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LETTER OF TRANSMITTAL.

.

To His Excellency, Albert B. White, Governor of West Virginia,
and President of the Geological Survey Commission:

SIR:—I have the honor to transmit herewith a supplementary
Report on Petroleum and Natural Gas entitled Volume One A. The
edition of Volume One on this subjeet had become entirely exhausted,
and as the Survey received.frequent requests for the same, the Com-
mission authorized the publieation of this supplementary volume to
supply the demand in question. Then, too, the Survey has collected
many valuable reéords of oil and gas well borings in the several re-
gions of the State, the publication of which will prove of great value
not only to those connected with oil and gas developments, but also
to those interested in coal, since these records give exact measurements
through the several geologlca] formations, and in a more or less ac-
curate mannersindicate theé.présence or. absence of -valuable  eoal
beds, together with their depths below the surface, and approximate
thickness. The pyublication of these rpcords. is necessary for their
preservamon béyonid the possibility of loss as well as to place them
in a form available for use, and their value to the ecitizens of the
State both now and for the future, fully warrants the comparatively
small expense of printing. In the preparation of the text of this Re-
port, the previous Volume One has been drawn upon quite freely,
since much of it is of ever permanent interest, but the well records
with a very few exceptions, are entirely new. Those added from Penn-
sylvania are published because they are contiguous to the West Vir-
ginia oil fields, and tend to aid our operators in their tireless search
for these buried treasures which have added so much to the wealth
and prosperity of the State. The Publication Committee has con-
tracted for an edition of 5,000 copies of this report, 3334 copies of
which are to be bound in cloth and the remainder in paper, and the
Commission has fixed the price at $1.00 per copy for the paper bind-
ing, and $1.25 per copy for the cloth, delivered free to the puzr-
chaser by mail or express.

The receipts from the sales of publications (Vol. I, on Coal, and



LETTER OF TRANSMITTAL VII

the new State Map issued February 1st, 1904) have been sufficient
to pay the entire cost of publication of the new State Map, as
well as the expense for postage and express in the delivery of the
Survey pubhcatlons to the purchasers.

The eommission has just authorized the preparation of Vol. III
on Clays, Limestones, and Building Stones, and elected Prof. G. P.
Grimsley of Washburn College, Topeka, Kansas, as Assistant Geol-
ogist, who will come to West Virginia, August 1st of this year, and
take charge of the work on Volume III, which can probably be pub-
lished early in 1905.

It is hoped that the data given in the present volume, may lead
the eitizens of our state to adopt less wasteful -and extravagant meth-
ods of utilizing our still abundant stores of Natural Gas, and that
the next Legislature will devise effective means for preventing the
inexcusable waste and dissipation of this priceless heritage of the
world’s best and purest fuel.

Very respectfully,
I. C. WHITE,
Morgantown, July 1st, 1904, State Geologist.
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PREFACE

For the invaluable results of the oil and gas well borings re-
corded in this volume, the Survey is chiefly indebted to the courtesy
of the great Oil and Gas producing eompanies, the officers of which
have kindly given full information without stint. The geologic
data thus given to the citizens of our domain practically free of ex-
pense, has cost the operators millions of dollars to secure, in their
fruitful search with the drill. That they will spend many millions
more in piercing the rocky envelope of the State for these treasures
of light and fuel, goes without saying. The writer has endeavored to
enlist the aid of the Carnegie Institution of Washington, D. C., in
an effort to secure more carefully kept reeords rendered available to
geology through this enormous expenditure of money in drilling for
oil and gas in West Virginia, but as yet the officers of that Institu-
tion have failed to embrace this opportunity to add so immensely to
the sum of human knowledge at only a small outlay in money. The
great oil producing companies would most heartily eo-operate in any
such endeavor by giving facilities for securing samples of the drillings,
making more numerous and accurate (steel line) measurements ete.,
but they ecannot be expected to do such purely scientific work at their
own expense, and entirely on their own initiative. If the survey could
secure the funds to employ two men at modest salaries ($60 to $75
per month), one to attend the drill by day, and the other by night,
recording measurements and securing samples from every sand pump-
ing, the results thus obtained would prove of the greatest value, es-
pecially in the distant future of the State, when the search for oil
and gas shall have long been ended with their exhaustion, and a

.
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knowledge of the State’s deeply buried eoal resources shall prove of
great value to her citizens. It is hoped that some means of securing
and preserving such valuable data now rendered possible in so many
counties, may soon be obtained before the enormous expenditures re-
quired in drilling operations shall have ended forever.

In the body of this volume due credit and acknowledgment are
given for all records published, and while it is impossible to make
formal announcement here of all who have thus aided the Survey,
yet the following firms and corporations have done so much in this
line, that the Survey cannot refrain from this public recognition of
their aid and courtesy:

The officers and employees of the Battelle Oil Co., Bendum Bros.,
Burt Oil Co., Cabell Oil & Gas Co., Calf Creek Oil Co., Cairo Oil Co.,
Carnegie Natural Gas Co., Carter Oil Co., Chartiers Oil Co., Citizens
Natural Gas Co., Clark Oil Co., Delmar Oil Co., Elk River Oil & Gas
Co., Elkton Oil & Gas Co., Fairmont & Grafton Gas Co., Fayette
County Gas Co., Fearless Oil Co., Federal Oil Co., The Fisher 0il Co.,
Fort Pitt Gas Co., Gartlan Drilling Co., J. M. Guffey & Co., Hartman
0il Co., Hope Natural Gas Co., Hurrieane Oil & Development Co., E.
H. Jennings & Bros., Kanawha Oil Co., Mandell Oil & Gas Co., Man-
ufacturers Heat & Light Co., McCalmont Oil Co., New York Petro-
leum Co., Philadelphia Co., Roberts Bros., Southern Oil_Co. & Fred
S. Rich, South Penn 0il Co., Stumptown Oil & Gas Co., Syndicate Oil
& Gas Co., Triple State Oil & Gas Co., Union Oil Co., U. S. Coal & Oil
Co., U. S. 0il Co., Virginia Oil & Gas Co. and the Walton Oil & Gas Co.



ERRATA.

Page 6, line 9 from top, for ‘‘aniamls,” read animals,

¢ 6, line 12 from top, for ‘‘conquerer,” read conqueror.
‘¢ 10, line 4 from top, for ‘‘ingenius,” read ingenious.
*¢ 11, line 10 from top, for ‘‘irridescent,” read iridescent.

“¢¢ 26, line 5 from top, for ‘‘rus” read runs. g

‘¢ 37, line 8 from bottom for ‘‘comparee,” read compares.
¢ 49, line 18 from bottom for imposible,” read impossible.
¢¢ 51, line 17 from top for ¢‘vis” read viz.

‘¢ 52, line 7 from top for ‘‘hense,” read hence.

‘. 54, line 2 from bottom for ‘“‘acumulation,” read accumulation.
¢ 58, line 9 from bottom for ‘‘lige,” read like.

‘¢ 228, line 16 from top for ‘‘utilzing,” read utilizing.

¢¢ 235, line 14 from top for ‘‘7 5-8,” read 5 5-8.

¢¢ 356, line 13 from top for ‘‘refered,” read referred.

¢4 358, line 20 from top for ‘‘Southen,” read Southern.

‘¢ 415, line 15 from top for ‘‘suspect,” read suspected.









PART I

PETROLEUM AND NATURAL GAS

CHAPTER I
HISTORICAL SKETCH

Volume I, of the West Virginia Geological Survey, pub-
lished in 1898, was distributed gratis to whomsoever ‘ap-
plied therefor. The result was that the limited edition (3,000
copies) of the same was practically exhausted before many per-
sons and libraries that make good use of such publications, could
be supplied. Some of the historical matter printed in that
volume is of such permanent value to every one interested in the
subjects of Petroleum and Natural Gas, that it will be quoted
from freely in this publication for the benefit of those who
could not procure Volume I.

The early history of petroleum and natural gas is much
the same in every country where they occur. In China the util-
ization of natural gas antedates authentic history. In Persia,
Arabia, India, Albania, and other countries, rock oil, or pe-
troleum, and its residuum, piteh, have been in use for many
centuries, as attested by sueh writers as Aristotle, Strabo, Plu-
tarch, Pliny, Marco Polo and others, while the ruins of the
ancient temple of the Parsees or Rire-worshipers at Baku, where
natural gas gud Iget\x:olgqm_ have been issuing from the earth,
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and bubbling up through the waters of the Caspian Sea for
untold ages, simply accentuate the story of every other country.
The ancient gravel pits near Titusville, Pennsylvania, show
that the American Indian had some knowledge of the value of
petroleum, before the white man had invaded the region, and
it is quite probable that the ‘‘burning springs,’’ and outflows
of petroleum, on the Little and Big Kanawhas, Big Sandy and
other streams of West Virginia, had already attracted the at-
tention of the aborigines, and that they were making use of
them in their own primitive way, long before the first white
settlers crossed the Alleghanies.
Gen. Washington’s Discovery of a Natural Gas Spring.
One of the earliest records of these natural gas vents or
“‘burning springs’’ is of that on the Great Kanawha, nine miles
above Charleston, near the crest of the Browntown anticlinal.
General Washington visited this ‘‘burning spring’’ in 1775,
and pre-empted it along with other lands given to him for
military services by the State of Virginia. In his will this
natural gas wonder, together with a square acre of ground
around it, was deeded to the public forever, and the following
reference to its acquisition is recorded: ¢‘The tract of which
the 123 acres is a moiety was taken up by Gen. Andrew Lewis
and myself for, and on account of, a bituminous spring, which
it contains, of so inflammable a nature as to burst forth as freely
as spirits and is nearly as diffieult to extinguish.’’

Drilling Machinery and Methods Invented in the Great

Kanawha Valley.

It is not generally known that all of the essential elements
of the petroleum industry of the United States really originated
in what is now West Virginia, but such is the truth of history.
It was in the Great Kanawha Valley at the Salt, or Buffalo
Lick, near Charleston, where, under the intelligent and sue-
cessful attempts of the Ruffner Bros. (David and Joseph) to
bore down through the rocks and ascertain the source of the
famous salt spring, that modern drilling tools, jars, casing, and
practically all of the oil well machinery in use at the present
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day were invented. These boring operations were begun by
the Ruffner Brothers (David and Joseph) in 1806, and their
efforts were crowned with success on the 15th day of January,
1808. The story of these early drilling operations and inven-
tions has been given in a detailed and interesting sketch by
Dr. J. P. Hale,®* President of the West Virginia Histerical So-
ciety, Charleston, W. Va., in the ‘‘Resources of West Virginia,’’
1876, by M. F. Maury and Wm. M. Fontaine, Chapter XII,
pages 274-305, and as that volume is now out of print, the main
portion of the chapter is heve renroduced, beeinning with page
273, as follows:

The Early Drilling Operations of David and Josevn Ruffner
i the Great Kanawha Valley.

“‘The Kanawha Salt Works are situated in Kanawha county,
on the Kanawha river, commeneing about three miles above Charles-
ton and extending up the river for several miles, on both sides.

These ‘‘Licks,”’ as they are called, have not only been known
and extensively worked from the first seltlement of the valley by
the whites, but have been known and used from time immemorial by
the Indian tribes, and frequented by swarms of buffalo, elk, deer,
and other wild animals, before the advent of the white man.

In 1753, when all this region was an unknown wilderness, which
had never been penetrated by the most adventurous white man, a
party of Shawnees who dwelt upon the Scioto, in what is now Ohio,
made a raid upon the frontier settlements of Virginia, in what is
now Montgomery county. Having taken the settlers unawares, and
after killing, burning and eapturing prisoners, as was their cus-
tom, they retreated, with their captives, down New River, Kana-
wha, and Ohio, to their homes. One of these captives, Mrs. Mary
Ingles who afterwards made her escape, and was returned to her
friends, related that the party had stopped several days at a salt
spring on the Kanawha river, rested from their weary mareh, killed
plenty of game and feasted themselves on the fat of the land; in

*Dr, Hale, who gave the best efforts of his long and busy life to the interests
of West Virginia, died in Charleston recently. With but little financial aid from
others, he built and donated to the State the first capitol building at Charleston,
in order that his native town might become the chief city of West Virginia, al-
though the building of the state house, togcether with the occurrence of a de-
structive flood during the same time, practically swept away all of Dr, Hale’s
financial resources. As the founder and president of the State Historical Society
until his decease, he accomplished much toward the preservation of the early his-
tory of the State he loved and served so well,
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the meantime, boiling salt water and making a supply of salt, which
was carefully packed and taken home with them to their western
homes. This is not only the first account we have of salt making
on the Kanawha, but anywhere else west of the Alleghanies. In
faet, if there is any earlier record of salt-making from brine springs,
anywhere in the United States, I am not aware of it.

The earliest settlement made by the whites in the Kanawha
valley, was made by Walter Kelley and family, at the mouth of
the creek, which bears his name, in the spring of 1774, several
months before the battle of Point Pleasant, where the combined
Indian tribes, under the celebrated Sachem, Cornstalk, were defeat-
ed and driven back by the Virginians, under Gen. Lewis.

Kelley and his' family paid the forfeit of their lives to their
temerity ; they were all killed by the Indians; but after the battle of
the Point, when there was greater security for life, the Valley was
rapidly settled, mostly by Virginians, and in great part by the hardy
soldiers who had followed Lewis to Point Pleasant.

The early pioneer settlers, in a wilderness, without communi-
cation with other settlements, except by foot or bridle paths, de-
pended upon the Kanawha Licks for their seant supply of salt. In
those days of simple economy and provident thrift, when everything
useful was made the most of, the women’s wash-kettles were put
under requisition for a four-fold duty; they boiled the daily hog
and hominy, and other wholesome, frugal fare; once a week they
boiled the clothes, on wash day; semi-oceasionally they boiled the
salt water for a little of the precious salt, and every spring they
went to the sugar eamp, to boil the annual supply of maple sugar and
molasses.

It is related that at one time, when there was an apprehended
attack from the Indians, the few early settlers were posted at the
mouth of Coal river, for protection. Being out of salt and suffering
for the want of it, they sent some of their hardy and daring young
men in canoes up to the salt spring, where they dipped the canoes
full of salt water; and, getting safely back, the water was boiled, and
the precious salt made under cover of the fort.

Among the earliest land locations made in the valley, was one of
502 acres, made in 1785, by John Dickinson, from the Valley of Vir-
ginia, to include the mouth of Campbell’s creek, the bottom above
and the salt spring. Dickinson did not improve or work the prop-
erty himself, but meeting with Joseph Ruffner, an enterprising far-
mer from the Shenandoah Valley, Virginia, in 1794, and deseribing
this salt spring to him, Ruffner became so impressed with its value,
that he then and there purchased the 502 acres upon Dickinson’s own
report, without himself seeing it, agreeing to pay for it 500 pounds
sterling without condition, and other sums econditioned upon the
quantity of salt to be made which might increase the price to 10,000
pounds sterling. Having gore thus far, he sold out his Shenandoah
estates, and in 1795 removed himself and family to Kanawha to look
after his salt property. Upon arriving here, however, his penchan{
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for rich farming lands overcame him, and he purchased from George
and William Clendenen the large river bottom of 900 acres extend-
ing from the mouth of Elk river up the Kanawha, and, upon 40
acres of which the village of Charleston had been laid out and start-
ed the previous year. This last purchase, and the subsequent at-
tention to clearing and improving the farm diverted Ruffner’s at-
tention for a time, from the salt project; the delay was fatal so far
as he was concerned; he did not live to execute his pet scheme or
realize his cherished hopes. Dying in 1803, he willed the property
to his sons, David and Joseph, enjoining it upon them to carry out,
as speedily as practicable, his plans of building up extensive salt
manufactories to supply not only the increasing local demand, but
a larger and still more rapidly growing demand which was now com-
ing from the many thrifty settlements throughout the Ohio Valley.
During the elder Ruffner’s life, however, he had leased to one Elisha
Brooks the use of salt water and the right to manufacture salt, and
in 1797, this Elisha Brooks erected the first salt furnace in Kanawha
or in the western country. It consisted of two dozen small kettles
set in a double row, with a flue beneath, a chimney at one end,
and a fire bed at the other.

To obtain a supply of salt water, he sank two or three ‘‘gums,’’
some 8 or 10 feet each in length, into the mire or quick-sand of the
salt lick, and dipped the brine with a bucket and swape, as it oozed
and seeped through the sands below. :

In this erude rough and ready way, Brooks managed to make
about 150 pounds of salt per day, which he sold at the kettles, at
8 to 10 cents per pound. No means were used to settle or purify
the brine or salt, as the salt water came from the gum, so it was
boiled down to salt in the kettles, with whatever impurities or color-
ing matter it contained. As it issues from the earth it holds some
carbonate of iron in solution; when it is boiled, this iron becomes oxi-
dized, and gives a reddish tinge to the brine and salt.

This Kanawha salt soon aequired a reputation for its strong
taste, and its superior qualities for curing meat, butter, etec. A
great many who used it and recognized these qualities in connection
“with its striking reddish color came to associate the two in their
minds in the relation of cause and effect, and orders used to come
from far and near for some of ‘‘that strong, red salt from the Kana-
wha Licks.”’

Almost the only mode of transporting salt beyond the neigh-
borhood in those early days was by pack horses, on the primitive,
back-woods pack-saddle. So much of this was done, and so familiar
did the public mind become with the term, as used in that sense,
that even to this day, among a large class of people, the verb ‘‘to
pack’’ is always used instead of other synonymous or similar terms,
such as carry, transport, fetch, bring, take, ete., and the ‘‘tote’’
of Old Virginia.

It was not until 1806, that the brothers, David and Joseph Ruff-
ner, set to work to aseertain the source of the salt water, to procure,
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if possible, a larger supply and of better quality, and to prepare to
manufacture salt on a seale commensurate with the growing wants
of the eountry.

The Salt Liek, or the ‘‘Great Buffalo Lick,’’ as it was ealled,
was just at the river’s edge, 12 or 14 rods in extent, on the north
side, a few hundred yards above the mouth of Campbell’s creek, and
just in front of what is now known as the ‘‘Thoroughfare Gap,’’
throngh whieh, from ‘the north, as well as up and down the river,
the buffalo, elk and other ruminating aniamls made their way in
vast numbers to the lick. I may mention en passant that so great
was the fame of this lick, and the herds of game that frequented it,
that the hunter, explorer, and conquerer of the ‘‘bloody ground’’ of
Kentueky, Daniel Boone, was tempted up here, made a log cabin
settlement, and lived on the opposite side of the river, on what is
now known as the Donally farm or splint eoal bottom. I have had
from old Mr. Paddy Huddlestone, who died a few years ago, at
nearly one hundsed years of age, many interesting anecdotes of their
joint adventures in hunting and trapping. Boone still lived here, in
1789-90, when Kanawha county was formed, and in 1791 served as
one of the delegates for the county, in the Legislature at Riehmond.

But to return to the lick and the operations of the Ruffner Broth-
ers. In order to reach, if possible, the bottom of the mire and
oozy quick-sand throngh which the water flowed, they provided
a straight well-formed, hollow syeamore tree, with four feet internal
diameter, sawed off square at each end. This is technieally called
a “‘gum.”’ This gum was set upright on the spot selected for sink-
ing, the large end down, and held in its perpendieular position by
props or braees, on the four sides. A platform upon which two men
could stand, was fixed about the top; then a swape erected, having its
fulerum in a forked post set in the ground eclose by. A large
bucket, made from half of a whiskey barrel, was attached to the end
of the swape, by a rope, and a rope attached to the end of the pole
to pull down on, to raise the bucket. With one man inside the gum
armed with pick, shovel and erowbar, and three or four to work the
swape, the erew and outfit were eomplete.

After many unexpeeted difficulties and delays, the gnm, at last,
reached what seemed fo be rock bottom, at 13 feet; upon entting it
with piecks and crowbars, however, it proved to be but a shale or
crust, about six inches thiek, of eonglomerated sand, gravel and iron.
Upon breaking through this erust the water flowed up into the gum
more freely than ever, but less salt.

Discouraged at this result the Ruffner brothers determined to
abandon this gum and sink a well out in the bottom, about 100 yards
from the river. This was done, encountering as before, many diffi-
culties and delays; when they had gotien through 45 feet of alluvial
deposit they eame to the same bed of sand and gravel npon which
they had started at the river. :

To penetrate this they made a 3l inch tube of a 20-foot oak
log, by boring through it with a long shanked augur. This tube,
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sharpened and shod with iron at the bottom, was driven down, pile
driver fashion, through the sand to the solid roek. Through this tube
they then let down a glass vial with a string to cateh the salt water
for testing.

They were again doomed to disappointment; the water, though
slightly brackish, was less salt than that at the river. They now de-
cided to return to the gum at the river, and, if possible, to put it
down to bed rock. This they finally succeeded in doing, finding the
rock at 16 to 17 feet from the surface.

As the bottom of the gum was square and the surface of the
rock uneven, the rush of outside water into the gum was very trouble-
some. By dint of cutting and trimming from one side and the other,
however, they were, at last, gotten nearly to a joint, after which
they resorted to thin wedges, which were driven here and there as
they would ‘‘do the most good.’’

By this means the gum was gotten sufficiently tight to be so
bailed out as to determine whether the salt water eame up through
the rock. This turned out to be the case. The quantity welling up
through the rock was extremely small, but the strength was greater
than any yet gotten, and this was encouraging. They were anxious
to follow it down, but how? They could not blast a hole down there
under water; but this idea oceurred to them; they knew that rock
blasters drilled their powder holes two or three feet deep, and they
concluded they could, with a longer and larger drill, bore a cor-
respondingly deeper and larger hole.

They fixed a long iron drill, with a 214 inch chisel bit of steel, and
attached the upper end to a spring pole, with a rope. In this way
the boring went on slowly and tediously till on the 1st day of No-
vember, 1807, at 17 feet in the rock, a cavity or fissure was struck,
which gave an inereased flow of stronger brine. This gave new en-
couragement to bore still further; and so, by welding increased length
of shaft to the drill, from time to time, the hole was earried down
28 feet, where a still larger and stronger supply of salt water was
gotten.

Having now sufficient salt water to justify it, they decided and
commenced, to build a salt furnace; but while building, continu-
ed the boring, and on the 15th of January, 1808, at 40 feet in the
rock, and 58 feet from the top of the gum, were rewarded by an
ample flow of strong brine for their furnace, and ceased boring.

Now was presented another difficulty; how to get the stronger
brine from the bottom of the well, undiluted by the weaker brines
and fresh water from above; there was no precedent here; they had
to invent, contrive and construct anew. A metal tube would nat-
urally suggest itself to them; but there were neither metal tubes,
nor sheet metal, nor metal workers—save a home-made blacksmith—
in all this region, and to bore a wooden tube 40 feet long, and small
enough in external diameter to go in the 215 inch hole, was impraec-
tlcable ; what they did do, was to whittle out two long strips of
wood, two long half tubes of the proper size, and, fitting the edges



8 HISTORICAL SKETCH

carefully together, wrap the whole from end to end with small twine;
this with a long bag of wrapping near the lower end, to fit, as nearly
as practicable, water tight, in the 214 inch hole, was cautiously pressed
down to its place, and found to answer the purpose perfectly; the
brine flowed up freely through the tube into the gum, which was
now provided with a water tight floor or bottom, to hold it; and
from which it was raised by the simple swape and bucket.

Thus was bored and tubed, rigged and worked, the first rock-
bored salt well west of the Alleghanies, if not in the United States.
The wonder is not that it required eighteen months or more to pre-
pare, bore and complete this well for use, but, rather, that it was
accomplished at all under the circumstances. In these times, when
such a work can be accomplished in as many days as it then re-
quired months, it is diffieult to appreciate the difficulties, doubts,
delays and general troubles that beset them then. Without pre-
liminary study, previous experience or training, without precedents
in what they undertook, in a newly settled country, without steam
power, machine shops, skilled mechanies, suitable tools or mater-
ials, failure, rather than sucecess, might reasonably have been pre-
dieted.

The new furnace which had for some time been under construe-
tion, was now complete. It was simply a reproduction of the Elisha
Brooks kettle furnace on a larger seale. There were more kettles,
of larger size, and better arranged.

On the 8th of February, 1808, the Ruffner Bros., made their first
lifting of salt from this furnace, and simultaneously reduced the
price to the, then, unprecedentedly low figure of four eents per
pound.

From this time forward, salt making, as one of the leading in-
dustries of Kanawha, was an established faet, and Kanawha salt
one of the leading eommercial articles of the west; and wherever it
has gone from the Alleghanies to the Rocky Mountains, from the
Lakes to the Gulf, its superior qualities have been recognized and
appreciated.

The neighboring property owners who had watched the progress
and result of the Ruffner well with such deep interest, now insti-
tuted borings on their own lands, above and below, and on both
sides of the river. Among these early enterprising experimenters
were William Whitaker, Tobias Ruffner, Andrew Donally, and
others. All were more or less successful in getting a supply of brine,
at depths varying from 50 to 100 feet, and by 1817 there were some
30 furnaces and 15 or 20 wells in operation, making in the aggre-
gate 600,000 or 700,000 bushels of salt. ‘

In this year an important revelation in the manufacture of salt
was effected by the discovery of coal. Although, in one of the finest
coal fields in the world, eoal had not, hitherto, been found here in
workable seams, nor been used at all, except for blacksmith purposes.
‘Wood had been the only fuel used in salt making, and for other
purposes, and all the bottoms and convenient hill slopes for several
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miles up and down the river had been stripped of their timber
to supply this demand.

David Ruffner, true to the spirit of enterprise, and pluek,
which bored the first well, was the first here to use eoal as a fuel.
This would appear to be a very simple matter now; but was not so
then. It was only after many months of discouraging effort, and
failing experiments, that he finally succeeded in getting it to work
to his satisfaction. Its value established, however, its use-was, at
once, adopted by the other furnaces, and wood ceased to be used as
a fuel for salt making in Kanawha.

Other important improvements were gradually going on in the
manner of boring, tubing and pumping wells, &e. The first progress
made in tubing, after Ruffner’s compound wood-and-wrapping-
twine tube, was made by a tinner who had located in Charleston to
make tin cups and ecoffee pots for the multitude. He made tin
tubes in econvenient lengths and soldered them together as they
were put down the well. The refinement of serew joints had not yet
come, but followed shortly after, in connection with copper pipes,
which soon took the place of tin, and these are recently giving
place to iron.

In the manner of bagging the wells, that is, in forming a
water-tight joint around the tube to shut off the weaker waters
above from the stronger below, a simple arrangement, called a ‘‘seed
bag,”” was fallen upon, which proved very effective, which has sur-
vived to this day, and has been adopted wherever deep boring is
done, as one of the standard appliances for the purpose of which it
is nsed. This seed-bag is made of buckskin, or soft calf-skin, sew-
ed up like a sleeve of a coat or leg of a stocking; made 12 to 15
inches long, about the size of the hole and open at both ends; this
is slipped over the tube and one end securely wrapped over knots
placed on the tube to prevent slipping. Some six or eight inches of
the bag is then filled with flaxseed, either alone or mixed with
powdered gum tragacanth; the other end of the bag is then wrapped
like the first, and the tube is ready for the well. When to their place
—and they are put down any depth, to hundreds of feet—the seed
and gum soon swell from the water they absorb, till a close fit and
water-tight joint are made. -

The hydraulie eontrivance for raising salt water from the gums,
consisting of a bucket, a swape and a man, was simple, slow and
sure; but the spirit of progress was abroad and it soon gave place
to a more complicated arrangement, consisting of a pump, lever,
crank, shaft, and blind horse or mule, that revolved in its orbit
around the shaft. This was considered a wonderful achievement in
mechanieal contrivanee, especially by the men who had worked the
swapes.

pFor several years this ‘“horse-mill’’ as it was called, was the only
mode of pumping salt water on Kanawha, but in the fullness of
time it also went to the rear in 1828 and the steam engine came to
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the front, not only for pumping, but also for boring wells and various
other uses.

In 1831 William Morris, or ‘“Billy’’ Morris, as he was familiarly
called, a very ingenius and sueccessful practical well borer, invent-
ed a simple tool, which has done more to render deep boring prac-
ticable, simple and cheap, than anything else since the introduetion
of steam.

This tool has always been called here ‘‘Slips,”” but in the oil
regions they have given it the name of ‘“‘Jars.’”’” It is a long double
link with jaws that fit closely, but slide loosely up and down. They
are made of the best of steel, are about 30 inches long, and fitted,
top and bottom, with pin and socket joint, respectively. For use
they are interposed between the heavy iron sinker, with its cutting
chisel bit below and the line of augur poles above. Its object is to
let the heavy sinker and bit have a clear, quick, cutting fall, unob-
structed and unencumbered by the slower motion of the long line of
augur poles above. In the case of fast augur or other tools in the
well, they are also used to give heavy jars upward or downward, or
both, to loosen them. From this use the oil well people have given
them the name of ‘‘Jars.”’

Billy Morris never patented his invention, and never asked for
nor made a dollar out of it, but as a public benefactor he deserves
to rank with the inventors of the sewing machine, planing machine,
printing eylinders, cotton gin, &e.

This tool has been adopted into general use wherever deep bor-
ing is done, but, outside of Kanawha, few have heard of Billy Mor-
ris, or know where the slips or jars came from.

The invention of this tool, the adoption of the heavy sinker and
some other minor improvements in well boring, gave a great im-
petus to deep boring in Kanawha. Wells were put down 500, 1,000,
1,500 and 1,300 feet, and one, the deepest in Kanawha, by Charles
Reynolds, to about 2,000 feet. These borings would doubtless have
been earried to a much greater depth, but that the faect soon got to
be understood that the salt-bearing strata had been passed, and
that no brines were obtained at a greater depth than 800 to 1,000
feet. The limit of the salt-bearing rocks is readily told by the ehar-
acter of the borings. Within this limit are sandstones, shale, coal,
&e., of the Coal Measures lying nearly horizontal, though dipping
slightly to the northwest; below is the Carboniferous Limestone which
underlies the Coal Measures, and erops out 100 miles to the eastward.
This limestone, when penetrated, is known to the well-borers as the
¢‘long-running rock,’’ from the fact that a boring-bit will run a long
time in it without being dulled.

No regular suites of samples of borings from the Kanawha wells
have ever been kept. This is not important, however, as the strata
are well known, and ean be examined along the New River canon as
they erop to the eastward. .

The Kanawha borings have educated and sent forth a set o
skillful well-borers, all over the ecountry, who have bored for water
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for irrigation on the western plains, for artesian wells for city, fae-
tory, private use, for salt water at various places, for oil all over the
country, for geological or mineralogical explorations, &e., &e.

Nearly all the Kanawha salt wells have contained more or less
petroleum oil, and some of the deepest wells a considerable flow.
Many persons now think, trusting to their recollections, that some of
the wells afforded as much as 25 to 50 barrels per day. This was
allowed to flow over from the top of the salt cisterns, on the river,
where, from its speecific gravity, it spread over a large surface, and
by its beautiful irridescent hues, and not very savory odor, counld
be traced for many miles down the stream. It was from this that
the river received the familiar nickname of ‘“Old Greasy,”’ by
which it was familiarly known by Kanawha boatmen and others.

At that time this oil not only had no value, but was considered
a great nuisance, and every effort was made to tube it out and get
rid of it.

In 1775, Gen. Washington visited the Kanawha valley in per-
son, and loecated some very valuable lands for his military servieces.
About three miles above the Salt Lick, he set apart and deeded to
the publie, forever, a square acre of land near the river, on which
was a great natural wonder, then little understood, called a ‘‘burn-
ing spring.’”” Tor many years after, it was visited by every one
who came to or passed through Kanawha, as one of the great euri-
osities of the region. It was simply a hole in the ground, which
filled with water when it rained, and up through which issued a jet
of gas, giving the water the appearance of boiling, and when light-
ed burned with a bright flame till blown out by high wind.

In 1841, William Tompkins, in boring a salt well a short dis-
tance above the burning spring, struck a large flow of gas, which
he turned to acecount by ‘‘boiling his furnace’’ and making salt with
it, effecting a great saving in fuel and economy in the cost of salt.

In 1843, Messrs. Dickinson & Shrewsberry, boring a few rods
below, tapped at about 1,000 feet in depth, nature’s great gas res-
ervoir of this region. So great was the pressure of this gas, and
the forece with which it was vented through this bore-hole, that the
augnr, consisting of a heavy iron sinker, weighing some 500 pounds,
and several hundred feet more of augur poles, weighing in all, per-
haps 1,000 pounds, was shot up out of the well like an arrow out of a
cross-bow. With it came a eolumn of salt water, whiclr stood prob-
ably 150 feet high. The roaring of this gas and water, as they is-
sued, could be heard under favorable conditions for several miles.

It would have been difficult to estimate with any approach to
accuraey, the quantity of gas vented by this well, and no attempt was
made to measure it. I heard it roughly estimated as being enough
to light London and Paris, with, perhaps, enough left to supply a
few such villages as New York and Philadelphia. But as this is a
salt well, as well as gas well, I suggest that the gas estimates be
taken, cum grano salis.

While this well was blowing it was the custom of the stagé
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drivers, as they passed down by it, to stop and let their passengers
take a look at the novel and wonderful display. On one occasion
a professor from Harvard College was one of the stage passengers,
and being a man of investigating and experimenting turn of mind,
he went as near the well as he could get for the gas and spray of
the falling water, and lighted a match to see if the gas would burn.
Instantly the whole atmosphere was ablaze, the Professor’s hair and
eye-brows singed, and his elothes afire. The well-frame and engine-
house also took fire, and were much damaged. The Professor, who
had jumped into the river to save himself from the fire, crawled
out, and back to the stage as best he could, and went on to Charles-
ton, where he took to bed, and sent for a doctor to dress his burns.

Colonel Dickinson, one of the owners of the well, hearing of the
burning of his engine-house and well-frame, sent for his man of af-
fairs, Col. Woodyard, and ordered him to follow the unknown stage
passenger to town, get warrant, have him arrested and punished, for
wilfully and wantonly burning his property,—unless you find that
the fellow is a natural d d fool, and didn’t know any better. Ar-
riving at Charleston, Woodyard went to the room of the burnt Pro-
fessor at the hotel, finding him in bed, his face and hands blistered,
and in a sorry plight generally. He proceeded to state in very plain
terms, the object of his visit, at which the Professor seemed greatly
worried and alarmed, not knowing the extent of this additional
impending trouble, which his folly had brought upon him. Before
he had expressed himself in words, however, Woodyard proceeded
to deliver, verbatim, and with great emphasis the codicil to Dickin-
son’s instructions. The Professor, notwithstanding his physical pain
and mental alarm, seemed to take in the ludierousness of the whole
case, and with an effort to smile through his blisters, replied that it
seemed a pretty hard alternative; but under the circumstances, he
felt it his duty to confess under the last clause, and escape. Well,
said Woodyard, if this is your decision, my duty is ended, and I bid
you good morning.

' The salt water and gas from this well were partially collected
and conveyed through wooden pipes, to the nearest furnace, where
they were used in making salt. 4

For many years this natural flow of gas lifted the salt water
1,000 feet from the bottom of the well, forced it a mile or more
through pipes, to a salt furnace, raised it into a reservoir, boiled it
in the furnace, and lighted the premises all around at night. About
the only objection to the arrangement was, that it did not lift the
salt and pack it in barrels.

The suceess of this well induced other salt makers to bore deep .
wells for gas, and several were successful. Messrs. Worth & English,
Tompkins, Weleh & Co., Wm. D. Shrewsberry, J. H. Fry, and J. S. O.
Brooks, got gas wells and used the gas either alone, or in connection
with eoal, for fuel, in salt making. Gas was also struck in a few
other wells, but did not last long, and was not utilized.
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The first flow of gas ever struck in Kanawha, was as far back as
1815, in a well bored by Capt. James Wilson, within the present city
limits of Charleston, near the residence of C. C. Lewis, Esq.

The Captain had not gotten as good salt water as he expected ;
but instead of being discouraged, he declared in language emphatic,
that he would have better brine or bore the well into lower
regions, with higher temperature. ¢

Shortly after this the angur struek a cavity which gave vent to
an immense flow of gas and salt water. The gas caught fire from a
grate near at hand, and blazed up with great forece and brilliancy,
much to the consternation of the well-borers and others. Capt. Wil-
son thought it would be a reckless tempting of providence to go any
deeper, and ordered the boring stopped.

This well is now owned by the Charleston Gas Light Company,
whieh at some future time contemplates re-opening it to test the gas
for lighting the eity.

Of the many wells in the neighborhood that have furnished gas,
some have stopped suddenly, and some by a slow and gradual process.
Whether these stoppages have been from exhaustion of the gas, or
sudden or gradual stoppage of the vent-ways, has not been definitely
determined. It is known, however, that in the Dickinson and Shrews-
berry well, which blew longer than any other, that the copper pipes
in the well, and the wooden pipes leading to the furnace, were lined
with a mineral deposit in some places nearly closing them. This de-
posit has not been analyzed, but may possibly be silicate of lime.
A system of torpedoing might break up these incrustations from the
walls of the well and rock cavities, and start the gas again.”’

Natural Gas First Used for Manufacturing Purposes in the
Kanawha Valley.

From these facts as given by Dr. Hale, it will be perceiv-
ed that the claim of priority for West Virginia in all of the es-
sential elements of the petroleum industry of the United States,
is fully sustained, for here were invented practically all of
those tools and appliances without which the deep drilling of
the present day would be impossible. This record also shows
that the use of natural gas for manufacturing purposes was
first begun within the United States by Mr. Tompkins of the
Kanawha Valley, a utilization which now plays such an im-
portant part in industrial affairs, and which is destined to
continue until the age of gas is fully inaugurated, and the
general use of coal in its erude or unmanufactured condition
is abandoned in all populous communities. The extravagant
methods which have characterized the first decade of the re-
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cent greatly increased use of natural gas, will have been large-
ly compensated for, should they finally lead to the use of coke
instead of eoal, and to the saving of the gas for fuel and general
heating purposes which is now lost in our wasteful and unseica-
tifie coke ovens of the bee-hive pattern.

Petroleum Discovered in the Early Sall Borings.

In these carly salt borings on the Great Kanawha, con-
siderable quantities of petroleum were often found in the
sands of the Coal Measures (Pottsville series,) and much of it
was utilized in oiling machinery and for torech lights, while
many barrels of it were transported and sold to other regions.

The “methods of boring invented on the Kanawha soon
spread to adjoining States, especially to Ohio, where in the
Muskingum region, efforts to secure brine for salt manufae-
ture, led to discoveries of petroleum and natural gas, just as
they had previously done on the Great Kanawha.

Dr. Hildreth’s Account of the Early Petroleum Industry.

Very fortunately for science, a learned and accomplished
physician, who was also one of the pioneer geologists of Ohio,
Dr. S. P. Hildreth, resided at Marietta during the early period
in petroleum history, and he has left a carefully written ac-
count of these drilling operations and their results from which
we get a glimpse of the beginning of the petroleum industry
in Ohio, and by inference therefrom, its previous history in
what is now West Virginia. This article was published in the
American Journal of Science and Arts, Vol. X, New Haven,
Connecticut, February, 1826, pages 1-8 inclusive, under the title
of ‘‘Facts relating to certain parts of the State of Ohio,”’ by
S. P. Hildreth, M. D. After speaking of limestone that is
thick and abundant, he continues on page 4 as follows:

‘‘Below these beds of limestone you pass through a stratum of
clay, sometimes of fossil coal; this is of various depths in different
parts of the county*®; after which you ecome to that vast and exten-
sive bed of rock, which underlies the country from the Alleghany
mountains to the Mississippi river, for aught I have heard. The
thickness of this rock has never been ascertained, but at the depth of
from 150 to 400 feet, this rock is strongly impregnated with salt
and if on boring to that depth you are so fortunate as to find water,
I believe that water invariably holds in solution a greater or less

*Washington county.
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quantity of the muriate of soda. Two attempts at boring for salt
water have been made in this county. The first was made two or
three years since, about 40 miles from Marietta, near the Muskin-
gum river; they proceeded to the depth of about 200 feet, and their
prospecets of obtaining water rather diminishing than increasing, they
gave up the work. The other trial is now making, on the waters of
Little Muskingum creek, about 12 miles from Marietta. It is two
years since they began to bore, working at it only in the summer and
autumnal months. They have penetrated the rock to the depth of
300 feet, and have as yet found no salt water; but the cattle are very
fond of licking the fine dust of the rock, which comes up on the
drills in the form of mud, which is an evidence that it contains salt.
There is a eontinual discharge of earbonated hydrogen gas from the
well; and also from the bed of the creek on which the well is situated,
at various places for the distance of half a mile: This gas is high-
ly inflammable, and where there is a free discharge of it, it will take
fire on the surface of the water, on the application of a lighted stick,
or the flash of a gun, and continue burning for days, unless put out
by a heavy shower or a high wind. It was this discharge of gas that
induced the present proprietors to search for salt water. It being in-
variably found to accompany all the salt water of any consequence,
that has been diseovered in the western country.*

‘It is this discharge of gas that brings the salt water from such
vast depths in the bowels of the earth, to the surface. And where
water has been discovered, and the supply of gas has failed, the water
has immediately sunk in the well, and could not, by any means used,
be brought again to the top of the well.

They commonly bore, at the wells of Little Muskingum, to the
depth of 400 to 500 feet, unless salt water is found before they reach
that distance. They are encouraged then to continue, from their
knowledge of the depth at which others obtained very good water, on
the west branch of Duck Creek, four or five miles above the line of
Washington, in Guernsey county. They have sunk two wells which
are now more than 400 feet in depth. One of them affords a very
strong and pure water, but not in great quantity. The other dis-
charges such vast quantities of petroleum, or as it is vulgarly ecalled,
‘‘Seneka Oil,”” and besides is subjeet to such tremendous explosions
of gas, as to force out all the water, and afford nothing but gas for
several days, that they make but little or no salt. Nevertheless the
petroleum affords considerable profit, and is beginning to be in de-
mand for lamps, in workshops and manufactories. It affords a clear,
brisk light when burnt this way, and will be a valuable article for
lighting the street lamps in the future cities of Ohio.’’

‘‘The rock in which these wells are sunk is of various density
and composition. In some places for one or two feet the workmen
can gain only an inch or perhaps half an inch in a day, and then they

*Evidently,referring to the Great Kanawha Valley.—I. C. W.
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have their drills to sharpen every few minutes; the rock is so much
harder than the hardest steel that it is very difficult to get a drill
to stand it at all. .

At other places in the rock they penetrate from one to two feet
in a day. In this course of drilling they often pass through as many
as three or four layers of fossil coal, at various depths in the rock;
and it is generally the fact, that immediately after the salt water ap-
pears, they pass a stratum of stone coal of considerable thickness,
perhaps six or eight inches.”’

Early Use of Petroleum Shown by Dr. Hildreth. "

This interesting account, it must be remembered, was pub-
lished in 1826, and as may be seen from the same, petroleum
was then coming into general use for illuminating purposes
in the region. Now, as it is well known that the well borers of
Ohio learned their art in the Great Kanawha Valley many
years before (1806-1820) where much petrolenm had been
found in boring for salt, and utilized in the same manner as on
the Muskingum, it can readily be seen that the Great Kanawha
Valley region of West Virginia (then a part of Virginia) was
the real pioneer in the discovery of petroleum by boring, and
that it, as well as natural gas, was first utilized on a commer-
cial scale in the Kanawha Valley ; so that the account which Dr.
Hildreth has left concerning the discovery and use of petrolenm
on the Muskingum might have been written fifteen years earlier
for the Great Kanawha, had the geologist lived at Charleston
instead of Marietta. As a matter of fact Dr. Hildreth did
visit the Great Kanawha, as well as the Little Kanawha region
soon after 1826, for in 1836 he published a long paper in the
American Journal of Science, Vol. 29, entitled ‘‘Observations
on the Bituminous Coal Deposits of the Valley of the Ohio,”’ in
which on page 121 he describes the petroleum found in the
salt wells near Charleston, the oil and gas on the Big Sandy
(page 129,) and the oil pits on Hughes River (page 86.)

In another paper published in Vol. 24 of the same jour-
nal, in 1833, ‘‘On the Saliferous Rock Formations in the Val-
ley of the Ohio,”’ page 46, he describes one of the earliest oil
wells of the country, drilled in 1814, and located on the land
of Mr. McKee, on Duck Creek. This well had been bored for
salt water, and at a depth of 475 feet (evidently in the Dunk-
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ard or Cow Run Sand) had struck a flowing oil well, which
at first produced a large quantity of oil, ‘‘flowing 30 to 60
gallons at each eruption, but now (1833) only one barrel week-
ly.”

Little Kanawha, Hughes Rwer, etc.

The Little Kanawha river and its principal tributary, the
Hughes, have also played very important parts in the early
petroleum history of the country.

A prominent anticlinal axis crosses the Great Kanawha
near the ‘‘burning spring,’’ and probably the same uplift ex-
tending to the north aeross the Little Kanawha, the Hughes,
the Ohio, and up into the Muskingum region, develops a line
of ““burning’’ and petroleum ‘‘springs’’ throughout its course,
so that the Little Kanawha also had its ‘‘burning springs,”’ as
well as the Great Kanawha. Where this arch crosses Hughes
river near the California Iouse, two miles below the junction
of the North and South Forks, it brings one of the ‘‘shallow
sand’’ oil rocks (Dunkard) above drainage level, and the oil
seepage from this and the underlying beds had long ago filled
the flood plain sands and clays with oil. Just when this
surface deposit of oil was first observed, and collected, we
have no authentic account, but probably from the earliest settle-
ment of the region by the whites, and possibly earlier still by
the aborigines. As related above, it was first deseribed by Dr.
Hildreth in 1836, who states that 50 to 100 barrels were collect-
ed and sold during each season, even at that early day, and
hence the industry must have existed for many years before.

Early Oil Operations of Mr. George S. Lemon, on Hughes River.

The flood plain deposits or river sands which held the oil
were situated on the right bank of the stream, and the first
settlers dug pits into them, washed out the oil, and collected
it with cloths and in other primitive ways for the markets at
Parkersburg, Marietta, Cincinnati and elsewhere. One of the
early operators engaged in the business of collecting and
marketing this ‘‘mud oil,”’ as it was called, of whom we have
an authentic account, was George S. Lemon, who came from
eastern Virginia in 1835 and settled at the forks of the Hughes
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river. The oil deposits two miles below were well known at that
time, and Mr. Lemon soon began the business of collecting and
selling the oil. In his employ was an intelligent mulatto nam-
ed Hugill, or Hugle, who had learned the well-borer’s art on
the Great Kanawha, and being in need of salt, Mr. Lemon
concluded to sink a well for brine on the left bank of Hughes
River, and 300 yards above the oil pit diggings, at a locality
where he had noticed cattle licking the rocks. Aided by the
inventive genius of Hugill, Mr. Lemon rigged up an arrange-
ment for drilling the well by water power (probably the first
of its kind in the country,) and thus the hole was soon drilled
to a considerable depth, or to something over 100 feet, as re-
membered by Mr. Albert Lemon (son of George 8.,) where a
flow of salt water, oil and gas was struck. This was in 1844
according to Mr. Albert Lemon, and the oil rendering the salt
water useless, the inventive talent of Hugill was again drawn
upon. Through his assistance, Mr. Lemon perfected a siphon
arrangement for automatically removing the water from the
trough into which the well flowed, and in this manner about
one barrel of oil was daily saved from the well, and added to
the supply from the sand pits. This was termed ‘‘sand oil,”’
and was found to command a price higher in the markets, by
five cents per gallon, than the ‘“mud oil’’ from the sand dig-
gings. The well continued to flow about once daily for a con-
siderable time, but whether it was ever pumped for oil or not,
after it ceased to flow, the accounts are conflicting. It was
located about 150 yards from the mouth of Flint run, and the
old timbers of the dam for water power, and the rocks between
which the water turned the wheel may still be seen i situ, just
under a modern well which now obtains its supply of oil from
the upper portion of the ‘“Salt Sand’’ at a depth of 600 feet.
Soon after Mr. Lemon had begun to market the oil from
the pits and profits were accumulating therefrom, a question
arose between him and Mr. Bushrod W. Creel concerning the
title to the land on which the oil pits were situated. It appears
to have been settled in favor of Mr. Creel, since .we find his
name on the books and records of the firm of Bosworth, Wells
& Co., of Marietta, Ohio, as a seller of petroleum. A trans-
cript from these old books which are in the possession of Mr.
Tasker W, Bosworth, has been kindly furnished by the late
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Mr. F. W. Minshall of Marietta, and as it possesses much his-
toric interest, is given herewith as follows:

Transactions in Petrolewm of Bosworth, Wells & Co., Marietta,

Ohio, with Bushrod W. Creel, Hughes River, West Va.

SALES OF PETROLEUM.

J. Schoonmacher, Pittsburg, Pa.

October, 1848, Seneca 0il.co.. v tov cviieiievereenenn $ 149.00
H. G. Farrell & Co., Peoria, Ill.
October, 1848, Seneea 0il..... ..vciiiiiiieieennnnnnnnnns $ 89.95
RS A9 5S e T e CAROTIEMYME BB N g N8 ov. TR R Ve v Sle s stona s 168.00
September, 1850, Seneca Oil... .......c.c.iviiiuiiiininnnns 230.00
December, 1855, Seneea Oil..... «.ovviiiie viviiennnnennn 1231.00
Canby & Hatch, Baltimore Md.
S[iBE IS Erie Al @1 [ RSB e o e e o B L T 78.05
E. H. Stabler & Co., Baltimore, Md.
i 85 1s S ane AR OTISEESS SeBREE T A EUL | 8 0 A Al $ 161.00
December, 1857, Seneca Oil......coviiiiiiiiinissennennnns 3080.13
B. A. Fahnestock & Co., Pittsburg, Pa.
SMIaASISA05T Sen ceag ORIt Sl & L i et g o L $ 120.00
Philadelphia Pa., sales.
A8 ST vm i (RS O ety S8 See g inbats s bt ) S0 36.22
Geo. D. Wetherell......... e R Shageh i) 0.0 v 155.00
IR SO 7 O o Sl SR i s e e A e A o 70.00
SanielsiE S itoth - &IiE o S NSRS e o 15.00
e L O I 0 ) o O A T s e 25.00
iy D RSINI GG RE 0. L B R R N L s b v 815 orore) ot 167.36
AiseErenchssRichardy & -Cog Shd Sai s Lo ol e oy 1000.00
New York Sales.
1851 Haitan de Harrali & | Ragley." .50 0, Db 00 00 0L $ 190.00
oy LD S ] 1) 0 D BT D L AL e Lo A T o el 71.00
L R S R 7 A B S e 350.00
1852, Oleott, McKesson & Robins........ccovvevunennnn. 55.35
A GO & (0 S st s B L L o 1804.00
Haskill, Merrick & Bull......oovveenriennrennnnnns 50.00
1854, McKesson & Robins......ccveviiiiiieiineinnnnnnns 394.00

1856, Hall, Dixon & Co............. SRR T Pl s veees 73100
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Thomas MWesClarkes, J -l i d s, LS il s) - ity T 357.00
1857, Scheiffelm Bros. & Co...ovvvvirenineeriiiinnceeoes 130.00
T LTI © 8 % 0 AL AR A want i o o 1o e coqeherie IofadotaNenehane tos=ve - ot Lo aioRE 82.65
(N S esthnooke. 1 2 i . el Y. e 136.35
Babeock & Co...0.oioereeiiiiisdinaeaiianssaat 60.00
St. Louis, Mo., Sales.
April, 1852, Charles, Blow & Co....ovveveiieincennnennnss $ 306.80
Cineinnati, Ohio, Sales.
1858 T MBITAsall ] & T BroSI s et oy et 1 et ittt h e et » $1507.00
Chicago Sales.
(ERS5M BRI M, STViells i 2 A i e o SR e, $ 239.00
11856, S S RN AW el 15 v, S St SR S s, £ AR R e 132.00

¢¢The purchases from Bushrod W. Creel of Hughes River, W. Va.,
began in 1847 and continued regularly up to 1860. The price paid
Creel from the beginning of the trade up to 1857, was 33 cents per
gallon, delivered at Marietta, O. From 1857 to 1860 he was paid
40 cents per gallon.

The following entries taken from the eredit side of the account
with Mr. Creel, show the quantity purchased and the price at times
named:’’

January, 1855, 24 barrels, at 33 cents per gallon.

May, 1855, 9 barrels at 33 cents per gallon.

June, 1855, 29 barrels, at 33 cents per gallon.

July, 1855, 22 barrels, at 33 cents per gallon.

August, 1855, 32 barrels, at 33 cents per gallon.

September, 1855, 27 barrels, at 33 cents per gallon. :

October. 1855, 29 barrels, at 33 cents per gallon. i

November, 1857, 72 barrels, at 40 cents per gallon.

December, 1857, 153 barrels at 40 cents per gallon.

There were, of course, petroleum sales from the ITughes
river region, as well as from the Great Kanawha, to many
other parties, but the transactions with Bosworth, Wells &
Co., are the only ones yet discovered, of which a written record
has been preserved. These records are of much historie inter-
est, since taken in connection with the petroleum discoveries in
. the salt borings on the Great Kanawha as early as 1808, as
given by Dr. Hale, and those on the Muskingum, described by
Dr. Hildreth in 1826, they show conclusively that a large (for
the time) commercial business in petroleum was already in ex-
istence in Virginia and Ohio both from drilled wells and sand
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pits, long before Col. Drake had completed (28th of August,
1859,) mear Titusville, Pa., the first well bored specially for
petroleum, and that, therefore, West Virginia should at least
share with Pennsylvania the honor and ecredit of originating the
great petroleum industries, and especially so in view of the
fact that practically all well boring tools, methods of casing,
drilling and pumping wells, were invented by eitizens of what
is now West Virginia.

Method of Pumping Several Wells from a Ceniral Power Sta-
tion, Invented by W. C. Stiles, Jr., of Volcano, W. Va.

The method of coupling several wells together and pump-
ing all from one central power plant, thus enabling the pro-
ducer to operate very small wells at a profit, was invented by
the late Mr. W. C. Stiles, Jr., of Voleano, Wood county, W. Va.,
in 1874, and first applied in the Volecano field, where as many as
forty wells were sucessfully operated by one engine under the
superintendence of only one man. Mr. Stiles got the idea from
seeing power transmitted by wire cables in Philadelphia, his
former home, and his inventive genius suecessfully applied the _
same principle to the pumping of oil wells.

Drilling Operations of the Brothers Rathbone, at Burning
Springs, on the Little Kanawha.

A small stream known as Burning Springs Run enters
the right bank of the Little Kanawha river, 41 miles above
the latter’s mouth. The run was so named by the first settlers
from the faet that matural gas came up in a sulphur or chaly-
beate spriug; about one-half mile up the stream from its mouth,
in such quéntity that it could be set on fire over a space of
several feet square. There were two of these springs, one
known as the ‘‘Big’’ spring, and the other as the ‘‘Little’’ one.
These phenomena early attracted the attention of ecapitalists,
and in 1842 the brothers Rathbone came to Parkersburg from
New York, and soon after purchased a tract of land containing
1,000 acres covering the region along Burning Springs run,
and including the springs themselves.

-
t o ;
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Salt was then one of the articles of commerce which on
aceount of its searecity, commanded a high price, and there was
much profit in its manufacture. Because natural gas springs
occurred on the Great Kanawha, Muskingum and in other
localities where good brines had been found, the Rathbone
brothers concluded it would bg possible to find good salt produe-
ing brines on their 1,000 acre tract. Hence soon after the pur-
chase was consummated, arrangements were made to sink a
well for salt, and it was located on the left bank of the Little
Kanawha, 100 yards below the mouth of Burning Springs run.
At a depth of 250 feet so much oil was obtained (from the
Cow Run or Dunkard Sand,) that further attempts to find salt
water were abandoned, and sinee the ‘‘gum’’ or conductor was
left in the hole, the oil would rise to the top (as the hole was
full of water) from which it was skimmed and sold. This old
salt well was the first in the State to be pumped for oil alone,
since soon after Col. Drake drilled his famous well near Titus-
ville, Pa., the Rathbone salt well was leased and put to pump-
ing. This was late in the fall of 1859, and it produced several
barrels daily.

First Well Drilled for Oil in West Virginia.

The first well within the the boundaries of the State, drilled
solely for petroleum was also on the Rathbone tract, and lo-
cated on Burning Springs run, a short distance (one-fourth
mile) from its mouth. The well was drilled by the Rathbones
and others from Parkersburg, and was begun late in the year
1859. . Sinee the well was drilled with a ‘‘spring pole’’ it was
not completed until about the 1st of May, 1860, when at a depth
of 303 feet oil was encountered in the Cow Run or Dunkard
sand, which produced at the rate of 100 barrels daily. The
Rathbone tract was then sold to the Rathbone Oil Co. for a
large sum, and the second well, finished by this Company late
in the year 1860, came in at the rate of 40 or 50 barrels per
hour at a depth of only 300 feet. These two wells brought the
West Virginia oil territory into great prominence, and the de-
velopments followed so rapidly that the former village soon
had a population of several thousand people, repeating the his-
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tory of gold mining camps, and rich mineral discoveries in
other regions.

Destruction of the Burning Springs Petrolewm Industry.

At the height of this development in 1863, Gen. Jones of
the Confederate forces appeared upon the scene, with his com-
mand of 3,000 cavalrymen, and setting fire to the oil accumu-
lated in tanks, barrels and boats, destroyed in a day, it is es-
timated, not less than 300,000 barrels of oil, and effectually
frightened away the northern capitalists who had invested
their money in the Burning Springs field. The burned and
abandoned wells became ‘‘water-logged,”’ and the region
never recovered from the conflagration, although some oil is
still produced there, and many wells have been drilled within the
last few years. j

Life of an Oil Well.

Two or three of the Burning Springs wells drilled in 1861
to the Dunkard or Cow Run Sand are still producing from one
to two barrels daily, although 43 years old, and they never were
large, thus showing that we do not yet know the maximum limit
of life in an oil well.

Spread of Drilling Craze Over the State, and Failure of the
Efforts to Reach the Oil Sands.

Soon after the Burning Springs oil development began,
the petroleum craze spread all over the State, and large sums
of money were paid by eastern capitalists for leases on tracts of
land even far up in the mountain regions. Many wells were
drilted in Several counties, or at least attempts were made to
drill them, which nearly always ended by getting the tools
fast, and the hole plugged, because the operators had not yet
learned the art of dealing suceessfully with rocks that erumble,
or cave, and fall into the hole when water touches them. In the
region of Titusville, Oil City, and all of north-eastern Pennsyl-
vania the rocks (Sub-Carboniferous and Catskill) to be drilled
through, are all hard and the walls of the wells stand firm
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after the holes are bored, even though drilled ‘‘wet’’ and full
of water from top to bottom, but when the Pennsylvania drill-
ers came down into West Virginia where a much higher and
softer series of rocks was encountered (Permian and Coal Meas-
ures,) and attempted to use the Pennsylvania methods, the re-
sult in most cases was failure to sink the borings to any of the
Venango County oil producing sands. Thus it happened that
the oil development of West Virginia outside of the Burning
Springs and Voleano ‘‘oil break’” or anticlinal, was delayed for
30 years behind her sister State on the north, for exeept along
that bold arch between the Little Kanawha and Ohio rivers
there was no oil production in eommercial quantity until the
year 1889. The region along the ‘‘Burning Springs—Eureka’’
anticlinal was practically all developed during the ’60’s, since
here the soft rocks had been lifted into the air and eroded,
so that Pennsylvania conditions existed, and it was possible
to sink wells there without trouble from caving walls, hence
the Burning Springs, Voleano, Vaucluse, and other oil pools
along this anticlinal had been developed, and practically ex-
hausted before the new developments, inaugurated in 1889, had
begun.

Recent Petroleum History of West Virginia.

The modern development of the petroleum interests of
West Virginia, date from 1889. The old development which
started at Burning Springs in May, 1860, had practically end-
ed with defining the producing territory along the Burning
Springs anticlinal, sinee although many ‘““shows’’ of oil had
been found in several other portions of the State during the
drilling eraze of the ’60’s, yet for the reasons already given,
none of these attempts had reached the main oil producing sands
of Pennsylvania, although it has since been proven that many
of these early shallow borings, which, owing to the condition
of the well drilliing art conld be sunk only a few hundred feet,
were in reality located over rich pools of petroleum or natural
gas.

Statistics of 0il Production.

The statisties of Petroleum production in West Virginia
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are not perfect, especially for the early period of great dewelop-
ment at Burning Springs, so that previous to 1876 the total for
the State is merely an estimate. Subsequent to that date, the ree-
ord is from the pipe line runs, and is therefore approximately ae-
curate. These statisties are as follows, according to Oliphant
in his Petroleum Reports for the U. S. Geological Survey:

Barrels.

TR59/ 0 tok IS TORIRERN S G e i 5 s 0 1700 3,000,000
ST B oA s A R S T N i B P9 120,000
3 S e s e S i SR R LA 172,000
S TRN: St e T e s ipsmniid a6, 180,000
I SORSE vo ] SRR e bt et ke e v 4 1180,000!
T B QRN o SN s o s 179,000
Uttt e T e me s et A L i e e 151,000
18REIE BTN S s a0 s, 128,000
1S8T T Rl ot s U, Aty i il 126,000
TS B R s Eb el psrerotoe i ere bl 75 & os 90,000
AESNEIT o o A b e e e I e 91,000
L e R Tl 3 a0 & 015153 1n 5, o ot v i o 102,000
b nk el & I N e e TR RPN 145,000
HSES PRSI, Ml 8 2L Ve D s, Al 119,448
3 e Lt R e B I e TN e S ST Y S 544,113
U0 e Y St oiB I Hae T s S A SR e 492,578
R e i s b s s 2,406,218
oy i n 3E 2 hils 8o oL eve on 3,810,086
1SSt S o 3 e M N R 8,445,412
B 4 T T2 LE DT oL DA R S 8,577,624
3R TR o & Tt B A g £ gt e ey 8,120,125
1896, . sl Ll A R S e 10,019,770
B N R e core 't o7 o' 13,090,045
4808: v'1 (0 SR Sy 13,603,135
1899..... I LY B 0 | et SO SRR P 13,910,630
1900..... PP PR TP 3 s A et L O 16,195,675
AN e R SR RIS oty 2t T N 14,177,126
LTI st BN AR SR AT (s S Mg S L e 13,513,345
QOBIE Thes 23w 1 (2N e r b P IRAN *12,900,000

I ) e B e P (RIS R Py 144,601,296

*Estimate by F. . Oliphant.

Great Increase in West Virginia Petroleum Output, Dating
from 1889.
These tables exhibit an almost steady decline from 1876

until the close of 1888, but here the tide turns, and there is
a sudden increase. "The year 1889 marked the opening of the
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Dolls Run, Eureka, and Mannington oil pools, and from that
time forward the growth of West Virginia’s oil production has
been upward with such marvelous strides that toward the close
of the year 1900, it finally surpassed that of Pennsylvania, and
the pipe line rus at the present time (May 1904,) show that
her production equals that of Pennsylvania and New York,
combined. This primacy in ‘“white sand’’ oil (the purest and
best petroleum in the world,) production will also very probably
continue in the future, since West Virginia, occupying as she
does the heart or central portion of the great Appalachian coal
basin, eontains a much larger area of white sand oil territory
than her sister states of Pennsylvania, Ohio and Kentucky.
The year 1891 marked the maximum production (83,009,-
236 barrels) of the Pennsylvania field, 32 years after the in-
dustry began, with the completion of the famous Drake well,
and from that time (1892) forward the decline in Pennsylvania
oil production has been rapid and almost continuous, so that
in 1902, the pipe line runs from both the Pennsylvania and
New York fields foot up only 13,183,610 barrels, or 329,735
barrels less than the West Virginia production, (13,513,345,) for

that year.
The Future of West Virginia’s Oil Production.

It is hardly possible that West Virginia’s annual pro-
duction can ever exceed that of 1900, (16,195,675 barrels,)
and the probabilities are that from this figure the gradual de-
cline of the last 3 years will continue, sinee it is almost cer-
tain that the largest and richest pools of oil in the State have
been discovered. There is some compensation, however, con-
nected with the unpleasant fact of waning production, and
that is, the price of petroleum is almost certain to advance
with the diminishing supply, and hence it is possible that when
the quantity produced has decreased to only one-fourth of what
it is now, the price received then may be equivalent to that ob- -
tained now for the greater quantity.

Statistics of Production in Pennsylvania.

The Statisties of Oil Production in our sister state of
Pennsylvania, which are here given, constitute the stromgest
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evidence of the limited supply of petroleum, and are of them-
selves the most convincing argument that the stores of these
precious hydro-carbons cannot last indefinitely. They read as
follows according to Mr. Oliphant in Mineral Resources for the
U. S. Geological survey:

Barrels*
TICHT el 4 1B A T TSR s Mg U A O O R 2,000
860 wak (RG] A AT A o R e Tk P 500,000
T CIRE S Br ion oo s e ROy S P e e A 2,113,609
S22 IRt el SRR AL 1 N A LS 3,056,690
3 T e T o e I B AL S I A L AR e 2,611,309
1864 ...... S T AT T AR T AL LR Y P 20 2,116,109
N ot S o A DL e TR TR T 2,497,700
EO6T it REMISM SIS Ters), Sher i sl i 3,697,700
LB T S e N T o B T o iforsrars & 3 503« Shate 3,347,300
1868, i I AEN S SR AR S LS I et 3,646,117
1809t S SRR e e T L 4,215,000
BTN 2 % o s o 5 BT Ol DD L e ) 1S 5,260,745
SLSHLT i AL S i R SO A e ST SN B, 5,205,234
S A A B R S B S o E i E s T R L AT IS 5,293,194
B e s sl oceoialehald s 51 fo apoqeio s o 9,893,786
B S AN Rt 0 b T L e s, L e 10,926,945
TKeYAD) Bbio o ale ookt 24 L R OR AR Tkt LN 8,787,514
SO BBt ALY N I, S 8,968,906
ST T 05 1 0 Bt L R e ey Rah 0 A IR LRSS 13,135,475
B A O N T ¥R driglos sparoltobe mels o sorsfopes 15,163,462
o R AT e orcrs T arN ko B ofabs fyouss 14 sl i atse 19,685,176
RS A ey tar] Loy s st L S o 26,027,631
TN Sl B AR T S obie e eh B o 27,376,509
sSonders M 0m A o8 AL SR SRR PN AR el 30,053,500
1888 0 sy, Fanh s 4 WAy s hie ) 130 23,128,389
A T R WA ot & b saper s 23,772,209
QRDE ¢, 8L Wi U Sy G e B o s O L 20,776,041
TS A e P Ay B3 e © i SRR SRTAR T 25,798,000
Tiohala i s RPRALRR IS 1 1 L R e L SRR 22,356,193
LIS ORRE S FRR Tl EO s L0 W 2 © P YR S ST BT 16 448 668
THS SRR B Tt PEIORER o 5 b e s B S 21 487 435
R S L A o R A 5 0 e s I T RN T 28 458 208
B s 7 ey el o SRR SRt e 57 s 1 ofa e s orar o) o 33,009,236
HISODR ISP 18 408 CHTNG e il Ve 28,422,377
TR T e B AR L o i PR ....20,314,513
S L BN Tt P R N G T 19,019,990
LS R S oA o IR L L e SIS SRR 19,114,390
MISOGINR Sy, siehiiioria o=l ot S, Al d. 20,584,421

*These statistics also inelude the small oil production from the
State of New York.
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Barrels.

OO S A E seEpn el e SEL Dot a o 19,262,066

b kot ol ISPl S PR B A TPl S A T T e S e 15,232,702
I e R I T d S 0 oA e & care h Ry Kihas 14,374,512
ROGORTS . o i Vo i T ke o 14,559,127
I R s T e A A e Y N s AR KA D B il 473 13,831,996
TN ks ol o s At A R By A O o et 13,183,610
JGOB L LA, AN R e Tl e e *12,527,000
Moval st v s svelelea Sl ot 640,142,694

*Estimate by F. II. Oliphant.
Meaning of Fluctuation in Production.

The fluetuations shown in this production mark the rise
and decline of great oil pools, like Bradford, Cherry Grove,
Washington and MeDonald, the last great pools discovered in
Pennsylvania, which carried the production of that State to
its maximum in 1891, from which it has steadily declined, and
will in the nature of things continue so to do, with temporary
spurts of increase from the disecovery of new producing areas.
The drill has now exploited the possible oil territory of Penn-
sylvania so thoroughly, however, that it is hardly probable any
large arcas of richly productive territory yet remain to be dis-
covered that can materially increase, or even stay the present
declining yield of petroleum in that State.

The same condition of affairs which these statistics reveal
as the history of production in Pennsylvania, is now occurring
in West Virginia and it is quite probable that the constant de-
cline in the production of the West Virginia and Pennsylvania
fields shown by these tables will continue indefinitely, unless
indeed there may exist several good ‘pools of oil (like that
recently discovered near Milton, Cabell county,) southwest
from the Little Kanawha river. Any such pools, however,
could only retard the decline in the West Virginia fields, and
accentuate their yield over those of New York and Pennsylvania.
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; CHAPTER IIL

NATURAL GAS.

Along with this wonderful recent growth of the petroleum
industry in West Virginia there has been a corresponding in-
crease in the production of natural gas, so that this State now
stands first of all the States of the Union in the production of
this matehless fuel, and with proper care in husbanding this
source of power and the prevention of needless waste it should
last for another generation at least.

Nearly all the principal towns of the State west of the
Alleghanies are now supplied with this fuel, while probably 200
million cubie feet daily pass out of the State, through the great
16 and 20 inch lines of the Hope, Philadelphia, Carnegie, Manu-
facturers Light and Heat, and other gas companies, to the
cities of Pittsburg, Cleveland, Toledo, and intermediate points.

The hundreds of drilling wells, and thousands of pump-
ing oil wells, and all of the pump stations for handling the oil
produced, together with the water supply, and everything con-
nected with the oil and gas industry, receive practically all of
their power from the consumption of natural gas, so that the
quantity thus burned must aggregate many millions ( possibly
150-200 millions) of cubic feet daily. It is also practically the
only fuel used in all of the glass factories of the State and many
of the brick and pottery works, as well as electric power plants,
city water works supply, ete.

A very wasteful use is that for the manufacture of carbon
black in which probably 25 to 30 million cubic feet is daily con-
sumed in Calhoun, Lewis, Doddridge, and other counties.

The entire quantity of natural gas daily used (generally
in the most wasteful manner possible) within the State for every
purpose will probably approximate 400 to 500 million cubic
feet, while nearly half that amount is transported out of the
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State, and probably as much more (200-250 million feet) is
daily wasted through unplugged wells, leaking joints, and from
producing oil wells. This estimate would make the quantity
of natural gas daily eoming to the surface in West Virginia,
about one billion cubic feet, or the equivalent in heating power
of one million bushels of coal— (40,000 tons) daily—14,600,000
tons annually or more than half of the State’s annual production
of coal.

All of this gas that is piped out of the State is sold at a
rate of not less than 25 cents per 1,000 feet for domestiec pur-
poses, and 10 cents per 1,000 feet for manufacturing uses, while
that taken to distant points, like Toledo, Cleveland, ete., is sold
at 40 to 50 cents per 1,000 feet, hence if we value the gas pro-
duced in the State at only 10 cents per 1,000 feet, on the basis
of one billion feet of daily production, it would amount to
$100,000 per day, one-fourth of which is wasted without ac-
complishing any useful purpose whatever..

Quite recently there has been a general awakening to the
enormity of this inexcusable waste of the best fuel in the world,
and hence it is to be hoped that the State Legislature will, at
its next session, take steps to prevent the same.

Methods of Transportation.

As is well known, natural gas exists in porous rocks under
a pressure,-proportioned to the depth of its reservoir below the
surface of the valleys. This ratio of inerease in pressure with
depth is in about the same proportion as the weight of a col-
umn of water would increase with its length, so that at depths
of 2,000 feet, 600 to 900 pounds of pressure to the square inch
is developed when the gas in a new field is shut in, and for
depths of 2,500 to 3,500 feet, pressures of 1,000 to 1,500 pounds
are developed under like conditions.

This ‘‘rock pressure’’ as it is termed is sufficient of itself
to transport the gas in large quantity by its own expansive
energy from central West Virginia (Lewis eounty) to Toledo
and Cleveland, distances of nearly 200 miles, so long as the
“‘rock pressure’’ in the wells does not decrease below 500 to
600 pounds to the square inch. But in proportion as the gas is
taken from any distriet, pool or field, the ‘‘rock pressure’’ in



WEST VIRGINIA GEOLOGICAL SURVEY 31

that particular gas horizon will gradually decline, until its ef-
fective pressure to deliver gas at the end of a long pipe line
would be lost entirely. To meet this contingency, the Phila-
delphia, Hope, and Carnegie Gas Cos. are installing large
pumping stations in Wetzel county, where the gas flows from
the wells to the pumps under a low pressure, and is then com-
pressed by immense engines to about 600. pounds to the
square inch before it enters the mains for transportation beyond
the boundaries of the State.

The quantity of gas which any pipe line will transport,
either under the natural pressure of the gas, or the artificial
pressure created by pumps, depends upon many factors the
relations of which have been investigated and skillfully work-
ed out by Prof. S. W. Robinson, of the Ohio State University,
and published in Vol. VI, of the Ohio Geological Survey. The
diameter of the pipe, the length of the line, the pressure at
the intake end, all enter into the calculation, while the number
of angles or abrupt bends in the line all of which produce frie-
tion and retard the flow of gas are also large factors in the
transportation of gas.

Mr. F. H. Oliphant has recently treated the subject of gas
well measurement, and gas transportation quite thoroughly as
based upon Prof. Robinson’s formulae, and the following state-
ments are quoted from his Report to the U. S. Geological Sur-
vey on the production of natural gas for 1902, pages 18-27:

Natural Gas Measurement.

“¢Originally the individual gas eonsumer was charged according
to the size of the orifice used, through which at a known pressure,
usually from 4 to 8 ounces to the square inch, a certain quantity of
natural gas would pass. The consumer was allowed to use, if he so
desired, all the gas that would pass through this orifice, for which a
fixed price was paid. There was no inducement offered by the nat-
ural gas company to have the consumer use it in an economical man-
ner.

Subsequently the meter was introduced, often to the general sat-
isfaction of both of the parties interested.

A meter is a device for accurately measuring the quantity of any
gas that passes through it. It usually consists of a series of dia-
phragms or bellows, operating valves automatically, the motive power
being gas.

When the quantity of gas to be measured is large and delivered
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under great pressure, a meter that will properly reeord the amount
is weighty and expensive. To reduce the cost the proportional meter
is in many instances used, in which a proportionately small amount
is diverted to a tally meter controlled by a valve which equalizes the
pressure. This tally meter is generally provided with a seale, which
records the gross amount passed.

Natural gas is usually sold to the consumer by the cubic foot at
a standard pressure of 4 ounces to the square inch, or 36 pounds to
the square foot at a temperature of 60 degrees F. In many instances
it is convenient to dispose of the gas at higher pressures, and then
it is necessary to construet meters of proportional strength. The
mean pressure of the atmosphere for the elevation at which most
of the natural gas is sold is assumed to be 14.4 pounds to the square
inch. In 01der to arrive at the correct number of feet when the gas
is measured at a pressure greater than four ounces, the following for-
mula will be found to be convenient. Usually no eorréction is made
for change in temperature.

Formula for Measuring the Quantity of Natural Gas When Meas-
ured Above Normal Pressure.

skl TRl
o=eltor
In which

@ is the cubic feet required.
q is the cubic feet shown by the meter.
p is the gauge pressure in pounds.
h is the atmospheric pressure of 14.4 pounds.
0.25 i3 4-ounce pressure reduced to pounds.

By substituting the known values in the above it becomes

For example: Suppose the meter or ‘‘q’’ reads 1,000 cubie feet,
and the pressure, ‘‘p’’ shows 3215 pounds to the square inch; re-
quired, to find the quantity of gas, then

Bl 00012.5%514_4-3 2014X1,000--3,301.4

The result is therefore 3,201.4 cubic feet at the standard pres-
sure of 4 ounces to the square inch. If the gas is measured at atmos-
pheric pressure, then

:.pi_ﬁ
Qqh
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MEASUREMENT OF NATURAL GAS FLOWING IN LARGE
PIPE LINES AT HIGH PRESSURES.

This method depends upon the momentum of the flowing gas in-
side the gas main, because of which the quantity can be quite ae-
curately determined by means of a device known as the Pitot tube,
which consists of a small metal tube inserted in the pipe line, bent
at a right angle and having its open end turned in the direction from
which the gas is flowing. This tip communicates with one branch
of a glass U-tube partly filled with some liquid (generally water.)
The other branch of the U-tube is connected to another opening in
the pipe line, the plane of which is at right angles to that of the
opening into the Pitot tube and that of the flowing gas. By this
means the branch connected to the Pitot tube will show a higher
pressure than that connected to the pipe line, due to the momentum
of the gas flowing against it. This difference of pressure will be
shown by the difference in level of the liquid in the U-tube. Sinee
this force is due to the velocity and density resulting in momentum
of the gas passing, the rate of flow can be obtained and, by frequent
observations, the velocity of the gas in a known area can be readily
determined. The formula of the Pitot tube as applied to gas meas-
urement has been very carefully determined by Prof. S. W. Rob-
inson, whose report is published in the Geological Survey of Ohio,
volume 6, pages 548-594.

The final formula is

i TN
Q_1,690d2,Jh( +15),

in which
@Q—number of cubic feet of gas flowing in.pipe line per hour.
d—diameter of pipe line in inches.
p=static pressure of gas in pounds.
h=difference in level of water in U-tube, measured in inches.

The formula was originally computed for gas flowing through the
tube at a temperature of 40° F., but the temperature has been re-
duced to a standard temperature of 50° F. in the measurement by the
formula as given above. It is for gas of 0.60 sp. gr. To apply to
gas of any other gravity multiply the result by .

0.6

Sp. gr. gas’

Another method more generally applied for computing the ap-
proximate discharge of natural gas in lines of varying lengths,
diameters, and pressures is presented in the following formula:

PN i G )
Q—42 \/ ;
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By considering the diameter to be 1 inch, and assigning a new value for

JFof Jg +

3 ; ;
g(T for diameters greater than 1 inch, as the value of the di-

ameters increase more rapidly than Jd%, and working out separate values for
the diameters of sizes in general use, which are designated as ‘‘a”, the form-

ula becomes
o s I}
Q=420 firp_, ;

=cpbic feet per hour.
42—constant.
a—computed value in separate table for diameters,
P—gange pressure-}-15 pounds at intake end of line.
p=gauge pressure-}-15 pounds at discharge end of line.
)—length of line in miles.

1

The following, the eqnivalents of ‘‘a’’ in the formula, are multi-
pliers to be used for pipe lines larger than 1 inch in diameter:

4-inch = .0317 24-inch--10.37 8-inch— 198.0

J-inch = .1810 3-ineh =16.50 10-inch= 350.0

3-inch = .5012 4.inch =34.10 12-inch— 556.0

1-inch =1.0000 5-ineh -——60.060 16-inch—1160.0
1}-inch=—2.9300 58-inch—81.00 18-3nch—1570.0 }
2-inch =5.9200 6-inch = 95.00

For pipes greater than 12 inches in diameter the measure is
taken from the outside, and for pipes of ordinary thickness the cor-
responding inside diameters and multipliers are as follows:

Outside diameter of 15-inch pipe gives 144 inches inside diameter_.__. = 863
Outside diameter of 16-inch pipe gives 15 inches inside diameter.___. =1025
Outside diameter of 18-inch pipe gives 174 inches inside diameter_____ —1410
Outside diameter of 20-inch pipe gives 19% inches inside diameter_ _... —=1860
For riveted or cast pipe with inside diamater of—
20 A ah e L e SR SR L Snt —=2055.
22 3T e Yo o] e Ry S Sl ke e ol S B S e —3285
30 inches.__..... daoas SBH SREEC IR N N LR e o RTINS, —5830
36 iinchesaiusenias 1 1o S tde il B 5] o i & B e Y SRR L =9330

This table is interesting, as it shows the eomparative value of
different sized pipes. One 8-inch pipe has about 2.1 times the
capacity of a 6-inch pipe, and one 36-inch pipe equals 4 1-2 pipes of
20-inch diameter. This formula applies to gas having a specific
gravity of 0.6. To apply to gas of any other gravity multiply the re-
sult by a factor found by substituting the specific gravity of the gas
measured in the following formula:
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0.6
Sp. gr. gas.
For example: Suppose the pressure at the intake or high end
of a line is 200 pounds, gauge pressure, and that at the discharge
end is 20 pounds, the length of the line is 20 miles, the specifie
gravity is 0.6, air being 1, and the diameter of the pipes 8 inches.

Then
¢ [(200-15)2=—(20}-15)
\/( 154 20( +16) = J2250 47,45 ¢ 42=1993, which is the dis-

atmospheric air being taken at unity.

charge per hour for 1-inch pipe; but as the pipe considered is 8-inch,
the multiplier to be used is 198; hence 198%1993=—=394,614 are the
cubic feet discharged per hour under the above conditions. Sup-
pose, however, that the specific gravity of the gas is 0.5, then by the
previous formula J§—=4J1.2—=1.095, and 1.095 x 394,614—432,102 per hour, eor
10,370,448 cubic feet in 24 hours.

The correction for temperature is usnally neglected.

COMPARATIVE CAPACITY OF PIPES OF DIFFERENT DIAM-
ETERS CONVEYING THE SAME QUANTITY OF
GAS APPLIED TO LINES IN WHICH
: A NUMBER OF DIIFERENT
b SIZES ARE USTD,

The following table is based upon e fact that the length of
pipes for the same quantity of gas varie- as the 5.0835 power of their
diameters. The value of the inereasing or decreasing sizes can
readily be appreciated by an inspection of the table.

It is particularly useful in seeuring the value of a series of dif-
ferent sizes of pipes in the same line by redueing the values of the
several sizes to some one of the sizes in use. For example, on the
horizontal line in the table a unit, say 1 foot or 1 mile of 8-inch
pipe has the same value as 3.11 feet or miles of 10-inch, 7.80 feet or
miles of 12-ineh and 105 feet or miles of 20-inch.

When smaller sizes are used 1 foot or 1 mile of 8-inch pipe is
equivalent to 0.2316 foot or mile of 6-inch pipe, ete.

Larger diameters, when eompered, give the equivalent in an in-
ereased length and smaller diameters give a less length when com-
pared with a diameter assumed to be 1.
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EXAMPLES SHOWING APPLICATION OF TABLE.

Suppose that a line is composed of 10-inch and 16-inch pipe,
that there are 30 miles of the former and 20 miles of the latter, and
that the pressure is 200 pounds at the end of the 10-inch section,
next the source, and 25 pounds at the discharge end of the 16-inch
section. After adding 15 pounds to each of the pressures to obfain
the actual pressure, these become 215 and 40 pounds, respectively.

The formula is Q=42a \}P271£ for 1-inch pipe, as pre-

viously determined. +/ P!—p’=+v/215"—4(°=+/44,625=211.3.
For a 10-inch pipe the multiplier is a=350, as given in a pre-
vious table. The length of equivalent 10-inch pipe is now to
be determined, so that it can be substituted in the for-
mula. One foot or 1 mile of 10-inch pipe compares to 16-inch
pipe as 1 to 10.94, and as there are 20 ‘miles of 16-inch to
be considered,%=l.83 miles of 16-inch equal 20 miles of
10-inch, 30+41.88=31.83 miles of 10-inch line is equal to 30
miles of 10-inch and 20 miles of 16 inch line. Thisequivalent
length remains the same for all variation of pressure at the
intake and the outlet.

By substituting the determined quantities, the equation

2 44625 _42%211.83X350__ 2
becomes Q=42 mx%o, Q——-Tﬁg—« 551,700 cu

bic feet per hour.
Suppose the pressure be increased to 400 pounds at the

v/170,625—=413. As compared with 211.3 this quantity would
be 1.95 times 211.3, showing the increase in quantity to be
almost directly as the pressure.

The proof of this illustration ean be shown by substituting the
equivalent distance for 16-inch pipe and the multiplier for the same
instead of for 10-inch.

By referring to the table it will be found 16-inch comparee
to 10-inch as 1 to .0915. As there are 30 miles of 10-inch lins
to be converted to the equivalent of 16-inch, it becomes
—.%(1)—5=328+20=348 miles of 16-inch.

In the table for the equivalent of multipliers for larger
diameters than 1 inch opposite 16 we find 1160; then, if the
pressures remain 200 and 25 pounds, respectively, as before,

Q=42 \%'x 1160, Q= @i?%-%ﬂ@‘?: 561,600 oubio
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feet per hour, which is almost exactly the same quantity as
obtained above

Suppose, for example, that there were two 10-inch lines 30 miles
long delivering into 20 miles of 16-inch line; to find the equivalent
in miles of 16-inch line of equal ecapacity. In the table of multipliers
for larger diameters than 1 inch, opposite 16-inch, 1160 will be found,
and in the table for equivalent lengths on the 16-inch line, hori-
zontally under 10, the number .0915 will be found, but as there are
two 10-inch lines considered, .0915)2=.1830, which represents their
equivalent compared to 16-inch pipe, and this divided into 30
miles=164 miles-}-20 miles=184 miles, then

Q—42 [44625 42 % 211.8 X 1160
18.564
per hour.

1160. =
184 Ty ek 3

The formula can not be so easily applied in reducing the two
10-inch lines to the value of the 16-inch line, because it is necessary
to find the multiplier for the equivalent of two 10-inch lines, which
by caleulation is found to be 495. By examining the value of a 16-
inch line on the 10-inch line in the table, it will be observed to be
1094 for 1 mile of 16-inch line; but where two 10-inch lines are
considered, then 10.94 divided by 2==5.47 miles, and 20 divided by
5.47=3.655+30 miles=33.655 miles of two 10-inch lines; then Q=

i 3%4222 X495 Q= 42X2;_17SX495 768,710 cubic feet per

hour, which is only a few feet less than the quantity ascer-
tained by the other method.

VOLUME OR OUTPUT OF GAS WELLS MEASURED.

To ascertain the volume or. output in cubie feet per hour of a
" gas well or an orifice, it is necessary to apply the Pitot tube to
ascertain the momentum. This is found by holding the open end of
a small pipe at right angles to the flow just below the end 6f the pipe
or flush with it. At the other end of this small pipe is attached a
syphon or U-gauge, in which water or mercury is used. If the pres-
sure is over 5 pounds it is necessary to use an accurate steam gauge.
The pipe conneeting the tube is usnally made of one-fourth-inch pipe,
with an elbow and a short nipple attached, against the open end of
which the gas flows. It should be held at one-fourth of the diameter
from the outer edge. The formula from which the following tables
were worked out was first applied to flowing gases by Prof. S. W.
Robinson, of the Ohio State University, Columbus, Ohio, in which
the specific gravity of the gas is taken at 0.6.

The number of cubic feet per hour that will pass out of a eircular
opening 1 inch in diameter, at pressures measured by a eolumn of
water or mercury or by a spring gauge, is given m the followmg
tables. The third table contains multipliers for sizes of pipe less
and greater than 1 inch.

=1759,000 cubic feet
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Dieonarge of gas of 0.6 specific gravity from one inch opening corresponding to water pressure

- in inches.

Pressure! Cubic |/Pressure’ Cubic }fPrcssure‘: Cubic | 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 || 3.50 ] 2,928 | 10.00 49501

.20 714 1.00 1,655 | 4.00 + 3,130 11.00 5,215

.30 857 1.25 ‘ 1,738 45 | 3,321 ] 12.00 5,422

40 980 150 | 1,915 500 | 8500 || 18.85 580 | o

50 1,106 1.75 2,070 { 6.00 } 3,834 f 20.77 7,110

.60 1,213 200 | 2214 | 700 4140 | 2770 | 8200

70 1,310 2.50 2475 || 800 | 4428 f

80 1,401 3.00 2,712 ” 9.00 4,694 g’

Discharge or gas of 0.6 specific gravity from I-inch opening corresponding to pressure of mer-
cury column and of gauge pressure.

‘ Pounds| T Pounds! Wil [Pounds| i
Mer- || Mer- | Mer- |
| eury g‘sxt:g_e] Cubic \‘ cur "?;ég_e Cubic | oury gs;usg_e‘ Cubic
pres- | P ifeet per || pres- | PTeS” |'fgegper! | pres- | PTeS- Ifeet per
'rein (SU€ PET hour  ||surein SUFSPSTl howa. |surein SUTEPST | hour
linches|3QUare inches Square " iinches 8Quare i
| | inch. i inch. [l | inch. |
i R e | e B
l 0.10 0.05 1,835 | 5,59 2.75 135y ol | SCAEIY ] | 14.00 28,495
20 .10 2,590 “ 6.10 3.00 173 T | A \ 15.00 29,295
30 15 3,170 || 661°| 325 | 14755 || [ 1600 | 30,045
40 | .20 | 365 || 701 | 350 | 15320 || | 17.00 | 30,755
50 ! 28 | 400 || 7.62 | 375 | 1580 |l 1800 | 81,415
.60 30 | 4,490 || 813 4.00 LO\BT0F e 1 2 e 20.00 32,730
70 .35 4,550 8.64 4.25 16,875 { 22,00 33,470
~.80 40 5180 || 9.5 | 4.50 17,360 || 25.00 35,620
.90 45 SL49F NI 66 VB A7 N BT ad 1 W 30.00 | 37,945
1.02 .50 5,790 10.16 5.00 18,330 : ‘. ........ ‘ 35.00 40,040
1.52 ‘ A5 7,095 ‘ 12.20 6.00 | 19,835 1 R A | 40.00 41,945
2.03 | 1.00 81951 [[%.Js 454 7.00 SRAGOE. (L : 45.00 | 43,605
254 | 1.2 9,165 8.00 2256008 et . _ > | 50,00 45,080
3.00 ' 1.50 10,030 9.00 { S 730 T il 60.00 1‘ 47,380
3.56 | 1.75 10,830 10.00 AR5 (|22 9585 75,00 | 50,975
4.01 | 200 11,550 11.00 | ©5,915 || ... _i 90.00 54,350
457 | 2.25 12,275 ! £ BA00RA RS 647757 | {los e 2o 1100.00 55,705
! 508 | 250 | 12,950 ... 13.00 | 27,606 ||-eeeees 1110.00 57,055
“4’.__,__..,7| | Sredy | |
- ,_"f Multipliers for pipe.of other diaineters than Linch.
Size of | ["Size of | Size of | ! Size of | |l size of
opening, proj¢i. (OPening, npo g {lopening Multi- opening iye ... opening Multi-
lame- | ‘njiep, || dlame- | ‘Gep | dlame- yep " disme- Tp, | diame- | o
ter in Jter in ter in ter in ter in
inches. ‘ inches. ! inches. inches. inches,
bbe. SO SEesee S E ) - - bl EENIVITE | MESEEEAELINE by S — i .“_‘-,
& 0.0038 1 ’ 100 || 4 16.00 |l 6 | 3600 | 8 64,00
3 0156 || 13 25 || 4 | 18.00 | 6 | 300 H 8 | 68.00
S 0625 2 4.00 | b 25.00 68 43.90 | 9 81.00
3 2500 21 6.25 5% | 2690 | 7 | 49.00 L
3 5625 3 9.00 55 | 31.60 ‘ 73 | 52.50
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~ For any specific gravity other than 0.6, multiply by
e

\sp. gr. gas

For temperature of flowing gas when observed above 60°F. de-
duet 1 per cent for each 5°, and add a like amount for temperatures
less than 60°F.

In practiee these corrections are usually neglected and the com-
parison is made directly from the reading of the table.

The best natural-gas well is that one which at the highest pres-
sure will discharge the greatest quantity of gas. This can be tested
by closing in the pressure by a gate at a length of half a joint or
more of pipe from the open end. A gauge connected by a small pipe
back of the gate will record the inereased pressure. The flow can
thus be measured at an increasing back pressure by testing the open
flow with a Pitot tube as the pressure inside the well is increased.’’

‘With the foregoing tables and examples as guides, it is an

easy problem for any gas eompany to know the quantity of gas
their lines will deliver, since their length, diameter, pressures
at the intake, and discharge ends of the pipe lines, can be
directly measured, and the proper figures substituted in the
formule above given.

FUEL SAVING DEVICES.

That the methods ecommoniy in use in West Virginia for
utilizing the heat locked up in natural gas, are erude and waste-
ful in the extreme, goes without saying. Very little attention
has been given either to the form of the burner, or to the neces-
sity of securing the proper admixture of air in the production
of cither heat or light.

In the production of heat, no burner should be used that
gives forth a bright flame, since unless the flame be blue, it is
the best evidence that the burner is not supplying air in quantity
sufficient for complete combustion, and henece muech of the ef-
fective heating value of the gas is being wasted.

The burning of natural gas for illumination purposes, in
open flambeaux or torches is such a wasteful method that some
states, like Indiana, long ago prohibited this waste by statute.

Some form of incandescent burner, as the Wellsbach, or
other similar device of refractory mantle, is the proper method
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of securing the maximum of light at a minimum cost, or with
the least consumption of gas, while the gas engine so far exceeds
all other devices for economy in the production of power, that
it looks almost like inexeusable extravagance to use natural gas
for power through the production of steam.

Mr. F. H. Oliphant has published some figures on the
economical use of natural gas for both power and light mn his
report for-1902, pages 17 and 18, which place this matter in a

startling light as follows:

APPLICATION AND ECONOMY OF THE NATURAL-GAS
ENGINE.

¢‘The natural-gas engine has been extensively introduced through-
out the gas belt. Tts first application was made about ten years
ago, when it was used in pumping petroleum wells. Afterwards,
ranging from 5 to 500 horsepower, it was extensively introduced into
manufacturing plants. It has successfully demonstrated its economy
and reliability.

It is particularly applieable to the pumping of oil wells and to
driving pipe-line pumps, owing to the large number of points that
are often widely separated and are difficult to supply with other fuel.
In pumping oil wells in the field it was the usnal praetice where steam
was used to divide the wells into groups, placing a steam boiler as
near the center as convenient and from it earrying steam lines to the
several wells. It was usual to cover these lines with wooden boxes,
but with the best appliances the eondensation in these long lines was
great, often only one or two wells could be pumped at one time and
the work accomplished at the wells was not half the amount furnished
by the boiler. Where wells were pumped by rod connections the loss
was not so great. The gas engine has in very many instances replaced
the steam engine and boiler. In some instances this has been done by
removing the steam engine entirely, in others by the substitution of a
gas cylinder for a steam cylinder, on the same engine bed. The dis-
pensing with the troublesome boiler and the substitution of a muech
more economical engine has plaeced in the hands of the oil operator a
much cheaper source of power not subjeet to the contingencies of the
former method, with a great saving of labor and material, and also
a great saving in the quantity of gas eonsumed, as the following table
from actual tests, will indieate, not that all the gas engints pumping
wells are fully as economical as shown in the following table. To
offset this, however, it must be remembered that the ordinary oil
pumping plant is a very extravagant ecombination so far as economy
in the use of steam in concerned. .

Iy JPEYYS
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Compuarison of fuel per indicated horsepower per hour for different types of

engines.

Equivalent of
Type of Engine. Gas and Goal.
: 3 Gas, I Coal.

. ; Cubie
‘| feet. |Pounds.
Large natural-gas engine, highest type ............ 9 0.9
Ordinary natural-gas engine ....................... 13 1.3
Triple expansion condensing steam engine ........... 16 1.6
Double expansion condensing steam engine ......... 20 2.0
Single eylinder and cut-off steam engine............. 40 4.0
Ordinary high pressure, without cut-off, steam engine.; 80 8.0
Ordinary oil well pumping steam engine ............ 130 13.0

Natural gas in conneection with a mantle of alkaline earth (thoria,
ete.) has produced the cheapest and best illuminant. Where natural
gas can be had at 25 cents per 1,000 cubic feet and 50-candle power
can be obtained from the consumption of 214 eubie feet per hour with
a mantle, the cost per candle power 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 eubic feet per hour. If con-
sumed 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 earries a small percentage of the heavier hydroecarbons,
which add much to its illuminating properties.

The calorific value of natural gas is high, as 1,000 cubie feet
in practice, under ordinary economical boilers, will evaporate 1,000
pounds of water from and at 212°F. This amount multiplied by 966,
the number of British thermal units required to evaporate 1 pound of
water, equals 966,000 British thermal units, which is one-third greater
than the same amount of manufactured gas and double the value of
enriched water gas.

One thousand cubie fect of natural gas will weigh approximately
. 45 to 48 pounds at 60°F., the same amount of dry air being 76.5
pounds in weight. Its composition eclosely approximates marsh gas,
- CH,, with from 2 to 15 per cent. of nitrogen. The remaining 85 to
98 per cent. is almost pure marsh gas, viz., 75 per cent. of carbon and
25 per cent. of hydrogen. The gas in Northwestern Ohio and Indiana
has 0.20 per cent. of sulphuretted hydrogen in its composition.
Slightly less than 11 cubic feet of air is neeessary for the complete
combustion of 1 eubie foot of ordinary natural gas.

No other fuel, natural or artificial, has the value and con-
venience of natural gas. All other fuels require a large amount of
labor to fit them for combustion, and most of them must be con-
verted into gaseous form before they can be consumed. Natural gas,
however, has reached that form, and is in condition to take to itself
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the amount of oxygen necessary for combustion. The great natural
reservoirs require only to be pierced by the drill, when the gas
may be brought to the snrfaee, where it is at once ready to be used
as fuel and light or to beecome a direet source of power in the gas
engine. No preparation is necessary for its ecombustion and no resi-
due is left.

It is easily distributed in pipes to points of consumption many
miles distant, and no known method for the distribution of power
equals in economy that of the transportation-of a gaseous fuel in

pipes.’’

The above tables prepared by Mr. Oliphant, show that the
ordinary natural gas engine consumes only 13 feet of natural
gas for the production of the same amount of power as 130 feet,
or 10 times the quantity when burned and its heat wutilized
through the ordinary steam engine in vogue for drilling and
pumping oil wells, as also for the general production of steam
power with gas. This use of ten cubic feet of gas to accomplish
the work that one would do when properly burned is
not quite so wasteful as permitting all of the gas to eseape into
the air from unplugged wells, but it constitutes such an extrav-
agant and unnecessary consumption of this preeious fuel, as to
be almost inexcusable from any standpoint. It is needless to
state that the general adoption of the latest form of gas en-
gine for power, and the mantle burner for light in West Vir-
ginia would eventuate in saving more than 100,000,000 cubic
feet of natural gas daily, while securing even better results in
the way of power and light.

The most wasteful of all forms of pretended utilization of
natural gas is where the rock pressure of the gas is used instead
of steam to operate a pumping plant for water with which
to supply drilling or pumping wells, as has frequently been
done in the immediate region of the oil and gas fields. That
this and all other methods of wasteful use should be prohibited
by statute is as desirable and necessary for the welfare of the
State, and the prolongation of the life of our rich inheritance
in this best of all fuels, as that wells should be plugged or
shut in when not needed for the production of heat or light.

The State has probably lost more than $150,000,000 worth
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of this fuel within the last decade alone through needless es-
cape into the air without any pretense of utilization, while
probably half as much more in value has been lost by the
inexcusably wasteful methods of burning the gas for the pro-
duction of light, heat and power. A priceless heritage has
thus been ruthlessly destroyed, in spite of all the warnings that
the State Geological Survey could give direct to the Legisla-
ture in official reports. It is not too late to save a remnant of
this natural wealth for future use, provided the Legislature
will act promptly at its next opportunity. The present delay
has been inexcusable; to postpone the matter longer would be
nothing short of criminal. ;
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L "CHAPTER III i

THE GEOLOGY OF PETROLEUM AND NATURAL GAS. g

[ Method of Occurrence.

Many people who are uninformed on the subject, imagine
that both petroleum and natural gas occur in immense caverns,
or hollow spaces within the earth’s crust. Hence when one
speaks of a ‘‘pool’” of oil or gas the image of an wunder-
ground lake or great cavity filled with nothing but liquid oil,
or highly compressed gas, is called up to the minds of such
persons as are unfamiliar with the oil industry. This is a
great mistake, for with the exception of narrow fissures and
joints which traverse all rocks, there are no large cavities or
open spaces in any of the West Virginia oil producing strata.
But all rocks are porous, even slate of the closest grain will hold
some liquid in the minute and microscopic cavities which it,
tn common with all rocks, contains. Now the oil and gas sands
are simply very porous rocks which contain not .one great cav-
ity, but millions upon millions of small or microseopic cavities,
so that oil, gas, water, or all three together, it may be, (as at
Sistersville,) occupy these numerous little spaces, and thus
saturate the rock just as water does a piece of cloth or a sponge
when dipped into the same. The larger these pores are, and the
greater the volume they occupy in proportion to the volume of
the rock mass, the greater will be the contained oil or gas sup-
ply, and this proportion im fairly good producing samds, usu-
ally varies between one-fifth and one-tenth, that is, a cubie foot
of rock would hold, say, 6 to 12 pints of oil, and of course would
contain an equal volume of cavities for water or gas should
either of these substances be presens, imstead of oil.
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P Quantity of Petroleum to the Acre.

It is quite probable that the amount of oil obtainable from
good producing sand in West Virginia will not average more
than a gallon to the cubie foot, and also that the depth or thick-
ness of ““pay streaks’” (porous sand saturated with oil) will not
average more than five feet, and taking these factors as a basis,
(there being 43,560 square feet in one acre,) we would get about
5,000 barrels of 42 gallons each as the total production of fairly
good oil territory. Of course, if the sand reservoir should be
exceptionally thick and of very great porosity, like a mere bed
of loose gravel, this estimate may be much exceeded over lim-
ited areas, as it has been in Texas, where at Spindle Top, for
instance, an area of less than 200 acres has already produced
15 to 20 million barrels of low grade oil. This prolific char-
acter of the reservoirs holding oil with an asphalt base instead
of paraffine appears to be universal, since the same features
characterize the oil deposits of Russia at Baku, Grozny, and
elsewhere, and it appears to be due to a great thickmess of
producing sand, as well as to structural features which favor
the aceumulation of these very rich pools.

The amount named is a fair average, however, for what
would be considered good producing territory in the white sand
area of West Virginia, and may be regarded as approximately
correct in figuring roughly the prospective values of developed
properties. True, the eonservative operator will always leave
a safe margin on the right side of his valuation, in a business
where there are so many contingencies, not only in varying
thickness and porosity of the sand, but also in the price of his
product which fluctuates within wide limits, and often within
very short periods, but with the acreage estimate of production
as a guide, investments may be made in developed oil prop-
erties quite as safely as in most other forms of property, and
generally with a much greater margin of profit.

Not Possible to Obtain all the Oil Present.

1t is impossible that all of the oil in any sand can be got-
ten out by the ordinary process of drilling wells into the same,
and probably one-fourth of the actual amount present will re-
main in the rock, held there by capillary attraction, which
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neither the accompanying gas, nor the attraction of gravity cam
overcome. The only manner in which this oil could be ob-
tained would be to mine, crush and boil the sand, as was for-
merly done at Pechelbronn, Germany, from 1742 until 1880,
where 4 to 5 per cent. of petroleum was produced from rock
by such treatment.

The Presence of Salt Water Increases Proportion Obtained.

When salt water is found in connection with the oil as in
the “Hundred Foot’’ district of Butler county, Penna., or the
Sistersville field in West Virginia and Ohio, most operators con-
sider that a much greater proportion of the oil can be secured
than where the salt water is absent, since the water acts as
a rinsing fluid to flush the petroleum out of the sand and bring
it frecly into the well. It is also elaimed by the practical oil pro-
ducers that the tendency of the rock to become clogged up
with paraffine is much less when the petroleum is accompanied
with salt water than when it is absent, so that for both of these
reasons it is most probably true that the sand will yield up a
greater proportion of its oil, when the latter is accompanied by
, salt water. Whether or not the increased yield will equal the
increased cost of pumping the additional fluid (salt water)
to the surface, is a questlon upon which we have as yet mo
reliable statistics.

Aids in Locating Ol and Gas Pools.

These questions have been very frequently asked by the
petroleum seekers, ‘‘Can anything be done to limit the number
of failures in the search for oil and gas?’’ ‘‘Are there any sur-
face indications which can be relied upon to indicate the pres-
ence or absence of oil and gas in paying quantity at a depth -
of several hundred, or perhaps several thousand feet under
ground?’’ . ‘“‘Cannot science with all her resources discover
some means of saving a large portion of the hundreds of thous-
ands of dollars that are annually lost in drilling unprodue-
tive wells?”’

‘What answer does geology give to these questions which
have been asked every day sinece Col. Drake drilled the first
well for oil in 18591

.
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Geology answers that by careful attention to her precepts,
much of the waste that characterized the first three decades
of the search for petroleum ean be. avoided, but that it is be-
yond her powers to foretell absolutely as to whether any par-
ticular boring will yield either oil or gas in eommercial quan-
tity. The eareful geologist can eliminate many of the factors
of unecertainty, and thus limit the search to regions having a
peculiar geological structure where experience has shown that
the occurrence of oil and gas is most probable, but further than
this, geology eannot go, and no skillful geologist has ever claim-
ed otherwise.

The history of opinion upon this subjeet is of especial
interest to the citizens of a.State like West Virginia within
whose boundaries so many millions of dollars have already been
expended in the search for oil and gas, and where so many
. millions will be expended in the near future.

We may dismiss the attempts to locate oil and gas pools
with the ‘‘divining rod,”’ ‘‘magnetic deviees,”’ ‘‘spirit media,”’
ete., all of which have found eredulous vietims in the past, but
very few in recent years, with only this passing notice of their
existence, and come down to the decade beginning with 1880
This decade will ever be memorable in the history of the Ap-
palachian region, as marking the modern rise and culmination
of natural gas produetion for use in the great manufacturing
concerns of the Pittsburg region.

History of the Structural or Anticlinal Theory.

When the importance of natural gas to industrial affairs
had been fully recognized, and the produeers-of oil had begun
to turn their attention to the search for the new fuel, it was to
be expected that some attention would be given to the study of
its occurrence.

The first oil producer to undertake this study in a syste-
matic way, was the late Mr. J. J. Vandergrift, of Pittsburg, Pa.,
then President of the Forest Oil Co., and the United Pipe Lines.

In the spring of 1883, Mr. Wm. A. Earseman, a veteran
oil operator, who was then in the employ of the Amchor Oil Co.,
and who had noted the fact that many of the great gas wells of
Pennsylvania were located along the lines where anticlinal awes

]
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had been drawn on the maps of the State Geological Survey of
Pennsylvania, secured Mr. Vandergrift’s assent and financial
support-to undertake a geological investigation of the occur-
rence of natural gas. Mr. Earseman then began a correspond-
ence with myself upon the subject, the result of which was an
engagement in which the writer agreed to devote the month of *
June, 1883, to an investigation of the subject for Mr. Vander-
grift. In this work I was often accompanied by Mr. Earseman,
who communicated freely to me his ideas on the subject of an-
ticlinals, though he did not then possess the necessary geologic-
al attainments to enable him to verify or_disprove his suspic-
ions. After visiting and studying the geological surroundings
of all the great wells that had been struck in the Appalachian
district, the conclusion was reached that the rock disturbance
caused by anticlinal waves was the main and important factor
in the occurrence of both petroleum and natural gas, and this
announcement was made to Mr. Vandergrift in a written report
at the close of June, 1883. During the next two years the
theory was submitted to several practical tests in the success-
ful location of the Grapeville, Washington, and other great gas
pools. Ilaving thus verified the hypothesis, it was duly formu-
lated, and given to the publie through the columns of ‘‘Science’’
in an article entitled ‘‘The Geology of Natural Gas,’’ in the is-
sue of that journal dated June 26th, 1885.

Sinee there have been mamy inquiries for this paper from
those interested in petroleum, which it has been imposible to
supply, the article in question is vrepublished here. The statement
in ““Seience’’ of June 26th, 1885, reads as follows:

The Geology of Natural Gas, by I. C. White.

‘“The recent introduction of natural gas into general use as a
source of heat for industrial and domestic purposes has raised it
from the rank of a mere curiosity to one of the earth’s most valuable
treasures.

‘“To the reader unacquainted with the change natural gas has
effected in all industries where it ean be obtained, the following quo-
tation from an article in MaeMillan’s Magazine for January, written
by Mr. Andrew Carnegie, the chief iron master of Pittsburg, will be a
revelation: ‘In the manufacture of glass, of which there is an im-
4
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mense quantity made in Pittsburg, I am informed that gas is worth
more than the cost of coal and its handling, because it improves the
quality of the produet. One firm in Pittsburg is already making
plate glass of the largest size, equal to the best imported French
- glass, and is enabled to do so by this fuel. In the manufacture of
iron, and especially in that of steel, the quality is also improved by
the pure new fuel. In our steel rail mills we have not used a pound
of coal, nor in our iron mills for nearly the same period. The change
is a startling one. Where we formerly had 90 firemen at work in
one boiler house, and were using 400 tons of coal per day, a visitor
-now walks along the long row of boilers and sees but one man in at-
tendance. The house being whitewashed, not a sign of the dirty
fuel of former days is to be seen; nor do the stacks emit smoke. In
the Union iron mills our puddlers have whitewashed the coal bunkers
belonging to their furnaces. Most of the principal iron and glass
establishments in the city are today either using this gas as fuel or
making preparations to do so. The cost of coal is not only saved,
but the great cost of firing and handling it; while the repairs to
boilers and grate-bars are much less.’

““This new fuel, which bids fair to replace coal almost entirely
in many of our chief industrial centers, has not received that at-
tention from the geologist which its importance demands. So far as
the writer is aware, nothing has been published on the subject which
would prove of any value to those engaged in prospecting for natural
gas, and it is the existence of this blank in geological literature that
has suggested the present article.

‘‘Practically all of the large gas wells struck before 1882 were
accidentally discovered in boring for oil; but when the great value
of natural gas as fuel became generally recognized, an eager search
began for it at Pittsburg, Wheeling, and many other manufacturing
centers.

‘“The first explorers assumed that gas could be obtained at one
point as well as at another, provided the earth be penetrated to a
depth sufficiently great; and it has required the expenditure of several
hundred thousand dollars in useless drilling to eonvinee capitalists of
this tallacy, which even yet obtains general credence among those not
interested in successful gas companies.

‘‘The writer’s study of this subject began in June, 1883, when
he was employed by Pittsburg parties to make a general investigation
of the natural gas question with the special object of determining
whether or not it was possible to predict the presence or absence of
gas from geological structure. In the prosecution of this work I was
aided by a sugestion from Mr. William A. Earseman, of Allegheny,
Pennsylvania, an oil operator of many years’ experience, who had
noticed that the prineipal gas wells then known in western Pennsyl-
\>nia were situated close to. where anticlinal axes were drawn on
the geological maps. From this he inferred there must be some
conneetion between the gas wells and the anticlines. After visiting
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all the great gas wells that had been struck in Western Pennsylvania
and West Virginia, and earefully examining the geological surround-
ings ef each, I found that every one of them was situated either
directly on or near the crown of an anticlinal axis, while wells that had
been bored in the synclines on either side furnished little or no gas,
but in many cases large quantities of salt water. TFurther obser-
vation showed that the gas wells were confined to a narrow belt, only
one-fourth to one mile wide, along the crests of the anticlinal folds.
‘These facts seemed to conneet gas territory unmistakably with the
disturbanee in the rocks eaused by their upheaval into arches, but the
crucial test was yet to be made in the actual location of good gas
territory on this theory. During the last two years I have submitted
it to all manner of tests, both in locating and condemning gas terri-
tory, and the general result has been to confirm the anticlinal theory
beyond a reasonable doubt. '

““But while we can state with confidence that all great gas wells
are found on the anticlinal axes, the converse of this is not true, vis.:
that great gas wells may be found on all anticlinals. In a theory of
this kind, the limitations. become quite as hmportant as, or even more
so than the theory itself; and hence I have given considerable thought
to this side of the question, having formulated them into three or
four general rules (which inelude practically all the limitations known
to me, up to the present time, that should be placed on the state-
ment that large gas wells may be obtained on antielinal folds,) viz:

(a) ‘‘The arch in the rocks must be one of considerable magni-
tude.

(b) ‘A coarse or porous sandstone of considerable thickness
or, if a fine grained rock, one that would have extensive fissures, and
thus in either case rendered capable of acting as a reservoir for
the gas, must underlie the surface at a depth of several hundred feet
(500 to 2,500.)

(e)’ ‘“‘Probably very few or none of the grand arches along the
mountain ranges will be found holding gas in large quantity, sinee
in such cases the disturbance of the stratification has been so pro-
found that all the natural gas generated in the past would long ago
have escaped into the air through fissures that traverse all the beds.

(d) ““Another limitation might possibly be added, which would
confine the areas where great gas flows may be obtained to those un-
derlain by a considerable thickness of bituminous shale.

(e) ““Very fair gas wells may also be obtained for a consider-
a]_ole distance down the slopes from the erests of the anticlinals, pro-
vided the dip be sufficiently rapid, and espeecially if it be irregular or
interrupled with slight erumples. And even in regions where there
are no well marked anticlinals if the dip be somewhat rapid and ir-
regular, rather large gas wells may occasionally be found, if all
other conditions are favorable.

‘‘The reason why natural gas shenld colleet under the arches of
the rocks is snfficiently plain, from a consideration of its volatile
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nature. Then, too, the extensive fissuring of the rock, which appears
necessary to form a capacious reservoir for a large gas well, would
take place most readily along the anticlinals where the tension in
bending would be greatest.

““The geological horizon that furnishes the best gas reservoir
in western Pennsylvania secms to be identical with the first Venango
oil sand, and hense is one of the Catskill conglomerates. This is the
gas rock at Murrysville, Tarentum, Washington, Wellsburg, and
many other points. Some large gas wells have been obtained in the
Sub-carboniferous sandstone (Pocono,) however, and -others down in
the third Venango oil sand. (Chemung.)

¢“In Ohio, gas flows of considerable size have been obtained deep
down in the Cincinnati limestone, while in West Virginia they have
been found in the Pottsville conglomerate; hence natural gas, like
oil, has a wide range through the geological column, though it is a
significant fact that it is most abundant above the black slates of
the Devonian.’’

The views expressed in this paper were criticized by sev-
eral geologists, but they were as warmly espoused and cham-
pioned by others, so that the battle for the essential truth of the
anti-elinal, or structural theory of the oceurrence of oil and gas
in, commercial quantities, was soon won.

The Anticlinal or Structural Theory Not New.

This structural theory for the occurrence of petroleum and
natural gas, arrived at independently by myself on the sug-
gestion of Mr. Earseman, proved to be not new, but had long
before been proposed by other geologists, though none of them
with the exeeption of Andrews, and Minshall, had ever ‘applied
its prineiples in a practical way.

Dr. T. Sterry Hunt, the late eminént Canadian geologist,
was probably the first to reeognize the principles involved in
the anticlinal theory, having published a paper on the subjeet
in the Canadian Naturalist, as early as 1859, and another in
the American Journal of Science and Arts for March, 1863.

The late Prof. E. B. Andrews, of Marietta, Ohio, also ap-
pears to have reached the same conclusions independently of
Dr. Hunt, for in an artiele in the American Journal of Sctence,
dated Marietta, May 20th, 1861, descriptive of the ‘¢Oil Break’’
of West Virginia, the influenee of antielinal folds on the oe-
currence of oil and gas is distinetly announced.

Mr. T, W, Minshall, of Marietta, Ohio, advocated the same
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view as Andrews, concerning the West Virginia ‘‘Oil Break’’
in a series of articles published in the summer of 1881.

Prof. H. Hoefer, the distinguished geologist of Leoben,
Austria, also appears to have formulated the same conclusions
from a study of the Pennsylvania oil fields in 1876, and pub-
lished the elements of the anticlinal theory in his book on
“The Petroleum Industry of North America,”” pages 77-80,
without any knowledge of the previous publications of Hunt
and Andrews, while Newberry, Stevenson, and probably others
had advoecated the influence of rock disturbance as early as
the 70’s. Thus it appears that the theory had long ago beem
reeognized and its essential elements published, but the practie-
al oil men had never heard of it in a way to make any impres-
sion upon them, and the authors of the thecory had made but
slight attempts to apply its prineiples practically in the loca-
tion and diseovery of new oil or gas fields. This is the work
which the writer has especially aceomplished, and in the doing
of it so enforeed the lessons of geology upon the minds of the
men engaged in the praetical work of drilling for oil, that the
acceptance of the structural theory is now universal among them,
as well as among geologists. In this work the writer has been
ably assisted by the late Dr. Edward Orton, State Geologist of
Ohio, whose acute mind and facile pen have done mueh to popu-
larize and enforce the geological claims of the anticlinal theory.

The geologists of Indiana have also contributed mueh to
compel belief in the structural theory of oil and gas aceumu-
lation. '

On the continent of Europe, and in Russia no other theory
has any followers whatever, due largely to the work of Ilcefer,
Sjogren, and other geologists. No one ean visit Baku, Grozny,
Gallicia, and other oil fields of the old world, and see the great
anticlinals which aceompany every important deposit of pet-
roleum, without eoncluding that rock disturbance is the im-
portant factor in such accumulations. It was the numerous
oil pools along the erest. and flanks of the great ‘‘Oil Break’’
anticlinal that extends from Burning Springs, Wirt county, to
Eureka, Pleasants county, West Virginia, which first convineed
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Prof. Andrews, in 1861, of the agency of structure in oil and
gas accumulation. Guided by this principle, the writer point-
ed out and located all the great oil pools of West Virginia,
for a Pittsburg syndicate in 1884 and 1885, long before the drill
finally demonstrated the correctness of his conclusions. The de-
tailed acecount of how one of these great pools was subsequent-
ly located and developed, 35 miles distant from any oil pro-
duction at the time, has been told by the writer in an article
entitled, ‘“The Mannington Oil Field and the History of Its
Development,”’ published in the Bulletin of the Geological So-
ciety of America, Vol. 3, pages 187- 216, April 15th 1892, and
the following quotations therefrom will give the reader a defi-
nite idea of the practical application of the principles embod-
ied in the anticlinal theory in the discovery of an oil or gas
pool: ’

¢The Mannington oil field was developed by myself and associ-
ates, and as its loeation was made from purely scientific deductions
illustrative of certain theories concerning oil and gas accumulation
which T have taught for several years, a brief history of these theories
and their applieation in the discovery of the Mannington field may
not be without interest to geologists; and this must exeuse much that
is personal to myself in connection therewith.

““As is well known, it was formerly a popular saying among
practical oil men that ‘“Geology has never filled an oil tank;’’ and
to such a low estate had oil geology fallen that a prominent producer
of oil and gas, disgusted with geology and geologists, was once heard
to remark that if he wanted to make sure of a dry hole he would
employ a geologist to select the location. It has been my pleasant
task during the last eight years to assist in removing this stigma from
our-profession, so that with the able and valuable assistance of Ohio’s
distinguished geologist, Professor Orton, Dr. Phinney, of Indiana, and
others the battle against popular as well as scientific prejudice has
been fought and won and this long standing reproach to geology in
great part removed. :

““The essential principles involved in the ‘‘anticlinal theory,’’
have been very forcibly and graphically set forth by Professor Ed-
ward Orton, whose philosophiec mind and skillful hand have grappled
with and unraveled so many tangled threads of geologic history. Grasp-
ing at once the truth of the ‘‘anticlinal theory,”’ he applied its prin-
eiples in a striking and beautiful way to the explanation of the oil
and gas deposits in Ohio. Expressed in his words, relief or structure

is the essential element in the acumulation of large quantities of either
oil or gas, for if the rocks lie nearly horizontal over a wide area we
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find, when we bore through them, ‘‘a little oil, a little gas, a little
water, a little of everything, and not much of anything;’’ while if
the rock reservoirs be tilted considerably, so that the small quanti-
ties of oil, gas, and water in all sedimentary beds can rearrange them-
selves within the rocks in the order of their specifie gravities, then
and then only ean commercial quantities of each accumulate, provided
the reservoir and eover are good. The anticlinal waves which trav-
erse the great Appalachian plateau westward from the Alleghanies
and practically parallel to these mountains present just such relief
as the theory requires in the New York, Pennsylvania, southern Ohio,
and West Virginia oil and gas fields, while the more ancient flexures
in northern Ohi. .ud indiana account for the large aceumulations of
oil and gas in the Trenton limestone of those states. The Florence
(Colorado) and other oil fields in the far western states and terri-
tories ‘have this tilted rock strueture, and the same relief is plain in
the Canadian oil and gas fields, according to Selwyn; while Tscherny-
schew, Sjogren, and other geologists who have studied the foreign
oil fields, report an identical geological structure there.

‘‘This theory, so simple and eonsonant with well known physical
laws, as well as so harmonious with the facts of geology, was heart-
ily welcomed by most of the oil and gas operators, and by nearly all
geologists that have given any thought to the matter, as a satisfaetory
solution of the geologie problem connected with oil and gas aecumu-
lation. A few have attempted to relegate the great principle of ‘relief
to a subordinate position, but the facts have pointed so conclusively
in the other direction that opposition has been silenced at least,
whether convinced or otherwise.

‘¢Guided by this theory I located in 1884 the important gas and
oil field near Washington, Pennsylvania; also the Grapeville gas
field along that great arch of the same name in Westmoreland coun-
ty; and the Belleveron field on the Monongahela river. On the
same theory I located and mapped out, for Mr. J. M. Guffey, the cele-
brated Taylortown oil field of Washington county, nine months be-
fore the drill demonstrated the truth of my eonclusions. And right
here on this Mannington-Mount Morris belt a derrick was built to
bore for oil on one of my locations at Fairview more than five years
before the drill finally proved that my location was immediately over
one of the richest pools in the country, and before the drill had
shown that there was any oil in this portion of West Virginia. These
are only a few of the positive fruits of the theory to which we can
point; the negative results in condemning immense areas of both oil
and gas being even more important in preventing unnecessary ex-
penditure and waste of eapital where a search for either gas or oil
would have certainly been in vain.

‘“My working hypothesis was that since the gas pressure is due
to a cplqmn of water, and since this must be practically the same for
any limited area where the rock lies at the same depth below sea
level, the oil deposit in this particular rock must extend across the
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country along the strike of the beds, in a pool comparable to the sur-
face of a lake or a chain of small lakes, if the roeck reservoir should
not be equally porous everywhere along the strike. Hence, if my
theory is true, it would only be necessary to follow the strike of any
particular coal bed, limestone, or other stratum outeropping where
the oil was actually developed in order to traee the course of the oil
belt nupon the surface, and thus to determine with approximate ac-
curacy, many miles in advanee of the drill, the location and width
of such possible oil territory. Very fortunately for my purpose, two
persistent eoals, the Waynesburg and the Washington beds, eropped
to the surface at Mount Morris, the first well finished there by Mr.
E. M. Hukill, in October, 1886, starting immediately on top of the
Waynesburg seam. . 5
My first work was to determine the tide elevation-of these
coal beds, especially the Waynesburg, with reference to oil, gas and
salt water as developed by the Mount Morris borings. For this pur-
pose one of my associates, Professor T. M. Jackson, then Professor of
Civil Engineering at the West Virginia University, ran a line of
levels from the Monongahela river (using a Baltimore and Ohio rail-
way datum) out to the oil field, and made a complete survey and
map of the twenty or more wells that had been drilled at that time
(February, 18389) in and about the village of Mount Mérris. He also-
obtained the elevations of the coal beds at every possible point. From
the data thus acquired it was learned that wherever the Waynesburg
coal had an elevation of 950 feet above tide, gas, and not oil
was found, and that where it had dipped down below 870 feet, salt
water was a certainty—in the Mount Morris region at least. As the
Washington Coal is 155 feet above the Waynesburg bed, the gas and
saliwater limits were found to be 1,105 and 1,025 feet above tide,
respectively, when referred to the Washington bed as a datum line.

““With these facts in hand, it was only a question of correct iden-
tification, or tracing of coal beds, and a simple matter of leveling,
in order to follow the strike of the surface roeks at least, for a hund-
red miles or more. But the query arose to me, ‘‘Suppose the sur-
face rocks do not lie parallel to the oil sand, then where will the oil
belt be found?’’ The interval between these coal beds and the oil
sand might either thin away considerably or thicken up an equal
amount in passing southward from Mount Morris. Of course, if
either of these things should happen, the strike of the oil sand would
not run with the strike of the surface roecks, but would gradually veer
away from the latter either eastward or westward, depending upon
whether the intervening measures should thicken up or thin away.
To meet any such possible contingenecies, the territory within which
it was eonsidered possible for oil {0 exist was gradually widened south-
ward, and at Mannington extended eastward to where the Waynes-
burg eoal had an elevation of 1,025 feet instead of 950 (the eastern
limit of oil at Mount Morris,) and eavried westward to where it had
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an elevation of 800 instead of 870 feet (the western limit of oil at
the north.) : Z ;
‘‘In following the strike line from Mount Morris to Mannington
its direction was found to vary greatly. For the first five or six
miles between Mount Morris and Dolls run the strike was about . 30
degrees W.; but toward the head of Dolls run, the line turned rapidly
westward, making a great eurve or elbow and running westward past
the village of Fairview, from whieh, with many curves and sinuosities,
it erossed sueccessively Plum run, Mods run and Buffalo creek at Man-
nington, en a general course of S. 45 degrees W., but varying from
this 10 degrees to 15 degrees either way in certain loealities. The
strike line carried on southward from Mannington passed into Har-
rison eounty through the villages of Pleasantville and Grangeville.
““This conrse which I thus mapped out for the extension of the
Mount Morris oil belt was so cerooked and passed so much farther
westward than the practical oil men had considered possible that my
geological line, or hypothetical belt, furnished oeccasion for many
jokes and gibes at my expense among the oil fraternity; and it was
with the greatest diffienlty and only by liberal gifts of supposed oil
territory that T could induee any of them to risk their money on a
purely geological theory. Finally, however, a contract to drill a test
well in the vicinity of Mannington was entered into in the spring of
1889 with Mr. A. J. Montgomery, of Washington, Pennsylvania, a
gentleman who had given considerable thought to geology. As this
was to be a erucial test of my theory, the proper loeation for the test,
20 miles distant from any producing oil well, gave me no little con-
cern, sinee if the well should prove a failare, oil geology would receive
a fatal blow, in the eyes of practical oil men, while if successful their
confidence in geology would be greatly inereased and strengthened.
“‘The problem I had to solve was, whether the interval between
the surface rocks and the oil sand would remain the same as at
Mount Morris, or whether it would either thicken or thin; since, upon
my theory, if I made a location at Mannington where the Waynes-
burg coal had an elevation of 900 feet above tide, and the interval
from it to the oil sand remained the same (1,625 feet) as at Mount
Morris, then if the oil rock proved open and porous a fair oil well
should be found; while if, on the other hand, this interval should
thin away to, say, 1,575 feet, then gas would be found, and if it
should thicken up to 1,675 feet, salt water would be obtained, and
this especially would be fatal to my theory, for the practical oil men
were predieting that Mannington was several miles too far west-
ward, and hence was in salt water territory. Tn the absence of any
evidence bearing upon the subject, and rather in opposition to a
general geologieal fact, viz.: that the sedimentary beds thin away
rapidly westward from the Alleghanies, T made up my mind to take
no chances on salt water in this, the first test well, and in finally
determining the loeation, placed it where the Waynesburg eoal had
am altitude of 970 feet and the Washington about 1,125 feet. Such
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a location at Mount Morris would have been in the gas belt by an
elevation of 20 to 25 feet to spare.

¢ As the drill progressed it was found that the intervening rocks
were thickening instead of thinning when compared with the Mount
Morris column, and when the top of the oil sand (‘‘Big Injun’’)
was finally struek, the interval from it to the Waynesburg coal meas-
ured exactly 1,725 feet instead of 1,625, as at Mount Morris. Fin-
ally, on October 11, 1889, the drill penetrated the oil-bearing zone
of this sand, and was immediately followed by a copious showing of
oil, the result being that my theory was at once raised from the
domain of conjecture to that of demonstrated fact. Thus a great
vietory was won for geology, siuce it tanght the practical oil men
once for all that they could not afford to disregard geological truths
in their search for oil deposits.

““This thickening of the interval between the Waynesburg coal
and the oil sand to the extent of 100 feet, in the distanee of 25 miles
from Mount Morris to Mannington, proved to have exaectly the effeet
that I anticipated, i. e., it caused the oil belt to veer eastward until
it gradually encroaches upon the territory occupied by the gas belt
in the vieinity of Mount Morris; so that the western edge of the oil
belt at Mannington is found where the Waynesburg coal has an alti-
tude of 950 feet above tide, which is where the eastern edge oeccurs
at Mount Morris, and the gas belt begins; and hénce, had the first lo-
cation at Mannington been made without taking into account a pos-
sible thickening, the well would have been too far westward, and a
dry hole or salt water would have been the certain result. The amount
of this eastward shifting of the strike of the oil sand ecompared with
the strike of the surface rocks between Mount Morris and Manning-
ton is something more than half a mile.

¢¢Since this Mannington test well was drilled, about 200 others
have been sunk along the belt, as previously defined by me, between
Mount Morris and Mannington; and the correetness of my theoretieal
work has been demonstrated by the drill in opening up along this
belt through Marion and Monongalia ecounties one of the largest and
most valuable oil fields in the ecountry. Fewer dry holes have been
found along this belt than on any other oil belt known to me, not
more than 5 per cent of the wells drilled within the defined limits
proving totally dry.

‘It is not claimed that this same chain of reasoning ean be ap-
plied with lige successful results to the discovery and development of
every great oil field that yet lies hidden below the surface of the
Appalaehian plateau, but it is believed that a correet understanding
and appreeiation of the principles involved and used in the discovery
of the Mannington oil field eannot fail to prove most useful and
helpful to both operator and geologist in limiting the expensive ex-
ploration of the drill to regions wifere the geological structure would
indicate favorable locations for oil deposits. Of course no sedi-
mentary bed can extend indefinitely in any direction, or even for
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considerable distances, without undergoing a change in the eharacter
of its constituent elements. The individual partieles of which it is
composed must vary in size, and the eementing material, or lack of
it, must be an ever-changing quantity. For these reasons any oil rock
must be quite variable in porosity, and hence its produetiveness can-
not be a constant amount. Where the oil sand is a mere bed of
coarse gravel or pebbles like that in the famous McDonald region of
Washington county, Pennsylvania, or in the great Russian eil field,
then the production of an oil well seems to be limited only by the
size of the bore hole; while, on the contrary, the producing rock may
become so close and compact within a few feet from a large producer
as to be practically barren of oil. This fact was strikingly illustrated
recently at McDonald, Pennsylvania, since at the very time the fam-
ous Mevey well number 1 was gushing oil at the rate of 15,000 bar-
rels daily, another well was drilled through the same ‘‘Fifth sand,”’
only 300 feet distant, and proved to be practically dry—the char-
acter of the producing rock having undergone a great change and
become so close grained within such a short distance that it could
not hold oil in paying quantity. If such changes as this can happen
in the character of an oil roek reservoir within a few feet, much more
would we expect such changes within a few miles; and thus it hap-
pens that although there appears to be a eontinuous deposit of oil
in the Mount Morris sand, from the Pennsylvania line southward to
Mannington, and for at least six miles beyond, yet the productive
ness of the rock is not everywhere the same, because the character of
the sand (reservoir) is not constant. This condition of affairs tends
to conecentrate the richest territory into peols of greater or less ex-
tent which are separated from each other by territory that is ‘‘spot-
ted’’ or less produetive.

When this tendency to change in the character of the sand or
reservoir is carried so far as to render the rock impermeable to gas,
oil or water for a considerable distance, then any oil belt must come
to an end, and we need not expeet it to set in again on the same
strike of the rocks (though that is possible,) but rather when the .
stratum becomes again produective it will be found at a lower or higher
level and on a different strike line, so that in this way we may have

_several parallel belts of oil in the same stratum, and oceupying dif-
ferent levels with reference to their tidal elevation. Thus, there are
numerous productive belts of the old Third Venango oil sand from
Titusville, where it lies several hundred feet above tide, down to
the southwestern corner of Pennsylvania, where it is 2,000 feet be-
low tide. Hence the prineiples illustrated in this paper have a local
as well as a general application—Ilocal, to enable the operator to fol-
low the course of the oil belt when discovered; and general, to enable
him to limit his search for oil territory to the loealities where the
geological strueture is favorable.’’
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Effect of Mannington Experiment Upon Operators.

The successful outecome of the Mannington - experiment
converted most operators to a belief in the structural theory of
oil and gas accumulation, and even the few who may still assert
their unbelief in what they call the ‘‘anticlinal theory,”’ make
use of its principles in all their petrolenm ventures; for there
are no prominent operators now who do not observe very closely
the dip and strike of the strata, and many of them employ expert
geologists, and engineers to gather data in the fields as a guide
to suecessfull operations.

Relation of West Virginia Oil and Gas Pools to Geological
Structure.

Every ‘gas and oil pool in West Virginia illustrates and dem-
onstrates the truth of the structural theory. The Sistersville field
occupies the crown of a broad, low antielinal where the relief is
not sufficient to permit the separation of the gas, oil and sait
water, and hence we find them all three commingled until the
Big Injun Sand which holds them dips down to a level where
only salt water is found. At but one or two limited areas in
that great field has gas unaccompanied with oil or salt water
been found, and these were (as they should be) where the sand
attained its highest elevation.

The great gas district which streteches across Monongalia,
Marion, Harrison, eastern Doddridge, Lewis, Upshur, Gilmer,
Braxton, Calhoun and Roane counties, lies along the eastern
edge of the oil fields, and therefore where the rock is elevated
by anticlinal folds, down the slopes of which to the west we find
such remarkable oil deposits.

The wonderful gas district of Wetzel and Tyler counties lies
along the crest of a prominent arch of the rocks which passing
south-westward through Kingtown, crosses the South Fork of
Big Fishing Creek through Owl’s Head Knob, (the greatest gas
region in the country), and continuing on south-westward aeross
Piney Fork, below that village, passes into Tyler county, along
the crest of which we find a great gas development extending past



WEST VIRGINIA GEOLOGICAL SURVEY 61

Bredin to the ‘‘Big Moses’” gas field on Indian ereek, to which
the Philadelphia Company of Pittsburg has laid 75 miles of 16-
ineh pipe line; while just east of this anticlinal down its south-
eastern slope lies the Piney IFork, Alva, Hardman, and other
great oil deposits.

The string of oil pools along the crest and flanks of the
famous ‘“Oil Break’’ anticlinal from Burning Springs to Eurcka,
and northward into Ohio, repeats the same story in sueh a strik-
ing way that ‘“he who runs may read,’’ while the sudden ter-
mination of the oil pools south-west from this great arch, is a
striking argument for the influence of structure in determining
the oceurrence of oil and gas in paying quantities.

Region Southwest From the Little Kanawha River.

Probably 300 wells have been drilled in that portion of
the state between the Little Kanawha river and the Big Sandy
at the Kentueky line, a distanee of more than 100 miles, and yet,
aside from a half dozen small oil wells in Roane county, doing
from 5 to 10 barrels daily, and a few gas wells of moderate size,
the only pools of either gas or oil of much commereial value, yet
developed in all this long streteh of territory, are the gas pool
developed, by Mr. F. P. Grosscup at the head of Sandy ereek in
Roane county and the oil pool near Milton, in Cabell county.
The faet that these two produetive pools lie along the north-
west slopes of the only prominent anticlinal areh which has yet
been discovered in this entire region is quite suggestive and
should lead the operator to make eareful investigations of struet-
ural eonditions in the broad area between the Ohio river, and
where the rocks begin to rise rapidly along the slopes of the
Milton and Sandy oil and gas pools, sinee in mueh of this re-
gion where so many unproductive wells have been drilled, the
roeks appear to be praetically horizontal. It is true, the untested
region is large, and it may contain several good oil and gas
pools, but its lack of prominent antielinals, and other struetural
features assoviaied with the produetive territory north from the
Little Kanawha river, together with the negative results obtained
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in the drilling of these 300 test wells give but little encourage-

ment to the operater.

Necessary Conditions for the Existence of Oil or Gas in Under-
lying Strata.

The surface indications for the presence of oil or gas in any
region are, then, the existence of well marked anticlinal waves,
or what leads to the same results (viz., the aceumulation of oil or
gas in pools of merchantable value), the presence of rapid and
irregular dips, giving rise to the terrace or warped structure of
the strata. Of course these must be supplemented by the pres-
ence of porous reservoirs at a depth sufficiently great to pre-
vent the escape of oil and gas to the surface in any considerable
quantity.

Effect of Ol and Gas Escaping to the Surface.

Where such an escape does %ake place, we get as a result
heavy lubricating oils, as in the ‘‘shallow sand’’ distriet near
Petroleum, Ritehie county, in which ease the overlying rocks are
mostly porous sandstones, and evidently mueh fractured by the
nearness of the great Burning Springs—Eureka uplift.

Effect of Rock Fissures Upon Oil and Gas Deposits.

‘When this fracturing of the strata has proceeded still fur-
ther and opened out wide fissures (1 to 5 feet), as at ‘‘Ritehie
Mine’’ on McFarland’s Run, Ritchie ecounty, W. Va., extending
downward through all the strata to and below the underlying oil
sands, thus permitting the escape of large guantities of oil and
gas, the subsequent evaporation, and oxidation of the residual
produets left filling such fissures, have resulted in converting
them into an asphaltic substanece, resembling coal in appearancs,
named Grahamite, in the case of the Ritehie Mine deposit. That
this was the origin of Grahamite, Albertite, Uintaite, or Gilsonite,
is certain, since reecent drilling near the Ritchie Mine in ‘Vest
Virginia has revealed a produective oil sand (‘‘Salt Sand’’) at
1,500 feet below the valley, and what is most signifieant is the
fact that only a little oil is found in the underlying sand until
the wells are located from 500 to 800 feet distant from the fis-
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sure, thus showing that the rock has been drained in the imme-
diate vicinity of the latter.

When Fissures are Small and Through Shale the Oil 1s
Unaffected.

‘When the fissures are mere joints and through close-grained
beds like shale, the escape of gas and oil to the surface appears
to be largely prevented by even an hundred feet or so of such
rock material, since at Cairo, Ritchie county, an oil of 35 de-
grees gravity is produced by the Clark Oil Company from a sand
which lies less than 100 fect below the bed of North Hughes
River. At Deem’s Ferry, on the South Fork of the same stream,
an oil of 40 degrees to 42 degrees gravity is found at a depth of
only 250 feeet, and the oil at the mouth of Island rum has about
the same gravity at a depth of 300 feet.

Mountain Regions.

In most mountain regions, the fracturing of the strata has
been carried on to such an extent that all the available stores of
gas and oil that may once have existed in the beds have passed
out of the original reservoirs through their defective covers, es-
caping into the air, and hence it is useless to drill for oil or gas
to any ordinary depth in typical mountain regions.

It is barely possible that under a great thickness of close
grained beds or shales the gas and petroleum originally contained
in rock reservoirs so situated may still be imprisoned. No bor-
ings in mountain regions have been sunk to a depth sufficiently
great (4,000-5,000 feet) to test the truth of this supposition.

The escape of the gas and all easily volatilized elements of
the oil would render any remaining product so thick and viscous
as to be unavailable except through mining operations as in
the case of all asphaltic deposits which are only the residua of
evaporated pools of petroleum. The great asphalt deposit at
Trinidad is not in the crater of an extinet voleano as some ge-
ologists have stated, but is simply the asphaltic constituents of
a great pool of petroleum comparable to Beaumont, Tex., or
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Baku, Russia, where the cover has been eroded and the volatile
constituents of the oil have eseaped.

The Significance of Degree Lines.

It has long been a favorite method with many operators for
oil or gas to follow some particular degree lines as a basis for
further developments after the first paying oil or gas well is
obtained in any region. S. 45 degrees W. or N. 45 degrees E. is
a favorite line with many, while 2214 degrees, 30 degrees and
35 degrees as well as other figures have had their adherents.
That a eonsiderable measure of suecess has attended the ob-
servance of sueh lines is a well attested fact and the explanation
is not diffieult. Such lines are approximately parallel, and some-
times coineident for several miles with the strike of the strata,
or in other words the direction in which the oil or gas roek lies
approximately level, which is, of eourse, in most eases on a line
parallel with anticlinal axes or other structural features of the
region, and the struetural theory of oil and gas teaches that in
any partieular pool the roek whieh eontains the oil or gas, is
likely to be saturated with the same as far as it remains porous
and oeeupies the same level. Hence as these lines of strike
or no dip are approximately parallel to the Alleghany
mountains, (whieh extend N. E. and S. W. at angles of 30 de-
grees to 45 degrees,) any degree line approaching these figures
must run some distance along an oil pool of eonsiderable
breadth before passing to either side of the same, and thus a de-
gree line is valuable in searching for oil. For example a 45 de-
gree line from Mt. Morris, Pa., 8. W. to Mannington, W. Va.,
will define a large area of the Big Injun Sand oil territory be-
tween the two points and a similar line Northeast from the orig-
inal Thomas well on Flat Run, Marion eounty, will run for 10
miles or more through that great Gordon Sand pool to the front
of developments in Monongalia eounty. In the former ease
the 45 degree line would first pass west of the oil belt ; then aeross,
and east of it;then back into, and with it to Mannington and
beyond, while on the latter or Flat Run belt, the 45 degree
line would be within oil territory at every point from the
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Thomas well in Marion to the farthest to the northeast yet
drilled in Monongalia. On: the Campbell’s Run belt, however,
which lies 3 to 4 miles west from the Flat Run develop-
ments, a 45 degree line from the original Stiles well, to the north-
east, would soon pass east of that belt and into the barree area
between it and the Flat Run field, while a 35 degree line would
pass through a produective oil belt nearly to or beyond the Penn-
sylvania State line.
Structural, or Strike Lines Safest to Follow

The best plan, however, is to disregard the degree lines and
follow the strike or level lines of the surfaee rocks, such as coal
beds, limestones, or persistent sandstones, when neither of the
other two classes of strata are available, since the oil sands al-
though many hundreds, or even thousamds of feet below the
surface, are approximately parallel to the surface rocks, and rise
when the latter rise, or dip when they descend; thus when the
rocks are level, the oil sands are nearly so. This law holds true
for all the arca morth from the Little Kanawha river, but when
we pass southwest from that stream, and start southward the
measures thicken so rapidly in that direction that while the sur-
face beds may be rising, the oil sands many hundred feet below
may lie flat, or even be dipping to the south, and this condition
of affairs is possibly one of the causes why so few pools of oil
or gas have yet been found southwest of the Little Kanawha re-
gion, since the relief which even a rapid rise of the surface beds
to the southeast would indicate, may possibly be offset and over-
come by this thickening of the beds below the surface, so that the
regular oil sand formations have little or no relief, being ap-
proximately level, and hence according to the ‘‘anticlinal the-
ory,”’ may not be expected to hold oil or gas in paying quantity,
except in areas of that region where these underlying sands
have been warped up into folds or more rapid dips like those
near Milton, and the headwaters of Sandy creek in Roane
county.

Rock Pressure in Oil and Gas Wells.
When an oil or gas well is drilled and the casing valve
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closed so that the product cannot eseape into the air, a pressure
is developed inside the pipe. This pressure which increases with
the depth of the oil or gas reservoir below the surface in about
the same proportion as would the pressure in a column of water
to the same depth, is known as ‘‘ Rock pressure,”’ and is always
.greatest when a pool of oil or gas is first opened. When the
producing capacity or volume of a well is large, the total pres-
sure which a well will develop when shut in, is attained in a few
seeonds, or a minute at most, the famous Morgan well of the
South Penn Oil Co., six miles southwest from Mannington, hav-
ing developed a pressure of 800 pounds to the square inch in-
side of a three-inch pipe almost instantly. Wells with such large
volume mean very open and porous reservoirs from which the
gas or oil can escape with great rapidity. But a well of small
volume, if completely shut in, will gradually develop the same
‘“‘rock pressure,’”’ though it may be several hours or even days
in attaining it, as the one with large volume, provided, both
produce from the same reservoir, and are situated in the same
pool.

The volume or value of a gas well is always roughly esti-
mated from the pressure developed per minute when shut in
(ealled its ‘‘minute pressure’’) and its total or ‘‘rock pressure.’’
The ingenious method of measuring aceurately the capacity of
any gas well in cubic feet of product, by means of the Pitot tube
adapted and modified by Prof. Robinson, of the Ohio State Uni-
versity, as already described, has not been used until quite re-
cently by the gas companies operating in West Virginia, so far
as known to the writer, greatly to their loss and detriment.

Cause of Rock Pressure.

There has been much speculation as to the cause of ‘‘rock
pressure’’ in gas and oil wells, and many (including the writer)
have believed it was of artesian origin, that is, due to water
which has invaded the same rock from its outerop at the surface.
Prof. Edward Orton, the eminent State Geologist of Ohio, who
has contributed so much to elucidate the problems connected
with petrolcum and natural gas, once held this view, and
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"apparently demonstrated its truth for the Trenton Limestone gas
of Ohio, since im nearly every case the observed pressures agreed
with the calculated pressure, assuming it to be of artesian origin
and taking the level of Lake Erie as the surface outerop of the
Trenton Limestone. Recently, however, Prof. Orton has made
some observations while studying the gas fields of New York
that eould not be explained upon the artesian theory, since in
this case the ‘‘rock pressure’’ was 1500 pounds to the square
inch at a depth of many hundred feet less than the theory would
require, hence it breaks down as an explanation for all eases of
gas and oil pressures, even if it may be the true cause in many
fields, like the Trenton Roek of Ohio, Indiana, ete. In such
cases like that of New York we are forced back upon the
““expansion hypothesis,”’ advocated long ago by Prof. Lesley,
as the only theory that will explain the facts, and the same
would appear to be the only theory consistent with the facts
concerning the high pressures in the deep or Gordon group of
oil sands in West Virginia, since nowhere in Monongalia, Marion,
Wetzel, Marshall, Tyler, Doddridge or Harrison counties has
any water® been found in this group, evidently because they
are so deeply buried (2500-3500 feet) by overlying close grained
beds that the surface waters have failed to pereolate down to
them, and hence in these cases there would be no water present
in the oil sands to cause the artesiam pressure. It is barely
possible that the seeming agreement with the artesian pressure
theory may be due to the long continued escape of small quanti-
ties of gas upward along small fissures and joints through the
overlying strata until the pressure of expansion within the rock
reservoir has been reduced to what we now find it on opening
any new gas field. This appears to be Prof. Orton’s explanation

*The only exeeption to this statement known is a single well of
the Delmar Oil Co. on the Shaffer farm, southwest from Manning-
ton, where some fresh water made its appearance in the Gordon sand,
but here there is a possibility that it was due to a leak in the outer
casings, or a rock fissure communieating with the upper beds which
may thus have led the surface waters down to the oil sand after the
well was drilled.
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of the exceptional pressure found at a comparatively shallow
depth in the New York field to which reference has been made.
Tt is also possible that this may account for the apparent agree-
ment between the pressures observed, and the calculated artesian
pressures in many new gas fields, since if there should be a
constant escape of gas from any pool, the rock pressure would
decrease continually until the expansive force of the remaining
gas just equals the resistance of its passage to the surface, and
in the case of small fissures filled with water this pressure would
evidently be practically the same as the weight of a column of
water extending from the outcrop level of the gas reservoir.
rock down to its level in the gas pool. 4

e
Reservoir Gas and Shale Gas. C-iy

Dr. Orton makes a distinetion between what he terms reser-
voir gas, and shale gas, the former including all sand or lime-
stone strata, and the latter shale beds, which are mostly black.
The pressure in shale gas is usually low and the volume small,
the wells at Erie, Pa., and near Louisville, Ky., being examples
of the same. So far as yet developed the West Virginia gas
horizons all belong under the first or reservoir fype, unless
indeed we should include under the shale series, that found in
the coal beds and in the deep boring near Huntington. Several
examples are known in West Virginia as well as Pennsylvania,
where valuable flows of gas have been obtained from coal beds.
One of these was struck at Hundred, Wetzel county, W. Va,,
in 1886, by Messrs. Gibson and Giles, in the Pittsburg coal, at
700 feet in depth. Enough gas was found therein according to
Mr. Gibson, with which to finish drilling the well through the
Gordon sand, and it still furnishes a portion of the supply for
the village.

Volume and Maximum Rock Pressure in Gas Wells.

Many of the great gas wells of West Virginia from the deep
or Gordon sand group have never been tested for rock pressures
when the pools in which they are situated were first opened, and
hience we do not know exactly how great this pressure may he
in the regions where these sands lie deepest.
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The Thomas Cunningham No. 1, of the South Penn Oil
Company in Wetzel county, was one of the very large wells in
the Gordon group, and on July 1st, 1898, after it had been
completed nearly a year, and had blown into the air several
months before it was possible to shut it in, the rock pressure
was still 1,200 pounds to the square inch.

The W. J. MeCoy well in Greene district, Wetzel county,
is also another very large well drilled by the same company.
Mr. Wm. S. Edwards of Mannington, formerly Superintendent
of the South Penn Oil Co., reports that the McCoy gas well
showed a pressure of 1,075 pounds in one minute in 5 3-16-inch
casing, which was the limit of the test. This well has a depth
of about 2,800 feet, and the Cunningham the same, as both
produce from the ‘‘Stray’’ immediately above what is called the
““Gordon sand’’ in Wetzel.

The Abe Shriver well No. 1 in Battelle district, Monongalia
county, drilled by the South Penn Oil Co., gave a rock pressure
of 1,200 pounds (the limit of the gauge) on a one-minute test
in 3-inch tubing. The Pittsburg coal was struck at 780 feet in
this well, and the gas in the Gordon, or Flat Run sand at
3,007 feet.

Mr. John Worthington, of the South Penn Co., believes
that the largest gas well both in volume and rock pressure ever
discovered in West Virginia or any other state, is the E. C.
Morgan well No. 1, drilled by the South Penn Co., six miles
southwest from Mannington, Marion county. The top of the
gas sand in the Morgan well was struck at 3,052 feet, the Pitts-
burg coal having been passed at 890 feet, thus giving the same
interval (2,162 feet) below the latter stratum as the Gordon
““Stray’’ or Campbell’s Run o0il sand occupies on Campbell’s
Run, Marion county, Miracle Run, Highland, and other regions
in Monongalia county, and hence this gas is possibly from the
same horizon as the great wells in Wetzel county to the west,
though the interval from the Pittsburg coal to the gas sand®
is 100 feet less in Wetzel than in the Morgan well. At about
three feet in the sand at the Morgan well, or 3,055 feet from the
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surfaee, the gas was struck, and so great was its pressure, that
the drilling tools weighing several thousand pounds, were lifted
from the bottom of the well, and blown above the top of the
derrick, through 6%-inch casing, more than 100 feet into the air,
according to Mr. Worthington. The well defied all the usual
methods of procedure in shutting in large gas wells, and only
after three months of uninterrupted work, was it finally con-
quered by the imgenuity of Messrs. Edwards and Worthington,
and the men whom they directed. The 3 inch tubing could not
be imserted in the 654-imch casing in the customary manner,
but rcquired the pull of ‘‘block and tackle’’ to foree it into
the well. Then when the proper depth (2270 feet) had been
reached, where it was decided to set the rubber packer, it would
not ‘‘take hold,”” and on withdrawing the tubing no rubber was
visible, the fine sand and pebbles having been blown by the gas
against it with such force as to destroy the rubber entirely and
blow its material out as dust. This occurred several times, until
Messrs. Edwards and Worthington decided to wrap the
‘‘packer’” with iron wire before inserting the same, which finally
proved successful and the well was shut in. This is the well
which gave a pressure of 800 pounds (the limit of the gauge)
almost instantly, or within two or three seconds, aceording to
Mr. Edwards. The well was completed on the 19th of August,
1893, and after supplying the towns of Fairmont and Grafton,
25 miles distant for four.years, still showed a rock pressure at
the well of 765 pounds, January 1, 1898, and of 550 pounds
January 1, 1899. Its production through the open casing when
first struck, must have been enormous, probably between 35 and
40 million cubic feet daily.

The greatest pressure recorded from this same sand was
made-in the Nineveh region of Greene county, Penna., where a
gas well on the Michael Funk farm was shut in by Mr. John
‘Worthington, and although of comparatively small volume, the
rock pressure finally surpassed the limits of the gauge (1500
pounds to the square inch), and did not stop until it blew up
the 2-inch pipe with which it was shut in, probably developing
a pressure of 1600 to 1700 pounds to the square inch, sinee this



WEST VIRGINIA GERLOGICAL STRVEY 71

class of pipe is supposed to be tested to 2,000 pounds before it
leaves the factory. :

It is quite probable that the total rock pressure in these deep
sands (Campbell’s Run, Flat Run, 4th, 5th and 6th) of West
Virginia would exceed 1500 pounds to the square inch in the
deepest portions of the field, if shut in and packed down to the
top of each stratum in question. ‘

A curious fact was discovered at the Alonzo Edwards well
No. 1, near Wadestown, Monongalia county, West Va. This
well was drilled by the Battelle Oil Company, and considerable
gas was developed in the Gantz Sand horizon at 2770 feet, as well
as in the ‘‘ Fifty-Foot’’ Sand at 2840 feet, and a still larger flow
was found in the 5th or McDonald Send at 3115 feet, the hole
being completed at 3300 feet. The Gantz and ‘‘Fifty-Foot’’
sands constituted one solid, coarse, pebbly rock, and in order to
save all of the gas flows, the well was packed in the upper por-
tion of this pebbly stratum. From the great depth of the well,
it was expected that the rock pressure would rise until it ex-
ceeded 1,500 pounds to the square inch, but when shut in the
gauge which began to register rapidly at first, very soon slowed
up, and finally stopped at only 650 pounds. As the pressure did
not rise sufficiently rapid to correspond to the apparent volume
of the gas when the gate valve was open, it was concluded that
a large portion of the gas was being forced into the porous Gantz
and ‘“Fifty-Foot’’ beds, and stored therein, the 650 pounds rep-
resenting the pressure necessary to store in the pores of that rock
all the surplus gas produced from the three horizons at that
pressure. This sforing process could not of course go on
indefinitely, since the new reservoir would require additional
pressure to force the gas further and further back into the rock,
and the conclusion was reached that in time the rock pressure
of the well would show a large increase, and that the gas being
thus stored up in natural reservoirs would be available for future
consumption. This conclusion was subsequently verified. The
well was shut in early in 1898, and not opened again (as there
was no consumption for it) until January, 1899, when it was
opened up and turned into a two-inch gas line for use in drilling
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oil wells. The pressure, though not measured, proved so great
that the two-inch pipe was blown wp in several places, and it
was found necessary to place a ‘‘reducing’’ arrangement upon
the well.

Mr. Glen T. Braden, General Manager of the South Penn
01l Co., reports that he had the same experience with a well in
Marion county, W. Va., similarly packed several hundred feet
above the gas producing. horizon, and that after the well had
been shut in for 30 days, its pressure rose more rapidly and
went to a higher point when opened and again closed in, thus
demonstrating that the gas was being forced into porous beds
and stored there in such a manner as to be available for future
use. These facts should give a hint to the gas eompanies con-
cerning a cheap method of storing gas wells not needed in the
lines, viz., to connect the same with partially exhausted wells,
and thus prevent too high pressures in the pipe lines, and at the
same time preserve for useful work this surplus gas which would
otherwise be wasted into the air from safety valves, etec.

Phe rock pressures in the Big Injun Sand are less than those
in the Gordon group, since the top of the Big Injun lies 800-900
feet above the top of the Gordon.

In the Mount Morris region of Pennsylvania, and the
adjoining district of Monongalia eounty, West Virginia, the
pressure was about 550 pounds to the square inch soon after the
field was opened in 1886, while at Blacksville, 8 miles west,
where the same sand lies about 100 feet lower, the rock pressure
in the Big Injun was 600 pounds when the first well was drilled.
At Mannington the Big Injun Sand gave a total of 550 pounds
at the Blackshere gas well, the first one opened to that sand,
while the Snoderly gas well in the Pottsville conglomerate (‘‘Salt
Sand,’’) 400 feet higher up in the geological scale, stopped at
380 pounds. At Harrisville, Ritchie county, the rock pressure
in the Big Injun sand was 680 pounds in the first well drilled by
the Keystone Co., as reported by its president, Dr. D. H. Court-
ney, while still higher pressures are reported for this sand from
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