, since natural gas can generally be sold at a fraction of the
price of artificial gas.  One of the cheapest supplies of artificial
gas in the country, or perhaps in the whole world is in the city
of Toronto, where the price is only 75 cents net per thousand
cubic feet; but even this price is three times as much as the
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price which the people of Wallaceburg, Chatham, and many
other towns pay for natural gas.

GASOLINE FROM NATURAL GAS.

Natural gas is divided by chemists into two classes; first, a
so-called “dry gas" known and used for years as the natural
gas of commerce; and second, a gas which contains easily
liquifiable vapours, which is known in the vicinity of the oil
fields as a “wet gas".

For many years it has been known that gases could be
liquified to a certain extent. Aslong ago as the 70's J. J. Coleman'
succeeded in liquifying gases which were obtained from Scotch
shale oils. Since that time gas has been made by cracking oils
in hot retorts by the processes of Blau, Pintsch, Gray, Hastings,
Brink, Swiss Liquid Gas Company, Schneider, Williams, Wolf,
Wolski and others.? Gases thus made are commonly washed
and compressed into steel cylinders capable of withstanding
the pressures developed, and some of the companies have been
commercially successful. Natural gas has rather recently been
bottled in a similar way and sold commercially.

HISTORY OF NATURAL GAS GASOLINE.

The first gasoline in commercial quantities from natural
gas was procured in 1904 near Titusville, Pa., by Pasenmeyer
and others.?

In 1905 the vield of gasoline was further increased by chill-
ing the pipes with cold water, and from 1905 to 1909 by the
establishment of small low pressure single stage compressing
plants. Since then the industry has made remarkable strides.
Previous to the latest improvements the gas was compressed

'Chem. News, Vol. 39, 1879, p. 87.

*Allen, J. C. and Burrell, G. A. Liquified products from natural gas,
lechnical Paper No. 10, Bureau of N .

*Taylor, Frank H. Early History of Utilization of Gasoline from
Natural Gas.  Oil City Derrick, May o, 1911, p. 9.

Oil and Gas Journal, Vol. 9, May 11, 1911, p. 20. The gasoline from
natural gas industry; Oil and Gas Journal, Vol. 9, March 2, 1911, pp. 2-6.
Petroleum, March 17, 1911, Vol. 6, p. 896,
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in single-stage compressors under a pressure of 150 to 300
pounds per square inch. Then the production was run into a
tank and weathered, which process consisted in allowing the
lighter portions to volatilize and escape into the air until the
liquid had practically ceased to boil away. In this process
there was a loss of 25 to 50 per cent of the natural gasoline,
which was an absolute waste.

PRACTICAL METHODS IN NATURAL GAS MANUFACTURE.

A good summary of the methods of obtaining natural gas
gasoline from the gas is given by Allen and Burrell.!

A very complete bibliography accompanies the paper which
will give a reader access to all the literature on the subject
published up to that time.

Natural gas occurs very frequently so associated with oil
as to exist really in solution in the oil, in a manner similar to the
way carbonic acid is found in many natural springs, dissolved
in water. Just as carbonic acid, issuing from such a spring
contains all the water vapour it can carry (that is, is saturated
with water vapour) so natural gas—issuing from oil deposit,
contains all of the lighter gasoline vapours of the oil that it can
carry for that temperature. The warmer the gas when it issues
from the well, the larger proportion of gasoline vapours it can
contain. Therefore if such gases, in being piped to the place
where they are to be utilized, become cooled, they will deposit
some of the gasoline vapours as liquid, and in fact in many cases
it is necessary to provide drip cups for collecting this liquid.

By slightly cooling such natural gas or compressing it,
the heavier part of the gasoline will condense, and the stronger
the pressure applied and the lower the temperature to which
the gas is cooled, the greater the extent to which the gasoline
vapours can be condensed to natural gasoline, until finally under
a pressure of from 600 to 700 pounds at the ordinary atmospheric
temperature everything can be condensed from the gas leaving
only the gas itself, that is methane.

FAllen, J. C. and Burrell, G. A, Liquified products from natural gas,
Technical Paper No. 10, U. S. Bureau of Mines, 1912, 23 pages.
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Up to the last two years the general practice in the manu-
facture of liquid natural gas was to make the product by com-
pression of the gas in single-stage compressors operated at a
pressure of 150 to 300 pounds per square inch.! The one
product thus obtained, so-called natural gasoline was run
into a tank and weathered. I'he weathering consisted in
allowing the lighter portions to volatilize spontancously and
escape into the open air until such time as the boiling away of
the liquid had practically ceased. Thus the process involved
a loss of 25 to 50 per cent or even more.  This loss was absolute
waste, not only of power and of cost of operating the engines
and compressors but of the product itself.

The next step in the industry was to pass the waste gases
(of which only the small quantity used for power had been
utilized) from the single-stage compressor through a higher-
stage compressor, thereby getting a second and more volatile
product—a “‘wilder" liquid—which was run back to the first
tank and mixed with the first or heavier condensate. This
mixture was then again weathered to a safe degree, whereby
it lost the greater part of the more volatile product that had
been condensed in the second stage.

Recently the process has been improved another step, in
that the first stage compressor product is run into one tank
and handled as ordinary gasoline; the second stage compressor
product is run into a second tank and handled as lighter gaso-
line,! with which the heavy refinery napthas can be enriched
or enlivened

The last mentioned method of using the second stage
compressor product should receive wide recognition, and a
market for the product should develop that would be no mean
factor in the industry. Blending in the proportions of say 1 part
of the product to 4 or 5 parts of the refinery napthas makes these
heavy napthas more volatile and of greater value as fuel for
automobiles

it also greatly increases their usefulness. The

‘Liquefied Products from Natural Gas, Tech. Paper 10, Burcau of
Mines, p. 7, Irving C. Allen

*Fithian, Dr. Edwin J. The fractionation of natural gas gasoline
Natural Gas Association, sixth annual meeting, at Pittsburgh, Pa., Mav 10,
1911, Natural Gas Journal, August, 1911, pp. 16-17
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proportions to be used in blending, however, must be determined
more definitely by test.

The natural gas of this country frequently contains light
products that do not condense in the second-stage compressor,
and for which it is practicable and necessary to install, three,
four, and even higher stage compressors. These light products—
true gases at ordinary temperatures and pressures—can be
compressed and liquefied, but the liquid gases so obtained must
be handled as gases and not as oils. The mistake, heretofore,
has been made in the natural gas gasoline industry, as some
have recognised, of attempting to handle the light gaseous
products as oils and not as gases. Until the manufacturers
of this lightest third and fourth stage compressor product
recognize its gaseous nature, the absolute necessity for insuring
the safety! of the public involves certain restrictions in its
transportation, and not until the realization that this extremely
volatile liquid should be handled only in strong steel containers
capable of withstanding high pressures will it be transported
with safety.

A great deal of complaint has been made regarding the light
and volatile natural gas gasoline which has been sold in some
places near the oil fields in the United States for automobile
gasoline; but this is presumably due in large measure to an
unwise proportion in the blending of the two grades. It is
necessary to handle the liquid gases as gases and not as oils,
and the lack of this proceeding was one of the mistakes made
in the early days of the natural gas gasoline industry.

QUALITY OF GASOLINE NATURAL GASES.

Natural gases that issue from old wells in which the rock
pressure has diminished to a marked degree, contain higher
members of the paraffin series such as propane and butane
in larger quantities; and when a pressure below the atmos-
pheric pressure is applied to the wells, still larger quantities

'Dunn, B. W, Gas gasoline safety standards, Oil and Gas Jour., vol. 10,
une 22, 1911, pp. 16-18; Standards for gasoline safety, Oil City Derrick,
une 19, 1911, p. 8; Proposed regulations of Bureau of the Safe Transportation

of Explosives and other Dangerous Substances for the shipment of liquids
flashing below 20°F., Nat. Petroleum News, vol. 2, February, 1911, pp. 10-11,
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of the higher paraffins are obtainable. Gases which contain
methane only will not yield gasoline or liquid gas because
methane liquifies at pressures so high and temperatures so
low as to be impracticable, and the product if obtained,
could not be stored even as well as liquid air. Gases which
contain no paraffin hydrocarbons higher than ethane require
a pressure of 600 to 700 pounds per square inch at 35° C.
to liquefy the ethane, but at lower temperatures less pressures
are required.  Propane and butane are on the dividing lines
between liquids and gases and must be handled as such.

GASOLINE FROM GAS IN CANADA,

Charles Bisnett of Blenheim, and certain parties from
Brantford and Chatham, have erected a plant in the Onondaga
field, for the recovery of gasoline from the gas associated with
the oil. At the time the field was visited in 1912 the plant was
reported complete, but no test of the plant had been made.

The gas from the New Brunswick field has been tested and
found to be too dry for extracting natural oil and gasoline.

COMPRESSED NATURAL GAS ON RAILWAY TRAINS,

Throughout the entire line of the Intercolonial railway
of Canada, running from the Atlantic seaboard to Montreal,
the passenger cars are lighted with gas from the New Bruns-
wick natural gas fields, the product having been successfully
used in place of the Pintsch gas, with which the lights were
formerly charged.
1s is used exclusively as fuel and for power generation in
the car shops at Moncton, over 30,000,000 cubic feet being
consumed in September, while in winter months some 50,000,000
cubic feet are used. The steady and reliable heat makes it
an ideal fuel for forges, furnaces and gas engines, no time is
wasted in firing up and there is a considerable saving in ex-
penditure,

1
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NATURAL

USES GAS.

OF

The gas from the Canadian Pacific railway well at Medicine
Hat is bottled in steel flasks 8 inches in diameter and 50 feet
in length, and is shipped for use in lighting the cars. The
pressure of the bottled gas is 1,700 pounds, according to Mr.
Winter. All the cars are restocked with gas at Medicine Hat.

PRODUCTION IN THE UNITED STATES.

Although gasoline has been produced in a small way in
the oil fields of Pennsylvania for as many as 12 years, it was
not until within the last few years that steps were taken to pro-

duce it on a larger scale by making use of the enormous quantities

of waste or casinghead gas from the oil wells of the country.
The low price of gasoline in the year 1911 was a great hin-
drance to the progressof this industry, but during the year 1912
the price continued to advance. The natural gas gasoline
industry is assuming large proportions and is likely to expand

until it will become a very important adjunct of the natural gas
business. The use of casinghead gas for the production of
gasoline is one of the most important means of conserving the
natural gas supplies.!

Not all natural gases are adapted to the manufacture of
gasoline,  As already stated, some gases are dry and contain
very little if any gasoline; others or wet or casinghead
gases may not contain sufficient gasoline to make it profitable
to use them. A chemical analysis will show the expected vield
of gasoline from a particular gas and will determine the prob-
able quantity of gasoline to be obtained from any plant equip
ment, but the installation of a small experimental plant is a
better test.  This subject has been fully discussed in reports
issucd by the United States Bureau of Mines.

The following tables show that the total number of gasoline
plants in operation in the United States increased from 176 in
1911 to 250 in 1912, and that the daily capacity almost doubled

S., p. 48. (1912).

IChapter on natural gas, Mineral Res. U.
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These figures include not only the regularly established com-
pressor plants but also those which use the simple method called
the gas-pump or vacuum process.

It will be seen that the natural gas gasoline industry was
confined to eight states' in both 1911 and 1912, West
Virginia takes first place in the quantity of gasoline produced in
1911 and 1912; Pennsylvania, which was third in 1911, takes
second place in 1912; Ohio, although showing considerable
gain in 1912 over 1911, drops to third place in 1912; Oklahoma
and California are next in order in both vears and are followed
by Colorado and Illinois, which exchange places in 1912; New
York is eighth on the list

The total production of gasoline from gas in 1912 was

12,081,179 gallons, valued at 81,157,476 as compared with

30 gallons, valued at S331,704, in 1911 I'he average
price increased from 7:16 cents per gallon in 1911 to 96 cents
per gallon in 1912, a gain of 2-44 cents per gallon

The estimated quantity of gas used in the extraction of
12,081,179 gallons of gasoline in 1912 was 4,687,796,329 cubic
feet, an average yield of 26 gallons of gasoline per thousand
cubic feet of gas used

Various uses are made of the residue or exhaust gas,
which is the gas left after the gasoline has been extracted. In
ome places it is sold to gas companies and run through their

lines to consumers for domestic and industrial purposes; in

ither places it is used to drive gas engines and the gasoline plant
f the operator; but it is most commonly returned to the original

producer for field purposes.  In some places it is entirely wasted.
In the following table are given statistics of the production

gasoline from natural gas in the United States in the vears
1911 and 1912, by States:

"The only gasoline produced in Kentuck ‘ sur
sation in the pipes,

‘e

i




TABLE XX

Production of Gasoline from Natural Gas in the United States in 1911, by

STATE of
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HEATING VALUE OF NATURAL GAS.

Natural gas with a heating value approximating 1000
heating units per cubic foot compared with a manufac-
tured gas approximately 600 heating units, results in the
conclusion that the relative value of the natural gas, for
perhaps ninety per cent of all utility purposes, may be
considered as being proportional to these heating units, or some
65 per cent greater in value than the manufactured gas. The
fact that the use of natural gas, because of its lower candle power,
compels the consumer to adopt the incandescent gas burner, ulti-
mately tends to his benefit, because the efficiency of the light
obtained from this burner is much higher than the efficiency
obtained from the open flame of even a high candle power gas
Considering the sand pressure and supply this comparison of
the two gases shows even greater contrast.

Manufactured gas at prices approximately 80 cents to
$1 per thousand cubic feet to the general domestic consumer
would compare with natural gas, supplied under the same con-
ditions, at a value approximately $1.30 to $1.60 per thousand
cubic feet. The ultimate saving to the consumer who could
receive natural gas for 50 to 60 cents is apparent.,

Concerning the heating value of gas, based upon natural gas
practice, Mr. Thomas R. Weymouth' says:—

“When it is impossible to obtain a calorimetric determination of the
cating value of a particular gas, the next best procedure is to compute it
from the chemical analysis of the gas.

This, of course, is done by multiplying the percentage of cach gas present
y its corresponding heating value per cubic foot, and adding the products
I'he specific gravity is obtained by computation in precisely the same manner.
Such unnpull'll results are necessarily subject to whatever errors there may be
n the analysis of the gas, and unless this has been done with great care and
recision, a wide discrepancy may exist between the calculated and actual

ilues.

It is frequently desirable to get an approximate knowledge of the heating
ilue of a gas when neither a calorimetric determination nor a chemical
nalysis is available.

In such cases, a fair “guess” may be made from a determination of the

ific gravity of the gas, provided it is known to be a normal “dry” gas

it freakish tendencies. The specific gravity is readily determined by
cffusion method, in which the time re ]unul to pass a given quantity of
gas through a pin hole orifice in a thin plate under a given head, or pres

Journal of the American Societ Gas Engineers
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sure, is divided by the time required to pass the same quantity of air through
the same orifice and under the same pressure; the square of the quotient
being the specific gravity of the gas, referred to air For most reliable results,
the air and gas should be run at the same temperature, to avoid the necessity

of a correction for this factor

Approximately a formula for determining the heating value from the
i 1y be derived from the following considerations
i average natural gas, the combustible gases, methane
93-5 per cent of the whole, and ethylene and carbon

specific gravity
In the analysis f

and ethane, compri
monoxide comprise 0+ 2 per cent each No great error will be made, therefore,
il these two latter gases are considered as being a part of the paraffin group,
y not differ greatly in either heating

especially since ethylene and ethane «

value or specific gravity I'he inert gases may likewise be combined in one
group, of which the resulting gravity may be considered equal to 1:0. Con
equently for approximate results, the average natural gas may be regarde

made up of threc

Representing the re
chemically, as m, e, and i, respectively, the following relations will obtain

inct gases, methane, ethane, and “inerts."”

lative volumetric proportions of these gases, expressed

m+e+i=1:0 (1
H = 897Tm - 1594¢ )
G=0:552m+1-0368¢+1-0i 3

cubic foot of natural
the ga Eliminating n
f gas may be expressed

in which H= the lower heating value in B
s standard and G =the specifi

equations (1 ?) and (3), the heati
in terms of i and G as follows

H = 1H0G—~v541i4-100-6 |
T'he sum total of the percentages of the “inerts is 0-061 =i. Substituting
this in equation (4
H=1140G+6-06 5
ving equations (3) to an average gas of which the specific gravit
is 0-6135 it would indicate the gas to have a fuel value of H=890 B.Th.l
per cubic foot, as compared with a value of 8873 as computed from anal
It was fair to conclude, therefore, that for purely approximate work
1 reasonable notion of the heating value of natural gas may be obtained fron
the known specific gravity by using equation (§
RELATIVE HEATING VALUES OF NATURAL GAS AND
PETROLEUM.
\n interesting comparison can be made as to the relative
heating values of natural gas and petroleum I'he heating

values of natural oils from Eastern America range from about
17,500 B. T. U, to 21,600 B. T. U. per pound-—the average of 29
oils, listed by Poole,? in his work on the Calorific Values of Fuel
being about 19,600 B. T. 1 In Poole's list only two Canadian
oils—both of which are from Western Ontario, are mentioned
a Bothwell oil, specific gravity 0-857, B.T. U, 20410; and a
Petrolia oil, specific gravity 0-870, B.T. U. 20,530. These

unfortunately, appear to be the only two determinations avail
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ible for Ontario oils.  For purposes of comparison, the heating

value of Ontario petroleums may be taken, in round nimbers
15 20,400 B, T, U, per pound, or

gallon

), 700 B. T, U, per imperial

Direct determinations of the calorific values of Canadian
natural gases are not availabl I'he average calorific value
of forty samples' of Ontario natural gas, as calculated from
their chemical analyses, is 1,040 B. T. U. per cubic foo Cur
iously enough this is also the average calorific value given by
Poole for four samples of natural gas from Ohio, the nearest gas-
ficld in the United States

\ssuming the two measures given above as average values,
we find that 1,000,000 cubic feet of Ontario natural gas possess
he same heating value as 5,886 gallons of petroleum; or 1,000
cubic feet of gas have the same heating value as 589 gallons of
il A barrel of oil (35 imperial gallons) would have the sam
cating value as 5,950 cubic feet of natural gas

I'he present rates charged for the principal places wher

natural gas is used are shown in the following table

I v




TURAL GAS.

M Cu. Fr
Domestic. Industrial

NAME OF COMPANY Town Supplied RATE ¥

at atural Gas ( H . $.3
Dun Gas D, D ' p
First
1 tural Gas ( rtright 30c
10
hern Ontario Gas T . 30
H ! ! 45 35
M im of $15 per year for ea
M 1 400,000 for '
thern Gas ( Lond i 40
Dur M 1 October, 4 rest of (Co April1, 1914
tl r, 30 o o
Gas ¢ I ) 374
Cana m Al Gas, Light
t Power [ ' 1
rsoll Ga t Co 45 net
1 Gas ( 30
Ontario Pipe Line ¢ H 40
ver O 1 Gas ( i >
Central Pipe Line Co., 1 12
Mor Tramways F c and Gas I8 1
C
ntford Gas Ce ¥ furs SN
Chatha ) Ltd 15
D Gas (
¥ r 1 Gas ( 1
. and Ruth
Oxford Oil and Gas ( W ¢
12to .14
Pet a I \ 30 \
1e
rling Gas Co., Ltd Port ( )
Humberst
I Gas Co., Lt Port_Dover 25 15to .20
Catharine
The | ( v 1 Thorold 40 0 is
Fenwick
2 Gas and Elect t Co ar 35 gr
1 x 30 net .1
( \ 30 12 &
r . Brigd
b Co., Ltd Dre P | 0 .10t0.1
Ma o runna
Pa
The ( Co., 1 Vallacet 10 1
( Vester \ Hat 15 0
Cit 1 Hat Gas D
| 12} $1(
i I Co, 1 I $2 to 83)  per
Me Mont!
I I Col Vella atural Ga




CHAPTER X.

CONSERVATION OF OIL AND GAS RESOURC

Marked and gratifying progress has been made during
the last five or six years in the real conservation of the national
petroleum and natural gas reserves in the United States. This
has been along the practical lines of preventing large actual
waste in production and in an approach toward securing the
maximum efficiency from the marketed product. The general
recognition of the fact that both oil and gas pools are exhaustible
and that there has been in the past large waste in production
has led many bright minds to the study of practical methods

of overcoming this waste and of winning and turning into
merchantable use every barrel of oil and every cubic foot of gas
in the ground. Many wells, and, in fact, fields have been aban-
doned long before the available oil was exhausted, and the trend
of experiments and effort has been toward reopening some of
these old wells, and in new wells prolonging their lives.

In the early development of new fields in the hurry to
tap the oil stratum in advance of rival operators the overlying
oil sands are neglected and are usually cased off. In some
instances these have since been developed and some of them
have proved large producers.

On the other hand, improved methods of drilling, better
geologic knowledge and greater oil demand have induced deep
drilling in many of the older fields, some of which are now en-
joying a new lease of life, notably parts of the Clinton fields of
eastern Ohio, the St. Mary's pool in West Virginia, and some
of the Pennsylvania fields. It is considered not improbable,
according to L. C. Huntley of the Bureau of Mines, that the
mid-continent fields have a deep-sand future.

Spacing of wells is an important factor in prolonging the
life of a field, and while little in the way of regulating can be
accomplished in territory where there are a number of small
holders each working against the other, where large operators
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control sufficient acreage, more conservative practice is the
rule.

The practice of using nitroglycerine for shattering the
sand, as in the Glenn Pool, Oklahoma, has resulted in an in-
creased  productivity of many wells.  Many older wells can
also be made productive by cleaning.  Roswell Johnson,
Professor of Petroleum Engineering, University of Pittsburgh,
makes the statement regarding the mid-continent fields that
there are operators who never clean their wells, others who
ly.  The

methods of cleaning are:—the removal of accumulated sand by

do it as a last resort, and others who do it periodi

tools and sand pump; the hot billet treatment which is prob-
ably most useful where the oil carries a large percentage of
parafim; the gasoline treatment which is very useful where the
refiner owns the lease and can thus recover the gasoline; and
freshening the hole with a small torpedo.  Increased pro-
duction may sometines be obtained by using large casing.  An
interesting innovation last year in eastern Ohio gives promise of
very beneficial conservation of old oil fields in the future.
Compressed air was forced into the nearly exhausted oil bearing
sands through a well situated centrally in a group of old wells
and the increase of all the wells was marked.

Loss is often occasioned by the neglect and consequent
corrosion of casing, causing the admission of water to the oil
bearing stratum.  This cause of decreasing production needs
only the simple remedy of proper attention. In most fields
where producing wells are closely grouped, as many as possible
are pumped together from a common power plant.  But in the
high grade oil fields especially each well requires different hand-
ling. Pumping by heads is a step in the right direction, yet
it is impossible to judge the best possible time to pump and
the proper height of oil column to leave in the well at all times.
At least one automatic control device, with valves set to start
pumping upon the accumulation of a certain maximum pressure
and to stop pumping upon the exhaustion of the oil to a certain
set depth, has been tested with success, and there can be little

question as to the advisability of the use of such devices at
a great many wells,  An automatic control for the pumping of
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oil wells, savs Mr. Huntlev, governed by natural underground
conditions at each well would increase the production of dis-
tricts now being abandoned with large quantities of oil still
remaining in the ground. Such automatic devices are on the
market, but owing to the inertia of the producer relative to
trying out seemingly revolutionary methods  they have not
been given a fair trial.

I'he ideal regulation of private oil development  would
insure the same results as if, for instance, the Government should
develop large tracts of its own oil lands.  Under the guidance
ol its specialists it would thus doubtless so drill these lands as
to avoid the waste that results from private ownership in small
tracts with its accompanying competitive line drilling. Gov-
ernment wells would be so spaced as to eventually extract all
of the extractable content from oil reservoirs but without un-
necessary and undesirable duplication of wells.  This would
be conservation of capital without loss of the natural resources
imvolved,  Drilling under these conditions, and the conse-
quent complete draining of the pools, would with little question
occupy a much longer period than drilling and drainage under the
competitive conditions of private ownership, and production
from the field would thus be distributed over a much longer
periodl.  This should steady prices, since smaller quantities of
oil would be thrown upon the market in the early history of
the field, lessening the tendency to depress prices at this period,
while on the other hand larger quantities would be thrown
upon the market during the later history of the field, which
would tend to prevent the inflation of prices at a time when
the [ll'wllll’linll of the field would bhe greatly decreased if de-
veloped privately in small tracts.  The general effect would
be conservation of capital because there would be fewer wells

Concerning the prevention of the tremendous waste of oil
mnd gas, known as gushers, particularly in the California field,
Ralph Arnold and V' R. Garfias of the Bureau of Mines, say:
‘With the state of our knowledge regarding the situation of
the ‘gusher’ and ‘gasser’ strata in the developed field, there
is no excuse for the general lack of precautions taken hefore
the depth is reached at which the flow is expected. The ad-
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ditional cost of safety devices is insignificant in comparison with
the total cost of drilling, and with the amount that can usually
be saved if the rate of production is regulated. Experience
has shown that a gusher or a gasser will yield a greater total
production if allowed to flow only to a fraction of its capacity.

One of the most successful apparatus devised to control what-
a blowout preventer,

ever flow of oil or gas is encountered is
which has given general satisfaction.”
There may be some excuses for a single blow out or

‘wild"
well in a new field where conditions are unknown, but there is
seldom any excuse for a repetition of such a disaster in the
same field, for it can be prevented by proper precautions in
drilling.

In California, as elsewhere, an important problem is that
of the exclusion of the water before or after the oil sands are
reached by the drill.  The most successful method is probably
the cementing process which is used throughout the eleven
principal oil districts of the state. To prevent the flooding of
the oil sands by the waters above or below, cement is forced into
the space outside the casing in order to form a water tight
bond between the casing and the walls of the hole.

Strange as it may seem, until a comparatively few years
ago natural gas was believed by probably a majority of people
to be inexhaustible, and consequently an enormous waste of
this most perfect of fuels has resulted. This idea possibly
resulted on account of the relatively slight use and exhaustion
of the gas from some of the most ancient wells which, in fact,
seemed inexhaustible, Gas has been used from many wells
for many centuries in both China and Japan, while the region
of eternal fires in the Apsheron Peninsula on the shores of the
Caspian Sea where inflammable gases issue from the rock fissures,
was known over a thousand years ago and the fires were wor-
shipped by the Parsees

Arnold and Garfias also describe a method of drilling through
gas or oil strata to deep oil sands below which muddy water
is forced to the bottom of the well as the drilling proceeds and
this mud mixture further forced through the casing into the
porous sand stratum penetrated by the drill, thus building a

otk
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plaster wall of clay throughout the gas-bearing strata. The gas
thus excluded can be recovered afterwards by drilling shallower
wells to the upper sands.

This method of applying mud-laden fluid to well drilling
is described in further detail by J. A. Pollard and A. G.. Heggem
in Technical Paper 66 of the United States Bureau of Mines.
The statement is made that one of the greatest wastes of natural
gas is that which often takes place in drilling oil wells and that
if the well is being drilled by the usual methods the gas becomes
a hindrance to drilling and the driller regards it as a nuisance;
or the gas may be found in a field where it has little or no im-

mediate commercial value, and hence is allowed to escape into
the air without restraint. At other wells the gas is taken from
the sands through hundreds of feet of open drill hole, the last
or inner string of casing being stopped far above the gas sands,
thus leaving the lower part of the hole uncased. When such a
well is shut in, much of the gas escapes into the porous beds below
the casing and above the gas sands, and is wasted. Not only
s0, but the gas may travel through the porous beds for miles and
cause blow outs in other wells being drilled in the same vicinity.
Some of these unexpected flows of gas have been ignited, causing
injury to workmen, and burning of drilling rigs.

The mud casing is effected by drilling with the mud laden
fluid in the hole; as the drilling progresses the particles of clay
held in suspension in the fluid are forced into the porous rocks
and sands forming the sides of the drill hole and thus constitute
a gas tight natural casing. Methods are described by Messrs.
Pollard and Heggem by which a gas well can be thus cased with
mud fluid in the hole in a few hours without the slightest risk to
the workmen. It is also entirely feasible to case wells already
dry drilled that are blowing. The advantages of the method
have been fully demonstrated, and, according to the Bureau
of Mines, too much emphasis cannot be placed upon the impor-
tance of its use where gas and water are encountered; it not
only greatly reduces the danger to the workmen but effects a
large saving in the amount of casing needed and entirely elim-
inates the waste of gas while drilling is in progress. Additional
to this, the methnds offer a further advantage in that they
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absolutely prevent the contents of one bed mingling with those
of another; thus water cannot enter the pay sands, neither
can oil or salt water contaminate the fresh water of other beds.

For many years the oil driller had no use for the gas and
got rid of it as a nuisance. This practice is largely being dis-
continued, and the gas is at once utilized, or is conserved in the
ground for future use. In some cases in bringing in new wells
the pressure is so great as to at first baffle attempts to cap the
gas flow, but in no case is this believed to be impossible. A
gratifving example of the subjugation of a supposedly uncon-
trollable well was that of the Gilbert well, Louisiana, which
was successfully closed by the owners. This was one of the
greatest “wild” wells ever known. Even with the conditions
improved, McDowell estimates the value of the gas wasted in
the Oklahoma fields during the past five years to be more than
the value of all the oil produced in that time. In drilling for
oil in the Buena Vista hills, California, one gas well was opened
that wasted an estimated 35,000,000 cubic feet a day for three
months.  The final control of the well was a notable engineering
feat.

A remedy for the gas waste during oil production is possible
by proper cooperation between gas and oil companies.  Such
cooperation exists in West Virginia, Ohio, and Pennsylvania,
where the gas companics and the oil companies are generally
under the same management.  Gas can be saved from oil wells
by providing a prompt market for the gas. A partial solution
is to compress natural gas in steel cylinders for transportation
and for use on railways and in automobiles.

Since the discovery that some of the California gas is rich
in gasoline, much gas formerly wasted has been conserved on
this account.  Plugging the dry and abandoned wells is required
by several state laws and should be further extended and en-
forced.

The laws of Pennsylvania, Ohio, Indiana, and California
provide for the efficient capping of every gas well when not in
use. There should be similar laws in all states and provinces

having gas fields. If the owners emphatically refuse to close
their “wild" wells, the Louisiana remedy can be applied; that
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Blown out gas well, Caddo field, Oil City

La., USA

I'he

position occupied

by the columns of water is the site of a well which was blown out
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is, empower a state commission to close the wells and levy the
cost on the companies. In Louisiana the commission on the
conservation of natural resources, after making an exhaustive

examination of the situation in the Caddo field, recommended

I'hat the owners of the wild wells in the Caddo field be at once notified

to take immediate steps to close the same
I'hat in the event of their failure or refusal to do so, the State, through
its engineering department, forthwith take steps to bring about control of

the wells and stop waste at the expense of the owner
I'hat if it be found that through failure of the law or otherwise the State

can compel owners to bear the expense, then, in that event, the State
interest is sufficient to warrant the State in going to any reasonable exg
to close the wells at the public cost

I'he State of Louisiana has been called upon to close only
one “wild" well, for the reason that all but one have been closed
by the owners, and in this one the gas escaped from a shallow
sand, 900 feet above the supply which is used commercially

I. C. White, in speaking of the waste of gas of the West
Virginia oil fields, suggests an effective method of conserving
the gas by setting an extra string of casing in the 10 to 30 feet
of gas sand lying over the oil sand

Both gas and oil can be saved when they flow from the same
well, as is verified by the fact that this is done by a few pro-
gressive operators, who use a gas trap, which separates the oil
and the gas by the gravity method. The great difficulty seems
to be to find a market for the gas in a new oil field which has no
natural gas mains or other means of transportation at hand.
It would seem that legislation might require the wells to e
shut in until arrangements were made to bring gas lines to the
oil wells, or until gasoline plants and other means of utilization
were provided.  If applied with discretion such legislation would
work no injustice to the oil producer, as his ultimate profits
would be larger through the sale of the gas. Some prominent
gas producers have stated that every legal and legislative means
should be used to force the oil companies to save their gas,
even casing-head gas. They believe this can be accomplished
without waste.

In the utilization of gas a real conservation is being effected
by both the use of meters with consequent charge per cubic
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feet of gas used as against the flat rate, where the gas was al-
lowed to burn at all times—from thousands of burners all night

and the increased use of gas as a household fuel rather than
for manufacturing. Edward Orton wrote 14 years ago the
natural gas ought to be confined exclusively to domestic use.
A rolling mill will use from 1,000,000 to 5,000,000 feet a day.
How far will 1,000,000 feet go in the support of household use?
A house of 12 rooms, using gas in cooking range, laundry, and
in six grates, uses on an average for the year about 400,000 cubic
feet a month, or 1,333 feet a day. One million feet would
supply 750 such establishments, or what the smallest rolling
mill would use in a day would serve such a home for more than
two years. But instead of using 1,333 feet a day, the average
residence will find all its necessities met by less than one-half
the amount named. Five hundred feet will make an ample
daily supply for the majority of city or village homes—a
supply for perhaps 1,800 homes.

The constructive efforts of oil and gas engineers have been
so effective that many guides to better methods of developing
fields have been devised which will be of the greatest value
in the conservative development of new fields in Carada.
The gratifying extent to which such methods have already
been applied in the older oil fields of Canada is evinced by
the long life of these fields which reached the maximum pro-
duction so long ago.

In the following pages Prof. Roswell H, Johnson has
formulated the methods of improving the efficiency of oil well

drilling including the preparatory stages.

METHODS OF CONTROLLING GUSHERS.

The problems of shutting in wells, of which control is lost
when they are drilled in, are usually to be solved only by the
particular exigencies which arise when control of the well is
lost.

Up to the spring of 1910, the Lakeview Oil Company's
first well in the Sunset-Midway field of California proved to
be not only the greatest oil well in the United States but control
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of it was lost. The daily flow soon reached 30,000 barrels,
It destroyed the derrick, and for the better part of its life resisted
all efforts towards its control.  The flow increased to at least
10,000 barrels per day. The temporary storage made hy
damming a canyon, thus providing a lake, was soon filled, and
much oil was lost.  The flow was lessened, and finally controlled,
by surrounding the well with a crater of bags of sand, and thus
forming a pool of oil above the mouth of the well which to some
extent choked the flow. Since that time, several other wells
which will in all probability have as large a vield have been
brought in, but by exercising great care have been largely keyt
under control, with the exception of one well brought in late in
1913 by the Standard Oil Company of California, which was
carelessly set on fire, and extinguished only with great difficulty
I'he extinguishing of this well may be laid to the credit of chem-
icals—it was accomplished by the frothing process.

The greatest oil well in the world for daily output was un-
doubtedly the Potrero del Llano No. 4 of the Mexican Eagle
Oil Company in the State of Vera Cruz, Mexico. This well
produced as high as 160,000 barrels a day. By careful prepara-
tion for the contingency of striking a great gusher, the casing
of this well was well anchored before the well was drilled in and
a device for controlling it was planned by F. Lauric. This
method will undoubtedly serve for other wells of great capacity
where the casing is secured in the hole. The method is as fol-
lows:

A heavy clamp is  placed immediately under the collar of the 8-inch casing
of which there are about 1,700 feet in this well. To this clamp, on opposite
sides of the casing, are fastened 2-inch rods, hinged near the lower ends. The
upper ends of these rods pass through a clamp above an 8-inch T joint having
two gate valves. At the lower end of the T joint is a swedge bell nipple, 8-inch
to '0-inch. By means of guys, the T joint on its hinged supporting rods was
swung from a horizontal to a vertical position, bringing the bell nipple directly
over the end of the 8-inch casing. The supporting rods are provided with
threads and nuts at their upper ends and by means of these nuts the bell
nipple was forced down over the end of the casing. An S-inch pipe was
connected to the T and the upper valve was gradually closed, the oil being
thus forced through the pipe into the reservoir. The first controlling device
had been tested to only 800 pounds, for it was not considered safe to close
the well completely, A new T joint, bell nipple, and valves, tested to 2,000
pounds, were later substituted, and the well was completely closed. That
1+ its present condition except for a small leakage about the valve gaskets.
An earthern reservoir somewhat over 60 acres in extent was quickly and
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efficiently provided, but in 60 days this was filled with 3,000,000 barrels of
oil, although the flow was checked as much as was deemed safe.

EXTINGUISHING BURNING OIL WELLS.

Much helpful experience in the managing of oil fires has
been gained in the Caddo oil field of Louisiana. Well No. 6
in Section 33 near Jeems Bayou, Caddo district, Louisiana,
belonging to the Producers Oil Company, yielded when drilling
in 12,000 barrels per day. It was struck by lightning on the
afternoon of June 19, 1910, but within 48 hours the well had
been successfully extinguished. When it was set on fire, the
well was flowing through a leaky pressure valve. Drillers were
endeavoring to stop this leak with a housing when the storm came
up necessitating their leaving the derrick on account of danger
to the “greasy’ men, including Mr. James Sharp, field manager
of the Company, who were all thoroughly drenched with oil.
They had barely gotten under the water of the bayou nearby
when the well was struck. Twenty-five steam boilers were
ordered from Shreveport, brought by rail to Mooringsport,
thence by barges and towed through the shallow water of Ferry
Lake and Jeems Bayou to the ncarest spot to the well. A
temporary bridge was built over the swamp, the boilers were
hauled to position and filled with water, natural gas fuel was
supplied, and the well was extinguished in just two days, by
steam.

On May 12, 1911, a well known as No. 7 owned by the same
company was set on fire by some unknown means—generally
attributed to an onlooker who was watching the work of closing
the well. It had come in late in the day before, flowing 20,000
barrels of oil and no water. It had been closed down to 8,000
barrels a day. Four men were burned, one fatally, three bat-
teries of 16 boilers each were installed in 36 hours but were
powerless. At the end of the week, Mr. Sharp decided to tunnel
to the well pipe. A side pipe was tapped in through this tunnel
and the oil diverted through the tunnel away from the well,
and the fire was successfully extinguished.

During the summer of 1913, a large well burned for a week
at Mooringsport, La. It was finally extinguished by the use
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of steam from a battery of 50 boilers in record breaking time,
and, while the danger to the workmen was great, there were no
casualties,

The first large gas well fire to be extinguished, and the well
successfully closed in was the Maggie Vanderpool, a wild-cat
well drilled for oil by the New York Oil and Gas Company in
Indian Territory, about one mile south of the Kansas state line
and about 4} miles southeast of Caney, Montgomery county,
Kansas. It was extinguished under the supervision of Mr. J. C.
McDowell.  The well showed dry gas and was, therefore, to be
deepened in the hope of striking oil.  When deepened only 2 or
3 feet into the sand, the flow of gas developed into 30,000,000
cubic feet per day with a rock pressure of over 600 pounds.  The
gas had been packed off but the packer failed to hold the same.
A new packer was inserted and further drilling was about to be
begun when the well was struck by lightning.  An effort was
made to extinguish the fire by swinging a large steel bell with a
pressure valve over the mouth of the well, the bell having a side
connexion below the valve which was connected with a side line
of pipe and through which it was hoped to divert the gas, and
thus extinguish the fire. This was finally accomplished, although
the cutting action of the sand shot out by the gas cut the first
bell to pieces.

The most successful work which has been done lately in
stopping the waste of natural gas has been accomplished in the
Caddo parish of Louisiana where two very large gas wells have
been running wild for about five years. The first, known as the
Gilbert well, formed a large fountain in the center of a lake some
600 feet in diameter. It was extinguished by drilling a well at
an angle toward the wild well and as near as possible, and when
the producing sand was reached mud was pumped in under as
much pressure as possible until the wild well died down, and the
accumulated water and oil above it choked the flow. The other
wild well near the railway track at Oil City, Caddo parish, was
closed late in the summer of 1913 through the intervention of
the Louisiana Conservation Commission in the following manner:
I'he Commission secured the co-operation of the oil and gas pro-
icers of Shreveport, La., who raised a fund for closing in the

l
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wild well.  These producers formed a committee who drilled a
relief well as near as practicable to the wild well with the idea
of pumping water into the relief well and so flooding the gas sand
and choking off the volume of gas, thus killing the wild well.
A reservoir was constructed to hold water as a reserve supply
when pumping should begin through the relief well. This well
was drilled to a depth of 852 feet and cased to a depth of 792
feet, leaving an open hole of 40 feet for an outlet for the water
pumped through this well into the gas stratum. Forty barrels
of water an hour passed through the pump with 310 pounds
pumping pressure. Later the volume of water was increased to
180 barrels an hour, and the pressure decreased to 50 pounds
Though there was no noticeable effect at first on the wild well,
in a few days its action was considerably diminished and it soon
appeared to be entirely dead. The water left in the crater of
the wild well now settled entirely leaving the casing of the old
well exposed. The hole of the old well was closed with sand,
cement, and dirt, and no signs of a revival of its activity have
been observed.

EFFICIENCY IN THE EXTRACTION OF OIL AND GAS
By Roswell I. Johnson.

The wisest management of our oil and gas resources de-
mands (1) the production of maximum amounts with a minimum
sacrifice of human effort; and (2) the utilization of this product
with the maximum satisfaction to ourselves. These topics have
been discussed admirably in Dr. David T. Day's “Petroleum
Resources of the United States,” U.S.G.S. Bulletin 394, Arnold
and Clapp's “Wastes in the Production and Utilization of Nat
ural Gas,” US. Burcau of Mines Technical Papers 38, and in
Huntley's “Decline of Oil Wells,” U.S. Bureau of Mines Tech
nical Papers 51, and also in Technical Papers 38, 42, and 60
Fortunately these six papers are still in print and readily avail
able. Though this chapter will touch upon nearly every impor-
tant point in these valuable articles, it will deal chiefly with
those phases of waste and conservation less fully treated by
them if at all.




The discussion falls under two general heads, increased
efficiency in production and in utilization,

EFFICIENT PRODUCTION,

The present methods of producing oil and gas leave very
much to be desired. We may reasonably hope, if proper re-
search is given to the subject, that in the next decade such ad-
vance will be made as to secure the product with a decided
reduction in drilling expense, and what is more, to extract a far
higher percentage from the sands that are reached. Unlortu-
nately, current practice fails to make use of even those im-
proved methods that have been already proposed or demon-
strated.

LEASING.

The method of leasing to-day is peculiarly wasteful, for the
reason that the royalty to be paid to the land owner is a fixed
percentage. It is perfectly obvious that as the decline con-
tinues, the well must be abandoned when the producer's fraction
of the production, say seven-cighths, no longer exceeds the main-
tenance charge, although the well could still yield more than
the maintenance charge, if this one-cighth was not deducted
I'he obvious method, to correct this, is to exempt the production
of a certain amount of the product from all rovalty. This exemp-
tion should equal the maintenance cost of the well under less
favorable circumstances, such as the necessity of operating one

i two wells independently.  This varies of course from field to
field, but may be roughly estimated as $0.60 per day.  In return
for this concession on the part of the land owner, the producer
in turn should also make a concession as to the pereentage of
the royalty.  This can probably be accomplished most equitably
by limiting the increase of royalty to the time during which the
wells are larger than a standard size, as for instance, 25 bbl,
per day.

With a declineof 15 per cent a year, which is not unusual,
aud with a royalty of one-cighth, the life of a well may be
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prolonged an additional year, as is shown in the accompanying
diagram (Fig. 16).

190 ¢ - - . oy o o etp—
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Fig. 16. To show that a fixed exemption from royalty prolongs the life
of a well. Price of 0il—$1.89. Maintenance—$0.70 per well per day. Exemp
tion from royalty of $0.70 worth of oil per day. A-A'—income from well
B-B'—maintenance and royalty without exemption. C-C'—maintenance an«
royalty with exemption. D-D'—time of abandonment without exemption
E-E'—time of abandonment with exemption. D'-E'—the prolongation of
working life of well—9:6 months.
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Fig. 17. Stratigraphical Distribution of Petroleum
Production to 1913.

Tertiary 1,935,763,780 barrels. California, Gulf Coast;
Foreign except Canada.

Upper Cretaceous 42,548,025 - Marion Co.. Corsicana to
Powell Texas; Wyoming;
( rado.

Pennsylvanian 343,843,250 Electra_ and Henrietta,
Texas; Oklahoma; Kansas

Mississipian 726,815,070 - Iilinois; one.half of the
Appalachian field

Upper Devonian 540,304,235 ., One n..l-l--l the Appala-

eld.
Devonian 14,099,053 " nada
Ordovician 318,095,570 " Luna-Indiana

WELL RECORDS.

The necessity of more accurate logs of wells has been re-
iterated by every student of this subject. Indeed, inaccurate
ind inadequate logs, it must be said, are to be attributed much
more to careless, indifferent and ignorant contractors and drillers
than to any lack of appreciation on the part of superintendents
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and managers.  However, the requisites of a good log include
more than is usually appreciated, and as time goes on, more
and more complete logs are sure to be demanded. A log should
give an accurate steel tape line measurement to the top, at
least, of the most widely used key horizon in the field, and on
the top of cach producing sand. In addition it should give
the top of the water, if there is any, the bottom of the sand
and the bottom of the well.  Other desirable items are a shallow
reference horizon, a reference horizon as near as possible to the
sand, and every sand vielding oil, gas, or water, and other lime-
stones or red beds unless very numerous, for the purpose of
correlating the sands.  These figures may be obtained by strings
on the sand line, a method less accurate than the tape line but
so much cheaper as to be permissible for the less vital parts of
the log.  An improvement, within feasible limits, in logs alone

would probably save Canada 5 per cent of its dry holes

METHODS OF LOCATING.

All too many oil producers have settled down into a fatalistic
habit of thinking that the success of tests is so uncertain that
no care or skill is required in their location.  This is a very costly
blunder.  While all experienced persons know full well the
uncertainties of drilling, the demonstrable success of improved
methods in locating wells is so manifest that a neglect of geological
considerations bespeaks incompetence.  No extended descrip-
tion is here possible, but the following brief outline may arouse
interest for further study of these methods.

In locating test wells the ageof the rocksshould be favourable,
Commercial gas has been produced as low as the Potsdam
formation in the Cambrian period, and oil as low as the Trenton
formation in the Ordovician period.  There are no good theoret -
ical reasons why both should not be found in commercial quanti-
ties lower in the Cambrian.  Prospecting in the Pre-Cambrian
is not to be encouraged, though occasionally, when the Pre-
Cambrian is in some particular relation with other formations,
it has derived oil or gas from them. It must be said that in
America, however, the producer finds much more encourage-
ment in the formations from Ordovician to Upper Pennsylvanian,
and again from Upper Cretaceous through the Tertiary. (Fig. 17).
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The nature of the beds is of vastly more importance than their
age. Ideal conditions are furnished by extensive dolomitization
of limestone or beds of porous sandstone, 5 to 100 feet in thick-
ness, lyving within shales twice or more as thick again. The
shales should be grey, black, brown or greenish in colour.  White,
vellow, red, and purple shales are unpromising.  Outcrops
bearing asphalt or ozokerite (mineral wax) are indicative of the
presence of petroliferous beds, but by no means are infallibly

AN

Fig. 18.  Graph of frequency of various dips in feet per mile.  The pools
vere those in a district of southeast Ohio and northwest Virginia

safe indications  Nor on the other hand, does the lack of such
evidence condemn a region. \When drilling is not upon the
crest of an anticline, dips of less than 5 per cent are to be
preferred, but are not necessary (Fig. 18).

The expected sandstones should be at a suitable depth at
e selected point.  An adequate cover without too much
wlting is to be desired.  This requires a greater thickness in
¢ case of gas where high pressures are desirable, than with oil,
ctit is rarely wise to go to the very considerable expense of
cep drilling when the expected sand lies below 3,000 feet,
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However, other exceptionably favourable circumstances might
make it worth while, such as very promising geological con-
ditions, high price of oil, or very large amounts of land owned
or leased by the company.

Tests in new territory are best located at the highest points
of well-marked domes. In the event of the dome being un-
symmetrical in its dips, the well should be drilled toward the
lesser dips from the centre, since the dome in the sand will
not lic directly under the dome on the surface. And next,
where domes are not available, anticlines with level axes are to
be preferred. Anticlines that plunge become proportionately
less valuable.

When oil or gas has been discovered in one well, skill is
necessary to locate adjacent wells, and also to choose and secure
leases wisely, in order that there may be a minimum of dry holes
and worthless leases. The producer may proceed according

to several methods,

(1) The first of these is the method of strike. By this new
locations are made away from the discovery well in the two
directions of the strike, that is, in such a direction that the sand
is found at the corresponding level.  This can be ascertained
by learning the lay of the beds at the surface.  From this data
a map of some upper formation is prepared and when enough
holes have been drilled the convergence or lack of parallel
ness between this upper bed and this sand can be mapped and
allowed for. Then a map of the particular oil sand can be
made

(2) Method of dip.—In the event that a well has oil only in
the lower part of the sand and gas in the top, when oil is sought
for, the next well should be drilled down the dip, in order to
reach the sand where the oil occupies a greater relative thickness
of the sand.  Conversely, where the oil is within a few feet of the
top of the sand and is underlaid by water, the next well should
be up the dip.

(3) Method of streak.—The oil reservoirs have neither
uniform thickness nor great extent from side to side. Mo
frequently than not, the oil sand extends farther in one direction
than in the opposite, making what is known to the producer as

W b g = i
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a streak. In any one particular horizon, these streaks, though
variable, generally have a prevailing direction. A comparison
of near-by streaks in the same sand, or if these are lacking,
of other sands in the same field, offers some guidance. The
producer should be alert to detect the thinning or reduced
porosity in the several directions in order that the streak direction
may be inferred as early as possible. The method of streak
is also valuable in connecting up two groups of wells, each
centered around a successful test in one streak.  This possibility
should always be kept in mind when the two groups are not

separated by a distance exceeding the reasonable and common area

of the reservoirs in that sand. And again this is possible when
the producing sand is at a corresponding depth below a reference
horizon and when the gas, oil, or water of the two groups are
of similar quality.

(4) Method of inferred shore line. In fields where develop-
ment has not gone far enough to determine the prevailing di-
rection of the streak directly, an inference of some value may
be based upon the probable shore line at the time of deposition.
This requires the broad knowledge and experience of a geologist,
who, in brief, would base his conclusions on the following prin-
ciples. In general, the shore line will lie at right angles to the
direction of deepest water on the one hand, and of the dry land
on the other. The direction of deepest water is indicated by
increased thickness and purity of the limestones and the increased
fineness of the material.  The direction toward the continent
is shown by increased coarseness of the material and the greater
time interval represented by the unconformities. The present
distribution of outcrops of different ages can also be used but
with great care, since subsequent movement and erosion of
the beds introduce many complications.

The prevailing direction of the long axis of these sand bodies
or of the sand axis, if the data is not adequate for recognizing
the former) is most easily expressed by means of polar co-
ordinate paper asin Fig. 19.  The relative importance of streak
ind strike in determining the long axis of any field is well
represented, after the strike has been determined, by plotting
the angle, which the long axis of the pool makes with the strike,
s in Fig, 20,




The direction of the long axis in the same pools, showing the
origin of the common belief of N. 45° E. as the prevailing direction
in this region and yet how variable it is.

Fig. &

The deviation of the long axis from the strike in the same
pools: figures =degrees of angle.

(5) Method of proximity.—The rule of drilling next to good
wells doubtless seems too axiomatic to be dignified as a method
Yet one of the most important decisions a producer must make
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is that of leasing nearer to or farther from a discovery well of
established production at correspondingly graded prices. It
is therefore imperative that he estimate the relative values of
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Fig. 22. The percentage of the number of the same pools as broad or
hroader than the distance indicated.

different degrees of proximity. To do this we take statistics
of the dimensions of the known pools in that sand or in sands
that secem most comparable. These should be plotted in a
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cumulative curve of frequency, separately as to the long axis
(Fig. 21), short axis (Fig. 22), and for both axes of the pools,
Fig. 23.  From such curves the relative chance of a pool being
of any particular size may be calculated, and from this, after
making some allowance for the insurance of risk, a proper price
for leases at given distances from the discovery well can be de-
cided upon. Further allowance should be made, however,
for any unusual porosity or thickness of the sand in this dis-

covery well,

Fig. 23. The percentage of the number of the same pools having an

average diameter as great or greater than the distances indicated

(6) Method of pressure decline~—An unusual persistence of
pressure after prolonged flow is of the highest value as indica
ting contiguous, undrilled areas.

(7) Method of chemical analysis—When the gas from a gas
pool is dry and light, we may infer that that reservoir contains
no oil, and save curselves the expense of drilling further down
the dip, so far as that sand is concerned. If on the contrary,
the gas is heavy and oily in odour, we have strong indications, un-

less the sand is of extremely fine porosity, that prospecting
down the dip does offer encouragement. But when the gas is
intermediate in quality, rather than markedly light or heavy,
then a chemical analysis or compression test should be had.
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The results would guide the producer's further operations and
also determine whether a gasoline recovery plant is advisable.

The analysis of oil may be of use in making locations in
the following circumstances: (1) To find if two pools some dis-
tance apart may be in the same sand, as in that event, there
would be a stronger chance of production in that sand in the in-
termediate territory. (2) To determine whether a given sand
is the same as an outcropping sand showing asphalt or ozokerite.
(3) A very heavy oil at a considerable depth causes the sus-
picion as to a nearby fault or outcrop, whereas one of extra-
ordinary lightness has probably moved a long distance and has
been subject to considerable fractional filtration. It is, there-
fore, less likely to be a successful commercial proposition, as the
recent strike at Calgary, Alberta. On the other hand, it is an
indication of the general petroliferous character of the strata.

In the case of salt water, an analysis is also of value. The
nature of the salts it contains will assist in the correlation or
non-correlation of the two sands in question. It will also
help determine whether the water pumped with the oil comes
from the producing or some upper sand. But most important
of all is the fact that methane and the next four members of
the paraffin series are soluble in water to an extent of about
3 per cent, which varies of course with temperature and pressure.
We may then analyse the water for a particular sand and de-
duce from the content of methane and ethane the presence or
absence of natural gas in the same sand farther up the dip. And
if the analysis shows the higher paraffins such as propane and
butane, we should expect oil also in the same reservoir farther
up the dip. If a test hole on the side of an untested anticline
encounters water, we may by this method determine whether
another test up the dip will be worth while.

Producers might wisely urge the Canadian Government
to make a large number of comparative analyses to be used as
standards of comparison, and further, that the various, possible
malytic methods be compared with respect to their economy and
cfficiency for this class of work. In the meantime, however,
we may employ current methods. The Pittsburgh Testing
I.aboratory is prepared to test for dissolved gases in salt water.
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The Bessemer Gas Engine Co., is constantly making gas analyses,
for the purpose of ascertaining whether the quality of the gas
warrants the installation of a gasoline recovery plant.  The
method of sampling is of superior importance in ecither case
and should be done according to explicit directions.

(8) Geothermic method . —Hoefer believes, and presents some
evidence to substantiate his theory, that the increase of heat
with depth is greater over oil deposi

The Carnegic Geo-
physical Laboratory is investigating along this line. But it
must be said that the outlook for a successful use of this method
is not very promising. It is difficult to see any connexion be-
tween the isogeotherms and oil. Tt would appear theoretically
more reasonable to look for the association of gas with isogeo-
therms.  But nothing can be done in a practical way until
the whole subject has been very much more thoroughly reported
upon.

SPACING OF Wil

In the Oklahoma field half a million dollars has been spent
on unnecessary wells in two square miles.  Nearly any field shows
most extraordinary waste from too close spacing. A marked
contrast in the closeness of wells may be observed in almost any
field where one company owns a very large tract and a group of
small, competing leasers hold adjoining properties. No general
rule can be made as to the proper distance between oil and gas
wells.  For each sand, the producers must watch closely the
results of wells drilled later among the older wells.  Since it is
the common practice to lease in blocks or multiples of blocks of
ten acres which equal 660 feet square, it is wise to put oil wells
at this distance of 660 feet from each other, if this is approxi-
mately the distance that would have been selected for other
reasons. There is a strong tendency to observe this distance among
mid-continent and lllinois producers at the present time. In
California, they still drill closer than that ordinarily, because of the
large size of the wells.  And in the Appalachian field the leases
are so irregular in shape that there is less incentive to conform
to this particular distance.
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Gas wells may be spaced at much greater distance, 1,320
feet being sufficiently close.

When wells for either oil or gas are drilled on a very large
tract of land and so the off-setting of neighbour's wells is'not a
consideration, there is a more economical arrangement than the
the old one of locating the wells in straight lines crossing each

other at right angles. By a staggered, or quincunx arrange-
ment, all of the given area may be brought within closer range
of some one well, as is shown by Fig. 24, Unfortunately the stag-
gered arrangement is seldom feasible on smaller leases held by
competing producers.

Fig. 24, To show rectangular versus staggered arrangements of wells.
Ihe area in the small square is farther from the wells than any point in the
wggered arrangement.

On these small leases there is generally a well located in
cach corner.  Between these corner wells, other wells are dis-
tributed at a distance from the property line equal to the dis-
tance at which the neighbour’s wells stand back from the line.
However, it is by no means advisable to put in as many wells
between the corners as the neighbour does.  Very frequently a
conference between two neighbouring producers will lead to an
acrcement not to drill an additional well between the two that
may be already producing along a 1,320 foot side.  (See pp. 240-
220 Whereas, without such an agreement, one of the pro-
ducers might drill in between, which would nearly always lead
s neighbor to meet him with an offset, though it would be to
the ultimate interest of both not to drill these accessory wells.
I'he same situation arises inevitably on all sides of a lease. A
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producer should always ceck to enter into an agreement with
each one of his neighbours, to the end that their wells may be as
near 330 feet back from the line and as near 660 feet apart along
their lines as each will consent to.  This is, of course, if 660 feet
has been decided upon as the best distance for that particular
sand and depth.

Table XXI gives the territory lost if one does not offset in
the most familiar situations that arise:

TABLE XXI.
Offsetting.
200 ft. | 150 f1
from | from
| line | line

Acres

Along the long side of an eighty:—
1, 5 wells meeting 8 on the side of 4 tens loses

2, 5 wells meeting 6 on the side of 2 forties loses. . .
3, 4 wells meeting 5 on the side of an eighty loses. ..

|
|
|
| 1:69

.00
l K8

Along the side of a forty:—
Case 4, 3 wells meeting 4 on the side of a forty loses. . .. 24 42
Case 5, 3 wells meeting 4 on the side of 2 tens loses. . . .. 13
Case 6, 2 wells meeting 3 on the side of a forty loses... 1-30 2.

The method of ascertaining the lost area is to draw lines
on the map midway between each line well and its two opposing
line wells, if one is not exactly opposite. This is done by drawing
circles with cach well in question as a center and joining the
points of intersection with a line. These lines then make tri
angulars with the lease boundary showing areas lost or gained

The area of the lost territory thus outlined must now Ix
computed as well as any territory which may be gained from th.
neighbour.  This may be done by making this construction on
cross section paper, counting the number of squares or fractions
of squares included in the area. A more exact method is 1o
compute the area of the triangle by the well known fornula of
the base times one half the altitude. In the event that the ar
is polygonal instead of triangular, it is divided into triangles and
the area of each computed and added together.

In unusually shaped leases, it is well to plan several 1
thods of placing wells.  If the cost of wells, the price of oil, ar
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the royalty are fairly constant, it is quite possible to construct
tables showing how much production to the acre the lease must
have to warrant the drilling of a particular extra well. The
tremendous loss occasioned by the cutting up of an oil or gas
pool into many small holdings will be discussed later under the
head of large versus small companies.

In fields where the dip is high, such as islikely to be the case
in some of the new fields to be developed in Alberta, it is better
to have wells drilled closer along a lease boundary, paralleling
the strike and less close to one paralleling the dip, as the inter-
ference of well with well is much less in the former case.

DEPTH TO WHICH WELLS SHOULD BE DRILLED.

This is an extremely important consideration, second only
in importance to the selection of the location. And as regards
depth, as in the case of locations, geological knowledge and skill
are necessary. Quite commonly the tradition is established in
a field that it does not pay to drill below a certain “‘farewell
sand.” In some instances this decision has been a wise one,
but all too frequently it has been the result of ignorance of the
formations below, and has resulted in the premature abandoning
of thousands of wells. Before any test is drilled, the producer
should investigate the formations he is likely to meet, so as to
have some idea of the depth. This advance knowledge is also
useful to him in drawing up the drilling contract, and in deciding
on the method of drilling and the size of the hole. A good illus-
tration of the losses occasioned by loose work in this matter is
that of thg Cherokee Nation, where most of the early wells were
stopped at the Bartlesville sand.  Whereas, only 150 feet deeper,
more or less, depending upon the location, there is another sand
distinctly worth while, and to which new tests now extend, and
to which old wells, about to be abandoned, are being deepened.
\nother illustration, also in Oklahoma, is offered by the region
from Owasso, to the Arkansas river, where it is quite probable
that some producers have stopped wells at the Pitkin limestone,
mistaking it for the Boone limestone or the Mississippi lime,
which is not very much deeper, and is yet distinctly worth drill-




ing to. The Bridgeport, Hlinois, pool is another instance where
the early unsuccessful tests were almost all discontinued at too
shallow a depth, many of them causing the surrender of leases
that have since become productive. The most frequent cause
of too shallow drilling is the indifference paid to the dip by drillers
or producers who have come from older fields, where the dip is
A well was unwittingly

so slight as to be ignored by them.
could not have reached

started at Boulder, Colorado, that
the producing sand till a depth had been reached more than
twice that of the producing wells of the North Boulder pool
In most fields the geologist can predict the age and general
nature of the strata to depths exceeding that feasible for drilling

One should take care to drill through the whole of the oil
sand, for occasionally the shale which seems to underlie the sand
be merely a break of a few feet of shale with

may in reality
Even though a lower pay is not ob

additional pay beneath
tained, this pocket is sometimes valuable to receive sand and
mud which otherwise would accumulate in the hole and reach
up to the level of the perforations and greatly interfere with the
pumping later.

However, in the event that the oil is found under very high
pressure, the driller needs to be particularly careful in penctra
ting the sand, inasmuch as any underlving water will rush in th
than the oil and in some instances drown i

hole more readily
it is best to let the well

out. In these cases of high pressure,
flow until the pressure is reduced, when deepening can more
safely be continued.

But where the contents of the pool are not under high pre
sure, because relieved by neighbouring wells, there need be no
such fear of water. Fig. 10 shows how desirable it is to dr
through into the water sand, since such a well, while pumping
some water, also pumps an increased amount of oil.  This haj
pens because the removal of this water leaves a funnel shap
depression in the top of the water sand and in the bottom of tl
oil sand which invites, as it were, a more ready flow of oil in
the hole, both by means of the gradient established and by cor
tact of the oil with the less viscous and more casily flowis

water.  This method of purposeful deepening of oil wells in
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the water sands is patented in the United States, but not in
Canada.
NEGLECT OF SHALLOW SANDs,

We have in the history of many fields a later development
of a shallow sand that was passed through by early operators,
being considered too insignificant for production, or because gas
only was sought at the time. There have been many instances
in Oklahoma where oil has oozed slowly fiom some shallow sand
around the casing to the surface. Such a sand has in nearly
every instance, later proved worth while when properly shot,
It is remakable how shooting has made sands productive which
at first seemed disappointing

Unless absolutely necessary, the operator should avoid
drilling test holes by the rotary method, as in that case he gets
poorer logs, and may pass through a very fair oil sand without
detecting it, because of the weight of the considerable quantity
of mud and water which hold back the oil and gas.

PUMPING

I'he best results in pumping, after the pressure has declined,
is obtained by frequent, intermittent pumping rather than by
prolonged, occasional pumping. In wells of reduced pressure,
one of the principal factors to bring the oil to the hole is gravita-
tional seepage, and of course this cannot be effective when the
oil stands high in the hole unless the main mass of oil pay extends
higher up the dip.  Devices for automatic pumping, controlled
by the accumulation of the fluid, have not as yet been successful.
\ mechanical turning on and shutting off of power would be
juite feasible, if the pumping were by clectricity or compressed
ir, but is next to impossible with the common steam or gas
engine powers of to-day. Producers should appreciate the great
cconomy of pumping several wells by one power.  All too fre-
quently the installation of multiple powers is too long delayed.
\We can anticipate with the improvements time will bring, im-
woved powers that will not only pump a larger number of wells,
it will also pump from greater depths,
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MORE EFFICIENT EXTRACTION,

It is customary at the present time to continue pumping in
the usual way till the receipts have fallen below the maintenance
charges. Then the well is abandoned without any additional
efforts to get the last of the oil.  If we caleulate the amount of
oil per acre from the porosity of the sand, we find that the amount
actually extracted is considerably less than 50 per cent in the cas
of firm sandstones, and even in the loosest sands is seldom more
than this. In the aggregate this loss is staggering.  The time
has come when we should make a determined effort 1o obtain the
unreached oil.

The first step in this direction is doubtless a more careful
conservation of well pressure, as it is this which is especially
effective in driving the oil to the hole. To thisend, it is advisable
to equip all drilling holes where high pressure is expected with
proper casing gates or well cappers. By this means a sudder
strike of oil or a prolonged flow after a shot may be piped intc
the tank without that occasional long and useless gushing over

the derrick.
The discharge from the flow line should be into a gas trap

because it is unwise to let the well pressure decrease mpi«“\ v I
because this gas is unusually rich in recoverable gasoline.

It is desirable to tube the well early with the perforation set
low in the sand, for this does not seriously reduce the production
and it has the merit of keeping the pressure of the gas in the
upper part of the sand in place, where it is valuable for its pow:
of expulsion.  From the gas trap the line should go to a covere
tank. This, if other circumstances, such as aridity, favour it
use, should be of iron instead of wood, for the greau
tightness. The vapour also from the top of such tanks should 1«
piped to a gasoline recovery plant.

When flowing has nearly ceased, equipment for pumpis
is put in. It is desirable to have the pump high, so that the «
enters the perforations in the gas anchor a little above the t
of the sand while the pressure is such that the oil is forced in
the hole far above the level of the sand.  The casing head shou
be kept closed at this stage, so as to save pressure.  Care shoy
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be taken not to pump after the oil has been pumped down to the
perforations.  When production has dwindled, after applying
this method, and the pressure is found to be low, the perfora-
tions should be lowered helow the hottom of the sand, if there is
no water. Or if there is water, then they should be placed
partly below the level of the water.  From this time on, pump-

ing should be at frequent intervals, so as to keep the level of the
fluid low. It is quite true that this increases the paraftining of
the sand, but it is necessary to get the full eficet of gravitational
seepage, and the paraffining of the sand face will be very much
less than it would have been carlier, when the pressure was high.
I'he casing head can now be connected with the gasoline re-
covery plant.  But the gas should be pulled upon only slightly
it first, then gradually more and more till as high a vacuum is
attained as is feasible.  Then in turn this method will also be
ibandoned as too unproductive.

There will ordinarily be little trouble from paraffining until
the perforations have been set low. After this when the pro-
duction is considerably reduced, it is desirable, after as much
cleaning as is necess:

ary, to treat the sand face with an electrie
well heater for 100 hours. In case the producing company
consumes its own product, it would he advisable to follow
the heating with a naphtha bath

When production has reached an unprofitable point, the
well should not be abandoned, but held in reserve until the
whole pool can be brought under the management of one great
company or of several co-operating companies.  Only by con-
certed action can the next effort by the water flush method be
used to extract the remaining oil.  Water should be turned down
the well situated at the lowest point of the sand. It can be
gotten either from one of the shallow sands or else introduced
from the surface. This should be run in fast enough to keep
the hole filled up, in order to have a good head and correspondingly
rapid penetration.  Then an adjacent well should be given test
pumpings, if not regularly pumped, until the on-flow of this
vater increases the oiloutput.  After a period of much improved
il production, it will yield more and more water in ever increas-

ing proportions.  Then when the amount of oil is no longer in
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paying quantities, this well in turn should serve as a point of
entrance for water In this way, the oil is gradually flushed
up the pool to the highest wells,  When only these highest
are producing, discontinue introducing water at the lowest
wells, so as to prevent the oil being washed by the water g

AL A

Fig. 25. Upper. Showing the accumulation of the oil in the lowe
of the sand as it becomes drained.  The oil becomes dependent upon
tion for movement to the wel \s it lattens out, the gradient becomes ke
the movement declines. 4, shale; 5, water; 6, drained sand; 7, oil

Lower. Showing the effect of deepening the well into the water

1 causing a flow of water to the well and a funnel shaped depre

in the water surface, which increases the low of oil to the h
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the dip past these wells. Theoretically, it would scem wise
to keep the wells farther down the dip open, so that compressed
air could be forced in. This air, bubbling through the water-
filled sand ought to disengage some oil that the moving water
alone could not dislodge.  The accumulation of the air in little
domes and pockets in the top of the sand would dislodge oil
that had been retained there, so that it would move on up
the dip to the pumping wells. Whether this compressed air
system will warrant the cxpense, only actual trial can prove
But judging from the outcome of laboratory experiments, the
prospect is promising

CONCENTRATION

The relative economy and efficiency of large and small
producing companies is a matter of great interest and impor-

tance. The following theoretical considerations, as well as
actual practice, all point to the overwhelming advantage of
large units of capital and management. The advantages are:

1) Access to a much larger percentage of well records
in the vicinity.

2) Ability to employ more eficient and more  highly
specialized men.

(3) The considerable reduction in the number of offsets
to be drilled.

(4) Ability to connect up the largest number of wells that
cach power is capable of pumping.

(5) Economy in labour, by having one pumper tend several
neighbouring powers,

(6) The more continuous  utilization of the plant  and |
cquipment, such as pulling machines, for instance

(7) Saving in time and teaming by maintaining carefully
distributed and well stocked store houses

(8) The ability to install a gasoline recovery plant, be-
cause of the company’s control of the necessary number of
cighbouring wells,

9) The conservation of pressure and the use of water 1
ishing can be more frequently emploved when the whole i
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pool is owned by one company, or at most, by but a few com-
panies whose managers could easily reach an agreement,
which would be difficult were there, instead, many small leasc
holders.

9) Important experiments can be tried, such as testing
the relative merits of competing methods and materials.

10) Economy of surveying.

(11) By holding several contiguous leases, instead of a few

scattered ones, a large company may “feel out,” from established
production, location by location, relatively unhampered by
property lines.

(12) By holding several contiguous leases, the large com-

pany will far less frequently be forced to drill according to the
terms of the lease, before the needed information is in hand

(13) The logs in a large company are nearly always more
carefully recorded and are always available. Whereas, among
many small companies, there are invariably some who keep
very poor logs or hold them secret, and in some cases there are
some who even falsify their records. By means of this fuller in-
formation, casing requirements and the proper depths of tests
can be anticipated, sometimes saving an unnecessary hole
or preventing the premature discontinuance of one.

(14) Lower prices and better quality in supplies are pos
sible when purchased in large lots

15) The economy of a large company drilling its own
wells without letting them out to contractors. Or, if because
of the difficulty of getting a competent superintendent of drilling
the company decides to contract after all, this can be done at

far cheaper rates than ordinarily, from the circumstance o
there being many wells close together in one contract

16) A lessened danger from premature flooding by wate
from improper casing or plugging. Also less gas waste by st
irresponsible or incompetent neighbors

INTEGRATION

I'hese foregoing reasons apply to the greater efficiency
concentrated or large producing companies I'he followi
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considerations indicate the higher efficiency  which  results
from the integration of the industry, that is, the bringing under
one management of the various successive steps in the oil and
gas industry, such as production, transportation, refining,
and distribution.

(1) With intergration, it would be possible to store oil
in relatively few central, large, steel tanks, when otherwise, the
oil would deteriorate more rapidly in numerous small, and
more leaky tanks.

(2) Gasoline recovery plants, installed for handling gas
from wells, might also. recover gasoline from the pipe line
company's storage tank vapours

(3) By controlling, to a certain degree the rate at which
wells are drilled, the danger of overproduction may be reduced,
and at the same time, the production may be better adjusted
to the needs of the refinery.

(4) The oil and gas business should be in the hands of the
same company, as otherwise the one sided eagerness of the oil
producer may not only lead him to waste vast quantities of gas,
but also renders the search for gas more ditficult and expensive
on the part of the gas company.

(5) Pipelines and laterals can be planned in a more sys-
tematic and foresighted way. Competing lines to a small pool,

which in a year or so would barely supply even one of the lines,

could thus be avoided.

(6) Waterand fuel for pumping and drilling can be cheaply
supplied from the nearest available source.

(7) The guarantee of a regular production for the refinery
makes for greater economy and efficiency there as well as in
the marketing of the oil.

As a partial off-set to these advantages of both concen-
ration and integration, there are the following five foes to effi-
cieney in all large scale business

1) Unwarranted favoritism in employment and promotion

2) Slacking up, because the personal interest is less keen
nd vital.

3) The temptation to sacrifice the interests of the company

v those of officers, superintendents and foremen.
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(4) Jealousy among departments or divisions of the com-
pany

(5) A clique spirit that tends to advance the men already
with the company, when sometimes new and valuable men from
the outside are needed

These difficulties are not necessary, and can be overcom
in a large measure by a high degree of executive ability on the
part of the management. In practice, the losses from these five
causes are evidently less than the gains, because, as a matter of
fact, the large, integrated companies are constantly buyving more
properties, so that the percentage of leases held by great con

panies is steadily increasing

WISER UTILIZATION OF OIL.

Once the petroleum is pumped to the surface there is ver
little preventible loss, other than thatin casing head gas and by
evaporation, both of which have been already discussed. Yet
there is one very serious loss of a different and wilful type—th
burning of good oil for inferior uses. For instance, it is commor
to burn a grade of oil under the boilers that is capable of beir
refined into lubricating oil, and which may even carry a fa
percentage of gasoline, kerosene, and paraffin.  Doubtless
California, where coal is scarce and oil inferior and plentiful
this is justifiable. But to burn the residuum of most Canadia
oils except for specific purposes, would be a lamentable use 1
make of a product that would be worth so much more in tl
future for higher purposes. When an oil is to be used for 1
production of power, far greater efficiency can be had by tl
internal combustion engine, of either the carboretor or Dic
tvpe. The following table from Oliphant, as quoted in We
cott's “Handbook of Natural Gas” is conclusive
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Average amount of natural gas required to operate gas
engines or for steam engines where natural gas is used as
fuel under boilers, in cubic feet per indicated H.P. per hour.

T'vpe of Engine. Gas, Cu. Fi
Large natural gas engine, highest type 9
Ordinary natural gas engine. .. ... 13
I'riple expansion condensing steam engine 16
Double expansion condensing steam engine 20
Single cylinder and cut-off steam engine 10
Ordinary high pressure, without cut-off, steam engine 80
Ordinary oil well pumping steam engine 130

CONSERVATION OF GAS.

The most serious cause of the waste of gas is that by the
oil producer who is not himself a distributer of gas and who, in
his eagerness for oil, is ruthless in its wast Only four vears
ago in Oklahoma gas wells sent into the air more than 10,000,000
cubic feet a day, just because operators wanted to get rid of it,
so they could get their oil out This should be illegal No
operator should be allowed to enter a gas sand unless without
casing it off promptly, orhaving legitimate means of using it
himself.  If the gas of a shallow sand is of too low pressure to
ell to the gas company, he should nevertheless be forced, with
rare exceptions, to save it by installing pumps to lift it to the
necessary pressure to put it in the line

I'he escape of casing head gas should also be prohibited
with a few exceptions

\nother cause of considerable waste is the current habit of
blowing the water off gas wells. This sacrifices too much gas,
ind if the gas is being sold so cheaply that the operator cannot

fford to pump off the water or blow it out through a small
mer tubing, then the price of gas must be lifted to a point where
¢ can.

Still another disastrous procedure is to call upon the wells

r a very high percentage of their capacity, owing to the danger
flooding with water. In my opinion this is quite safe with
ertain wells that are well up the dip, but for other wells, already
reatened with water, it is distinetly unwise
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It is of course imperative that the government should insist
upon all abandoned gas wells being plugged so as to protect the
gas sand from water from other sands, and also to protect coal
mines from gas from abandoned wells.  All too often gas sands
have been abandoned because their pressure was no longer ade
quate to put gas into high pressure mains. These wells, still
containing much valuable gas, will produce under a vacuum,
after their own pressure is entirely gone.  The very slow decline
of wells being treated in this way, near Pittsburgh, is remark-
able. Gas is thus brought into the gas sand proper from the

be unpro-

surrounding sand of low porosity that would otherwise
ductive.
WISER UTILIZATION OF GAS,

Gas is so wonderfully well adapted to the household needs
of cooking, lighting, heating, and for small gas engine power
units, that its use for inferior purposes is to be deplored. Yet
in many oil fields we find flambeaux one or more feet high burn-
ing night and day. And staggering quantities of gas are being
burned in smelters and mills at prices ranging from one-fifth to
one-tenth of what it commands for household purposes. Even
in the home it is sometimes used in the very wasteful and inade-
quate fan-tail burner. The following data quoted from Oli-
phant in Westcott's “Handbook of Natural Gas" shows how
vastly superior is the mantel light.

““Where natural gas can be had at 25 cents per 1,000 cubic feet and 50
candle power can be obtained from the consumpiion of 2§ cubic feet per
hour with a mantel, the cost per candle ‘x)\wr per hour is but-00125 of 1 cent

“In an ordinary Argand burner with chimney it will give about 12 candle
power in consuming 5 to 6 cubic feet per hour. If consumed in an ordinary
tip, 7 to 8 cubic feet per hour will yield 6 candle power. All natural gas has
not the same illuminating value. In some districts it carries a small |

centage of heavier hydrocarbons, which add much to its illuminating
properties.”

It would therefore seem reasonable to prohibit by law the
selling of natural gas to one consumer at less than one-half the
price paid by another consumer, also to prohibit more than a
certain fraction of capacity of the well to be taken, during the
early life of the well. But to prevent undue hardship, such a
law would have to go into operation very gradually.
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The notoriously unscrupulous waste of gas when burned on
flat rates indicates the need of selling all gas by the meter. In
fact, gas is generally sold so much too cheaply as to offer no
incentive for economy on the part of the consumer. Bearing in
mind the relatively small quantities of gas in the ground, and
the comparatively short time it will last, it would seem best for
the state to fix a minimum price. In any event, gas companies
should never enter into a contract with a consuming city to

furnish gas for all time at the same rate. In later vears it will
be only just to pay a higher price for the gas, as it will have to
be piped farther and as the supply begins to dwindle the percent-

age of successful wells will be smaller and the wells themselves
will be smaller.
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APPENDIX.

FESTS FOR PETROLEUM, AS SUGGESTED BY THE INTER
NATIONAL PETROLEUM CONGRESS!

SYSTEMATIC METHODS OF TESTING PETROLEUM PRODUCTS,

At the International Petroleum Congress held in Bucharest, in 1907, a
preliminary scheme of testing was offered for use, until a commission appointed
at that Congress could establish more satisfactory international methods

I'his Commission reported a number of tests at a meeting in Vienna in
1912, which were adopted by some of the countries present and not by others.

The following scheme of examination of petroleum products is a trans-
lation of the tests adopted by the International Petroleum Commission, to
which have been added some additions and criticisms of the methe
in the form of footnotes supplied by Dr. Day

proposed,
It simply represents progress
in the direction of uniform testing methods

1. The Opour of an illuminating oil is not characteristic as to its illumi-
nating value.  If a test (should) be considered necessary, it should be made by
shaking (about) 100 cubic centimeters of oil in a bottle of 200 cubic centi-
meters capacity, with a clear width of neck of 18 mm., at a temperature of
ibout 20°C, for a minute, (and then noting the odour)

IL. The test for CoLour and FLUORESCENCE of an illuminating oil is
matter for future agreement T'he test for colour is to be made with a colori-
meter, using standard glasses whose colour value is to be determined by com-

parison with normal liquids vet to be agreed upon.  Before testing the ¢

the petroleum must be filtered through paper
HL  SeeciFic GRAviTY is to be determined by the usual methods (offi

tally standardized thermo-arcometers, pyenometers, Mohr scales, areo-

weters for small quantities, alcohol floatation process) according to the nature
ind quantity of the material and the accuracy desired.  The standard tem-
perature is fixed at 15°C,, the unit of weight to be water at +4°C., and the
pecific gravity to be reduced to vacuum I'he determination of specific
gravity may be made at higher or lower temperature and reduced to the normal

iperature at 15°C,

by means of coefficients of expansion to be determined

v each country for its own petroleum, provided only that the specific gravity

loes not lie so near a limit that errors could thereby occur.  In this case the

letermination must be carried out at 15
i

OF at a temperature very near to

I\ In case the determination of Seectric Viscosiry is desired, it is

ccommended to use the Engler viscosimeter modified by Ubbelohde for il-
ninating oils (described in Post, Chemisch-technische Analyse, Vol. 1, part
p. 312, and in the periodical *Petroleum’—(Berlin)—1909, IV, No. 15,
» “Moniteur du Pérrole,” 1909

Translated from the German by Dr. David Day and Dr. Frederick § arter. Some

ts ). Day are also added as footnote
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\ I'he determination of the Frasu Porxt of illuminating oils is to be
made in the Abel-Pensky apparatus

Exportation and transport regulations in the different countries are post
poned for further deliberation

The rules for the determination of the flash point of illuminating oils
whose flash point is higher than 50°C., will be based on experiments still 1o

be carried out

VI, CoLp Test Fresh samples must always be used, and not sucl
as have been previously cooled off to a lower temperature for any considerable
time. Testing is necessary only when precipitation might be harmful in the
use of an illuminating oil.  If on cooling a sample in the test glass precipi-

tation or solidification is observed, then the determination of the cold t
must be carried out according to the method recommended for lubricating
oils. The freezing point of the distillation residue left from illuminating oil
at 275°C. may also be determined. Due regard is also to be given to changes
noted during the cooling

VI The FractioNar DistiLLaTion is effected in the Engler bull

according to the continuous method Compare L. Ubbelohde, “Mitteilung
aus dem Koniglichen Material-priffungsamt’ 1909, p. 261 and “Moniteur d
Pétrole” 1908, pp. 280, and 282 I'he height of the barometer is to be giver

and, by making a test with a thermometer of equal dimensions, a correctior
for the emergent mercury filament to be made. The condenser tube mus
be entirely dry. The boiling point is that point at which the first drop fall
off from the exit tube of the Engler bulb

I'he limits of temperature within which the distillates are taken off must
be divisible without remainder by 25

Ordinarily the fractions are measured volumetrically, the residue, boiling
above 300°C. and remaining in the retort, being weighed. For more exa
investigations, the weight of the distillates and of the quantity used is deter
mined

VIIL.  IeeomiNaTiNG Power.  As the unit of measurement of illumi
ating power the Hefner amyl acetate lamp is used. For changing from th
unit into other units, the tables published by the “Verein der Gas und Wa

fachminner” are used

For exact photometric determinations the grease

Unut ] 1 I I
Hefner 1 %33 s o1
Vereins 1-2 1 14 1o
English 114 )3 104
10 tane lamp 10 916 9.6 1
Carcel 10:80 9.0 )
spot is not appropriate. It is necessary to use the photometer of Brod!

or Lummer, or other modern apparatus
T'he illuminating power of an illuminating oil does not depend sole
on its composition, but most particularly upon the construction of the la

tter to take the temperature when the first drop falls from the condenser
f from the exit tube of the distilling bulb.

It is be
t

frequently th

is occurs re a drop falls
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and (the) chimney used to determine the illuminating power. For these
tests (of illuminating power), the following points must be observed :—

The size of the burner, of the chimney, and the distance from the edge
of the burner to the level of the oil before and after the experiment must be
given.

Before the experiment dry the wick (for two hours) at 100°C. (212°F.),
then plunge it at once, warm, into the lamp oil, and let it soak there for an
hour. The top of the wick should be trimmed with care by means of scissors
until an even flame is obtained.

The duration of the combustion should be in general six hours. In partic-
ular cases an appreciable longer duration of combustion may be used.

During the first quarter of an hour turn up the flame to the highest point
possible. Later, a quarter of an hour before the first photometric measure-
ment, turn it up again, then leave it to itself (without touching it).

The photometric measurements should be done after the first, second,
third, fourth, fifth, and sixth hours.

In determining the total consumption of oil, weigh the lamp before and
after the test.

In order to obtain more exact determinations, the lamp should be weighed
at each photometric determination. Differences in the temperature of the oil
are without sensible effect upon the weight. In addition to the mean il-
luminating power and the total quantity of oil burned, the consumption per
candle-power per hour is to be given. The kind of wick used must be given.
The International Commission has left this subject to the study of a special
commission,

IX. Benaviour oF BurNING. This subject also has been left to sub-
sequent study by the Commi:

X. DEGREE OF REFINING:

Acid Content. 1. Shake 100 cubic centimeters of illuminating oil with
10 cubic centimeters of distilled water with addition of a few drops of an
aqueous solution of methyl orange, 1:1000. The water must not become pink.

2. Dissolve 100 cubic centimeters of the illuminating oil in 100 cubic
centimeters of a freshly neutralized mixture of 4 parts of ether, 1 part of 93
per cent alcohol, and 1 drop of phenolphthalein solution.  Add a drop of one-
tenth normal sodium hydrate solution, and shake in a cylinder with a stopper
If the illuminating oil is neutral, the pink colouring does not disappear during
the shaking.

If an acid reaction has been detected by either of the two qualitative tests,
then the quantitative determination of the acid content is to be undertaken
by the known analytical methods. Meanwhile it may be of value to test the
behaviour towards sodium hydrate by using the so-called “soda test” (Mus-
pratt, “Technische Chemie” 1898, p. 234, or Post Chem. Tech. Analysen Ed.
3, vol. 1, p. 320) in which sodium hydrate solution (1-02 Sp. Gravity) diluted
with water in ratio 6:100 is used. However, the result of the soda test alone
is not decisive, but when it discloses nothing, a possible acid centent or “acid
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figure” is to be determined by 1. or 2., or if no free acid is present, the a
content See X1

Xa. Hydrocarbon Characteristics: The determination of hydrocarbon
content is referred to a committee for further study.! I'he problem of this
committee is to be the preparation of methods for determining the various
hydro-carbons groups that go to make up petroleum and its products.?

X1. Storace Srasiiry. For studying the liability to alteration of
petroleum in storage, a SPECIAL CoMMITTEE is named to collect and work up
material relating to this question for presentation to the next meeting of the
International Commission.?

XII. Asu ContentT. For determining the ash content, about 1 litre
of filtered oil will be used, taking intoconsideration the filter residue quali-

tatively and, if necessary, quantitatively. The ash must be indicated in per
centage by weight.  The ash is determined by distilling off the sample to about
30 cubic centimeters. This residue is poured off along with the last portions
of the distillate into a platinum dish, evaporated to dryness with removal of the
vapours, and incinerated

XIII. Svrenavr DeTerMINATION. The determination of the sulph
is effected quantitatively either according to the method of Engler-Heussler
(“Zeitschr. f. angew. Chemie" 1895, p. 225, Engler, "Chemikerzeitung”
1896, p. 1897, I Vol. 1, part 2, p. 321), making
if necessary at the same time a blank test to el
SO; content of the air of the laboratory, or else by the method of combustior

»st. Chemisch-Techn. Analysen

ninate errors arising from the

in the bomb.
NIV, Warter DeterMiNaTion. Water determination for illuminating

oil is dispensed with. In case of the occurrence of clouding, it must be dete

mined if this results from the water content.

er, Holde, Zaloziecki, |

Nominated as members of SPECIAL COMMITTEE are Eng
leanu, Gurwitsch, Nicolardot, Allen, and Sluyterman van loo
% In this regard Dr. Engler has already communicated the following partial method work
out in his laboratory by Dr. Tausz and Dr. Pfeiffer: For qualitative detection of the unsatura
hydrocarbons a small quantity of benzine is shaken and boiled with concentrated aqu
mercuric acetate solution. Olefins and cyclic unsaturated hydrocarbons dissolve cold and
oxidized in boiling. In this process they reduce the mercuric acetate, which precipitate

Moreover butylene colours amylene yellow, and hexylene pink. For th
J pination the unsaturated compounds are for the most part thoroughly shak

h mercuric acetate i temperature and distilled out of the solution after adding
hydrochloric acid.  These regenerated unsaturated hydrocarbons are identified as form

n the usual way in which the cyclic ones are identified. The remainder of the unsatura
hydrocarbons of the benzine, not dissolved by mercuric acetate is destroyed (decompose
with fresh mercuric acetate by boiling with a return condenser whereupon the remaining 1
stable hydrocarbons are distilled off, separated by a special method, and determined qua
titatively. The difference between the volume of the benzine used and that of the last na
distillate gives the content in unsaturated hydrocarbons. The correction for unavoidable
is found by a blank experiment

he subsequent analysis is qualitative. The aromatic hydrocarbons are detected a
ite. In their presence the formolite reaction with the total distillate is repeated, unt
irocarbons distilled off no longer give formolite. For detecting the cyclo-hexanes i
remainder a sample is passed at about 300°C. in a hydrogen atmosphere over finely div
nickel. If the condensate now shows the formolite reaction, then there were cyclo-hexa
esent. Zelinski thinks they can be ely by dehydrating with
um bl Naphthenes and paraffines are recognized as usual from the physical const
of the carefully fractionized remainder

' Dr. Singer i= named as chairman, and the following are members

Sohn, and Berguer.

Allen, Guiselin




bon

BENZINE (Gasoline, Naphtha, et

1. Seeciric Graviry. Same as for illuminating oil
I, DisticLation, The tests are the same as for illu ing oi
Fractionating is to be effected wh ¢ the limi { temper re vi P
by 10.  Final point of the di ¢ rega 1 hat temy
which the bottom the retor I | white
ike their appearance
1. DeGree oF ReFiNinG, Te to be omitted until for etl
is fixed
I\ Frasu « | t | e, (Ge \
Pensky apparatu |
V. Acio CoNTENT I'he rules given for illuminating oil e 118
WCARBON red } (¢ e
Xa
VIL. Warter DererMiNation. The same rules as for illu
VI Cavorieie Vavvs T'o be determined | ! !
paratu Indication must be giver to which apparat A ¢
IX, X and XI High boiling contituents, odour and ur, and i
ing wer These were referred to a Special ( i

I report as in the case of illumina

LUBRICATING OILS

I. Covovr. Transparency o

g them run over a glass surface.  Colour is

ocular inspection in a test tube

ide in rectangular vessels 10 centimeters in height,
1 15 millimeters in width (inside measurement), n

5 millimeters thickness of wall, and by both trans

colour is of no influence on the lubricating value

s an tance for identification

I, SeeciFic GrAVITY Limitation of witl
ference to the proposed use is not necessar ted to

warrow limits. Only when 1 determined origin are demanded,

iin limits of gravity may be set for classification purposes, and these n

be drawn too narrowly b) S ific gravity serves onl s a {
ssifving mineral oils of known ind for tests of identity ar

¢) The determination
he nature and quantity of the

wding to the usual proces

ters, Mohr scales, areometers f

For thick oils, the met!

The standard tempera
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at +4°C.; also specific gravity is always to be reduced to vacuum. The
determination of specific gravity may also be effected at higher or lower tem-
peratures than 15°C., and be corrected by the coefficients of expansion to the

normal temperature of 15°C, Each country must determine for its own mineral

oils the coefficients of expansion (correction figures In case the specific
gravity so calculated lies so near to a limit that errors might arise, the deter-
mination must be carried out at 15°C., or the coefficient of expansion (cor-

rection) exactly determined
I11. Frasu PoiNt. (a) In all cases where it is
the greatest possible exactness, the Pensky flash point apparatus must be used

1 question of obtaining

in other cases also the open cup preferably with a mechanical device for
bringing up the test flame and with an adjustable burner. (b) In case of
absence of other prescribed methods a porcelain cup 4 em. in width and 4 cn
in height is to be used for the determination of the flash point in the open cup,
This is to be set in a sand bath up to the level of the oil.  (For mode of ex
periment see Holde, Untersuchung der Mineralole und Fette Ed. 3, p. 13
Indetermining the flash point in the open cup a thermometer with a short bulb
is to be used, similar to that used with the Pensky apparatus; the centre of the
bulb must be in the centre of the oil. Indication must always be giver
whether the work was prosecuted with or without consideration of the cor
rection for the emergent stem of the thermometer. The officially stan
arized thermometers for the Pensky apparatus are so graduated that the indi
cation of error includes the last mentioned correction (at the same time)

IIla. Evaroration. Referred to a special committee

I1Ib. Distictation Test. Distillation test in general to be effecte

the Engler bulb, using 100 cubic centimeters. Distillation to be carriec

m to 270°C., the temperature being taken in the vapour.

IV. BurNiNG PoiNt. This determination is carried out in the ope
cup, as in the case of the flash point. The heating must be continual, at t}
1 minute,

rate of about 4°C, a minute—at the outside 6°C
V. SeeciFic Viscostty. The Commission has referred this subjec

a special committee.

VI. CariLLArity. Also referred to a special committee

VII and VIII. Corp Test. (a) For the simple determination the t¢
tube method is sufficient, to be carried out in the following way: Into two te
s to be poured to the height of 3 em.  In one
dipped into the liquid. Both sample

tubes of 18mm. diameter, the oil
of these test tubes a thermometer

are kept for an hour in a freezing mixture at the desired temperature. TI
sample without the thermometer is then tilted, and the consistency, that
the flowing capacity of the oil, determined. (b) In case of numericalc

parison of the flowing test by the U-tube process, the sample in the test t
is to be cooled off for an hour to the experiment temperature, while n
taining 50mm. water pressure in the tube with width of 6 mm. (limit
error of plus or minus 0-3), pressure action lasting for a minute with a st

lated minimum rise,
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¢) Preliminary treatment of the samples:  For the consideration of the

hanges in the cold point conditioned by the influence of temperature changes,

the samples are to be tested in two separate experiments, in the condition
when delivered and after heating for ten minutes to 50°C In the case of the

oil t

sted in the heated condition, the determination is to be repeated for
safety if the il (left over) from the first test is

ifficient 1) For removing

hance impurities, the oil before heating is to be poured through a sieve with

1+ one-third mm. mesh. For this pur

heated
slightly ¢) Oil containing water must be decanted, and afterwards filtered

very thick oils must

through cotton wool dried at 100°C
IX. Asesavr-Like Bopies. Referred to special committee
X. WATER AND MECHANICAL ADMIXTURES
a) Water.—The water content of oils is to |

stermined quantitatively,
nly in case the qualitative test has shown a notable water content. In
ase of pure mineral oils, which at 50°C., have an Engler degree of less than 8,

the determination is made in the following way: About equal weights (each

wt 100g.) of the original and of the dehydrated oil are heated in glass dishes
m a boiling water bath until the formation of foam (scum) has ceased, and
the loss in weight determined. From the difference in loss of weight of the
I'he
dehvdration of the oil, before heating, is effected by shaking the slightly heated
oil in an Erlenmeyer flask with calcium chloride

two samples the water content in the original oil is to be calculate

and afterwards filtering on a

dry filter. In case of oils of more than 8 Engler degrees, it is sufficient to

tablish the loss of weight by heating, and a parallel experiment with de-
hydrated oil is superfluous. In other cases, for instance with oil of high water
content (solid fats), the determination according to Marcusson is to be em-
ployed, depending on the distillation of a considerable quantity of oil with
xylol and the measurement of the water distilled over. All the other usual
nethods of testing (usual) for this purpose can be used, but the process must
ilways be specified

(b) Mechanical Impurities.—5 to 10 grams of well shaken oil are dis-
solved in a glass cylinder in 100 cubic centimeters of benzine (in case of light
oloured oil from which no asphalt will separate, benzine may be use

also)
After standing all night, the solution is poured through a weighed filter. The
cylinder is well rinsed out and the filter washed with the solvent until the
wash liquid after evaporating on the water bath no longer gives a residue.
Ihe filter is dried at 105°C. to a constant weight and then weighe

XIL—Asu and XII and XHT=STABILITY To HEAT AND AIR IN STORAGE
md XTIV, XV and XVI—=Stasiciry Towarps WaTer VAPoUr, Supeg-
IEATED STEAM AND Hicn Pressure-—deferred for further investigation

XVII. DEGREE OF REFINING,— Free Acids

a) Existing processes for determining free acids in lubricating oils are

etain Mineral acids are to b

determined in the aqueous extract of about

100 grams of oil, with the use of methyl orange indicator as in the case of

uminating oil.  Organic acidg are to he determined by titrution with al
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coholic 1/10 normal caustic alkali; an alcohol-ether mixture is used to dis
solve 10 cc. of a light oil, and in the case of a dark oil absolute alcohol is the
solvent. (b) The quantity of mineral acid is to be calculated in percentage
of SO, the organic acids expressed as “acid figure.” The acid figure indi
cates the number of milligrams of KOH necessary to saturate the free acids

cont:

ned in 1 g. of oil

Free Alkali—Determine the presence of alkali in the aqueous extract
of at least 100 grams of oil

Salts (Ash Content) —Inorganic saltsare determined in an aqueous extract
of 100 cubic centimeters of oil I'he presence of alkali soaps in case of pur
mineral oils generally makes itself manifest by permanent emulsion and slightly
alkaline reaction of the aqueous extract, in which case the qualitative detectior
of the alkali soap is effected by the following method: In a test tube of 15 mn
diameter 5 cubic centimeters of 0-5 Baumé caustic alkali solution is heated 1o

boiling over the Bunsen burner. An equal quantity of oil is added and it i
heated again for a minute to boiling, in such a way that the two liquids mix as
intimately as possible during the boiling I'his sample is then set for two or
three hours in a boiling water bath. Then the sample, on inspection, must
show the following results: The oil, in case it is pure, must be clear, and the
alkali extract must appear transparent in so far that small print can be read
through it. Clouding indicates napthenic acid salts, and in that case the asl
determination must be carried out

XIX. Apmixtures. (a) Fatty Oil: Fatty oil is detected qualitatively
by the heating for a quarter of an hour of 3 or 4 cubic centimeters of the oil
to be tested in a paraffin bath (oil bath) at about 340°C. with a small piece
of sodium hydrate or, in doubtful cases, with metallic sodium. After cooling
off to ordinary temperature, the oils show some lather in case of presence of
fatty oils, or else they gelatinize. The soap lather is in the case of cylinde
oils the deciding sign of the presence of fatty oils. Napthenic acid may pr
duce similar phenomena. Quantitatively fatty oil is determined according
to the approximate quantity and the degree of exactness desired, by deter
mining the saponification figure or gravimetrically according to Spitz ar
Honig.

XX. Pararrin. The determination of the paraffin content can gener
ally be dispensed with in testing lubricating oils because any high percentag
of paraffin would become apparent during the cold testing. In special case
for instance in litigation tests, etc., the alcohol-ether process of Engler a
Holde for paraffin determination can be used

XXI. Lusricating Capaciry. This point, as well as the study
transformer oils, sampling and measuring mineral oils kept on supply in tanks

ships, and so forth, is deferred
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Magnetometri
township, Renfrew
Scale 60 feet to 1inch

mine, Bagot
tario trom, 1904

report 1905, (See Map No. 249

Magnetometric surve { the Belmont iron mines, Belmont townshij
rborough county, Ontario—by B. F. Haanel, 1905, Scale 60
feet to 1 inch Summary re See Map No. 186

Magnetometric survey of the Wilbur mine, Lavant township, La
county, Ontario—by B. F. Haanel, 1905, Scale 60 feet to 1 ir
Summary report, 1903

Magnetometric survey, vertical intensity: lot 1, concession VI, Ma

township, Hastings county, Ontario—by Howells Fréchette, 1909

Scale 60 feet to 1inch.  (See Maps Nos. 191 and 1915

Magnetometri urvey, vertical intensity: lots 2 and 3, conce
VI, Mayo township, Hastings county, Ontario—by Howell
Fréchette, 1909, Scale 60 feet to 1 inch See Maps Nos. 191
ind 1914

Magnetometric survey, vertical intensity: lots 10, 11, and 12, con-
cession IX, and lots 11 and 12, concession VI, Mayo township,
Hastings county, Ontario——by Howells Fréchette, 1909, Scale
60 feet to 1 inch See Maps Nos. 191 and 191a

Survey of Mer Bleue peat bog, Gloucester township, Carleton county
and Cumberland township, Russell county, Ontario—by Erik

Nystrom, and A. v. Anrep. \ccompanying report No. 30

Survey of Alfred peat bog, Alfred and Caledonia townships, Prescot
county, Ontario—by Erik Nystrom and A, v, Anrep. \ccor
panying report No. 3(

Survey of Welland peat bog, Wainfleet and Humberstone township
Welland county, Ontario—by Erik Nystrom and A. v. Anreg

Accompanying report No. 30

Survey of Newington peat bog, Osnabiruck, Roxborough, and Cornwa
townships, Stormont county, Ontario—by Erik Nystrom and A
v. Anrep \ccompanying report No. 30

Survey of Perth peat by Drummond township, Lanark count
Ontario—by Erik Nystrom and A. v. Anrep Accompanyir
report No. 30

Survey of Victoria Road peat bog, Bexley and Carden township:
Victoria county, Ontario—by Erik Nystrom and A. v. Anrej
Accompanying report No. 30

Magnetometric survey of Iron Crown claim at Nimpkish (Klaar
river, Vancouver island, B.C.—by E. Lindeman. Scale 60 fec
to 1inch. (Accompanying report No. 47

Note.~1, Maps marked thus * are to be found only in reports
2. Maps marked thus t have been printed independently of reports, hence ca
be procured separately by applicant
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General map of coal fields in British Columbia. Accompanying report
No. 83—hy Dr. J. B. Porter

General map of coal field in Yukon Territory. (Accompanying report
No. 83—by Dr. J. B. Porter.)

Geological map of Austin Brook iron bearing district, Bathurst
township, Gloucester county, N.B.—by | Lindeman. Scale
100 feet to 1 inch Accompanying report No. 105

Magnetometric survey, vertical intensity: Austin Brook iron bearing
district—by E. Lindeman. Scale 400 feet to 1 inch Accom
panying report No. 105

Index map showing iron bearing area at Austin Brook—by E. Linde
man Accompanying report No. 105

Sketch plan showing geology of Point Mamainse, Ont.—byv Professor

C. Lane. Scale 4,000 feet to 1 inch \ccompanying report

No. 111

Holland peat bog, Ontario—by A. v. Anrep. (Accompanying report
51

137. Mica: township maps, Ontario and Quebec—by Hugh S. de
Schmid.  (Accompanying report No. 118.)

Mica: showing location of principal mines and occurrences in the

Quebee mica area—by Hugh S. de Schmid.  Scale 3:95 miles t
1 inch. (Accompanying report No. 118

Mica: showing location of principal mines and occurrences in the
Ontario mica area—by Hugh S. de Schmid.  Scale 3:95 miles to
1 inch Accompanying report No. 118

Mica: showing distribution of the principal mica occurrences in the

Dominion of Canada—by Hugh S. de Schmid. Scale 395 miles
to 1 inch Accompanying report No. 118

Torbrook iron bearing district, Annapolis county, N.S.—by Howells
Fréchette Scale 400 feet to 1 inch \ccompanying report

No. 110

Distribution of iron ore sands of the iron ore deposits on the north
shore of the River and Gulf of St. Lawrence, Canada—by Geo. (
Muackenzic Scale 100 miles to 1 inch \ccompanying report
No. 145

Magnetic iron sand deposits in relation to Natashkwan harbour and
Great Natashkwan river, Que Index Map)-—by Geo. C. Mac
kenzie.  Scale 40 chains to 1 inch \ccompanying report No.
145

Natashkwan magnetic iron sand deposits, Saguenay county, Que
by Geo. C. Mackenzie. Scale 1,000 feet to 1 inch Accom
panving report No. 143

1. Maps marked thus * are nd only in reports
2. Maps marked thus t b printed independently of reports, hence

e procured separately pplicant
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Map showing the location of peat bogs investigated in
Ontario—by A. v. Anrep

Map showing the location of peat bog as investigated in
Manitoba—by A. v Anrep [

Lac du Bonnet peat bog, Manitoba—by A. v. Anrep

Transmission peat bog, Manitoba—by A. v. Anrep

Accom
Corduroy peat bog, Manitoba—by A. v. Anrep | panying
report
Boggy Creek peat bog, Manitoba—by A. v. Anrep | No
151

Rice Lake peat bog, Manitoba—by A. v. Anrep

Mud Lake peat bog, Manitoba—by A. v. Anrep

Litter peat bog, Manitoba—by A. v. Anrep

Julius peat litter bog, Manitoba—by A. v. Anrep

Fort Francis peat bog, Ontario—by A. v. Anrep

Magnetometric map of No. 3 mine, lot 7, concessions V and VI,
McKim township, Sudbury district, Ont.—by E. Lindeman
Accompanying Summary report, 1911

Map showing pyrites mines and prospects in Eastern Canada, and

their relation to the United States market—by A. W. (.. Wilson
le 125 miles to 1 inch Accompanying report No. 167

Geological map of Sudbury nickel region, Ont.—by Prof. A. P. Cole
man. Scale 1 mile to 1 inch Accompanying report No. 170

Geological map of Victoria mine—by Prof. A. P. Coleman Accom-
panying

Crean Hill mine—by Prof. A. P. Coleman } report

No

Creighton mine—by Prof. A. P. Coleman 170

showing contact of norite and Laurentian in vicinity

of Creighton mine—by Prof. A. P. Coleman
(Accompanying report No. 170.)

s Copper Cliff offset—by Prof. A. P. Coleman
Accompanying report No. 170.)

. No. 3 mine—by Prof. A. P. Coleman. (Accom

panying report No. 170.)

showing vicinity of Stobie and No. 3 mines—by
Prof. A. P. Coleman. (Accompanying report
No. 170

Note.~ 1 Maps marked thus * are to be found only in reports.
2. Maps marked thus t have been printed independently of reports, hence can
be procured separately by applicants.
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Magnetometric survey, vertical intensity: Blairton iron mine, Bel-
mont township, Peterborough county, Ontario—by E. Lindeman,
1911, Scale 200 fect to 1 inch Accompanying report No

Geological map, Blairton iron mine, Belmont township, Peterborough
county, Ontario—by E. Lindeman, 1911, Scale 200 feet to 1 inch
(Accompanying report No. 184

Magnetometric survey, Belmont iron mine, Belmont township, Peter
borough county, Ontario—by E. Lindeman, 1911, Scale 200 feet
to 1 inch Accompanying report No. 184.)

Geological map, Belmont iron mine, Belmont township, Peterborough
county, Ontario—by E. Lindeman, 1911, Scale 200 feet to 1 inch
Accompanying report No. 184

Magnetometric survey, vertical intensity: St. Charles mine, Tudor
township, Hastings county, Ontario—by E. Lindeman, 1911
Scale 200 feet to 1 inch Accompanying report No. 184.)

Geological map, St. Charles mine, Tudor township, Hastings county,
Ontario-—by E. Lindeman, 1911, Scale 200 feet to 1 inch. (Ac
companying report No. 184

Magnetometric survey, vertical intensity: Baker mine, Tudor town
ship, Hastings county, Ontario—by E. Lindeman, 1911. Scale
200 feet to 1 inch Accompanying report No. 184.)

Geological map, Baker mine, Tudor township, Hastings county,
Ontario—by E. Lindeman, 1911, Scale 200 feet to 1 inch. (A«
companying report No. 184

Magnetometric survey, vertical intensity: Ridge u-»u ore deposits,
ollz N--n (u\|||~|u|» Hastings county, Ontario—by E. Lindeman,
1911, Scale 200 feet to 1 inch \nmmp.-mmg report No. 184

Magnetometric survey, vertical intensity: Cochill and Jenkins mines,
Wollaston township, Hastings county, Ontario—by E. Lindeman,
1911, Scale 200 feet to 1inch.  (Acccompanying report No. 184.)

logical map, Coehill and Jenkins mines, Wollaston township,
Hastings county, Ontario—by E. Lindeman, 1911. Scale 200
feet to 1 inch ‘\unmp.m\ingn|n-|| No. 184.)

Magnetometric survey, vertical intensity: Bessemer iron ore deposits,
Mayo township, Hastings county, Ontario—by E. Lindeman,
1911, Scale 200 feet to 1inch. (Accompanying report No. 184

Geological map, Bessemer iron ore d »|m~||~ Mayo township, Hastings
county, Ontario—by E. Lindeman, 1911. Scale 200 feet to 1 inch.
( \unnup.nn) ing report No. 184.)

Magnetometric survey, vertical intensity Rankin, Childs, and
Stevens mines, Mayo township, Hastings county, Ontario—by |
Lindeman, 1911. Scale 200 f to 1 inch. (Accompanying

report No. 184.)

Note 1 Maps marked thus * are to be found only in report
Maps marked thus 1 have been printed independently of reports, hence can
be procured separately by applicants,
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t192a. Geological map, Rankin, Childs, and Stevens mines, Mayo township,
Hastings county, Ontario—by L. Lindeman, 1911, Scale 200
feet to 1 inch Accompunying report No. 184

f193.  Magnetometric survey, vertical intensity: Kennedy property, Carlow
township, Hastings county, Ontario- by | Lindeman, 1911

Scale 200 feet to 1inch Accompanying report No. 184.)

193a. Geological map, Kennedy property, Carlow township, Hastings
county, Ontario—by E. Lindeman, 1911, Scale 200 feet to 1 inch
Accompanying report No. 184

1194, Magnetometric survey, vertical intensity: Bow Lake iron ore occur
rences, Faraday township, Hastings county, Ontario- by E. Linde-
man, 1911. Scale 200 feet to 1 inch \ccompanying report No
184.)

t204

Index map, magnetite occurrences along the Central Ontario railway

by E. Lindeman, 1911 Accompanying report No. 184.)

1205. Magnetometric map, Moose Mountain iron-bearing district, Sudbury
district, Ontario: Deposits Nos. 1, 2, 3, 4, §, 6,

Lindeman, 1911, (Accompanying report No. 303

and '7—by |

t2054. Geological map, Moose Mountain iron-bearing district, Sudbury
district, Ontario, Deposits Nos. 1, 2, 3, 4, 5, 6, and 7-—by
Lindeman Accompanying report No. 303.)

t206. Magnetometric survey of Moose Mountain iron-bearing district,
Sudbury district, Ontario: northern part of deposit No. 2—by E
Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying

report No. 303

t207. Magnetometric survey of Moose Mountain iron-bearing district,
Sudbury district, Ontario: Deposits Nos. 8, 9, and 9a—by |
Lindeman, 1912, Scale 200 feet to 1inch \ccompanying report

No. 303.)

1208. Magnetometric survey of Moose Mountain iron-bearing district,
Sudbury district, Ontario:  Deposit No. 10—-by E. Lindeman,
1912, Scale 200 feet to | inch Accompanying report No. 303

t208a. Magnetometric survey, Moose Mountain iron-bearing district, Sud

bury district, Ontario: eastern portion of Deposit No. 11—by E

Lindeman, 1912. Scale 200 feet to 1 inch. (Accompanying

report No. 303.)

1208b. Magnetometric survey, Moose Mountain iron-hearing district, Sud
ury district, Ontario: western portion of deposit No. 11--by E
Lindeman, 1912, Scale 200 feet to 1 inch. (Accompanying report

! 303.)

t208¢c. General geological map, Moose Mountain iron-bearing district,
Sudbury district, Ontario—by E. Lindeman, 1912, Scale 800
feet to 1 inch. (Accompanying report No. 303.)

1. Maps marked thus * are to be found only in reports
2. Maps marked thus t have been printed independently of reports, hence can

be procured separately by applicants.
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Location of copper smelters in Canada—by A. W. .. Wilson. Scale
1973 miles to 1 inch. (Accompanying report No. 2(}‘).)

Province of Alberta: showing properties from which \nnpln of coal
were taken for gas producer tests, Fuel Testing Division, Ottawa.
(Accompanying Summary report, 1912.)

Mining districts, Yukon. Scale iS nuh s to 1inch-—by T. A. MacLean
\l\(unl!pdn)lllh report No. 222,

Dawson mining district, Yukon. Scale 2 miles to 1 inch—by T. A.
MacLean. (Accompanying report No. 222.)

Index map of the Sydney coal fields, Cape Breton, N.S. (Accom-
panying report No. 227.)

Mineral map of Canada. Scale 100 miles to 1 inch.  (Accompanying
report No. 230.)

Index map of Canada showing gypsum occurrences. (Accompanying
report No. 245.)

Map showing Lower Carboniferous formation in which gypsum
occurs in the Maritime provinces, Scale 100 miles to 1 inch
(Accompanying report No. 245.)

Map showing relation of gypsum deposits in Northern Ontario to rail-

way lines. Scale 100 miles to 1 inch. (Accompanying report
No. 245.)

Map, Grand River gypsum deposits, (hn wrio.  Scale 4 miles to 1inch.
(Accompanying report No. 245

Plan of Manitoba Gypsum Co.'s properties. (Accompanying report
No. 245.)

Map showing relation of gypsum deposits in British Columbia to
railway lines and market. ~ Scale 35 miles to 1 inch.  (Accompany-
ing report No. 245.)

Magnetometric survey, Caldwell and Campbell mines, Calabogie
district, Renfrew county, Ontario—by E. Lindeman, 1911, Scale
200 feet to 1 inch. (Accompanying report No. 254.)

Magnetometric survey, Black Bay or Williams mine, Calabogie district,
Renfrew county, Ontario—by E. Lindenan, 1911.  Scale 200 feet
to 1 inch. (Accompanying report No. 254.)

Magnetometric survey, Bluff Point iron 1.ine, Calabogie district,
Renfrew county, Ontario—by E. Lindeman, 1911, Scale 200 feet
to 1 inch. (Accompanying report No. 251.)

Magnetometric ~ur\'ri', Culhane mine, Calabogie district, Renfrew
county, Ontario—by E. Lindeman, 1911, Scaie 200 feet to 1 inch
(Accompanying report No. 254.)

Note.~1. Maps marked thus * are to be found only in reports.
. Maps marked thus 1 have been printed independently of reports, hence can
be procured separately by applicants.
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1298.
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Magnetometric survey, Martel or Wilson iron mine, Calabogie district,
Renfrew county, Ontario—by E. Lindeman, 1911, Scale 200 feet
to 1 inch. (Accompanying report No. 254.)

Magnetometric survey, Northeast Arm iron range, lot 339 E'T.W.
Lake Timagami, Nipissing district, Ontario—by E. Nystrom.
1903. Scale 200 feet to 1 inch.

Map of peat bogs investigated in Quebec—by A. v. Anrep, 1912

Large Tea Field peat bog, Quebec . $
Small Tea Field peat bog, Quebe " =
Lanoraie peat bog, Quebec B .
St. Hyacinthe peat bog, Quebec » *
Rivére du Loup peat bog * “
Cacouna peat bog » o
Le Parc peat bog, Quebe » -
St Denis peat bog, Quebec . 3
Riviére Ouelle peat bog, Quebec . -

Moose Mountain peat bog, Quebec

Map of northern portion of Alberta, showing position of outcrops of
bituminous sand. Scale 12} miles to 1 inch. (Accompanying
report No. 281.)

Map of Dominion of Canada, showing the occurrences of oil, gas, and
tar sands. Scale 197 miles to 1 inch. (Accompanying report
No. 291.)

Reconnaissance map of part of Albert and Westmorland counties,
New Brunswick. Scale 1 mile to 1 inch. (Accompanying report
No. 291.)

Sketch plan of Gaspé oil fields, Quebec, showing location of wells.
Scale 2 miles to 1 inch. (Accompanying report No. 291.)

Map showir 1s and oil fields and pipe-lines in southwestern Ontario
Scale 4 miles to 1 inch. (Accompanying report No. 291.)

Geological map of Alberis, Saskatchewan, and Manitoba. Scale 35
miles to 1 inch. (Accompanying report No. 291.)

Map, geology of the forty-ninth parallel, 0-9864 miles to 1 inch.
(Accompanying report No. 291.)

Map showing location of main gas line, Bow Island, Calgary. Scale
12} miles to 1 inch. (Accompanying report No. 291.)
Note. —;. Maps marked thus * are to be found only in reports.

Maps marked thus { have been printed independently of reports, hence can
be procured separately by applicants.
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t311. Magnetometric map, McPherson mine,
county, Nova Scotia—by A, H. A
feet to 1 inch

Barachois, Cape Breton
Robinson, 1913. * Scale 200

t312. Magnetometric map, iron ore deposits at Upper Glencoe, Inverness
county, Nova Scotia—by A, H. A Robinson, 1913, Scale 200
leet to 1inch

1313, Magnetometric map, iron ore deposits at Grand Mir 1, Cape Breton
county, Nova Scotia—by A H. A Robinson, 1913. Scale 200
feet to 1inch

ddre communications lo
Dikector MiNes Brancu,
DEPARTMENT OF MINES,
SUSSEX STREET, OTTAWA
Note.—~1. Maps marked thus ® aré to be found only in reports

Maps marked thus t have been printed independently of reports, hence can
be procured separately X

y applican




