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The Acid Test Of . . ..
ACIDIZING

MEN . ..

Trained men execute every Chemical Process acidizing job.
The technical knowledge of Chemical Process men covers
every acidizing problem . . . their experience is your as-
surance of the best acidizing possible. '

METHODS . . .

Chemical Process methods are modern . .. proved success-
ful. The Chemical Process organization has developed

methods which assure the maximum of eFF'cnency and | prac-
ticability. '

EQUIPMENT . . .

Our streamlined fleets are geared 'For qu:ck
and efficient, dependable service: Large capac:’ry pumps,
exclusive features give Chem|ca| Process equupmenf special
effectiveness. : ' :

EXPERIENCE S .
Treafmentof thousands of we"s in wadespread |oca||hes,

under many conditions, has helped us develop an unparal-
leled technigue and ability fo get outstanding results.

THE CHEmMICALPROCESS CompAnv

MAIN OFFICES; PHONE 206. BRECKENRIDGE, TEXAS
PHONE, WIRE OR WRITE YOUR NEAREST CHEMICAL PROCESS SERVICE STATION

HUGOTON, KANSAS HOBBS, N. M. BRECKENRIDGE, TEXAS BORCER, TEXAS
Tel, 211—C. I, Thompson Tel. A44—P, W. Morrison Tel, 206 and 306—C. K. West: Tel. 359—C. J. Thompson
. P. W. Pitzer; G. R. Whitney: LULING, TEXAS
T EltLLSS%ELIC., }lgag_s;xs A.J. Buchanan Tel, 390—M. W. l“redenburq
‘el. 493—C. . Vincent SEMINOLE, OKLA. Tel. 649A. C. Hanna ODESSA; TEXAS::
WICHITA, KANSAS Tel. 844—7T. 8. Loncaster Tal. 745-—B. M, Kingsten Tel, 21—C. F.. I-Iogml .
Tel. 2-2478—C., V, Burkett : : R meI‘m FALLS; TExAs :
SHREVEPORT, LA. TULSA, OKLA. DENVER CITY, TEXAS : Telu 2:4307. -

Bill} Nor!nn-

Tel. 2-3665—B. H. Reynolds

Tel, 3-0807—M. E. Chapman Tel. 54—I]. Rog Dgrr_ic_k i

AUGUST 1949

The original Brunton Patent Pocket Transit, which is
universally used by engineers and geologists, is
fundamentally the same, however, improvements in
construction have enhanced its serviceability.

Send for Bulletin M-15 showing the latest model and
its attachments,

Wm. Ainsworth & Sons, Inc.

2151 Lawrence Street
Denver, Colorado, U. S, A,

for PROFITABLE Dredging
GOLD PLATINUM TIN

Over 30 yvears experience designing and
building placer dreddes and meeting vary-
ing hard conditions found in all four
quarters of the world is at your service.
Dependable operation—Long Life
Fewer shutdowns—Efficient recovery
High salvage value

— VIUBA IIIIIIIIIFIIII'I'IIIIIIIE €o.

351 Californic St., San Francisco, California

Head, Wrightson & Co., Ltd.
Stockton-on-Tees, Englond
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United
Geophysical
Company

SEISMOGRAPH
SURVEYS

A\

1255 East Green Street

Pasadena, California

2406 Esperson Building
Houston, Texas

Edificic Odeon, Sala 1018

Rio de Janeiro, Brazil

9800 MILES OF PIPE LINES

ELECTRIC WELDED
By H. C. PRICE Co.

:

An organization opercting wherever Oil, Gas,
or Water Lines are constructed,

SPECIFY PRICE-WELDED JOINTS
“The Modern Method”

By H. C. PRICE co.
Electric Welding Contractors
Bartlesville, Okla.

Los Angeles San Froancisco
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CHROME FACE
STEEL TAPES

s s

NEW YORK THE ”F”l”ﬁ”‘[ca Canadian Factory
106 Lafayette St SAGINAW, MICHIGAN WINDSOR, ONT.

TAPES — RULES — PRECISION TOOLS
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mesh per 24 hours for , .
lotation. “Mine & Smelter” has been furnishing com-

Keep your conveyor
hells going with

[FLEXCO]

XX XO» BELT FASTENERS

AY

¢ FLEXCO H D RIP
PLATES are used in re-
pairing rips and patch-
ing conveyor belts. The
wide space between
outer bolls gives the
tastener a long grip on . : 3 .
lhle:‘led%?s of :he l!“?t ® Avoid shuldowns and lengthen the
while the center bol :

prevents the lasteners l:le_ of your conveyor belts and bucket
from bulging. elevator belts by using Flexco HD belt
fasteners and rip plates. Thousands of
companies have stepped up the perform-
ance of conveyor lines and cu! costs
by using Flexco methods,

&
FLEXO H D BELT Bulletin F-100 shows ex-
FASTENERS make a actly how to make tight
ESSTENE.R% bmﬁkt_! .« bult jeints in conveyor
with Yiony ftar 1Rar  belts with Flexco HD Belt
cessed plates embed Fasleners. Also illustrales
::; dl:elt, c;:compresst bPilt step by step the lalest
CITk T : ) P N
separation. i esw_lr)?n silz’e‘:; practice In repalring rps
in steel and alioys. and putling in patches, ;
FLEXIBLE STEEL LACING COMPANY Write for
4628 Lexington 5\. Chicago your copy

E—X X BELT FASTENERS:

Sold by supply houses everywhere

\2

A 42"x60" MARCY . . . 4.
which normally will MARCY Mills are available for grinding as
grind 35 to 45 tons 48 hi%

igh as 2000 tons daily. During recent years

plete equipment for a growingnumber of suc-
cessful miningand milling operationstreating
from five to 150 tons per twenty-four hours.
You are invited to use the world-wide metal-
lurgical experience of our staff. Write or wire
Jor assistance in developing a flow sheet,
designing a complete plant or any metal-
lurgical problem.

Main Office: Denver, Colo., U.S.A.
ElPaso  SaltLakeCity SanFrancisco
1775 Broadway, New York



DENVER UNIT FLOTATION CELL

Here is what a millman has to say about a Denver Unit Flotation Cell:

“The No. 250 uwnit cell is
fine and makes from 35%
to 45% recovery., ‘The
classifier cverflow remains
practicelly constant re-
gardless of the head, That
is, the unit cell drops off
o 26% on lower grade
ore. The intercsting point
heve is, the ratio of con-
centration for the plant is
about 150:1 and with the
unit cell making a higher
arade concentrate than the
rest of the ecireunit, the
ratio must be 500:1 or
600:1, showing the ahility
af the cell even when there
is. practically ne sulphides
to float. A 3#-mesh gereen
is used on ball mill dis-
charge which sends every-
thing but wood chips to
the cell and yet there is
no  trouble. Dilution in
cell 83% solids.”

Ask us how a Denvor Unit Flotation Cell ean be used in your plant %o increase profits,

DENVER EQUIPMENT COMPANY

1400-1418 SEVENTEENTH STREET, DENVER, COLORADO
NEW YORK CITY, NEW YGQRK: 30 Church Streer
SALY LAKE CITY, UTAH: 715 Mcintyre Building
MEXICO, D.F.1 Bokor Eldy,, 16 de Septiembre 38

TOROMNTO, ONTARIO: 45 Richmond Street West
1ONDON, ENGLAND: B4Q Salisbury House, £.€,2
JOHANNESBURG, 50. AFRICA; 1B Bon Accord Hse,

THE RUTH COMPANY
MANUFACTURERS OF
CRUSHERS RCD MILLS
FLOTATION MACHINES
DIESEL MINE LOCOMOTIVES
Continental Oil Building Denver

Phene TAbor 7927

Manufacturers of
“National” Brands Safety Fuse for use in all Blasting Operations

Brands

Sylvanite Black Monarch White Aztec Double Ta
4 be
White Monarch Bear Black Aztec Fripie Tape

The National Fuse & Powder Co.

Denver, (;olorado Established 1900
Rocky Mountain Distributors—Curdeau-Bickford Detonating Fuse for
deep well blasting.

Cochs

ONraving

+ TELEPHONE -
0elwer. colorado 22‘-’21*5.3‘.&%’%"*-“’5

TAbor 6244
@~ \ENGRAVERS-ILLUSTRATORS-DESIGNERS,
Youy story in Picture leaves nothing umntold”

EATON METAL PRODUCTS CO.
Manufacturers of Steel Tanks of All Kinds
Specializing in
Special Sheet and Plate Work - Equipment to the Oil Industry
Office and Factory 4800 York Street TAbor 7205 Denver, Colorado

PERSONAL NOTES

Leavis D. Anderson, '39, is now em-
ployed by the Miami Copper Company
and is being addressed at his residence,
400-B Pinal Avenue, Miami, Arizona.

8. J. Artese, '30, Chemical Engineer
for the Shell Oil Company, has a change
of address to 1449 Brown Street, Martinez,
Calif.

Robert Barney, '35, who has been asso-
ciated with the National Fuse & Pow-
der Company in Denver for the past sev-
eral years, has entered the U. S. Army
and is now being addressed, Lieutenant
Robert F. Barney, 2nd Engineers Battal-
ion, Fort Sam Houston, Texas.

Frank R. Blood, Ex-'34, received degree,
Deoctor of Philosophy in Biological Chem-
istry, from the University of Michigan
in June and has accepted a position with
E. L. duPont de Nemours & Company in
the Haskell Laboratory of Industrial Texi-
cology. He is being addressed in care
of the laboratory at Wilmington, Dela-
ware.

Stephen W, Bradford, '39, formerly with
the Enterprise Mine at Weaverville,
Calif., has returned to his home 545 W.
Whiting &t., Fullerton, Calif., where he is
now being addressed.

K. Horatia Browsn, '21, Geolagist for
the Empire Zinc Division of The New
Jersey Zinc Company, who has been lo-
cated at Gilman, Colorado, for some time,
has been transfened to Hanover, New
Mexico.

Jokn W, Burns, '36, Engineer for the
Consolidated Mining and Smelting Com-
pany, has been transferred to Ainsworth,
British Columbia,

Alwvin L. Cohen, Ex-'43, took his mid-
shipman’s oath recently at the United
States Naval academy, He placed first
on a list of 120 contestants. He was
graduated from East Denver High School
in 1939 and attended Mines before re-
celving appointment to the Naval acad-
emy. He is now being addressed in
care of the academy at Annapolis, Md,

J. LeRoy Dana, Ex-'95, Manager, Prep-
aration Division, Incandescent Lamp
Dept., General Electric Company, of Nela
Park, Cleveland, Ohio, accompanied by
his sen and (laughter -in-law, Mr. and
Mrs, Junius Dana, spent a vacation in
Denver and Golden recentiy

Engene E. Daawsen, ’38, is now being
addressed at 1456 East Hill Street, Long
Beach, California having 1eccnt]y ac-
cepted a position with the Brown Drilling
Company.

Jokhn H. Dismant, '39, is temporarily lo-
cated at Morenci, Arlzona receiving mail
thru Box 966,

Fan W. Donokoe, '39, Computor on
Seismograph party for the Phillips Petro-
leum Company is being addressed at pres-
ent, Box 1369, Beaumont, Texas,

H. A. Dumant, 29, Chemist for the Shell
Oil Cempany, has a change of address
from Good Hope te Norco, Louisiana.

Percy Echols, 27, is Chief Metallurgist,
Warren Plant, chubhc Steel Corpora-
tion, and receives mail in care of 98"
Miil of the company at Cleveland.

Kirk Forcade, '36, is now being ad-
dressed at Navasota, Texas, where he is
doing seismograph work for the Phillips
Petrofeum Company.

Donald 1. Gakagan, '27, Geologist for
the Skelly Oil Company, has a change of
address to 2825 Quenby Avenue, Hous-
ton, Texas.

Merle L. Gilbreath, ’33, is associated
with the McCarthy Drilling Company,
His mailing address is P. O, Box 17,
Angleton, Texas.

Donald Gunther,’39, is working for the
Westinghouse Eiectrlc and Manufacturmg
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Company in their Research department at
East Pittsburgh. He receives maii at 431
South Avenue, Wilkinsburg, Penna,

Glarence W, Guth, ’22, and son, Wil-
liam Allen, spent a vacation in Golden
last month with his parents, Mr. and
Mrs. Henry Guth, He is connected with
the Westinghouse Electric and Manu-
facturing Company and resides at Irwin,
Penn.

Wayne A, Harrod, ’16, is Assistant
Sﬂpermtendent, Works Progress Admin-
istration, and resides at 321 Green Ave-
nue, Los Angeles, Calif,

James A. Kavenaugh, >38, received ap-
pointment recently as epgineer in the
United States naval aircraft factory at the
Phllade]phla naval yard. His work will
be in the m1crog1aph1c and spectographlc
analysis of steel, aluminum and magnesium
alloys used in the construction of naval
aircraft. Until this appointment he was
employed by the Carnegie Illinois Steel
company. His address is 7218-D Alder-
brook Road, Upper Darby, Penna.

R, E. Kuight, 07, formerly Executive
Vice-President, is now President of the
Alliance National Bank of Alliance, Ne-
braska, an institution of over fifty years
of service,

Milton Lagergren, *33, has moved from
Juneau to Fairbanks, Alaska, with ad-
dress Box 729.

Dent Lay, '35, Sales Manager for the
Acetylene Service Company, moved his
residence recently to 1543 So. Elizabeth
Street, Denver.

Dana W. Leeke, 10, has returned from
Korea where he was Mining Engineer for
the Oriental Consolidated Mining Com-
pany, and is being addressed at his hame,
615 No. Fern Avenue, Ontario, Calif.

Morgan Leonard, '36, has completed his
contract with Braden Copper Company in
Chile and is now at his home, 136
Georgina Street, Santa Monica, Calif.

F. R. Locke, '28, Geophysicist for The
Texas Company, was transferred recently
to Wharton, Texas.

Russell E. Metzger, '34, in the Person-
nel department, Manufactoring Plant,
New Jersey Zinc Company, resides at 31
Lentz Avenue, Lehighton, Penna.

James 8. Miller, '37, has a change of
address to Lordshurg, New Mexico, where
he is Assayer and Chemist for the Indian
Metals Company at their fluorspar mill.

Hareld Mitchell, ’36, Engineer on Seis-
mograph crew for The Texas Company
is now at Bowie, Texas,

James Lester Morris, ’33, has resigned
his position as Assistant City Engineer of
Boise, Idaho, to accept that of Superin-
tendent of the Unity Gold Production
Company's mine at Warren, Idaho.

Jim Munro, 39, is employed by the
Phillips Petroleum Company as helper on
a recording crew, His address is Box
1103, Enid, Okla.

Ben Parker, '24, accompanied by his
wife and son, are enroute to the States
from Buenes Aires, where he has been
engaged in geological work for the Argen-
tine government the past year, He will
resume his duties as Assistant Professor
of Geology at Mines in September.

W. D. Peregrine, ’13, has returned from
the Philippines where he was Mill Super-
intendent for the Itogon Mining Com-
pany for several years and is at his home
in Denver, 190 So. Marion Street.

Clark Schaefer, 38, has succeeded Rod-
ert Barney as Field Representative for
the National Fuse & Power Company. He,
with his wife and young son, are residing
at 4672 Tennyson Street, Denver.

{Continited on page 403}

ERUNTEN TRANSITS @ LEVEL RODS

K &E TRANSITS, LEVELS & ALIDADES # EXPERT REPAIRING

Mining Men—get your sample of
K& E ALBANENE 5o
Prepared Tracing Paper

by asking us for it now. It is permanent, stable, rea.
sonable—for example a 20-yard roll of 36 medium
weight costs only $4.20 {add tax please), prepaid to
third zone.

Send for Complete Engineering Supply Catalog

KENDRICK-BELLAMY CO. [ihu Staust

53dVL @ SHILIWINYId @ SI1NA Jars @

SEND YOUR ASSAY WORK TO
CHARLES O. PARKER & COMPANY
1901 Lawrence Street MAin 1852 Denver, Colorado
GOLD OR SILVER, 50c EACH

Complete Price List on Request. Prompt Service—Accurate Results

For Distinctive MAIn 2733
MULTIGRAPHING OR MIMEOGRAPHING

Jhe Jetter. Shop, 9nc.

509 Railway Exchange Bldg, DeNver, COLORADO

FRANCO WYOMING OIL. COMPANY
PETROLEUM PRODUCTION
601 Edison Bldg., Los Angeles 17 Boulevard Malesherbes, Paris, France
William 1. Waltman, '99, Fice President
Lester 8. Grant, '9%: Lamont E. Smith, '24; Albert P, Kleeman, *24; Associates

THE GOLDEN CYCLE CORPORATION
BUYERS OF GOLD AND SILVER ORES
For Purchase Terms and Shipping Instructions, address
Mill Department — P. 0, Box 86 — Colorade Springs, Colorado

Merant B, Suoup, Pres. Max W. Bowen, '24, Mill Mgr.

FIRE BRICK FIRE CLAY
DRY PRESS — STIFF MUD DRY MILLED — TILE

for MINE — MILL — SMELTER OUR SPECIALTY
The Golden Fire Brick Company

GENERAI OFFICE AND PLANT “Build w DENYER SALES OFFICE
GOLDEN, COLORADO Golden Brw!z‘ INTERSTATE TRUST BUILDING

The New Wiley Engineering Handbook Series

ESHBACH'S Handbook of Engineering Fundamentals—1081 pages; 576 illus.;
5%x8%; $5.00C.
KENT'S Mechanical Engineers” Handbook, Eleventh Edifion
Power Volume—1252 pages; illus.; 5%x8%; $5.00.
Design—Shop Practice Volume—1378 pages; illus.; 5%x8%; $5.00.
PENDER'S Electrical Engineers’ Handbook, Third Edition
Eleciric Power Volume—1300 pages; 709 illus.; 5%x8%; $6.00.
Eleciric Communication cmd Electronics Volume 1022 pages; 981 illus.;
5% x85%; $5.00,

For sale by THE MINES MAGAZINE, Denver, Colo.
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Consulting Geoclogist
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Whether or not as reader or writer
you apprave superlatives, you will be
forced to deal with them when you
read or write about the geology and
oil resources of Western Canada.

In Turner Valley oil and gas field,
Alberta, occurs the greatest known
height of preductive oil and gas zone,
5,100 feet from crest of gas cap to
oil-water contact plane.

The McMurray (Athabaska} oil
sands of Alherta, partly exposed, con-
stitute the largest known oil saturated
sand deposit in the world.

Long range in geologic age of pro-
ducing formations from the somewhat
ancient Devonian, more than 200 mil-
lion years old, to the more youthful
Cretaceous, a mere 60 million years
of age, more or less, is a record
possessed by few oil producing re-
gions.

Types of oil occurrence are excep-
tionally diverse, ranging from strati-
graphic traps of the East Texas and
Cut Bank {Moentana) type, through
the various degrees of simple folds to
the unique combination of folding and
thrust faulting exhibited in the Turner
Valley field.

Although among oil producing re-
gions of the world, Western Canada
has not yet attained high rank, the
great size of the area over which the
petroliferous formations and the few
producing localities occur, some 350,
000 square miles, together with the
Hmited extent to which it has been ex-
plored and exploited, mark it as an oil
hunting range offering excellent sport
with good chances for success,

LARGE AREA

Western Canada, as here defined
from the standpoint of oil and gas

possibilities, comprises the Provinces of
Alberta, Saskatchewan, and portions
of Manitoba and the Northwest Ter-
ritories. Here we have a triangular
area of oil bearing formations, 600
miles wide at base, stretching from the
Rocky Mountains to the lake country
of Manitoba, and 1,200 miles in length
extending northwestward from Mon-
tana and North Dakota to a vertex
near the Arctic Circle,

Practically lost are the dozen or
so oil and gas fields in this domain
of some 350,000 square miles, Were
these fields the final result of thorough
prospecting, little optimism could be
felt for the future, but in view of the
fact that surface investigation is far
from complete and application of
geophysics barely started, the combina-
tion of great area and wide distribu-
tion of productivity suggests good pos-
sibilities.

LONG GEOLOGIC AGE RANGE

The great range of geologic age of
oil and gas producing formations in
Western Canada is perhaps the most
unique feature of the technology. This
is not only of academic interest but
has utilitarian potentialities. Thus, in
age range of oil producing horizons,
Western Canada i1s a composite of
Montana, Wryoming, Colorado, 1l-
linois, Michigan, Ontario and parts
of Kansas, Oklahoma, Texas, New
Mexico, Pennsylvania, New York, and
West Virginia.

The age and approximate correla-
tion of the more important producing
horizons will be briefly listed, starting
with the youngest.

Upper Cretaceous

The Bow Island, Medicine Hat,

Viking, and Kinsella gas fields (Al-

berta) produce from sands of Upper
Cretaceous age, which sands also yield
oil and gas in Montana, Wyoming
and Colorado. The recently discov-
ered upper gas in the Steveville (Al
herta) field is in the basal Upper
Cretaceous sand appreximately equiva-
lent in age to the oil bearing Dakota
sand of Wyoming, Colorado, and
Northwestern New Mexico, and to
the Woodbine sand which is the oil
reservoir in the East Texas field.

Lower Cretaceous

The oil and gas in the Lloyd-
minster- Vermilion-Wainwright area
{ Alberta-Saskatchewan), the minor
oil production in the Home and Dal-
housie sands of Turner Valley field
{Alberta}, the oil in the Red Coulee
field (Alberta), and the enormous
partly exposed McMurray (Alberta)
oil sand deposits are of Lower Cre-
taceous age. They are approximately
equivalent to the Sunburst and Cut
Bank oil sands of Montana.

Jurassic

Strata of Jurassic age, represented
by the Fernie shale, are thin or absent
over most of the region and are not
productive.
Triassic, Permian, Pennsylvanian

Strata of Triassic and Permian age
are absent in the area of oil possibil-
ities, Pennsylvanian strata are absent
over all except the extreme western
foothills where they are thin and as yet
unproductive.
Mississippian

‘The Madison (Rundle) limestone
of Mississippian age is the principal
source of oil in the Turner Valley field
(Alberta) and contains oil in the po-
tential Del Bonita, Spring Coulee, and
Twin River fields (Alberta). Lime-
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stone of Mississippian age is the main
source of oil in the Kevin-Sunburst
and Pondera fields of Montana and of
the Ilinois fields. .

Devonian

Formations of Devonian age have not
vet become prolific sources of oil in
Western Canada, but give promise of
faverable results when the widespread
nature of ail occurrence in them, and
the lack of extensive and thorough test-
ing is considered. Oil in paying
quantity at Norman near the Arctic
Clircle, and o1l and gas in significant
quantity at Moose Dome, Clear-
water and recently at Steveville (Al-
berta) occur in strata of Devonian
age.
The principal oil producing forma-
tions of Michigan, western Pennsyl-
vania, southwestern New York, and
Ontario, and the recent deeper oil dis-
coveries In [linois, are of Devonian
age. "The Hunton limestone oils of
Oklahoma and Kansas are of Siluro-
Devonian age.

Silurian, Ordovician, Cambrian

The Devonian rocks of Western
Canada lie generally on unproductive
Cambrian or Pre-Cambrian rocks, the
Silurian and Ogrdovician systems be-
ing absent. It is possible, however,
that a portion of the strata formerly
interpreted as lower Devonian or up-
per Cambrian may, In some areas,
prove to be Ordovician, as Is suggested

by drilling at Clearwater and Steve-
ville, Alberta.

To summarize the unique and gen-
crally favorable situation in Western
Canada for testing formations of ex-
tracrdinary age range:—All possible
oil and gas preducing horizons of the
Cretaceous, Jurassic, Mississippian
and Devonian rocks can be tested on
the southern plains of Alberta at a
depth of not more than 6,000 feet.
Northward the depth materially de-
creases,

Westward toward the geosyncline,
which lies immediately in front of the
foethills and mountain belt, the depth
necessary to test the Cretaceous to
Devonian section increases to 13,000
feet, more or less. In the foothills
and mountains extreme variations in
depths naturally exist, due to the com-

mensurate structural elevation and de- ¥

pressicn and great topographic relief.
In some structures, such as Moose
Dome and Clearwater, the entire
Devonian section can be penetrated

at depths of 3,000 to 3,500 feet.
TYPES OF QOIL TRAPS

Diversity of geologic conditions,
both structural and stratigraphic,
which contrel or medify oil accumula-
tion in Western Canada, is note-
worthy. All important types except
salt domes are known. On the plains
low dip structures of three degrees to

392

less than one degree occur. In the
foothills broad, gentle to narrow folds,
and homoclines with inclinations of 20
degrees to vertical, both underlain and
overridden by thrust faults, abound.

Turner Valley {Alberta)

Turner Valley structure is an up-
ward and eastward thrust mass of
earth crust in which the proeducing
Madison {Mississippian) limestone,
buried at depths from 3,700 to 8,500
feet, and closed by combination of
folding and faulting against escape of
oil and gas, exhibits a productive
closure of 5,100 feet in height and as
vet undetermined area, greater than
25,000 acres. The height of produc-
tive structure s far greater than any
other known in the world,

Turner Valley is Canada’s enly
major oil field. One hundred and
eleven oil wells in the crude oil area
(some 15,000 acres proven and pros-
pective) have potential daily produc-
tion on one-inch choke of approximate-
ly 100,000 barrels. Present {July,
1940) agpregate daily allowable pro-
duction is 26,000 barrels, restricted
to present market demand, Average
potential per well is 900 barrels per
day. Average allowable per well is 234
barrels daily. Average gravity of oil
is 43 degrees A. P. 1. Field price of
this gravity is $1.20 per barrel. Re-
maining recoverable oil reserves are
variously estimated at 100 million to
150 million barrels. Thirty million
barrels of crude oil, condensate, and
natural gasoline have been preduced
to May 31, 1940.

Moose Dome {Alberta)

Moose Dome is & broad, mountain
fold of the Salt Creek, Wyoming,
type, although unlike the Salt Creek
structure It is overridden and under-
lain by thrust faults on its flanks. The
height of the arch is several thousand
feet. The flanks are inclined at
angles up to 35 degrees. Erosion hav-
ing laid the central crestal portion of
Moose [Dome bare down to the re-
sistant Madison limestone core, this
domed core forms mountain plateaus
and pinnacles which reach an elevation
of 7,800 feet, Development thus far
has been confined to the canons, 1,500
to 2,000 feet deep, where erosion has
proceeded to within a few feet of the
Devonian formations.

‘The perfection of exposure at Moose
Dome discloses to the eye what in
most other areas must be worked out
by laborious and expensive geaphysical
SUrveys.
Lloydminster-Yermilion-Wainwright
(Alberta-Saskatchewan)

In the Lloydminster-Vermilion-
‘Wainwright district ol and gas occur-
rence s apparently due to a combina-
tion of broad regional structure, local
minor structure, and variability of
reservolr sands (stratigraphic traps).

More information is necessary to reach

a conclusion as to the relative import-
ance of the three production-control-
ling features. East T'exas, the world’s
largest oil field in both production and
area, and Cut Bank, second largest in
area, both of the stratigraphic trap
type, may both be surpassed in area by
the Lloydminster-Vermilion-Wain-
wright district when fully developed.

The shallow depth of producing
sands in this district, 1,800 feet aver-
age, which is less than two-thirds of
the Cut Bank depth and one-half the
East Texas depth, operates to offset to
some extent the low gravity of the oil,
13.5 to 15 degrees.

Capacities of the few wells thus far
drilled in the Lioydminster-Vermilion
area have not been adequately de-
termined, but the better wells will
probably make 50 to 75 barrels per
day. The wells do not compare in size
to those of East Texas, but may equal
or exceed the Cut Bank wells which
average 40 to 50 barrels per day for
the first month.

McMurray [Athabaska) Oil Sands

The largest known oil sand deposit
in the world is the McMurray or
Athabaska sand area of east-central
Alberta. If Western Canada possessed
no ather oil deposit, it would still rank
as one of the great potential o1l sources
of the world, Just when and at what
rate this great oil resource will become
available on a large scale is, however,
at present unanswerable as the oil is
heavy, viscous, under no pressure, and
must be mined rather than recovered
by drilled wells, Commercial avail-
ability is also affected by distance
from the larger markets, but a start
has been made in supplying oil prod-
ucts te northern mining operations.

‘The Athabaska oil sand deposit is
herein classified and listed with occur-
rences of the stratigraphic trap type,
although there is no general agree-
ment as to its mode of origin.

Estimates of o1l content in the
Athabaska sands can be nothing more
than suggestive. Max Ball, who has
taken a leading part in the study and
explettation of the Athabaska sands,
conservatively suggests a probable area
of 20,000 sguare miles and an acre
content of 13,000 barrels, which
would result in a total content of 260
million barrels. He warns, however,
that probably only one million barrels
or so are accessible at present day
prices.

Rall is speaking of recovery by min-
ing methods wherein of course the oil
content of the mined material is prac-
tically all recovered, but the crux of
the problem is the amount of material
that can be profitably mined. Since,
however, the Athabaska oil sands of
the McMurray district are presum-

{Continued on page 456)
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IMPORTANCE OF RESEARCH IN
PETROLEUM GEOLOGY

By
F. M. YAN TUYL
Professor of Geology
Colorade School of Mines

Introduction

The petroleum industry had its be-
ginning when Colonel Drake brought
in his discovery well near Titusville,
Pennsylvania, in 1859. Since that
time, the energies of scientists and
engineers working in this field have
been devoted almost entirely to the
improvement of the art of prospecting
and of methods of production and
beneficiation. In spite of the fact that
there are many fundamental problems
relating to the origin and accumula-
tion of oil and gas and the structural
and stratigraphic conditions under
which they occur, only sporadic at-
tempts have been made to attack these
subjects on a systematic basis. The
result is that we find ourselves grop-
ing in a maze of theories so conflicting
in character that the teaching of petro-
leum geology on the basis of broad
underlying principles is well nigh im-
possible.

It 1s surprising that this condition
has been allowed to persist so long
when it should be realized that oil and
gas cannot be located in a truly scien-
tific manner until we learn more about
their mode of origin and the methods
and conditions under which they con-
centrate into commercial pools. To
illustrate this point, we may refer to
the theory which was widely accepted
a few years ago that prospecting for
oil and gas should be confined to areas
underlain by marine deposits. We now
have convincing evidence that oil and
gas may be generated in terrestrial,
lacustrine, and brackish-water deposits
as well as in marine strata.

Within the past few years, the Re-
search @ommittee of the American As-
sociation of Petroleum Geologists has
assumed a more aggressive attitude in
an effort to focus the attention of the
membership of this far flung organiza-
tion on the backward state of research
in this field. At the present time, the
committee under the chairmanship of
A. 1. Levorsen, is Jaying the founda-
tion for a concentrated drive on many
fronts in an effort to assemble not only
field evidence bearing directly on the
many problems involved but also ex-
perimental data which may be useful
in the interpretation” of certain’ phe-
nomena. : )

Considering the large number of
geologists devoting their time to the
petroleum industry, it is surprising
that research has lagged. It is be-
lieved that the attitude of many eil
company officials is responsible in large
part for the lack of important progress
in fundamental studies in petroleum
geology. As a rule, such officials have
little patience with investigations in-
volving theoretical subjects but are
interested primarily in the discovery
and the development of new oil fields.

‘While no assurances can be given
that more exact information regard-
ing the modes of origin and accumula-
tion of petroleam would be of prac-
tical value in oil field exploration the
burden of proof rests on those who
deny the possibility of the application
of fundamental principles based upon
more concentrated field and experi-
mental studies bearing on the prob-
lems of the origin and occurrence of
petrolenm.

Now that we have built up the
largest discovered reserve of cil in the
history of the industry, we should not
be lulled into a sense of security con-
cerning our future petroleum supply.
The amount of oil left underground is
definitely limited, though certainly not
so limited as believed a few years ago,
and the time will probably come with-
in the next fifty vears when the dis-
covery rate in this country will fall
behind the rate of preduction in spite
of everything science can do to pro-
mote the finding of new oil fields. In
this connection, the recent statement
of a well-known petroleum chemist!
that since nature is generating oil
faster than it is being produced and
crude oil and its products are being
more efficiently utilized “one can look
with assurance as to the future oil
supplies for our every need for thou-
sands of years” is helieved by the
writer to be too optimistic. Unfort-
unately, most of the oil being generated
in nature at the present time is either
in such positions beneath the sea or in
such other relations that it may not
become available to man for millions
of years, if ever.

According to Lahee,? 2319 dry holes
and 270 producers (oil or gas) were
drilled as wildcats in the United States
in 1939, Of the producers, 217 were

1 Guslav Egloff, "“Progress in Petroleum,” Science,
Voi, 91, p, 535, June 7, 1940.

2¥. H. Lahee, “Wildcat Drilling in 1939, Bull.
Am. Assoc. Pet. Geol., Vol. 24, No. 6, pp. 953-958,
fune, 19495.
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drilled on technical advice {geology
and/or geophysics) while 43 were lo-
cated for non-technical reasons and 10
were drilled for reasons unknown. 13
per cent of the holes drilled on tech-
nical advice were producers as com-
pared to 6 per cent of those drilled
without technical advice.

The cost of drilling the 2319 dry
holes in wildcat areas during 1939 is
not estimated by Lahee, but it cer-
tainly is to be measured in tens of
millions of dollars. More than 60 per
cent of these were located by geologists
or geophysicists, 1f the propartion of
successes could have been increased
from 13 to 15 or more per cent, the
oil industry would have benefited by
many millions of dollars, yet relative-
Iy small sums, if any at all, are budg-
eted for research on fundamental prob-
lems of petroleum geology by many
of the major oil companies.

The argument is often advanced
that geology is not a precise science,
and that definite predictions regard-
ing subsurface conditions cannot be
made. This is true only in part. Wit-
ness the rapid advance of the quanti-
tative phases of the subject during the
past twenty years as a result of more
exact methods in structural geology,
petrography, micropaleontology, and
other branches. It is undoubtedly true
that more searching studies, involving
experimental data, may not only re-
veal why certain structures are barren
but point the way to accumulations of
oil and gas not revealed by present
methods of exploration.

Considering the large percentage of
failures involved in the drilling of
wildcat wells, even though they have
been located upon the basis of care-
ful geological and/or geophysical sur-
veys, it Is surprising that more atten-
tion has not been given to the more
basic problems involved in the origin
and accumulation and later history of
oil pools in am effort to reduce the
large losses sustained in such opera-
tions.

In an effort to bring to the attention
of oil men generally the present un-
satisfactory condition of that part of
petroleum geolegy which deals with
these basic subjects, some suggestions
for research are presented below.
These are grouped under several head-
ings, although there is considerable
overlap between certain topics classi-
fied separately. In the program of
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the Research Committee of the Amer-
ican Association of Petroleum Geol-
ogists several of these subjects are now
receiving attention. It is not con-
tended that all of them can be solved
in the near future. In fact, certain
problems of this branch of geology
probably never will be fully under-
stood.

Origin of Petroleum and Natural Gas

It is generally assumed by petro-
leum peologists that the commercial
accumulations of oil and gas on our
planet are of organic origin, although
there is abundant evidence that larpe
quantities of these substances on other
planets of our solar system are definite-
ly of inorganic origin.

Accepting the view that most of our
important accumulations of hydro-
carbons are organic, we still have un-
answered questions regarding the rela-
tive importance of plants and animals
as source materials, the parts of these
organisms which contribute to oil and
gas, and the time in the history of the
source beds when the conversion takes
place. Some peologists believe that
the source material may be stored in
the sediments for a long period of time
before heat and pressure due to deep
burial or other causes bring about a
conversion, while others believe that
bath liquid and gaseous hydrocarbons
or a viscous proto-substance are gen-
erated even before sedimentation is
complete. The study of modern ma-
rine deposits has not solved this prob-
lem probably for the reason that sam-
ples have not been taken at sufficient
depth in organic-bearing deposits to
throw adequate light on the situation,

The role of bacteria in the preserva-
tion of organic debris and in the con-
version of certain constituents thereof
to oil and gas deserves further study.
Apgain the guestion arises as to the na-
ture of petroleum or its mother sub-
stance in its early history. Does it
exist in the strata as a viscous material
of complex molecular structure and
high specific gravity which may under-
go a natural cracking with time to
give rise to successively higher grades
of oil? If this is the correct explana-
tion, why do we have substantial varia-
tions in the grade of crude oil in
reservoirs of the same age under differ-
ent structures and even in different
portions of the same pool?

The query also arises as to the inter-
relations between the pyrobitumens,
including “kerogen” of oil shale, the
solid and semi-solid bitumens, and pe-
troleum and natural gas.

The high degree of carbonization
of the organic matter in certain shales
often closely associated with oil and
gas horizons should be investipated
further, The nature and origin of the
carbonaceous material of black shales
in peneral is little understood. Per-
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haps a petrographic and bacteriological
study of modern black sediments, such
as those of the Black Sea, would lend
light on this question. The time-worn
conception that black shales are the
chief source of petroleum and natural
gas is apparently open to guestion as
there is considerable evidence that
limestones and even sandstones may
serve as source beds,

Migration and Accumulation

A survey of the opinions regarding
migration and accumulation of oil re-
veals the fact that we can draw no
general conclusions regarding either
the time, the conditions, or the mode
of migration and accumulation. At
present, we are handicapped in our
efforts to solve some of the funda-
mental problems involving the time of
migration and accumulation by the
lack of definite data regarding the con-
stitutiont ef petroleum in its early his-
tory. QObvicusly, we cannot assume
important movement of oil through
porous strata while and if it is in a
highly wviscous condition. As addi-
tional information is assembled on this
important point, & more secure foun-
dation will be laid for research on
the concentration of oil and gas.

A few petroleum geologists contend
that it is not necessary to assume im-
portant movements of oil and gas in
the strata in order to obtain com-
mercial pools. They maintain that
oil may be generated in considerable
quantities within the reservoir itself
or in strata immediately adjacent
thereto from organic matter present in
larger than usual amounts. In certain
oil fields the oil is so concentrated in
restricted areas that it is impossible to
conceive that all of it was generated
in situ. Assuming that in many cases
there is important movement of oil
and gas through rocks, the following
pertinent questions may be asked:

1. What is the effect of the various
types of sediments, wet and dry, upen
the constitution of the oil which moves
through them? And what is the in-
fluence of certain impurities in the
strata?

2. Does accumulation always pro-
ceed simultaneocusly with the genera-
tion of oil and gas, or may they exist
in a disseminated condition for a long
periad until changes in the regional
geology introduce factors favorable to
concentration ?

3. Is the final concentration of pe-
troleum accomplished through the
movement of small globules of oil, or
bubbles of gas enveloped with films
of oil, through the strata, or may it
move en masse !

4. What is the relative importance
of surface tension, differences in
specific gravity of water, oil, and gas,
compaction of sediments and artesian
circulation as factors in concentration

under controlled conditions involving
different grades of crude oil, variations
in amount and kind of assaciated gas,
variable dips, different types of struc-
tures, variable size and types of apen-
ings in the reservoir, variable temp-
eratures, variable hydrostatic head,
variable composition of the water, etc.

5. What part of the factual in-
formation available regarding the
nature of the movement of oil and
gas into producing wells may be ap-
plied to the problems of accumula-
tion in nature?

6. Is it possible that oil once ac-
cumulated may later be so completely
Aushed from the reservoir by moving
underground water or other causes
that little or no trace of it will re-
main ?

7. What is the significance of the
occurrence of small amounts of oil in
reservoir rocks, either down-dip or
up-dip from commercial accumulations
in some areas!

8. What is the explanation of the
occurrence of oil in dry sands inter-
stratified with marine strata?

9. What is the relation of connate
water to the oil and to the sand grains
in sandstone reservoirs containing
notable amounts of water along with
oil ?

10, How may the existence of
highly porous water sands interstrati-
fied with oil sands be explained, espe-
cially when the sands are all discon-
tinuous ?

it. What relevant data, if any,
might be supplied from the study of
selected oil seepages?

12. What is the time of cementa-
tion of reservoirs, including deposi-
tion of calcite in cavities of limestone,
as compared to the time of o1l ac-
cumulation ?

13. May the remains of micro-
organisms present in certain crude oils,
as indicated by the work of Sanders,
furnish any clue as to the position of
the source beds in the section, or were
such micro-fossils derived from asso-
ciated strata through which the oil
moved or even from the reservoir it-
self?

Many of these problems are cap-
able of solution as a result of con-
centrated field and laboratery studies
conducted under the direction of com-
petent investigators,

Paleogeography and Sedimentation

The great importance of strati-
graphic traps today and their probable
greater importance in the future as a
source of oil and gas is drawing in-
creased attention to the problem of
developing scientific methods of locat-
ing and tracing discontinucus reser-
voirs of this type. This involves not
only a more careful study of near-
shore sedimentation as it is going on

(Continued on page 400)
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production of ten cubic meters per day.

The day following the announce-
ment of this discovery President
Figueroa Alcorta signed a decree
which prohibited the location of min-
eral claims by private parties within
a radius of five leagues of the center
of the town of Comodoro Rivadavia
and the first governmental reserve was
thus established. Following this initial
move toward governmental control
and operation of the petroleum re-
serves the same President, In Septem-
ber 1910, promulgated a law which
authorized an extension of the govern-
ment reserves of 5,000 hectares and
opened with the Ministerio de Agri-
cultura a credit of 500,000 pesos for
the development of the reserves, Later
in the same year the Direccibn Gen-
eral de la Exploracién del Petrdleo de
Comeodoro Rivadavia was created by
presidential decree of President Sdenz

Peria
By :
BEN H. PARKER, '24
Assistant Chief Geologist
Yacimientos Petroliferos Fiscales
Buenos Aires, Argentina
Development of the Industry - .
3 ¥ X = e 2
The Republic of Argentina oc- . £ : Sl *M?‘g{wwj‘_f» :
cuples an unique position amoeng the : : = i w{ﬁ:ﬁ%@?ﬁmwm o
important petroleum producing na- S : S %ﬁﬁﬂ;ﬂ«:ﬁ” P m:“ v
tions of the world inasmuch as the = A -
petroleum deposits of the country, al- S -

though owned and under control of the
government, have been developed and
exploited both by a government-owned
oil company and by private aperators.
The basic principle underlying the
legislation governing the exploitation
of the petroleum deposits is that these
deposits are the property of the citi-
zens of Argentina and that they
should be developed in such manner
as to bring the greatest benefit to the
citizenship as a whole.

"The existence of petroleum and re-
lated hydrocatbons in Argentina as
evidenced by oil seeps and asphalt de-
posits has been known since the time
of the explorations of the seventeenth
century. It was not until the middle
and latter parts of the nineteenth cen-
tury, however, that attempts to dis-
cover commercially exploitable ac-
cumulations were made. These first
prospecting attempts were not success-
ful and further search for commercial
deposits was suspended until after the
accidental discovery of oil in a well
being drilled for water near the town
of Comodoro Rivadavia in 1907, This
well encountered petroleum at a depth
of 537 meters and made an initial

1This article is based in part upon the paper
“La industra del petroleo en la Republica drgen-
zenting”’ presented by Ing, Mario L. Villa, Gerente
General de !la Direccion General de Y P F, before
the Centro Arpentinc de Ingenieros. Published by
permission of the Dircccion General de ¥ P F,

v Fig. |—Building derrick Y P F well it Tranquites field, Zona del Norte.
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w Fig. 3—Producing

By 1916 the governmental produc-
tion of petroleum from the Comodoro
Rivadavia reserves had reached an an-
nual rate of 130,000 cubic meters
while in the same year the production
of private operators amounted to 7,000
cubic meters, T'his small production
by private operators had resulted from
explerations commended some years
before which were based upon the
success of the government operations.
Notwithstanding this relatively small
success of private exploration the en-
tire zones adjacent to the Gulf of San
Jorge and to Plaza Huincul, where
government operations had made a
second commercial discovery in 1916,
were covered by applications for
prospecting leases. As a direct result
of the applications by private operators
for prospecting leases embracing such
large parts of the known petroliferous
areas and the lassitude of these opera-
tors in actual exploration drilling
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wells, Y P F Camp No.

3, Zona Neuquen.

President Alvear in 1924 signed a
decree ordering an increase in the
official investigation of the petroleum
deposits and authorizing the revision
of the regulations under which pros-
pecting leases were granted.

In 1922 during the presidency of
H. Irigoyen the Direccion General de
los Yacimientos Petroliferos Fiscales
was authorized and as a result the
present organization of the govern-
ment-owned oil company which is
popularly known as Y P F was found-
ed. Since that time, although private
enterprises have accounted for an im-
portant part of the oil produced in
Argentina, the tendency has been to-
ward more widespread control of re-
serves, production, refining and mark-
eting by Y P F and the history of
the Argentine petroleum industry has
become to a large degree the history
of the povernment-owned compariy.

At the present time the entire area

of all of the Gobernaciones or terri-
tories, with the exception of areas of
leases granted prior to the enactment
of the present laws, are national re-
serves subject to prospecting and de-
velopment by Y P F only. These ter-
ritories, listed in the following table,
together represent an area of 1,209,
927 square kilometers or 43.23% of

the total area of the country:

square
kilometers

Capital Federal

Isla Martin Garcla 2
Islas del Sur 13,133
Formosa 74,500
Chaco 99,600
Misiones 29,800
Los Andes 62,600
La Pampa 143,400
Neuquén 94,100
Rio Negro 203,000
Chubut 224,700
Santa Cruz 244,000
Tierra del Fuepo 20,900

In addition, by agreement with the
provinces of Santa Fe, Cérdoba, Salta,
San Juan, San Luis, and Mendoza
Y P F has secured exclusive prospect-
ing and development rights amounting
to 16.09% of the total area of the
country.

Provincial reserves totaling an area
equivalent to 7.73%, of the area of
the nation are held by the provinces
of Entre Rios and Santa Fe while free
zones open for prospecting and de-
velopment by private operators and
Y P F under equal terms and amount-
ing to 32.95% of the area of Ar-
gentina exist in the provinces of Jujuy,
Salta, Tucuman, Catamarca, La
Rioja, Santiage del Estero, Corrientes,
Cordoba, and Buenos Aires.

Outline of Argentine Petroleum
Geology

In this brief report it is possible to
give only a most generalized state-
ment concerning the geology of the
various Argentine petroleum deposits.
The country with its area of nearly
3,000,000 square kilometers naturally
has a wide diversity of geologic fea-
tures. Rocks ranging in age from
Archeozoic to Recent occur under
structural conditions varying from
the undisturbed attitude of their depo-
sition to structural features of great
complexity. Under such widely vary-
ing pgeological conditions it is not
surprising that commercial deposits
of petroleum have been discovered at
widely separated localities and in rocks
ranging in age from Devonian to
Tertiary. "

In extreme northern Argentina pro-
duction has been found im closely-
folded anticlines which trend in a
general northerly-southerly direction
and which are genetically related to
the Andean structure. Productive
areas are usually limited to the closed
portions of these anticlines where their
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normal southerly plunge is inter-
rupted. Surface formations are large-
ly shales and sandstones of Cretaceous
and Tertiary age (Fig. 1). The most
important production has been found
in sandstones of disputed but probable
Lower Tertiary and Gondwana age
but a recent discovery in rocks of
Devonian age opens additional hori-
zons for prospecting.

In Mendoza the largest production
has been found in closed anticlines
developed in areas of outerops of Ter-
tiary rocks {See front Cover). The
present production here comes from
reservoir beds of Rhaetic {Upper T'ri-
assic) age. These reserveirs are reach-
ed at a depth of approximately 1,800
meters in the Tupungato field, which
is the most important field in this re-
gion at present, and are of particular
interest because of their thickness of
some 350 meters and composition of
“taba" or volcanic ash deposited in
water. The deepest well in Argentina,
2,476 meters in depth, is situated in the
Lunlunta field in this district. In the
same province production of less com-
mercial importance has been found
in Rhaetic beds at shallow depths a
short distance from their outcrop on
the Cacheuta plunging anticline and in
dolomitic limestones of Lower Creta-
ceous age under closed anticlines situ-
ated within a separate basin of sedi-
mentation in southern Mendoza.

In the territory of Neuquen the
most important production has been
found in sandstones of Upper Juras-
sic age. Here the structural history
of the region has been highly complex
and accumulation Is controlled both
by anticlinal traps and by the overlap
of marine shales over the truncated
reservoir rocks. In this area three in-
dividual oil fields of considerable im-
portance and one gas field have been
discovered (Fig, 3), Additional areas
thought to have favorable conditions
of structure and stratigraphy are now
being tested.

The present productive areas in
southern Argentina center around the
town of Comodoro Rivadavia where
the country’s first commercial produc-
tion was discovered. "This region is
situated within the geologic province
termed the San Jorge basin which
was an important basin of sedimenta-
tion beginning in early Cretaceous
time. Production is found in sand-
stone beds and lenses of Upper Creta-
ceous age reached at depths ranging
from about 550 meters in Campa-
mente Sud to about 1,900 meters in
some of the fields more distant from
the coast. A considerable number of
wells have been drilled in the tidal
zone of the coast and in recent years
directional wells have bene directed
under the sea (Figs. 4 and 5). The
pools now developed in this province

e
e

o
T

w Fig. 4—Wells in the sea, Zona Comodero
Rivadavia,

are on the northern flank of the San
Jorge basin where accumulations of
commercial iImportance occur in com-
plexly faulted anticlines which possess
a general easterly-westerly trend (Fig.

6).

Production

In 1938 Asgentina occupied the
eleventh place among the nations of
the world as regards total production
of petroleum for the year. In this
vear Argentina produced a total of
2,714,823 cubic meters out of a total
world production of 311,679,244 cu-
bic meters. In 1939 the national pro-
duction attained a total of 2,959,168
cubic meters of which amount 1,-
625,204 cubic meters or 54.92% were
produced by Y P F while 1,333,964
cubic meters or 45.08% were produced
by private operators, (See Tig. 7).

The production at the present time
comes from four widely separated geo-
graphic zones, These four zones are
popularly designated as follows: (1)
Zona del Norte, in the extreme north-
ern part of the country in the pro-
vinces of Salta and Jujuy; (2) Zona
Mendoza, in the Province of Men-
doza in the west-central region at the
foothills of the Andes Mountains; (3)
Zona Neuguén in the west-central part
of the country in the territory of the
same name, and (4) Zona Comodoro
Rivadavia, in the southern part of
the republic in the Territory of
Chubut. Based upon 1939 production
these zones possessed the following
relative impaortance:

cubic meters

Zona Comodoro Rivadavia 2,351,266

Zona del Norte 271,947
Zona Neuquen 206,526
Zona Mendoza 129,429

The 1939 production obtained by
the various operators in the four pro-

THE MINES MAGAZINE + APBUST 1940

ducing regions was in accordance with
the following tabulation:

Zonag Comodore Rivadavia

cubic meters
Yacimientos Petroliferos

Fiscales 1,316,931
Diadema Argentina (Royal

Dutch) 668,689
Compania Ferrecarrilera

de Petroleo 152,655
Astra 8. A. 133,673
Selano 45,013
Cempania Industrial y

Comercial de Petroleo 34,305

2,351,266

Zona del Norte

culic meters

Standard 0i Company 193,934

Yacimientos Petreliferos
Fiscales 78,013
271,947

Zona Neuquén
cuble meters

Yacimientos Petroliferos

Fiscales 101,862
La Republica, Ltd. 65,877
Standard Oil Company 37,524
Astra S. Al 1,263

206,526

Zona Mendoza

Yacimientos Petroliferos

enbic meters

Fiscales 128,398
Rio Atuel 1,031
129,429

Drilling and Recovery

Throughout the producing areas
of Argentina both the private opera-
tors and Y P F have continually at-
temped to take full advantage of the
rapid technical progress made in drill-
ing and production methods by opera-
tors and technologists in other coun-
tries. In order to achieve this the
new drilling and production equip-
ment developed in other regions has

kiT



Production technique has been the
subject of considerable study but be-
cause of the relative large size of the
holdings of the various operators and
the absence of divided royalty interests
the problems of production and re-
covery are distinctly different from
those encountered in the United

the choice depending upon local con-
ditions. Practically all drilling and
production equipment, with the ex-
ception of special equipment fabricated
in the company shops, is imported
either from Europe or the United
States.

States.
B e R Repressuring by gas input Is ac-
A e 1] - : complished in a few fields where con-
GOVERNMENT B .. . . . . .
S X -t o ditiens justify this. No artificial water

— {ATAL

i - e flooding has been attempted although
; l ' studies of this and other methods of
AR Tt : ] __: : forced recovery have been made.

sanamp -

3 310001

The following tabulation shows the
production methods utilized in the
1,854 wells of Y P T which were
rated as preducing wells at the end

. of 1939:

v Fig. 5—Y P F Camp Comeodore Rivadavia, 3 : w Fig. 6—Y P F wells in Zona Comodore

[ Rivadavia.

been adopted as rapidly as justified and supply of drilling mud for rotary drill-
demanded by local conditions. Foreign ing has been a considerable problem F' Zong Comodoro Zona o Total tons belong to private operators while
operating companies have, quite nat- as in most of the country the forma- Mechanical lift tas;;ta i i T 1,%;1 11 units aggregating 78,000 net tons
urally, depended to a large extent up- tions encountered in drilling are not s Natural flow 23 14 15 12 64 areowned by Y P F,
on technical and engineering person-  mud-forming and local supplies of Gas lift 7 48 50 103 )
nel trained and experienced in foreign good mud-forming shales are not avail- IL L _ . %,":;?n ‘g 2 i ; Refining
fields. Y P F, on the other hand, has  able in many areas. Satisfactory sup- BT Tc%rtal 1,579 160 78 37 1,854 There are 18 refineries in operation
used to a much greater degree native plies of bentonite and barite occur ] o . . . . in Argentina and one new plant under
Argentine engineering and technical in some parts of the country, however, w Fig. 8—Chart showing the annual runs of In addition to the above listed oil wells, Y P I had 119 productive gas wells at construction at the present time,

personnel. In order that this person-
nel could obtain a knowledge of oper-
ating methods in other countries the

crude petroleum in government-owned and the end of 1939, ) .
private refineries in Argentina, s The average daily production of the government-owned wells in each of the
four productive areas in the year 1939 is shown in the following table:

These plants have a combined annual
capacity of approximately 4,657,000
cubic meters. Y P F owns and oper-

and these are widely used in the prep-
aration of drilling mud.

policy of sending experienced engineers Electric, diesel, and steam power are : Average daily production ates five of these refineries with a total
to foreign countries (largely to the used for drilling in the various zones : Zone Number of wells el capacity approximately equal to that
United States) for observation of cur- : Comodoro Rivadavia 1,579 2911 of the combined capacity of the 13
rent drilling and production technique - ggg&“e“ 1gg g;ig privately owned plants (Fig, 8). The
e ommor, N it oo o O L O R L | e ; GHL Bl ovand e sprte bt
uct N
efficiency of the various Arpentine e : ANHIAL PRODUCTION GF CRUBE S _ Storage and Transportation only existing pipe lines are gathering R e T
operating companies is available but paoaes g I . The total storage capacity for crude  lines in the various fields and com- ““”:fk acEINING OF PETROLEUN -
the progress in drilling made by Y P F s =L e L e petroleum and refined products in paratively short lines connecting the (i canie xeTeas) Lk
is indicated by the average daily drill- : 1 e Argentina amounts to approximately fields with terminals for later ship- e '
ing advance per equipment. In Zona : | i I ' 1,800,000 cubic meters exclusive of  ment by sea or rail. o
Comodoro Rivadavia this drilling ad- e : : 7;:-““: some 1,00(?,000 qubic meters of stor- At the present time the greater part
vance per day has increased from 2.01_6 ‘ N I N : 0 iy 5 age capacity allied to the electric of the production from the fields in
meters in 1923 to 17.095 meters in - - avcaon) ‘ generating plants of the country. Of o M and 2 del
1938 or an increase of 748% in five : zamnond this st ity Y P F Neuquén, Mendoza and Zona de
‘ 1100 1 i — 1100009 1s storage capacily o owns Norte i1s transported by rail to tide

years. »| ‘ ST - 2ueoo about 770,000 cubic meters distributed 020 Jlehough some of the produc-

Until the end of 1938 4,511 wells - — N among its four productive zones, five tion from Zona del Noste moves thru
baci been drilled in the four produc- y ; ! ] Licosos refineries and 19 bulk storage plants, pipelines connecting the fields wwith
ing zones and 0:1' thqse wells 2,995 [ - : N A At ?he present rate of national con- rail shipping points from which the s
were still producing oil or gas at the y | rl waonon] sumption of petroleu.m products the oil is transported by tank cars to the
end of that year. Of the 2,995 pro- ot — ‘ ; ‘ —= f—_—-—:::: nation’s sterage capacity for crude and Rio Paraguay where it is shipped by E
ducing wells 1,993 or 66.54% were 3 : { — I - refined products is equivalent to be- river barges to refining centers.
owned by Y P Fand 1,002 or 33.46% a 1500000, tween one-third and one-half of the
were owned by private operators. [ = woaood annual requirements. The production from the Comodero o

Cable tools, rotary equipment, and ' ] . e Owing to the widespread distribu- Rivadavia area is transported by
combination rigs have been used at i - o Bt tion of the developed petroleum de-  pathering lines and short connecting "
various times during the quarter cen- wasoa—tt || ; P posits and their distance from the lines to the coast where it is shipped HE b1
tury of Argentine petroleum produc- o = ] oo major centers of population and prin- by tankers to theB 1’eﬁnini center:sI ]in - e
iton. At the present time, however, o ! ! oy cipal industrial areas the transporta- the vicinity of Buenos Aires. The BB I RS DA e T
rotary equipment is used practically B =rromme mzwwuwma!_ et h‘?m,g,z;‘m,mmw,wm'mg’;m! a tion of both tl'le crude and refined major Argentine tar}kers are 24 in -
exclusively \:Vl?h only a small amount - R — products is an important prablem _ef number with a combined net tonnage + Fig. 9—Chart showing the annual runs of
of cable drilling equipment retained w Fig. 7—Chatt shawing the annual produc- the national industry. Trunk pipe of 183,000 tons. Thirteen of these nationally produced and imported crude
for special drilling problems. The tion of crude pefroleum in Argentina. lines have not been constructed and the units with a2 net tonnage of 105,000 petrolesm in Argentina.
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w Fig. 10—Y P F refinery La Plata.

on crude of national production and
imported crude while the Y P F re-
fineries run Argentine produced crude
exclusively {Fig. 9).

The refining capacity is in large
part of modern design employing late
developments iIn  cracking processes
{Fig. 10). The plants are designed to
produce all of the products which the

capita consumption of petroleum prod-
ucts Argentina is surpassed only by the
United States and Canada.

The total consumption for the year

1938 as indicated by the national pro--

duction and imports is shown in the
following table:

National production of crude oil
Imports

Just as the world reserves of petro-
leum are difficult of estimate so are the
known reserves of Argentina. Con-
servative calculations of the Argentine
reserves made in the years 1934, 1936
and 1939 have each indicated reserves
equivalent to 12 years preduction at
the current rates at the time of the
surveys. Inasmuch as the annual pro-
duction rate has increased from some
2,200,000 cubic meters in 1934 to 2,-
900,000 cubic meters in 1939 it is
evident that considerable progress in
the expansion of reserves has been
made. These estimated national re-
serves compare quite favorably with
the world estimate of an equivalent of
16 years consumption recently made
by a committee of the American Petro-
leumm Institute. In connection with
these calculated reserves it is interest-
ing to note that although the major
part of these reserves are in the area
of Comodoro Rivadavia the new and
yet but partially developed recent dis-
coveries of preatest importance have
been in other areas. This would seem
to indicate that prospective areas still
undeveloped may in future years aug-
ment greatly the developed reserves
of the nation.

2,714,824 cubic meters 53.9%

w Fig. 1.

View of
Geophysics Wing.

EQUIPMENT AND LABORATORIES

Department of Geophysics at "Mines”

By
C. A. HEILAND

most laboratories on the ground floor.
A pillar to bedrock was provided in
the recerding room between the seismic

oratory, supperts D, C. and A. C.
generators of various frequencies, em-
ploved in model tank experiments. For

national market requires. The refining Fuel oil 1,11%,1111 Prof f Geobhvsi and electrical laboratories. Two other torsion balance and magnetometer
industry employed a total of 3,861 em- Crude oil 789,837 rotessor o physics foundations were placed on a six-inch work, no special foundations were
ployees in 1938 and represented a re- ?;e:eﬂlilml 331’3?,}1 layer of cork for vibration damping.
ported capital investrent of 112,455 - Gasoline 2759 About a year ago, I had the op- (3,0 o f these is located in a screen room

779 pesos in the 18 plants.

Marketing

The marketing of petrolenm prod-
ucts in Argentina is unique because
of the dominating position held by
Y P F. That organization as well as
the private operating companies main-
tain extensive whalesale and retail out-
lets for their products, The large re-
fining and distributing facilities of
Y P F enable it to contraol effectively
the price of products to the consumer
and since the inception of retail mark-
eting by the government-owned com-
pany in 1923 the trend has been for a
continual lowering of the price of the
products to the consumer. One notable
feature effected by this contrel has
been the establishment of a uniform
price for gasoline throughout the
country and gasoline may be purchased
far the same price in the most remote
region as in the vicinity of the refining
centers,

Consumption and Reserves

Although for some years Argentina
has held the eleventh place among the
petroleum producing nations of the
world it has eccupied the seventh place
among the consuming nations. In per

400

Miscellaneous oils
Total of national production plus imports

2,321,270 cubic meters 46.1%
5,036,094 cubic meters 100.0%

/@eéearcﬁ in
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(Continued from page 394)
taday but also the more exact deter-
mination of the position and trend of
deposits of the shore zone containing
porous sands as well as of truncated
porous strata capable of serving as
reservoirs of oil and gas in the older
strata. There will be not only a care-
tul re-study of oil well cuttings and
cores but also considerable exploratory
drilling in future years in an effort to
map the areas holding the greatest
promise for stratigraphic accumula-
tions. All of this involves the develop-
ment of more refined criteria for the
recognition of shallow water deposits
and of unconformities than are avail-
able at the present time. The influence
of the topography of the surface on
which sediments are deposited and
of incipient dips related to geosynelinal
development upon the localization and
character of ensuing structures also
offers a fertile field for investigation.

The effect of lateral variations in
sediments upon differential compac-
tion and upen the quantity and char-
acter of source organisms should re-
ceive further attention.

Another item worthy of serious con-
sideration is the question of the time
and conditions of cementation of sands,
both marine and continental. Is the
cement of a local source or is it in-
troduced by circulating waters? Is it
of more than one generation? Is it
deposited in some cases while the strata
are still beneath the sea or after they
have become a part of the land? Why
do certain types of cement vary great-
ly in amount beth in the plane of the
strata and at right angles thereto?
Problems of Structure

The lack of appreciation of the
importance of careful analytical study
of oil field structures is reflected in
the classifications of productive struc-
tures which have appeared in the
literature. No distinction is made be-
tween simple folds formed during one
period of deformation and those de-
veloped through successive rejuvena-

(Continued on page 456)
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portunity of giving the readers of the
Mines Magazine a preliminary de-
scription of the geophysical labora-
tories under construction at that time.
Since then, the geophysics addition to
the Geology Building has been com-
pleted, and a substantial amount of
new equipment has been acquired. Thhe
Department moved into its new quar-
ters in December, 1939. This article
will present a description of its new
equipment and laboratories largely
through the mediiim of illustrations.
These will, perhaps, give a better can-
ception of our facilities for instruction
and research than a lengthy discus-
sion.

An exterior of the geophysics addi-
tion appears in Fig. 1. The two floor
plans are given in Figs, 2 and 3. The
first floor contains the majority of the
Iaboratories, a garage, a supply room,
and the heating plant. On the second
floor are an Electronics and a Well-
Testing Laboratory, a Lecture Room,
a Graduate Room, a Library, several
offices, and a Photostat Room. The
overall outside length of the Geo-
physics Wing is 115 feet, and its width
is 62 feet,

The necessity of solid instrument
foundation accounts for the location of

attached to the seismic faboratory and
serves as a test block for seismic de-
tectors. The other, situated near the
model tank in the Electrical lab-
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provided since the concrete slab on the
first floor lies directly on solid ground.

One large laboratory was set aside
for the purpose of testing physical
properties of rock specimens and drill
cores. A knowledge of these properties
is important not enly in the interpreta-
tion of geophysical data but also in de-
termining the applicability of geo-
physical methods to given geologic
conditions. In the Rock Testing Lab-
oratory a number of apparatuses are
set up permanently or semi-permanent-
ly to make possible a rapid measure-
ment of rock properties. In Fig. 4, @
is a beam balance and 4 a Jolly bal-
ance for the determination of densi-
ties: ¢ is a unifilar magnetometer, and
d is an inductance bridge for measur-
ing magnetic susceptibilities. An
astatic magnetometer is now available
for the same purpose though not il-
hustrated. Resistivities of drill cores
are determined with the setup e; the
bridges f and ¢ are intended for meas-
urements at high frequencies and
radio-frequencies. Radioactivity is ob-
served with the electroscope h, the
Ambronn emanometer , or the Geiger
counter {j}. Elastic properties of rock
specimens are measured with the ar-
rangement %, consisting of a beat fre-
quency oscillator, a clamp holding the
specimen, and a sound level indicator
to record the vibration amplitude.
Equipment for hydrocarbon analysis
is located on the other side of this
room and is not shown In the figure.
Under the blackboard, in the rear of
the Rock Testing Laboratory, may be
seenn 2 number of storage cabinets in
which typical rock specimens of rep-
resentative properties are kept for
further use in instruction and research,
A diamond saw is available to cut rock
specimens to predetermined dimen-
sions.

In Fig. 4, [ is a setup for magnetic
model experiments which was placed
in the Rock Testing Laboratory for
lack of space elsewhere. This setup
consists of a pair of Helmholtz coils
to produce any desired values of the
earth magnetic horizontal and vertical
components, thus simulating magnetic
latitude. The magnetic model is placed
in a tray. The earth’s surface is rep-
resented by a platform on which is
placed a miniature inductor m con-
nected to an amplifier #n and a galvan-
ometer. The earth inductor can be
arranged in any desired position with
reference to the model (mapnetized
by A. C.). Both vertical and hori-
zontal anomalies may be measured by
adjusting the plane of the inductor in
horizontal or vertical planes.

w Top—Fig. 4. Rock Testing Laboratory.
w Center—Fig. 5. Gravity Laboratory.
w Bottom—Fig. 6. Magnetic Laboratory.
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The Gravity Laboratory’ (Fig. 5)
is intended for work on torsion bal-
ances and gravimeters. z shows stu-
dents preparing a torsion wire; b is a
setup for the treatment and calibra-
tion of wires, and ¢ a Z-beam torsion
balance. Associated with this labora-
tory is a dark room, and a constant
temperature roem (see Fig. 2) for
determining temperature coefficients
of gravimeters and other instruments.
For field work with the gravimeter a
compartment is provided in the rear
of the seismic recording truck (Fig.

14).

In the magnetic laboratory {Fig. 6)
the fundamentals of mapgnetic deflec-
tion and oscillation measurements may
be demonstrated with the instruments
a and 4. Two vertical (¢) and one
horizontal magnetometer are avail-
able, as is an earth-inductor 4 with
loop-galvanometer ¢, a variation re-
corder f, and equipment for determin-
ing scale values and temperature co-
efficients of magnetometers. ¢ Is 2
model demonstrating the action of the
earth’s magnetic field on a freely mov-
ing magnetic néedle.

The Electrical laboratory, illus-
trated in Fig. 7, contains equipment
for work with the self-potential meth-
od {a), resistivity apparatus (b ==
potentiometer, ¢ == commutator, d —
milliammeter), the potential drop
ratio equipment {¢ and f) and the
electromagnetic equipment (g and k).
Portable generators are available for
25 cycles, 60 cycles (i}, 500 cycles
and 900 cycles (£). [ is a Metalla-
scope for the detection of metallic
objects at shallow depth; m and » are
oscillographs. Three tanks are avail-
able for model experiments. The
smallest of these (#) is used mostly
for resistivity interpretation; the next
size {g) is shown as arranged for
potential-drop-ratic measurements.
The largest tank, indicated in the
lower right hand corner of Fig. 2, is
made of cement, is 19 feet long, 8 feet
wide, and 7 feet deep. It is intended
for model work with potential and
inductive-electromagnetic methods. A
traveling crane {made entirely of
wood to avoid stray fields) may be
moved into any desired position with
respect to the model bodies below. It
carries a rotatable beam on which may
be placed the contact electrodes for
potential work, or a search coil for ex-
periments with inductive methods.
Equipotential-line and potential-pro-
file experiments are made with a weak-
ly electrolytic solution in the tank.
‘When working with inductive meth-
ods, the tank is used in empty condi-

w Top—Fig. 7. Electrical Prospecting
Laboratory.

w Center--Fig. 8. Seismic Laboratory.
w Bottom—Fig. 9. Electronics Laboratory.
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tion and the models are energized by
a rectangular loop permanently in-
stalled around the tank and supplied
with current of a frequency in keep-
ing with dimensional mode] relations,

The Seismic Laboratory shown in
Fig. 8 is intended primarily for the
testing of seismic equipment. The 6-
channel reflection seismograph a setup
on the wall of the laboratory is ordi-
narily installed in the seismic record-
ing truck shown in Fig, 14, A part of
this equipment are the blaster & and
the detectors ¢. A standard 100 cycle
fork d Is used for checking timers. Ac-
cessOTy testing apparatus are: an im-
pedance bridge e, a microvolter f, con-
stant impedance divider ¢, and various
other bridges, meters, and recording
instrurmnents not shown. Two pairs of
acoustic geophones and two mechanical
2-component seismographs are avail-
able for demonstrations.

Associated with the seismic labora-
tory is a dark room, a recording room
and a screen room. The recording
room has a seismograph pillar extend-
ing to bedrock. The screen room is in-
tended primarily for seismic test block
experiments. The shaking table is
driven from a beat-frequency oscillator
through a power amplifier and the ta-
ble amplitude is recorded with a stan-
dard pickup connected to an oscillo-
graph-galvanometer. To make possi-
ble the use of high-gain seismic ampli-
fiers, both the recording room and the
screen room are surrounded by dou-
ble Faraday copper screen cages which
shield them from electrostatic and
electromagnetic fields. The screen
rooms are purposely located between
the seismic and electrical laboratories
for the convenience of testing electrical
prospecting instruments requiring free-
dom from extraneous interference.

A garage has been provided on the
south side of the ground floor for the
seismic and gravimeter truck and the
torsion balance hut and trailer. The
seismic shot hole drill is stored else-
where. A small amount of shop equip-
ment, such as a bench lathe, a drill
press, a power saw and a grinder is
likewise located in this garage.

The supply room contains a stock
of meters, transformers, condensers,
resistors, tubes, light bulbs, chemicals,
and other accessories required for in-
struction and research.

T'wo other laboratories are located
on the second floor. One is the Elec-
tronics Laboratory (Fig, 9) intended
for instruction in the elements of com-
munication engincering and geophys-
ical applications of electronic devices.
Available equipment includes univer-

w Top—Fiq. 10. Lecture Room.
w Center—Fig, |}, Library.

w Bottom—Fig, 12, Blueprint and
Photostat Room,
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sal bridges (@)~ with: standard con-
densers, inductances, resistarices; cath-"
ode ray oscillographs (%), oscillators
{¢), radio transceivers, vacuum tube
voltmeters, ete. In the rear of the
room is a short-wave radio transmitter
(d) and an all-wave receiver (e).
The transmitter is connected to an
antenna extending from the top of
Berthoud Hall to Guggenheim Hall
(see Fig. 1). The Well Testing
Laboratory is used at present as an
overflow room for Electronics equip-
ment and instruction but will serve
later for demonstration and research
in connection with the measurement
of temperatures, resistivities, spontan-
eous potentials, and radioactivities in
wells.

Fig. 10 shows the lecture room for
geophysics. [t accommedates 50-60
students, is acoustically conditioned
and is equipped with a projector for
lantern slides and opaque objects.
Next to it is a room for graduate
students, each of them having an in-
dividual desk and book space. A draft-
ing table with universal drafting set,
a shadowless tracing table, and cal-
culating machine are provided for the
student’s convenience,

Fig. 11 shows the departmental
library and reading room. The book-
case on the right contains periodicals,
magazines, catalogs, reprints, and
other printed material related to geo-
physics, oil, mining, engineering, geol-
ogy, and physics. The cabinet in the
rear of the library room contains
geological and  geophysical  survey
maps, circuit diagrams, interpretation
graphs, seismic records, and lantern
slides. On the north side of the see-
ond floor are four offices for instruc-
tors and a stenographer’s office.  One
room contains files of lecture and lab-
oratory notes, calculation forms and
other mimeographed material, with
an available space of 60 file drawers.

Reproduction of geophysical sur-
veys and geologic data, and the dupli-
cation of diagrams and maps of all
kinds are procedures unavoidably as-
sociated with geophysical exploration.
The acquisition of the equipment
shown in Fig. 12 is expected to result
in an appreciable reduction of the
department’s expenses for work of this
kind. The equipment includes (from
left to right in Fig. 12): a blueprint-
ing machine, a wash-rack for blue-
prints, a reproduction camera for mak-
ing lantern slides, and a photostat
machine {Rectigraph) with associated
Cooper-Hewitt  lighting equipment.
These reproduction facilities are also
available to other departments in the
school.

A description of the department fa-

cilities would not be complete with-
out mentioning briefly some of the

w Fig. 13. Shothole Drill in operation. Water truck in background.

field equipment now available. This
equipment is intended mainly for re-
flection seismograph and gravimeter
surveys. For other geophysical meth-
ods, such as magnetic and electric,
little field eguipment is required be-
yond the instruments previously men-
tioned in connection with the respec-
tive laboratories. A truck-mounted
rotary shot hole drill, originally con-
structed by Longyear and remodeled
by the department, is used in the seis-
mic field work. The main improve-
ments on this drill have been the in-
staliation of an auxiliary power engine
and of dual rear wheels. The body of
the seismic recording truck has been
completely rebuilt for the new six-
channel reflection equipment and pro-
vision has been made to add amplifiers
and galvanometers for six more chan-
nels. In the rear of the seismic truck
is a gravimeter compartment with
an arrangement to lower the instru-
ment to the ground through the floor.
The Department usually rents a water
truck for the seismic work; there is
no separate shooting truck. Fig, 13
shows the drill truck and the water
truck on location. Fig. 14 is a view
of the seismic recording truck. The
field work in the spring includes, be-
sides the selsmic survey, a complete
topographic, magnetic and gravity sur-
vey of an area about 100 miles east of
Denver. Geophysical work on mining
problems involves the application of
magnetic, self-potential, resistivity,
equipotential-line and magnetic meth-
ods on a pyrrhotite ore body a few
miles from Golden. This work is
gencrally done on weekends during
the first semester.

The new laboratory and equip-
ment $acilities which have been briefly
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described above make the Geophysics
Department of the Colorade School
of Mines the largest and best equipped
of any educational institution in the
world. The perfection of the present
organization has required tireless work
on the part of all members of the De-
partment, However, it would have
been impessible to attain this objective
without the encouragement, under-
standing, and cooperation of the
President and Board of Trustees. In
concluding this article, it is indeed a
pleasure to make grateful acknowl-
edgement of their assistance.

« Fig. 14. Seismic Recording Truck.
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ABSTRACT

The stratigraphy of this region in
the southwestern corner of Kansas
and the Panhandle of Oklahoma is
discussed briefly with especial emphasis
on the members of the Big Blue Series
of the Permian System, Wreford to
Herington inclusive, which bear gas.

Stratigraphic cross sections are given.
A structural contour map of the en-
tire district shows the location of over
three hundred gas wells and the eleva-
tion of the top of the Herington lime-
stone in each.

Production statistics include the
present open flow and rock pressure
and the total withdrawals to date.

INTRODUCTION

This paper treats the area of the
nine counties in the southwestern cor-
ner of Kansas and the middle county
in the Oklahoma Panhandle. The
greatest detail is known for the cen-
tral part of this district, including
southern Kearney, Grant, and Stevens
Counties, Kansas, and Central Texas

County, Oklahoma.
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w Well acidized—just begin-
ning to unload fluid from well
bore.
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In this area three hundred and
twenty-two gas wells have been drilled
without a known failure. Wells at
the edges of the field, both east and
west, are much smaller in volume,
however.

The gas producing area as deter-
mined by drilling is approximately
ninety miles long, north and south,
and from twenty to forty miles wide,
east and west, and includes about
2,700 square miles, or 1,800,000 acres,

This gas producing area includes
the following fields given by coun-
ties with the dates of their di .

KANSAS
Liberal, Seward County . 1922
Hugoton, Stevens County ......1927
Santa Fe, Haskell County 1931
Holcomb, Finney County ... 1932

OKLAHOMA
Texhoma, Texas County _....1923
Guymon, Texas County ... 1925
It is now customary to group all of
these separate discoveries under the
one name, Hugoton field.

TOPOGRAPHY

The plateau level of the High
Plains in this area varies from about
three thousand to thirty-seven hun-
dred feet above sea level. In common
with most of the High Plains there
is a gentle topographic slope from
the west toward the east so that the
highest elevations are in the western
portion of the area.

"This level plateau is monotonously
flat in most places but its surface is
occasionally broken by wide shallow
depressions called “blow-outs,” caused
by wind erosion, After a rain these
depressions hold water for a few days
or weeks, making shallow lakes, but

b

v Here well had eliminated the
major part of the fluid at this
point.
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¥ Top—CQutcrop of red beds of end forma-
tion in Cimarron series. East of Kingman,
Kansas. )

w Left—=Well being blown for open flow
determination. Through opening 4” in diam-
eter open flow was found to be 12.5 million
cubic feet per 24 hours,

w» Right—Fluid being blown out of well bore
after acid treatment.

during most of the year they are, of
course, as dry as the surrounding ter-
ritory.

Three important rivers cross this
region; in the northern part the Ar-
kansas flows east near the mid-line
of Hamilton, Kearney, and Finney
Counties, Kansas; in the central area
the Cimarron turns in a great bend
from southwestern Morton County
almost entirely circumscribing Stevens
County toward the north and back
southeastward across Seward County,
Kansas; in the southern portion the
North Canadian and its tributaries
flow east across Texas County, Okla-
homa.

These rivers have lat-bottomed val-
leys from one to five miles wide, with
eroded slopes approaching the stream
from one to two hundred feet above
the valley level. The main valleys
are subject to overflow practically
every spring but the low terraces are
seldom flooded.

Sand dunes are common in the re-
gion, reaching a height somewhat
greater than the average level of the
adjacent plain surface. “Blow-outs”
are, of course, to be found all through
the sand dune area.

The main topographic characteristic
of this area is the lack of a continuous
and dominant drainage pattern by mi-
nor streams. The rainfall is not heavy
enough throughout the year to make
the streams the chief topographic fac-

tor. The depressions eiid on the plain
and do not continue into 2z major
stream system. Iven as large a stream
as Bear Creek, which flows for forty
miles across Stanton and Grant Coun-
ties, does not find its way into the-Ar-
kansas but is lost in the belt of sand
dunes on the south side of that river.

STRATIGRAPHY

Details of the subsurface stratigra-
phy of this region are only available
for those members which commonly
produce gas, in the Chase and a part
of the Sumner formations of the Big
Blue Series of the Permian System.
Only a few wells have been drilled
below this level. ‘The formations
above the Herington limestone are
also of less economic importance and
will not be discussed fully in this
paper.
PENNSYLVANIAN SYSTEM

A few wells, mostly on the edge of
the field, have penetrated inte the
Pennsylvanian. The Vickers No. 1
Hitch in Seward County is shown on
the east-west cross section. According
to Ver Wiebe® the Pennsylvanian
rocks were first encountered at 3172
feet and the top of the Topeka is at a
depth of 3855 feet in this well, Other
deep wells on the west edge of the
same cross section, in Morton County,
and at the south edge of the north-
south cross section, in Texas County,
Oklahoma, are plotted without an at-
tempt at correlation of the lower beds.
One well was drilled in the Hugoton
field proper to a depth of 5521 feet,
but the log of the lower section is not
at present available for publication.

PERMIAN SYSTEM
Big Blue Series
Council Grove Group

Garrison—A few wells in the
heart of the Hugoton field have pene-
trated the base of the Wreford into
the formations formerly grouped un-
der the name of the Garrison shale.
Some wells, as shown on the cross sec-
tion, show ten feet of a soft red shale
and fifteen feet of buff to light gray
fine-grained crystalline limestane,
somewhat sandy, and porous in the
lower part, This may correspond to
the Speiser shale formation and the
Funsten limestone member of the
Bigelow limestone formation of
Moaore.

(In this paper we are using the
pnames of formations and members
adopted by the Kansas Geological Sur-
vey as shown by the chart “Pennsyl-
vanian and Permian Rocks of Kan-
sas’ by R. C. Moore and others, 1934.
For convenience the older names used
by the United States Geological Sur-
vey in South Central Kansas are given
as paragraph headings.)

3 Walter A. Ver Wiebe, “Oil and Gas Resources
of Western Kansas,” State Geological Surwvey of

Kansas Mineral Resouwrces Circnlar 1o, (1938) Vol.
39, No. 7.
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Chase’ Group

W reford—All three beds of the
Wreford are present and a total thick-
ness of from eighty to one hundred
feet may be found. The Lower Wre-
ford, the Three Mile, is composed of
about twenty feer of limestone, con-
taining a small amount of chert,

The middle shale portion, apparent-
ly corresponding to the Havensville, is
fifteen to twenty feet thick and com-
posed of a reddish brown soft shale.

The upper sixty to sixty-five feet,
here identified with the Schroyer, is a
limestone, the top and bottom of
which is buff and light gray to gray
and fine-grained, the basal portion dif-
fering from the uppermost mainly in
the increased porosity. In the center
portion the lime is mottled, light to
dark gray, with considerable light to
dark gray chert,

Matfield—The Wymore shale,
Lower Matfield, and the Blue Springs
shale, Upper Matfield, are represent-
ed by thin breaks of highly colored
shale, often reddish brown, Both hori-
zons are remarkably persistent, Local-
ly the Wymore may be twenty feet or
more in thickness but usually both
Wymore and Blue Springs are each
about ten feet thick.

Between these two shales may be
found the Kinney limestone, corre-
sponding to Middle Matfield. It is
between ten and forty feet thick. Al-
though some porcelaineous chert may
be found near the base, the limestone
is fairly pure. It is buff to gray in
color, usually fine-grained and some-
times fossiliferous.

Barneston.—Between one hundred
and one hundred and fifty feet of
limestone must be assigned to the
Barneston formation. Come chert is
scattered throughout the entire for-
mation and it does not seem prac-
ticable to divide the Florence from
the Ft. Riley on the basis of the chert
beds, although the lower part of the
Florence is undoubtedly more siliceous.
Since there is a red shale from five
to ten feet thick about forty feet be-
low the top of the formation, we are
assigning this bed to the Oketo, mak-
ing the upper forty feet Ft. Riley and
the lower one hundred feet Florence.
Another shale occurs locally within the
Florence.

The Florence is therefore the thick-
est and most persistent and important
limestone in the Hugoton field as a
stratigraphic marker. It is usually a
light to dark gray crystalline limestone
with associated fossiliferous white to
gray chert. It is sometimes coarse-
grained and porous and often bears
pas at moere than one horizon in the
formation. It varies in color from dark
gray to buff. Locally the upper part
of the Florence shows definite sandy
characteristics. The chert is variable,

407




being frequently dull or cream to buff
in color. Fragments of fossils are
found, including spines, fusulines, and
pieces of coral.

The Oketo shale may easily be over-
locked, but a few feet of it is usually
to be found in a careful examination
of the samples. It is usually red or
gray in color,

The Ft. Riley is a granular buff
limestone, pisolitic in many samples.
It may De argillaceous or locally
arenaceous. Lhis Is an important gas
bearing horizon and an increase in the
size of the well is often found at this
level. While chert is not common,
some siliceous material may be found
locally even high in the formation.

Doyle~—The Holmesville, Lower
Doyle, is a persistent red bed with
mottled green and red or brown shale,
sometimes slightly calcareous. The
Towanda limestone, Middle Doyle, is
practically always present. It is be-
tween ten and fifty feet thick, a light
to dark gray mottled coarsely granu-
lar formation, inclined to be porous.
It bears gas in many wells.

The uppermost Doyle, or Gage, is
quite variable in thickness, ranging
from five to thirty-five feet. [t is
usually a gray calcareous shale, some-
times somewhat flaky in appearance,
Locally it is reddish brown and iron-
stained.

Winfield—In this area the Win-
field cannot be satisfactorily separated
into members. It probably includes the
Luta and the Cresswell limestones and
may also include the Grant shale and
Stovall limestone horizons, although
no persistent shale has been observed
at this level. The Winfield is from
thirty-five to seventy feet in thickness.
It is a granular and porous gray lime-
stone, mottled in many places, and
occasionally bearing chert, especially
in the upper part. It contains calcite
and is often crystalline in nature.
Fragmentary fossils are not uncom-
mon, especially in its middle and upper
portion. It may be noticed on the east-
west cross section that the Winfield
thickens toward the east.

The Winfield is undoubtedly the
most important gas bearing forma-
ton in the Hugoton field. In some
wells a natural flow of five to six
million cubic feet per day is {found
in its uppermost portion. In other
wells as many as three gas pays are
found throughout the formation.
Sumner Group

Enterprise—The individual mem-
bers of the Enterprise can be dif-
ferentiated in many wells but in some
regions the Odell shale is not rec-
ognizable and the Krider limestone is
merged with the underlying Winfield,
Usually the overlying Paddock shale
is separated from the Herington lime-
stone.,
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The total thickness of the entire
group—the Odell, Krider, and Pad-
dock—is from ten to twenty-five feet.
In numerous places there are small
quantities of gas in the Krider lime-
stone,

In samples the Odell member is a
red and gray shale, from a small
break to about fifteen feet in thick-
ness. The Krider is a gray limestone,
usually medium-grained and porous,
somewhat coarse-grained in the lower
portion. The Paddock is a gray and
brown shale with some anhydrite,

Herington—In the Hugoton field
the Herington limestone is about
twenty feet thick. It is buff, sucrose,
coarse-grained and porous, sometimes
fossiliferous. Locally it contains chert,
white or milky, with inclusions of
spines.

The Herington is the youngest for-
mation which commonly bears gas in
this field. Usually the producing string
of casing is set on the top of this
limestone formation.

W ellington.—The Wellington is
composed of gray shales and anhydrites
with some beds of salt. About three
hundred feet have been assigned to this
formation by Ver Wiebe.* The lime-
stones present at this level in Cen-
tral Kansas are not recognizable in
this region.

Cimarron Series

The Cimarron is subdivided in Kan-
sas into the Enid, lower, the Blaine,
middle, and the Upper Cimarron. In
Western Oklahoma, the same names
are used for the two lower groups and
the term Woodward is usually used for
a part of the Upper Cimarren. Above
the Woodward in Oklahoma may be
found the Cloud Chief gypsum and
the Quartermaster formations. The
above formations are included in about
1500 feet of red beds, gypsum, an-
hydrite, and varicolored shales and
sands overlying the Wellington.
TRIASSIC AND CRETACEOUS SYSTEMS

There are scattered outcrops of
T'riassic rocks in this area in the south-
western part of Morton County, Kan-
sas, near Wilburton; and in Central
Texas County, Oklahoma, near Red
Point.

In the northwestern part of this
region a few isolated outcrops of
Cretaceous age may be found, especial-
1y of Dakota sandstone and Greenhorn
limestone and Graneros shale on the
Syracuse anticline,

It is possible that some of these
Mesozoic formations are present un-
der the Tertiary Ogallala in this
area, as we indicate later in this paper.
TERTIARY SYSTEM
Qgallsla Group

The surface of this portion of the
High Plain is almost entirely covered

4 Walter A, Ver Wiebe, “0il and Gas Resources
of Western Kansas,” State Geological Survey of
KamNa; 1\;{1'?1:’7‘:1! Resources Circular 1o {1938) Val,
39, No. 7.

by the loose gravel deposits which are
known under the group name Qgal-
lala. Grant and Stevens Counties,
Kansas, do not contain a single out-
crop of older formations at the sur-
face, the entire area being covered
with Tertiary Ogallala gravels and
with Quaternary dune sands. The
other counties have the few scattered
Mesozoic outcrops previously men-
tioned, but even here the younger
deposits make up probably ninety-eight
per cent of the surface exposure.

The appearance of the Ogallala is
well known. It varies, in texture from
fine friable sand to coarse grit and
conglomerate; in color from dark
brown through tan and gray to white;
in composition from pure silica to al-
most pure calcium carbonate, in iso-
lated outcrops even including partial-
ly weathered feldspathic rocks,

These beds of gravel and sand are
usually entirely unconsolidated and
make up the general plains level with-
out any ridge or escarpment. Locally,
however, some of the layers have been
cemented by percolating ground water
and the addition of calcium carbonate
into white “mortar beds.” While
these mortar beds may appear to be
very distinct in a road cut or hilltop
exposure, there is no regularity in their
stratigraphic position since this con-
solidation and induration may occur at
any level within the formation.

The thickness of the Ogallala is
difficult to estimate since it commonly
follows the pre-Tertiary topography
which is not essentially different from
the present topography. The same
amount of continental depositicn may
or may not be present on a slope or
in a valley. Darton® recognized thick-
nesses from 180 feet to 286 feet in the
north part of this area. Bass® found
a maximum depth of 150 feet in
Hamilton County, Kansas.

Wells in this field are usually drilled
to 2 depth of five to six hundred feet
before the surface pipe is set and the
size of the hole reduced., The only
consideration of importance to the op-
erator is to get to a depth safely within
the “Red Beds” so that the surface
water is completely shut off, It is very
difficult to tell how much of this up-
per five hundred feet is made up of the
Ogallala and how much might be of
the Cretaceous or Triassic beds, simi-
lar to the patches described at the out-
crop. It would appear, however, that
most of this “surface’” material is
Ogallala.

Obviously the Ogallala represents
deposits of aggrading streams from
the Rocky Mountains. While it has

(Centinued on page 457)

S N. II. Darton, Syracuse-Lakin Folio, No, 21z,
Uniled States Geological’ Survey (1920),

®N. W, Bass, "Geologic Investigalions in West-
ern Kansas,” State Geological Survey of Western
Kansar, (1926) Bull, 11,
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STEMMING NITROGLYCERINE

SHOTS IN OIL WELLS

By
G. C. MacDONALD, '28

Production Engineer
Gulf Oil Corporation
Tulsa, Oklahoma

The design of the sternming above
a nitroglycerine shot in an oil well is
a problem that has been considered for
some time. The economics of shoating
are quite considerably affected by the
decision to use either solid stemming
or fluid stemming. A fluid stemmed
shot may clean the hole of shot debris
following shot detonation with the re-
sult that the well might immediately
be put on production. Solid stemming
usually confines the shot to the extent
that a more or less protracted period
of clean-out is necessary to remove
from the hole not only the solid stem-
ming itself, but also the shot debris.
The clean-out period may stretch days
into weeks or months and in addition
to the cost of the tools, the deferred
production might amount to a con-
siderable item. ‘The cost of the solid
stemming itself is not excessive, but
the expense of removing it in terms of
both money and lost production might

be high.

It is apparent that if identical re-
sults could be obtained in a given well
from a nitroglycerine shot with either
fluid or solid stemming those results
could be achieved at a lower cost by
using fluid stemming above the shot.
However, there are certain mechanical
Limits to the use of fluid stemming;
broadly speaking, four conditions in-
dicate the use of solid stemming, re-
gardless of the increased costs. If the
beneficial results of the shot cannot
be expected to pay out the increase in
cost of the solid stemming, the shot
should be abandoned. The four me-
chanical conditions which Indicate the
use of solid stemming are:

1. Proximity of shot to casing shoe.
1 it becomes necessary to place the top
of the shot within a few feet of the
shoe, solid stemming is necessary to
protect the shoe from damage. With
solid stemming, wells have been shot
to within three or four feet of the
shoe without damage. The minimum
distance between the top of the shot
and the casing shoe for a fuid stemmed
shot will depend upon the amount and
concentration of explosive, amount of

cement behind the casing, relative size
of casing and hole below, ete. Experi-
ence with fluid stemmed shots will
eventually develop information which
will permit the determination of the
minimum distance between the top of
the shot and the casing shoe, that may
be used without damage to the shoe,
but it is unfortunately true that the
development of that experience is ex-
pensive because the lower limit may
only be identified by a damaged shoe
under given conditions,

2. Physical properties of the cas-
ing. Regardless of quantity of ex-
plosive, distance below the casing shoe,
explosive concentration, or any other
consideration, a fluid stemmed shot
below lap-weld casing is always at-
tended by considerable hazard. Fluid
stemmed shots under lap-weld pipe
may open the welds in one joint at
any point in the string or may open
the welds in several hundred feet of
pipe in any portion of the string. The
use of solid stemming over all nitro-
glycerine shots placed in the open hole
below lap-weld pipe is the only policy
that will give any assurance of success.

3. Effectiveness of explosive. It is
fairly obvious that a given quantity of
explosive will develop mere disruptive
force to be expended against the for-
mation if the products of explosion are
adequately confined. Whether it
would require twice or twenty times
as much explosive as used in a confined
shot to develop the same effectiveness
in a Buid stemmed shot is a matter of
conjecture, Whatever the relationship
between the two, some reduction in
explosive costs can be effected by the
use of solid stemming. However, the
added cost of cleaning out the solid
stemming is usually much greater than
the cost of two or three times the
amount of explosive that would be
used if the shot were placed under
fluid stemming.

4. Development of maximum ef-
fectiveness of explosive. When shoot-
ing opposite a tough dolomite in an
otherwise dry hole, it might become
advisable to direct the maximum
energy against the formation regard-
less of costs: any other impact would
be futile. Under those conditions the
use of solid stemming would be indi-
cated so that the shot energy would
not be dissipated up the hole,

If for any reason solid stemming has
been decided upon, the design of the
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stemming itself is quite important and
will be influenced to some extent by
the reason for its employment. 1§
the object of the stemming is to in-
crease shot effectiveness, very little
material may be needed because of
the time factor involved in the ex-
plosive detonation. Everyone is fa-
miliar with the consequence of firing
a shotgun with the slightest bit of
snow, stalk of straw or other ob-
struction in the barrel. In a similar
manner, a small obstruction in the well
bore above the shot will increase the
effectiveness of the explosive on the
confining rock of the open hole. Liquid
nitroglycerine will burn at the rate of
23,600 feet per second and hence the -
length of time necessary for a 40 or 50
foot column of explosive to completely
detonate 15 exceedingly shert. The
force necessary to accelerate whatever
stemming is in the hole to a hipgh
velocity in such a short period of time
15 2 measure of the impact delivered to
the formation and it may be seen that
even a few feet of loose sand or pea
gravel in the hole above the shot
would, by virtue of both the mass and
friction of the material with the wall
of the hole or the casing, cause the
deliverance of a tremendous blow to
the formation.

Each unit volume of nitroglycerine
will produce 749 times its own volume
of permanent gases in addition to
vaporizing for a brief period the water
of combustion, and when both the
permanent and temporary gases are
raised momentarily to a temperature
of above 3000 degrees C the momen-
tary gas pressure may be high. It is
usually these gases which unload the
hole in a fluid stemmed shot with such
spectacular flows of fluid, but it may
be seen that by the time this phenome-
non manifests itself the desired effects
of the explosive are, relatively, long
over. Increasing the effectiveness of a
shot, therefore, requires a relatively
small amount of solid stemming and
may not of itself require the complete
confinement of the explosive,

The protection of casing usually re-
quires a much higher degree of shot
confinement. Strings of casing have
been damaged in the shoe even when
solid stemmed with the expressed in-
tention of preventing damage to that
shoe. On the other hand, shots have
been placed and fired without damage
which in the light of present informa-
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tion would seem almost predestined
to casing damage. Unfortunately, com-
prehensive and exact records on the
details of shot placement and the re-
actions of the stemming in the casing
at the time of detonation are very few,
hence it has not always been possible
to evaluate all of the factors which
might have contributed to the damag-
ing of the casing. Records now in
use for each individual shot should in
time establish a background of infer-
mation which will permit the design
of solid stemming for all shots which
will assure the proper degree of con-
finement for each nitroglycerine shot
placed. At present it is nearly always
necessary to -use considerable more
stemming than actually needed be-
cause of the need to protect the quite
considerable investment in an oil well
and because the lower limits of stem-
ming requirements are only deter-
mined by failure. A more exact un-
derstanding of requirements should re-
sult in a reduction in quantity of ma-
terials used with resultant economies
in both materials and clean-out time.

The use of solid stemming over
nitroglycerine shots in oil wells is a
relatively recent innovation, advanced
i the main by the explosive manu-
facturers themselves even though it
meant a reduction in the amount of
explosive needed to accomplish a de-
sired result in a given well. It has
however, made possible the shooting
of other wells which would not have
been susceptible to shooting with fluid
stemming. The experience gained by
the explosive companies in mine and
quarry blasting provided a sound basis
for advocating solid stemming, but
whereas in that type of work a reduc-
tion of a few pounds of explosive per
shot by the use of adequate stemming,
or tamping, would, in time, result in
a very definite saving to the mine or
quarry operator, in oil well shooting
the decision to use one hundred or
three hundred quarts of nitroglycerine
is usually predicated on hole diameter
through and extent of the pay section
to be shot. In addition, as above
pointed out, an economy in explosive
by the use of solid stemming might
not result in an overall economy be-
cause of the expense and hazard of
cleaning out the solid stemming. The
small diameter oil strings of casing
prevalent today necessitate the use of
small tools through that casing, and
if cable tools and a sand pump are used
to remove the solid stemming, as is
the customary procedure, the time
necessary to clean out may be long and
in addition there is always present
the hazard of some of the material
lodging between the casing and the
tools and sticking them. There are in-
stances, however, when these increased
costs and recognized hazards must he
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accepted and solid stemming used be-
cause there is no other method of
shooting the well without inviting cer-
tain disaster to the well equipment.
‘This is particularly true in the case of
a non-producer which must either be
made to produce or must be plugged
and abandoned. 1f there are only a
few feet of pay epen below the casing
shoe, a very nice problem in solid
stemming design is presented.

Due to the facts that: solid stem-
ming 1s relatively new; records of
shots have not been too enlightening
in the past; and the opportunity is not
given to any one man to be familiar
with more than a fraction of the num-
ber of shots solid stemmed, general
and categorical statements might re-
flect upon both the narrowness of a
given individual's field and the fal-
lacy of his deductions from observed
phenomena. With full realization,
therefore, of the criticism that may
result, with the qualifications above
set out, the author states that in his
experience no shot which was com-
pletely confined has ever damaged a
string of casing and no shot which ever
did damage a string of casing was
completely confined. The logical de-
ductien from this is that complete and
adequate protection to a string of cas-
ing can be assured by complete con-
finement of the shot.

Under pressure from various oper-
ators and technicians, men engaged
in the shooting industry have at-
tempted to develop empirical formu-
Tae for the determination of the proper
amount of solid stemming for all
nitroglycerine shots under alt condi-
tions. If it were possible to develop
such a control, damage to casing would
be sharply reduced in routine shaot-
ing. It is obvious that complete con-
finement is 1ot necessary to protect
every string of pipe; a 200 quart shot
100 or 125 feet below seamless steel
pipe may be fluid stemmed with com-
plete assurance while on the other
hand, the same shot placed in the same
manner below lap weld pipe might
cause serious damage. It is also ob-
vious that a 200 quart shot 5 feet
below any shoe would undoubtedly
damage that shoe. Experience has
shown that casing is much more sus-
ceptible to damage if it is swung and
cemented in a large diameter hole open
to total depth than it would be if the
casing were landed on a shoulder with
a hole drilled through that casing of
the approximate internal diameter of
the casing. In other words, if a 724"
hole were open to total depth and
517 O.D. casing were swung and
cemmented 100 feet off bottom, con-
siderable more care would have to be
exercised than if the 554" 0.D, casing
were swung and cemented but a few
feet at most above the point where

the drilled hole had been reduced to
434", Quantity and concentration of
explosive undoubtedly should affect
any solid stemming design, but the
quantitative affectation is obscure.

The single factor in solid stemming
design which is most generally over-
locked and which the author con-
siders of paramount importance is the
character of the rock being shot. For
a given quartage and concentration of
explosive, placed in a similar manner
with respect to distance below the shoe
and at a comparable well depth, 100
feet of pea gravel may completely con-
fine a shot in a given sand while 500
or even 600 feet of pea gravel above
the same shot in a tough dolomite may
permit the fluid in the casing above the
solid material to spray in a solid stream
over the crown blocks for many min-
utes, Reasoning from effect back to
cause, it would appear logical that if
the shot is to be confined, the stem-
ming must display a greater resistance
to impact than the formation; if the
formation is tougher than the stem-
ming, the energy of the shot will be
dissipated up the hole with somewhat
less disruptive action on the formation
than would occur if the shot were
completely confined. In other words,
the energy develaped by the shot will
be dissipated along the fines of least
resistance, and if this be the stemming,
then the shot will not be confined, but
if the stemming has a greater resistance
to impact than the formation, then
the shot will be confined. It is ob-
vious that the relative resistance to
impact of the formation and the stem-
ming is not a function of the quantity
nor concentration of the explosive.
Hence, any empirical method of de-
termining the amount of solid stem-
ming as a function of explosive quant-
ity or concentration may well be ques-
tioned.

It should be restated that complete
shot confinement is not always de-
sirable, but should it be, it can be
achieved by predicating the amount of
stemming on the character of the rock
to be shot. Mathematical or labora-
tory approaches to the problem do not
have much promise; even though the
impact resistance of each and every
producing rock could be determined,
the Impact resistance of solid stem-
ming is of necessity indeterminate,
and the evaluation of one without the
other is futile. A wvery typical solid
stemming construction might consist
of an umbrella bridge or cave catcher
to start the bridge above the bomb
shell, from one to twenty feet of
broken brick or sewer tile to wedge
and support the overlying material,
then from one to ten yards of pea
gravel. The pea gravel may be re-
placed with sand or cement under cer-

(Continued on page 458)
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introduction

Improvement in methods of drilling
and equipment during the last decade
has encouraged deeper drilling for oil.
With the deeper drilling of wells,
more attention has been directed to-
ward the factors which materially
affected the costs. Among these fac-
tors was that of drilling mud which
represented a considerable portion of
the cost of drilling, As a result of scien-
tific investigation the cost for drilling
mud has been greatly reduced. The
improvement in drilling mud has also
resulted in increasing the drilling
speed.,

Owing to the fact that most of the
theoretical conceptions of drilling mud
are controversial, only the practical
side will be discussed, based principal-
ly on California practice,

Purpose of Drilling Mud

There may be some readers who are
unfamifiar with the manner in which
drilling mud is used in rotary drilling,
Therefore, the following brief ex-
planation of its use is presented.

The mud is pumped from a suc-
tion pit or suction tank {(Fig. 1, B)
into the rotary hose and kelly
down the drill pipe and out through
the holes in the bit. The holes are so
located that the mud stream is directed
against the cutting edges of the bit.
‘The mud flows up through the an-
nular space between the drill pipe and
walls of the hole to the surface. It is
then conveyed by means of an over-
flow pipe (Fig. 2) from the casing
to the settling ditch, flows through
the ditch to the vibrating screens

(Fig. 3), and then through a ditch
(Fig. 1, A} to its origin, the suction
tank.

Some of the most impartant reasons
for using drilling mud are as follows:

1. To convey drill cuttings to the
surface and to hold the cuttings in sus-
pension during periods when circula-
tion has been suspended thus prevent-
ing settling around the drill collars
and possibly sticking the drill pipe.

2. To hold back oil, gas, and water
and possibly plastic formations by
maintaining a sufficiently great fluid
head to prevent their flow into the
well.

3. To plaster the walls of the hole,
consolidate loose formations, and thus
prevent caving.

4. To aid drilling by keeping the
bit clean and cool and also by its hy-
draulicing effect when passing through
the holes of the bit.

5. To act as a lubricant between
the drill pipe and the walls of the
hole.

Materials Used in Making Mud

Natural occurring clays possessing
suitable properties are used to make
drilling mud by mixing the clay with
water to the desired viscosity. The
clay is ground to facilitate mixing.
The mud becomes mixed with forma-
tion made mud after being put into
service, l.e. when clays are drilled
through they mix with the mud to a
variable degree, resulting in a more
viscous fluid which must be diluted
with water in order to maintain a
suitable viscosity. Thus drilling mud
becomes a mixture of the original mud
and any formation drilled through
which disintegrates sufficiently to re-
main in the mud.

When a clay or a mixture of clay
and hole made mud does not make a
mud of sufficient density, heavy ma-
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terial such as finely ground barytes,
hematite, or limestone is added to in-
crease its density.

Clays produce muds weighing from
64 to 90 pounds per cubic foot, de-
pending on the quantity of colloidal
particles present in the clay and on the
physico-chemical condition. The smal-
ler the quantity of colloids and the
more they are dispersed, the heavier
the mud can be made. Generally those
clays should be used which will pro-
duce mud several pounds in excess of
the weight required because muds tend
to become thicker with use, requiring
dilution with resulting loss of weight.

Many clays contain salts which are
harmful in drilling fluids because of
their effect on colloidal dispersions.
The water used to mix with the clay
should also be as free of salt as possi-
ble.

Drilling mud is usually mixed at the
well by means of a jet mixer. A pump
ts used to circulate water and mud
from a mixing pit (Fig. 4, A) or a
mixing tank (Fig, 3, A), through the
jet located at B in Figure 4 or through
the jet in bin (B) in Figure 3, and
back to the pit or tank. Clay is added
slowly into the jet until a fluid of
desired viscosity is secured. Figure 6
shows hopper (A} located over a jet
and table (B) with paper bag cutter.
This is used when clay or weighting
material is packed in paper bags.

Figures 7 and 8 show drilling clay
grinding and storage plants. Figure
9 is a clay deposit which is being
worked.

Mud is stored at the well in tanks
such as are shown in Fig. 10,

Mud made from clay costs from 15
to 65 cents per barrel, depending on
the fluid yield and price. Weighted
muds cost as much as $5.00 per barrel,
depending on the constituents used and
the weight required.

Testing Apparatus

Routine testing and control of mud
can best be accomplished at the well be-
cause conditions change very rapidly
at times, Automobiles equipped with
various mud testing apparatus can be
used to advantage to cover several
wells which may be widely separated.
Of course, a certain amount of testing
apparatus should be kept at each well
so that routine tests such as sand,
viscosity, weight, and temperature can
be made every hour by the crew,

Viscosity Measurements

The viscosity of drilling mud is de-
termined in the field by means of the
Marsh Funnel (Fig. 11, B). The
time of efflux of a given quantity of
mud is measured and reported in sec-
onds. Several different methods are
used. In one, 500 cc. of mud are poured
into the funnel and the time of efflux
determined. Other methods consist of

pouring 1500 cc. into the funnel and
measuring the time of eflux of 500 cc.
or 1060 cc. The second method
(1500 cc. in, 500 cc. out) is the maost
suitable for all conditions because if the
mud has a high viscosity not all of
it will run out when using the 500 cc.
in and out method and this is some-
times true with the last method {1500
cc. in and 1000 ce. out). However,
the first method is most commonly
used in California with the third
method next in popularity. The
mathematics of Aow under a variable
head is of course complicated. The
Marsh Funnel viscosity is an arbitrary
number which is peculiar to this in-
strument and it cannot be converted
into other units of viscosity. An in-
strument for determining viscosity
should preferably be of simplest geo-
metric design so that the measurement
can be simplified. Drilling mud is not
a Newtenian liquid and the mathe-
matics of its flow are not thoroughly
understood, except that its viscosity-
shear relationship is not a constant as
it 1s for true liquids.

‘There are several other instruments
used to determine viscosity but they
are usually used in the laboratory.
Among these are the Stormer Viscosi-
meter, MacMichael Viscosimeter, and
various modifications of these instru-
ments.

Marsh Funnel viscosities used in the
field based on the most commonly used
method of 500 cc. in and out, vary.
In top hole drilling wviscosities of 22
to 40 seconds are used with an effort
being made to maintain the viscosity
less than 30 seconds. The viscosity
varies from 30 to 200 seconds when
drilling in hard shales and sands. Some
operators attempt to maintain a viscos-
ity of 30-40 seconds in hard digging,
while others permit the viscosity to go
much higher,

The importance of viscosity is often
over emphasized. The influence of
viscosity on drilling speed in hard for-
mations is controversial, It affects
circulating velocity and sand content
and if the quality of the mud is known,
it serves as an indication of the ease
of running light weight equipment
such as survey instruments, starting
circulation, and securing successful ce-
menting jobs.

Viscosity is controlled by adding
water and chemicals.

Density Measurements

The weight of drilling fluid is de-
termined in the field by the following
instruments:

1. Mud bucket with scale (Figure
11, A) which consists of a 1/10 cubic
foot bucket into which the mud is
placed for weighing, A pallon bucket
is sometimes used instead of the 1/10
cubic foot bucket.

THE MINES MAGAZINE + AUGUST 1940

2. Hydrometer (Figure 12}, con-
sisting of a cup which is filled with
the mud to be weighed and is then
attached to the graduated stem and
the assembly is then placed in a con-
tainer of water. The depth to which
the hydrometer sinks is observed on the
graduated stem.

3. Mud Balance (Figure 13},
which has a cup with a iid on cne end
of the beam. The cup is filled with
mud, the lid is replaced, the excess
mud being forced out through a hole
in the lid. The mud on the outside
of the instrument should be washed
off before balancing the beam.

All of these instruments should be
carefully checked before using by set-
ting them to correctly weigh a fluid of
known weight, such as water, The
density of the mud is recorded in
pounds per cubic foot, or pounds per
gallon, and sometimes as pounds per
square inch which would be exerted by
a mud column 100 feet in height.

Mud densities usually fall within
the limits of 70-95 pounds per cubic
foot. Muds weighing 75-85 pounds
per cubic foot are adequate to hold
back formation fluids in the deep San
Joaquin Valley Fields. Muds weigh-
ing 85-100 pounds per cubic foot are
sometimes required to hold back for-
mation salt water at Wasco and Ket-
tleman Hills,

Sand Content Measurements

Sand increases the density of mud.
It causes pump wear and has a tend-
ency to increase the water loss and cake
thickness. [t is controlled by lowering
the viscosity and initial shear value so
the sand can settle out in the ditch.
Vibrating screens remove coarse sand.

Sand content is usually determined
in the fleld by elutriation., Figure 11
shows an elutriation apparatus in the
cabinet. The water reservoir, the bot-
tom of which can be seen in the upper
part of the picture just to the left of
the Marsh Funnel (B), is equipped
with an overflow and s kept full of
water while making a test. A brass
tube conveys the water downward
through a jet which is placed in the
elutriation tube to within 34" of the
bottom. The elutriation tube is placed
in clips near the bottom of the cabinet.
A similar apparatus is shown in Figure
14. The principle of the elutriation
apparatus is to wash out the minus 200
mesh sand and clay. The remaining
plus 200 mesh sand is measured volu-
metrically in the graduated elutriation
tube, . This is accomplished by placing
100 cc. of mud in the 250 cc. elutria-
tion tube, the tube is filled with water
and the contents shaken. The elutria-
tion tube is then placed in the clips
with the jet projecting in the tube as
previously explained. The water is
only partially turned on until the
fluid in the tube is nearly clear, at

which time the water is turned on full
force. The velocity of the water is
such that the minus 200 mesh sand is
washed out. The velocity of the
water in the elutriation tube should be
4.9 millhimeters per second.

The sand content can be determined
by other methods such as screening,
centrifuging, and settling, but these
methods are not so commonly used in
the field.

The sand content may be 3-10%
when drilling in sandy formations and
14-1% in shale formations.

Shear Measurement

‘The shearometer is used to measure
shear and gel strength of rotary drill-
ing muds in the field. It also could be
used to measure viscosities, but in dif-
ferent units than the Marsh Funnel.
The shearometer consists of a thin
aluminum cylinder 3147 long, 114"
in diameter and weighing 234 or
grams. The cylinder is placed in a
vertical position in the mud and the
depth to which it sinks determines the
shear, Shear is measured in pounds
per square foot.

Shear (1bs./5q. £.)

W Hd
—1.04 R " BLD )
whence :
W = weight in grams of the shear-
ometer,

d = density of mud in grams/ml.

b = circumference of cylinder in cm.
R — distance cylinder sinks in cm.
I. — length of cylinder in cm.
D — density of cylinder in grams/

ml.

A value of 0.05 [bs./sq. ft. 1s con-
sidered small and a value of 0.6 lbs./
sq. ft. is targe and is the highest value
which the 5 gram cylinder will de-
termine with any degree of accuracy.

Twao or more shear measurements
are made to determine gel strength.
The first, or initial measurement is
made on mud which has just been
thoroughly agitated, as when it is com-
ing out of the overflow pipe. Subse-
quent measurements are made at in-
tervals of 5, 10, 15, 30, or 60 minutes,
depending on the rate at which the
mud gels. If there is no increase in
shear value with time, gelation 1s
not taking place and the measurement
is not a gel determination ; shear meas-
urements become gel measurements
only when the mud gels.

The rate or speed of gelation is
determined according to the time in-
terval between the initial and the sec-
ond shearometer test which will pro-
duce a large increase in shear; Le, if
the initial shear value were .05 1bs./
sq. ft. and the shear increased to 0.0
Ibs./sq. ft. in 5 minutes, the rate of
gelation would be excessive. If this
increase required 8 hours, the rate
would be considered moderate. Some
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chemically treated muds with low
Marsh Funnel viscosities (30 sec-
onds} may not develop more than
(.05 Ibs. per sq. ft. in one hour.

The term, thixotropy, is applied to
designate muds which develop addi-
tional shear (i.e. gel) in the subse-
quent (second) test and which will
lose that gel strength when agitated.
This cycle must be capable of occur-
ring over and over again.

Some muds such as those which are
flocculated or are low in colloids (for
example Kaolin) produce a high shear
in the initial test and may not show
any Increase in the subsequent tests.
These muds are not considered to be
thixatropic. The possibility should be
pointed out that muds of this type
may gel so quickly that it has taken
place before it is possible to make a
test,

Another quality of gels in drilling
mud is the degree and amount of
agitation required to reduce the pel
strength from the value obtained in
the subsequent test to that of the initial
test, This might be called the dura-
bility of the gel.

A thixotropic mud is desired but it
is also desirable that the gel be not
highly durable, te. it should flow
readily as soon as it is agitated,

Other instruments such as the
Stormer Viscosimeter can be used to
determine shear, but they are not
used in the field and are not as satis-
factory as the shearometer when test-
ing muds which gel very rapidly be-
cause more time Is required to make
the determination with the former in-
struments.

The gel strength of mud is import-
ant in that it serves to support cut-
tings in the mud after circulation has
been suspended. Excessive gel strength
and excessive gel durability make it
difficult to start circulation (called
breaking circulation) and may prevent
light weight equipment such as survey
tools from reaching bottom and may
cause ineffective cement jobs,

Chemical treatment reduces the
shear value of 2 mud and retards gel-
ling, but continued chemical treatment
often results in muds which develop
high shear values because the solid
content of the mud increases owing
to the dispersing action of the chem-
icals used.

Wall Building Properties

Drilling mud as such does not pene-
trate ordinary formations more than
a fraction of an inch. The water
phase of the mud will often pene-
trate to greater distances, especially in
sandy formations.

Plastering the walls of the hole is
accomplished by the weight of the
drilling mud forcing the water into
the pores of the formation, the water

depositing the solids suspended in it
on the walls of the hole in the form
of a filter cake. The actual effective
pressure which forces the water into
the formation is the differential pres-
sure between the formation pressure
and the fluid pressure exerted by the
mugd column, This may be only a few
pounds or may be several hundred
pounds.

The quality of the filter cake is im-
portant in some kinds of formations.
‘When driiling through low pressure
sandy formations, the use of a mud
with poor wall building properties
which makes a permeable filter cake
will permit large quantities of water
to go into the sand. This will result
in a thick filter cake being formed
which causes a reduction in hole diam-
eter. This condition causes a tight
place in the hole making it difficult
or impossible to move the bit past this
barrier.

A great deal of trouble is experi-
enced when drilling through certain
shales which possess the property of
swelling and breaking down when
water comes in contact with them.
Other shales are so badly fractured
that they are unstable and slough into
the hole when lubricated by water
from the drilling mud. Under either
of these shale conditions the use of a
mud which permits only a small
amount of water loss, obviates a great
deal of difficulty.

Several styles of filter presses have
been used to test the water loss of
muds. Figure 15 shows a two unit
tester extensively used in the field. A
pressure of 100 pounds per square inch
is used. This apparatus consists of a
cylinder of 37 1.D. by 6” long with
removable base and top caps and
gaskets. These caps fit snugly against
the ends of the cylinder. The as
sembly is held together by means of a
screw In a metal frame, The base
cap has a hole drilled through it for a
water outlet. A removable screen
which supports a filter paper fits into
the base cap. The top cap has a con-
nection for gas or air pressure.

When ready to operate, the top
cap is removed and the cylinder is
filled with mud to within about 14’
of the top. The cap is replaced, the
screw tightened and the air or gas
pressure applied. The water loss is
determined for different periods of
time: usually 5 minutes and 15 min-
utes, and sometimes for 30 minutes
and one hour. The assembly is dis-
mantled at the end of the test and the
filter cake thickness is measured.

Tests of this nature give compara-
tive results. [t would be desirable to
conduct tests under actual hole condi-
tions of pressure, temperature, and
filtering medium, but this is impossi-
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ble. Laboratory tests are frequently
made at elevated temperatures.

A few of the most important facts
concerning wall building properties
are:

1. Cake thickness and water loss
are high when a mud is flocculated,
when the colloidal content is low, or
in the absence of proper clay particle
distribution.

2. Water loss and cake thickness
for the same mud, other things being
equal, are proportional to the square
root af time. This applies only for
the first hour or two. The water loss
then becomes practically constant and
may even increase, but it is of low
magnitude.

3. Water loss is usually propor-
tional to an exponential {less than
0.5) power of the pressure, but some
muds are not appreciably affected by
changes in pressure and the exponent
is then zero., Pressure in excess of
500 pounds per square inch does not
usually affect the water loss greatly.
Clay particles are plate-like in shape
and pressure tends to make the filter
cake impermeable by compacting them.

4, High temperatures produce
greater water loss and cake thickness,

The following arbitrary classifica-
tion of cake thickness and water loss
at 100 pounds per square inch pres-
sure and at atmospheric temperature
may be of interest:

Cake thickness W ater loss
Classifieation inches Gal./5q. ft./hr*
Excellent less thar G.10 less than 0.06
Good .16 w0 0,20 0.06 to 0.10
Tair 0.20 w 0.30 0.10 10 0.15
Poor greater than 0.30  greater than 0.15

* For a 37 filter—
s.00538 X ml, water = gal /5q. jt.fkr.

It should be emphasized that a mud
should not always be condemned be-
cause its wall building properties are
classified as “poor.” Such a mud may
be completely satisfactory in certain
formations which will not slough and
which are almost impermeable. New
clays will not meet the classification of
“excellent,” Muds are considerably
improved by chemical treatment and
blending with bentonitic clays which
may be added or picked up while drill-
ing.

Salt Content Measurement

‘Water soluble salts which are en-
countered while drilling, flocculate
drilling mud. Flocculation causes a
thickening of the mud. This increase
in viscosity has to be overcome by the
addition of water or chemicals. An
additional effort of flocculation is te
impair the wall building properties of
the mud, and as was pointed out
previously this is undesirable,

The salt which accumulates in the
mud while drilling comes from drilled
up formation or from salt water ex-
isting in the formation. The former
cannot be prevented from accumulat-
ing but the latter can be controlled
with a2 mmd density sufficient to heold
back the water,

The filtrate secured from the wall
building test is titrated for chlorides.
Sulphates should also be determined,
although it is not usually done.

Temperature Measurement

High temperatures may increase gel
strength and viscosity, although in
some cases the viscosity is rteduced.
High temperature has considerable ef-
fect on wall building properties, as
was mentioned previously.

Reduction of mud temperature is
often accomplished by the use of cool-
ing towers., These towers usually
serve to degas the mud also. The cool-
ing towers are so constructed that the
mud cascades down over baffles and
heat exchange is accomplished through
the medium of the air. Fipure 16
shows such a tower. The mud is dis-
tributed at the top of the structure
through a slotted pipe and then falls
down on the bafle boards. Some
operators have stopped using them be-
cause of the belief that the mud ac-
cumulates oxygen when passing
through the tower and that this aids
drill pipe corrosion.

When drilling in the immediate
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vicinity of lakes or other bodies of
water the mud can be coocled very
easily by passing is through pipes sub-
merged in the water,

pH Measurement

The pH value of a mud is an in-
dication of its past history. It is espe-
cially significant when the mud has
become cement cut. Much has been
said about the importance of pH
control, but very little benefit has been
accomplished by changing pIl values.
The optimum pH depends solely on
the past history of the mud, especially
when chemicals are used and it is in-
fluenced by the kind of chemicals used.
Figure 17 shows a Beckman pH meter
often used for this determination.

Chemical Treatment

Chemicals are now used extensively
to control the viscosity and wall-build-
ing properties of mud. Flocculated
shales and salts encountered by the
drill contaminate the drilling mud,
causing an Increase in viscosity and
impairing the wall-building properties
which can be at least partially over-
come by chemical treatment. Chem-
icals used consist principally of the
complex alkali metal phosphates, tan-
nates, caustic soda, and sedium silicate.

Cement causes an increase in viscos-
ity and impairs the wall-building
properties of mud, Chemical treat-
ment overcomes a considerable amount
of the effect of cement. Chemicals
used consist chiefly of sodium bicar-
bonate, tannates, complex alkali metal
phosphates and complex acid phos-
phates. Sodium carbonate can also be
used but it is not considered to be as
effective as the bicarbonate because it
does not reduce the pH.

Chemical treatment is used for over-
coming . heaving and fractured shales
as was previously mentioned. There
are several methods of treatment used.
The most commeon consists of reduc-
ing the water loss to as great a degree
as possible by means of chemicals such
as tetrasodium pyrophosphate and
Quebrache. The water loss should be
reduced before the troublesome shales
are penetrated. Chemical pre-treat-
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ment of certain clays which respond
to chemical treatment reduces the
water loss lower than if the mud is
treated while in use. If the clay used
to make drilling mud does not have
a low water loss, and it is not respons-
ive to chemical treatment, which is
usually the case, the mud can often be
improved when drilling through
bentonitic shales. These shales may be
located above the troublesome shales.
Chemicals such as the complex alkali
metal phosphates are used to further
improve this mixture while drilling
through the bentonite.

Heaving shales in the Gulf Coast
fields are sometimes drilled through
with drilling fluid consisting of sodium
silicate and various saturated salt solu-
tions. The object of this fuid is to
prevent the shales from absorbing
water,

Caustic soda and Quebracho are
used to pre-treat certain clays which
do not respond to phosphates,

Chemicals are added to the mud by
dissolving them in water in small
tanks {Figure 18) and running the
solution into the mud stream in the
ditch. Agitation of the mud in the
suction tank is of benefit in distribut-
ing the chemical in the mud.

No attempt will be made to explain
the action of chemicals in the muds
because the facts are not yet thorough-
1y established.

Lost Circulation

Lost circulation of drilling fluid oc-
curs when drilling through fermations
which contain caverns, fractures, fis-
sures, or pores of such size that the
filter cake cannot bridge the opening,
thus permitting the mud to flow out
into the formation. :

Circulation can be regained when
the cavern or other large openings are
filled with mud or by bridging and
plugging the openings, in the vicinity
of the hole, without filling them com-
pletely with mud. If the wone which
is causing the loss of circulation is a
continuous one, it is desirable to at-
tempt the latter method, otherwise
an indefinite time might be required
to completely fill this zone with mud.

If the zone causing the trouble con-
sists of small openings, thick “slugs”
of mud or bentonite are “spotted”
apposite the formation with the hope
that they will penetrate it and gel
sufficiently to prevent further loss of
circulation. Additional gel strength
may sometimes be secured by adding
chemicals to the mud. Both flocculat-
ing and deflocculating chemicals are
used. Sometimes mixtures of chem-
icals are added which will form- gels
themselves. Gel strength tests should
be made, adding different chemicals
to the mud being used. In this way it
will be definitely known how much
benefit can be expected from the chem.-

416

icals. Addition of chemicals for this
purpose often impairs the wall build-
ing properties of the mud, especially
when lime, cement, or other focculat-
ing agents are added.

Sometimes bentonite, cement, and
water are mixed so that the bentonite
is present in just sufficient quantities
to form a gel with the water used.
About two pounds of bentonite are
required per sack of cement. The
bentonite is mixed with the water, and
the cement is then mixed into the re-
sulting gel. The purpose of this mix-
ture is to produce a fluid which, al-
though easy to pump, will not pene-
trate the formation very far because
of its ability to stand at a high angle
of repose. This is especially valuable
in caverns or large fissues. When
strength may be sacrificed, as in filling
large caverns, as much as 14 bentonite
may be used to replace cement.
Bentonite is about 18 times as effective
as set cement is alone, in increasing
the volume of set bentonite-cement.
The slurry should be permitted to set
for 12 to 24 hours before resuming
work.

In general, the preatest success can
be expected by using a mud with good
wall building properties and high gel
strength and to this add fibrous ma-
terial such as bagasse {(sugar cane
refuse), cotton seed hulls, redwooed
bark, etc. About 1000 pounds of
this material is added to 100 barrels
of mud and is “spotted” in the hole,
left to stand for a few hours, and the
process repeated several times if neces-
sary. If a heavier mud will be re-
quired later, while this zone is still
exposed, the drill pipe should be packed
off when circulation is restored and
sufficient pressure applied to the mud
in the hole to equal the effect of the
heavier mud.

Mud Reclamation

Previous to chemical treatment of
mud in the ditch, mud was frequently
discarded. Various attempts were
made to reclaim used mud, but unless
the mud wwas properly reconditioned
with chemicals, it would, of course,
not be desirable for general use, al-
though it could be used satisfactorily
in some locations. Thus, mechanical
reclamation, wunless augmented by
chemical treatment, is unsatisfactory
for present day requirements.

The practice of chemically treating
the mud in the ditch has resulted in
very little mud being discarded which
can be economically reclaimed later.

Field Control of Brilling Muds

The derrick man or whoever is dele-
gated to control the condition of the
mud at the well, should spend most of
his time at the ditch when not running
drill pipe. The viscosity and weight
should be determined every half hour

during the first round trip of the
mud, and at any other time when con-
ditians warrant. The mud should be
agitated (by whatever means is avail-
able) as soon as circulation is started.
The mud in the suction pit or suction
tank can be agitated or the mud can
be pumped over a tower. Agitation
should be continued for at least one
round trip of the mud. Continuous
agitation is often desirable. Figure
19 shows two jets In the bottom of a
suction tank used to agitate mud,

Frequently a considerable quantity
of thin, low weight mud results from
the undesirable practice of washing
drill pipe while pulling it. This “spot”
of mud should either be taken out of
the system to be returned after its
weight and viscosity has been in-
creased, or it can be reconditioned
without taking it out of the system
by adding thick, heavy mud into the
ditch and agitating the mud in the
usual manner. If all “spots” of mud
with excessively variable weights or
viscosities are evened out as soon as

" they appear, the mud can easily be

kept in good condition. The use of
drill pipe wipers obviates washing the
drill pipe with water.

The addition of chemicals for
viscosity control, when required,
should be started when it is definitely
known that agitation of the mud will
not reduce the viscosity sufficiently.
The mud should be agitated while
adding chemicals whenever possible.
Apgitation of the mud can be discon-
tinued about 30 minutes previous to
pulling drill pipe and started up again
just before breaking the kelly connec-
tion. This aids in drying the drill
pipe. It is desirable to have a slightly
heavier column of mud in the drill
pipe than on the outside of the dyill
pipe when pulling pipe, so that the
mud level in the drill pipe will al-
ways be below the floor level. There-
fore, the mud will not spill over the
floor when the joint is broken. Some
operators pump in a few barrels of
slightly heavier mud just before pull-
ing the drill pipe, Stirring the mud
ditch also results in securing a heavier
mud. Drill pipe can be dried by in-
serting a patented mud displacing
device into the drill pipe when ready
to pull pipe. Pulling wet drill pipe
results in wasting mud, and is a
hazardous and disagreeable job.

A great deal of mud is wasted at
some wells by using mud screens with
insufficient capacity, particularly after
getting back into the hole. This re-
sults from the viscosity of the mud
being excessive at this time because
of high gel strength, Additional
screen capacity should be provided or
a portion of the mud can be by-
passed.
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By

RALPH O'NEILL, '32
Pressure Maintenance and Secoendary
Recovery Engineer
Phillips Petroleum Co.
Bartlesville, Oklahoma

The interest of the petroleum in-
dustry in secondary recovery methods
for the production of oil has increased
rapidly during the past few years. The
profitable productive life of many oil
pools has been extended with a con-
siderable increase in the recoverable
il by the application of secondary re-
covery methods such as injection of gas
and air, and water flooding. The scope
of this article is Hmited to the appli-
cation of water floading shallow sands
in the Mid-Continent Area where
flooding has been practiced for the
past ten yvears. However, it was not
until 1935 that the first flood of im-
portance was started in the Nowata
Field in Northeastern Oklahoma.

The recovery of oil by water flood-
ing oil sands is essentially a mining
operation, and in many respects, is
more susceptible to analysis and fore-
casting than mining. The preliminary
selection of properties can be guided by
older developments which afford possi-
ble records of: (1) initial production,
{(2) accumulated production, (3) well
logs, (4) depth to sand, (5) sand
thickness, and (6) secondary recovery
operations to date, if any. Should
these data prove favorable for a water
flooding program, the next step is to
procure and to analyze a sufficient
number of cores so as to determine the
permeability, porosity, and oil content
of the sand, and to eliminate thin sec-
tions and poorly saturated areas. The
taking of cores and the subsequent
analysis of them is just as important in
evaluating an oil property for water

flooding as sampling and assaying are
to mining.

When the oil content of the sand
per acre and the extent of the sand
are known, an estimate of the develop-
ment and the operating cests can be
prepared with reasonable accuracy to
provide a conservative estimate of the
pay-out data and the expected return
on the investment. This information
is an aid to determining the value of
leases, royalties, etc. It should be
recognized that with the exception of
the economic factors which govern the
price of crude oil, all the factors perti-
nent to the valuation of a water flood
program are within the grasp of the
operator.

Mechanics of Water Flooding

The mechanics of water flooding to
estimate the percentage of recoverable
oil and the amount of water which

WELL SPACMS AITTERNS

L L] - L -
Q =3 L L] o
L L J LJ - L ]
1] o Q Q (=]
L ] [ ] L) [ ] L]

. Direct Line Drve Fattgrn

L] L ] »
L] o

» - *
[+] o

- - *

3. Idealred Diagram Showmg He

£Eficrancy of Stagpered Liw Drive
Partfers,

- L]

. - -
-] o

L - .
* -»

o] o Q
L ] *

L L ] L]
[} [c]

4+ Seven-Spor FeMarn

Legend :

® voter Aol

° o We/

W frea Fooded
3 Area por Foodes

w Chart Ne. I.

THE MINES MAGAZINE + AUGUST 1940

a7



must be injected are based on the
fundamental empirical radical flow
formula, developed by Wyckoff, et al,
2w Kch(P,—P,)
Q= Ulegore/ra
P

P, e
{? = quantity in barrels per day.

K == permeability in millidarcys.

' = constant to correct permeability
as determined in laboratory on
core samples from which all
fluid has been extracted into
natural conditions of sand. A
constant 1§ necessary to trans-
pose CGS units of standard
permeability unit to the foot
pound system,

h — sand thickness,

P, = pressure at external boundary.

P, — pressure at center well.

U = viscosity of oll incentipoises.

re = distance from water well to oil
well in feet,

ru — radius of well bore in feet.

The formula can be applied equally
well to the determination of the flow
of oil into a well or to the water input
into a water well. The only two
quantities to be reversed are P, and
P, which vary according to the point
of greater pressure. There are several
patterns of ol and water wells used
in water flooding as shown by Chart
No. 1. M. Muskat and R. D.
‘Wyckoff of the Gulf Research Labora-
tory have conducted numerous experi-
ments to determine the relative merits
of the several patterns. A discussion
of these experiments is not inchuded
in this paper. The five-spot pattern
is used extensively in the Mid-Conti-
nent water flooding programs. Al-
though lower in efficiency than the
seven-spot and the staggered line drive,
it is more easily adapted to property
lines and the low efficiency is com-
pensated for by higher conductivity
which reduces the flood out time.

Efficiency may be defined as the
ratio of the area covered by the flood-
ing water to the total area. The ge-
ometry of the pattern controls this
ratio. The area to be affected by the
flood is that area which is covered be-
fore the water-oil interface reaches the
oil wells. Since the pressure gradient
is greatest in a straight line between
the water well and the oil well, the
maximum rate of flow can be antici-
pated along this line and as soon as
the interface reaches the oil well, this
line will present the path of least re-
sistance to further passage of water.
In other words, the flood has approach-
ed the limit of efficiency and possibly
its ecenomic limit.

Well Spacing

There are a number of factors to
be considered in any development pro-
gram that materially affect the choice
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of well spacing patterns for water
flooding.

The property may contain old wells
which can be reconditioned and used
to reduce development costs, but oc-
casionally the selection of such wells
may hamper a uniform spacing pro-
gram. The shape and the area of the
lease frequently cause complications.
Divided royalty interests further com-
plicate the picture. QOperations on
neighboring leases may offer a barrier
to the proper well spacing program.

Economic factors generally deter-
mine the proper well spacing for a
given property. Among the factors
to be considered are the cost to drill
the wells and other development costs,
pressure that can be applied, rate of oil
production and the depletion of the
property, the amount of oil to be re-
covered, operating costs, the possible
variation in oil recovery due to non-
uniform sand conditions, and the
salvage value of the equipment.

The depth and the strength of the
formation determine the maximum
pressure that may be satisfactorily ap-
plied to a given formation. The effec-
tive permeability of the sand, the
viscosity characteristics of the crude
oil, and the pressure that can be con-
veniently applied determine the rate
of production and the rate of deple-
tion that can be obtained for a given
well spacing. The oil recovery de-
pends upon the amount of recoverable
oil present in the formation and the
volume of sand that will be effectively
flooded in a given time. The volume
of sand effectively flooded depends
upon the effective permeability of the
sand, the viscosity of the oil, the uni-
formity of the formation between well
locations, the pressure difference ap-
plied, and the well spacing to be used.
T'he relative value of high production
rates with a large investment in wells,
a short operating period, and the possi-
ble salvage value of equipment must
be balanced against lower rates of pro-
duction, a smaller investment in wells,
a longer operating period, and possible
salvage value of equipment after
longer periods of service. For a given
property there is usually an optimum
well spacing that will provide the
most satisfactory economic return on
the investment.

From the fundamental radial flow
formula a given oil sand of a definite
thickness, permeability, and oil viscos-
ity will take water in proportion to
the pressure applied to the sand face.
This relationship has been proven in
practice. The limiting value of the
pressure which may be applied to the
sand depends on the depth of the
well, or rather, the weight of the over-
burden; therefore, the same flood out
time may be obtained with relatively
wide spacing on deep sands, (1000’

or greater) as is obtained with close
spacing on shallow sands where the
characteristics of the sand bodies are
identical.

However, a careful tabulation of
operating costs against development
costs will reveal a marked economy in
using both the maximum pressure and
the maximum spacing.

For comparison, the following proj-
ects with comparable sand conditions
are approximately equal from an eco-
nomic viewpoint which takes into con-
sideration the development costs, oil
recovered, and time required for re-
covery.

{The same permeability in each
case. )

Oil in Place,

Depth Spacing Bbls, per Acre
300/ 33 10,000
700/ 37 10,700
1000/ 440" 11,400
13007 5287 13,300

Permeability of Sand

The sand permeability next to oil
recovery indicates the probable success
of a flood, therefore the selection of
the minimum permeability that can be
flooded out with economic water-oil
ratios while recycling water through
washed out zones of higher permeabil-
ity is important. The total millidarcy
feet capacity® of the sand above any
selected minimum permeability divided
by the millidarcy feet below that per-
meability will provide a rough cal-
culation of the lowest water-oil ratio
when the sand has been flooded to the
selected permeability. When the min-
imum floodable permeability has been
selected, the oil in place figures can be
revised to include enly that oil con-
tained in sections above that perme-
ability. On sands with relatively low
permeability the water input rate is
low and the economic success of the
project may be jeopardized due to the
slow rate of recovery,

Development

‘The development of a water flood-
ing project involves principally the
drilling and equipping of wells and
the construction of pressure plants.

The development cost is very sensi-
tive to the well density, and the depth.
For higher permeabilities or longer
term flooding operations the spacing
can be wider. The cost of drilling will
be in the order of 60 cents to 1 dollar
per foot for depth to about 1500 feet.
The drilling costs per well can be
kept to a minimum due to the large
amount of drilling in even an 80 acre
project, as the present practice is of
the order of 1 well to 2.5 or 3 acres.

The completion of water input wells

# Millidarey is a unit of permeability or rate of
fluid flow through the sand. Millidarcy feet capac—

ity is obtzined by multiplying average permeability
by the thickness of the sand in [eet.
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includes shooting with small quantities
of solidified nitroglycerine (1-2 quarts
per foot) and cleaning out. If a core
were taken of the well and high per-
meability streaks are present, these
streaks should not be shot in order to
minimize by-passing of water. A 114
inch tubing string with packer is set
at the top of the sand and cement
dumped above the packer. This meth-
od eliminates at least part of the
customary casing program. Usually
the well is drilled into the shale below
the sand section to catch cavings, etc.,
in wells where the complete sand sec-
tion carries oil.

The o1l wells are completed in a
manner similar to normal shallow
pumping wells. In general the well Is
shot, cased, and equipped with 2”
tubing. Flowing the wells thru tub-
ing with the tubing string cemented in-
to the sand, the same as a key well,
reduces both the development and the
operating costs to a point where sands
with saturation too low to justify
pumping can beeconomically produced.
1f the wells are pumped instead of
“Howed,” they are equipped with
working barrels and rods which are
actuated by electric motor driven in-
dividual pumping units or by a cen-
tral power.

The water system is not particular-
ly dificult to set up providing an
abundant water supply is available.
Streams are excellent sources of water
supply, and shallow water wells are
often used, also salt water produced
from the deeper horizons can be treat-
ed and used.

The size of the water plant will
depend on the acres to be floeded, the
time to complete the flood, the void

* Connate water is that water which is found in
the interstices ol the sand ard should not be con-

fused with that which is commonly called ‘'bottom
heole water.”

space In the sand, the permeability
ratio for each acre of sand, and the
amount of connate water® present in
the sand. The barrels of water input
required per barrel of oil produced
will vary with sand permeability,
Water inputs prior to maximum oil
production have been in the order of
15,000 to 30,000 barrels per acre on
many projects.

‘Water treating Is practiced by many
operators. The water generally is
filtered and when necessary it is treat-
ed. Water must be entirely free from
foreign material which might plug the
sand because a majority of the input
wells are completed in such a manner
that mechanical cleaning out is prac-
tically impossible, The water system
is generally designed for high work-
ing pressures and pressure water met-
ers are usually installed at the key
wells.

Operating Expense

T'he main items of operating costs
are labor, fuel, well servicing, and
general maintenance. Labor and gen-
eral maintenance will vary more or
less in proportion to the number of
wells on a given acreage. The fuel
item becomes increasingly important
in older floods as the quantity of avail-
able gas diminishes and as it becomes
necessary to handle more and more
water, When large quantities of water
are handled the operating costs are
increased materially. For example,
based on a 500 acre project, having
3000 barrels of oil per acre in place
with a six year economic life, the
lifting cost per barrel will vary be-
tween 15c per batrrel for flowing and
30c to 60c per barrel of oil for pump-
ing shallow wells.

Economic Prospectus
Efficiency in any industrial pursuit
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may well be responsible for its success
or failure. This is particularly true
today of water flood operations. The
present price of crude, demands ef-
ficient operation for the operator to
realize a reasonable profit with taxes
and other costs mounting. It is
therefore imperative that each opera-
tor produce a maximum amount of
crude per acre at a minimum cost
per barrel to be successful.

The majority of engineers have
questioned the lower limit of the re-
covery per acre for a successful flood.
The curve Fig. No. 2 shows: (1) The
estimated net profit which will result
from the development of shallow food
properties with various amounts of
oil in place, and (2} the lower limits
on the amount of oil in place under a
property below which water floeding
may not be considered a profitable in-
vestment in the Mid-Continent Area,
based on oil selling for $1.00 per
barrel. From this curve it is indicated
that the economics of flooding sands
with less than 2000 barrels of re-
coverable oil per acre in place at start
of the flosd is questionable,
Conclusions

‘Water flooding in the Mid-Conti-
nent Area is limited only to the pres-
ent day engineering and operating
practices,

It has been proven that water flood-
ing can be done with a profit wherever
enough oil can be recovered to pay
the development and preduction costs
and yield a reasonable return on the
investment. The fundamental factors
which determine recovery are porosity
and saturation, which together indi-
cate the oil in place, and the perme-
ability. Except for the time required
to complete a flood permeability has
little effect. The type of pattern gen-
erally used has been the five-spot with
the well spacing 330 feet. This spac-
ing has proved advantageous in in-
creasing the recovery coupled with a
reduced pay out time on the invest-
ment. The development costs have
decreased to where a typical prop-
erty in the shallow producing horizons
can be developed for $1,300.00 per
acre,

The treatment of water has re-
ceived a great deal of attention. The
trend is toward the use of less chem-
icals and reduction of cost. T'he treat-
ment of salt water has been discon-
tinued where it is not corrosive when
carried in pipe lines in the ab-
sence of air. Hydrated lime and alum
are commonly used as treating agents
and are used in connection with water
filters and settling tanks.

The future of water flooding oil
properties is dependent on factors not
inherent in the process itself. The
demand for oil and its products, the

(Continued on page 460)
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USE OF ALCOHOLIC SOLUTIONS IN
SECONDARY RECOVERY OF OIL

By

EARL Y. PALMER, '40

Indian Territory lluminating Qil Co.
Oklahoma City, Okla.

For more than twenty vears the
petroleum industry has realized that
the oil sands of abandoned or rapidly
declining fields contain large amounts
of ¢il. This oil is being held as a film
by the adsorptive properties of the sand
grains and the surface tension of the
oil. The amount varies with the dif-
ferent sands and the character of the
oil, porosity of the sand, and the size
and continuity of capillary openings.
The recovery by pumping and later by
a water drive, under the meost favor-
able conditions, yields only from 50 to
75 per cent of the total oil. The aver-
age will be 60 to 70 per cent, leaving
much of the oil unrecovered.!

Research work has proven that un-
der certzin conditions and proper han-
dling, this oil film can be broken. The
film may then, by its cohesion, form
itself into a droplet of oil.? The prin-
ciples underlying the use of an alco-
holic solution to release the oil film
may be explained by the fact that
alcohol is soluble in both water and
the lighter hydrocarbons present in
the crude oil. 8ince the alcohol will
combine with the lighter hydrocarbons
of the crude oil, the surface tension
will be reduced and thus the oil is
more easily released and collects in
small droplets; thence, it is forced

ahead of the encreoaching aqueous alco-
holic flood.

Tt is strongly suggested that in plan-
ning a campaign for the flooding of a
depleted oil sand that all the neces-
sary information regarding the con-
ditions to be encountered be correlated
in such a way that the conditions for
flooding might be made as favorable
as possible and the alcoholic solution
be given a chance to come in contact
with the sand grains and the oil film
holding the oil to the grains of sand.

A study of the field concerned
should be undertaken showing the
water sands, direction of drainage, cap
rock, possible bottom waters, faults,
arches and depressions, thickness of
sands, and the probable amount of oil
left in the sands. The geological struc-
ture should govern the location of the
intake wells and the location of the
recovery wells,
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Experiments have been carried on
in the Petroleum Engineering labora-
tories of the Colorado School of Mines
by the author which show that the use
of a water soluble alcohol in the flood-
ing of oil sands will greatly increase
the recovery of oil. It has been found
that a one per cent solution of ethyl
alcohol with water will reduce the
surface tension of the oil economically
and will in turn tend to form no
emulsion of the crude o1l forced inte
the recovery wells.

The equipment and procedure used
in the experiments were as follows:

T'wo one-inch glass tubes about 36
inches long filled with Dakota sand
of finer than 50 mesh each saturated
with 500 cc. of 27.5 API Wellington
crude oil. Each tube was fitted with
one hole stoppers with glass tubes
about three inches long.

The sand containing tubes were
inclined at an angle of about 30 de-
grees and allowed to drain naturally.
Then a water Hood was applied to
the lower end of the tube and as much
0il recovered as possible at the upper
end of the tube. After this, the vari-
ous alcoholic solutions were applied
and a record of the amount of addi-
tional oil produced was kept.

Results obtained were as follows:

From the experimental data it can
be seen that: the use of one per cent
ethyl alcohol with ordinary water gives
98 per cent better recovery than an
ordinary water flood; the use of one
per cent ethyl alcohel with salt water
gives 98.4 per cent better recovery
than a salt water flood ; the use of one
per cent ethyl alcohol with salt water
as an initial flood gives three per cent
better recovery than with a salt water
flood plus an alcoholic flood; the use
of one per cent iso-propyl alcohol with
salt water as an initial flood gives 1.7
per cent better recovery than an ethyl
alcoholic flood; a total of 60 to 63
per cent of the original oil present
may be recovered ; the use of a dilute
solution of water soluble alcohol and
water will almost double the amount
of oil recovered by flooding with
water.

Although a solution of iso-propyl
alcohol gives slightly better recovery
than a solution of ethyl alcohol, it
has been found that a solution of ethyl
alcohol is more economical.

From observing that very little
emulsion is formed in the oil pro-
duced with an alcoholic flood another

(Continued on page 460}

Recovery
Vol of O3l Natural Recovery Witk Total
Tube  fo Saturate  Recovery Per Cent  IVith Water % Ethyl Total Per Cent
No. . 3 Recovery e, Per Cent Alechol . Recovered
.
1 500 175 35.0 47 44.5 45 267 534
2 500 180 36.0 43 44.6 42 265 53.1
3 500 160 32.0 53 42.6 49 262 52.8
4 500 150 30.0 61 52.3 59 270 54.0
5 500 182 36.4 41 44.6 40 263 52.8
6 500 178 35.6 48 45.2 45 271 543

Av. per cent recovery by water—9.7.
Av, per cent recovery by 1% ethy! alcohol—9.5 additional.
Per cent additional recovery by alcoholic solution—98,

Recovery
_ With
Vol. of Ol Natural Recovery by 1% Ethy! Total
Tube to Saturate  Recovery Per Cent Salt Water Aleohol 15 Total Per Cont
Na. ce. ce. Recovery cc. Per Cent  Salt Water re. Recovered
e,
1 500 181 36.2 60 48.2 59 300 60.0

Per cent recovered by salt water—12.0.
Per cent recovered by 1% ethyl aleohol with salt water—11.3 additional.

Vol of Oif Natural Recovery With Total
Tube to Saturate Recovery Per Cent 1% Ethyl Alcohol Total Per Cent
No. e ce. Recovery t3 Salt Water e, Recovered
cc.
2 500 177 354 134 311 62.2

Per cent additional recovery with 1% ethyl alcohol and salt water as initial flood
—26.8.

Fol, of Ol Natural Recovery With Tatal
Tube to Saturate Recovery Per Cent 1% Iso-propyl Total Per Cent
No. e, ce. Recovery Alcoho re. Recovered
4 Salt Water
3 500 175 35.0 142 317 63.5

Per cent additional recovery with 1% iso-propyl alecohol and salt water as initial
flood—28.5.
Iso-propyl alcohol selution gives 1.7% hetter recovery than ethyl alechol solution.
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Translated by

FRANCIS N, BOSCO, '35

Petroleum Engineer
Denver, Colorade

INTRODUCTION

For reasons which will become ap-
patrent probably a better name for
this article would be “Contributions
to the Geology of the South West of
Matto Grosso’” without mentioning
the word “petroleum.” Since 193Z,
owing to the “Chaco War” between
Bolivia and Paraguay, which broke
out on account of the existence of
petroleum deposits in Bolivian terri-
tory, the “Chaco” has become very
well known and always associated
with petroleum. This association also
suggests itself to the Brazilian people
when referring to the west of the
State of Matto Grosso, Brazil, due to
the geographic proximity of this terri-
tory to the “Chaco Boreal” {Belivian
Chaco), since the two together form
the “Central Depression of South
America.” This well defined de-
pression is formed not only by Bolivian
but also by Brazilian territory and
extends for hundreds of square miles
at an altitude of from 300 to 900
feet, (Plate T and II)

In 1936, a company encouraged by
so-called geological and physiographi-
cal appearances, started work in Matto
Grosso in search of petroleum. The
shares of this company were eagerly
subscribed for by the public, as a re-
sult of intelligent and well planned
propapanda. At present it is making
geological investigations in a district

# Departmente Nacional da  Producao  Mineral,
Bulletin 37, Rio dec_ Janeiro, 1939. By Glycon de
Paiva and Victor Leinz. (Original published in
Portuguese). The translator recently completed a
study of Brazilian oil possibilities which included
the area discussed in this Bulletin, Gratelul acknowl-
edgment is made to Doctor Glycon de Paiva, of the
Departmente Nacional da Producac Mineral, Brazil,
for permission to publish the translated report..
(Copyright reserved by the translator.)

near Corumbi {Porto Esperanca),
(Plate 111}, having given up a large
area of land which it considers to have
little possibility of oil production.

The “Dept. Nacional de Producac
Mineral” (Brazilian Geological Sur-
vey) at almost the same time under-

took a geological reconnaissance In
Matto Grosso. As a matter of fact
meagre geological data exist concern-
ing this area, apart from some works
by Evans (The Geology of Matto
Grosso, Quarterly Journal of the
Geological  Society of London),
Arrajado  Lisboa, and others, all
mentioned by Gerth in the bibliogra-
phy attached to “Geologie Suda-
merikas.” The present reconnaissance
is gathering data for the Federal
Government for use in checking the
private Investigations being carried
out. This reconnaissance started from
the extreme south west, on the
frontier of the Republic of Paraguay,
in geographical contiguity with the
Chaco Boreal. Evans obtained geo-
logical data for comparisons by study-
ing, not only the Brazilian side of
the basin of the River Paraguay, but
also the Bolivian, in the region form-
erly visited by Alcides d’Orbigny
{Voyage dans ’Amerique Meridion-
ale), Count Bonarelli, and Heald and
Mather, geologists of Messrs. Rich-
mond Levering Co. Immediately fol-
lowing is a presentation of the pre-
liminary results of his observations
and opinions on the extreme south
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west of Matto Grosso (about 30,000
square miles), considered from the
point of view of petroleum resources.
The senior author did not give his
opinion on the rest of the northern
area as he did not visit the region.

The typical rocks of the principal
formations of the Brazilian side of
the River Paraguay were described
by his colleague Prof. Viktor Leinz.
The Bolivian works are better known
as there are over 60 dealing with the
“Sub-andine Belt,” {Plate I). Evans
concludes that about 18,000 square
miles of the south west represents
rocks of the Brazilian Crystalline
Basement outcropping i Matto
Grosso, and about 12,000 square
miles, a somewhat metamorphic dolo-
mitic limestone formation, called
“Bodoquena,” which is still almost
unstudied. Further geological and
petrographicinvestigations are
awaited before any opinion can be
given as to their possibilities.
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The chapters of the study by Gly-

con de Paiva and Viktor Leinz are:

1 “Physiographic and Geological Com-
parison of the Flanks of the Rio
Paraguay basin”

1T Review of the “Gondwana” of the
“South West of Matto Grosso.”

11T Petrography of the “Serra de Mara-
caju rocks.

1V The “Baixada do Paraguay” series.

V Bodoquena Limestone.

V1 Petrography of the “Baixada de
Paraguay.”

VII Geological Comparisons of Parana
basin with the Sub-andine belt of
Bolivia.

VIII Conditions of Life in the South West
of Matto Grosso.

Chapter I explains the reason for the
interest in this area.

Chapter II deals with the sandstone of
the *Serra de Maracaju” and the out-
pouring of basaltic lavas covering them
and the permo-carbenife.ous territory of
Central Parana.

Chapter III is a microscopic study of
the mentioned rocks,

Chapter 1V considers the “Baixada do
Paraguay,” the peneplained crystalline
shield.

Chapter V deals with an extensive
dolomitic limestone formation, an area
untested for oil possibilities.

Chapter VI includes descriptions of the
typical rocks of the “Baixada do
Paraguay.”

Chapter VII compares geologically the
flanks of the Paraguay basin,

Chapter VIII is an economic summary
of the “South West” and its conditions
of life.

This translation has been con-
densed inte three parts as follows:

Part I Physical Aspects of the Paraguay
River Basin in Matto Grosso.

Part II Geology: Consolidates the
material appearing in the first seven
chapters cited above and also includes
material from Gerth.

Part 111 The inhabitants and their
mode of life, Taken from Chapter VIII
and includes some personal observations
by the translator,

PART |

Physical Aspect of the Paraguay
River Basin in Matto Grosso

To study this area properly one
must first realize that there are two
distinct regions. Omne region, the
west and north of the State, is a
plateau (Fig. 4) the Matto Grosso
portion of the Brazilian plateau,
which the “Noroeste” (railroad)
crosses for a distance of 450 kilometers
from the Parana river to Jaragui,
with an elevation of from 300 to 600
meters above sea levell The other
region, or the east, is the Paraguay
basin, which is crossed by the same
railroad, from Cachoeirao, a distance
of 250 kilometers to Porto Esperanca,
with elevations of 100 to 225 meters
above sea level. ‘The “Pantanal” is a
small fraction of the Paraguay basin,
below 110 meters in elevation, where
many rivers merge to form the Para-
guay. A great salt marsh, with 2 to 3
meters depth of water, has formed
here. This swampy area north of
Corumba is called the “Xaraes” (shah-
rah-ees). In recent years this hydrau-
lic compensation has been changed due
to prolonged droughts, so that autos
can travel where launches formerly
had water courses six feet deep.

The only mention in literature of
the south-western Pantanal is in an
unpublished report by Lisboa. Mil-
ward also made a trip through this
region in 1922 but published no re-
port. The geclogy of the area has
been briefly ocutlined by Castelnan a
Arrojada Lisboa, who identified it
with the Geondwana of Southern
Brazil, ‘The Pantanal does not ex-
tend meore than 50 kilometers to each
side of the Paraguay river., Summar-
ized: ‘The depression between the
Andes and the Brazilian Platean is
composed of two distinct geological
provinees, which meet in Bolivia.
These are:

(a) The West province, or Chaco, en-
tirely in Bolivia, consisting of thick un-
metamorphosed sediments, from Devonian
to sub-andine Tertiary, of marine and
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terrestrial origin, is a negative crustal
area.

{b) The East province, or Pantanal, in
Bolivia and Brazil, is crystalline, locally
covered with Bodoquena limestone (which
has no Bolivian equivalent) and de-
posits along the edges of the principal
rivers, This is a positive crustal area,
and probable origin of the sediments in
the west province.

The Chaco (Vorland) of the Sub-
andine shelf has neither oil seeps nor
oil wells, This area continues to the
west flank of the Systema Chiquitano
in Bolivia. Thus the Chaco and the
Pantanal are two distinct areas, geo-
logical opposites. If oil were found
in south west and central Matto
Grosso it would be peculiar to the
locality, without any relation to that
of Bolivia.

The distance from the Bolivian oil
fields to the land in which Cia. Matto-
grossense (the private oil company)
is exploring is 650 kilometers. Their
map should show the Sub-andine shelf
as potentially petroliferous, not as oil
fields being developed. Actually there
are only 2 wells in Sanandita and 2
in Canierl to the north, in the Sub-
andine belt, (Plate I). It is probable,
in preparing their map, that the
Spanish word “exploracion” (to ex-
plore) was taken for the Portuguese
“exploracac” {to exploit), which was
a serious error. In addition to indi-
cating several areas as well locations
which are outside the geological possi-
bility, they suggested the possible ex-
tension of the Sub-andine shelf to the
extreme north of Santa Cruz. The
Argentine government explored this
possibility with a well which was
stopped in the tertiary at a depth of
1800 meters, a considerable distance
above the probable oil zones.

As a last word, there should be
mentioned the “oil seeps” which the
“Caboclos”  (hill-billies) of south
eastern Matto Grosso have repeatedly
described to visitors, These are of
Amoguiji, Emandica, and the famous
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w Plate 11}—General location of the Sub-Andine oil bell. Map by Glycon de Paiva. Legend:
Single shaded portions represent potential oil producing areas. Double shaded portions are
lands contracted in Brazil [Matto Grosso] for exploration.

Morro do Azeite {(hill of ail). These
were all “iron stain” or black soil,
and not one seep was found in all the
area. The gas exudations were re-
vealed as simple air bubbles. The
well of Retiro Saoc Joaquim in
Amoguija, the celebrated well of
Balzaretti, after being cleaned, had
no odor or show of oll, was merely
clean water. An examination of the
racks adjacent reveal them to be pre-
silurian  phyllites, definitely non-
petroliferous. T'he bituminous schists
are ordovician and cambrian micaceous
shales. No oil stain could be ex-
tracted from them. The origin of the
name “‘Morro do Azeite’ lies in an
old fish oil extraction plant which
was here. Evidently the wish for oil
has led most of the Brazilians to think
of the chaco (Bolivia) as the same
type of formation as the Brazilian

- pantanal, though they are actually un-

related.

w Fig. 4—Typical vegetation on the sandy secil of the Botucatu formation.
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The flanks of the Andes emerge
from the area where the first oil wells
are situated more than 650 kilometers
west of Matto Grosso, From the foot
of the Andes to the Chiquitano sys-
tem the land is unexplored and only
very recently has been flown over by
war planes. ‘The commercial flight
is from Corumba to Villa Montes over
Santa Cruz, (Plate I1II). Therefore,
the plain has no name, ‘The area was
traversed by a French geologist, lost
in the American forest in the romantic
183('s. Alcide d’Orbigny called this
the “Vorland Andino.”

The Gran Chaco, between the
Andes and the Chiguitano system, has
Bolivia’s oil possibilities. This area
has been receiving deposition almost
continucusly since Cambrian times,
i.e.; it has been a negative crustal area.
The Chaco Boreal is a structural shelf
of the Andes. It is a mass of sedi-
ments gently folded into large struc-
tures, with more abrupt folds at con-
tact with the “Vorland.” ‘The east-
ern edge of the Chaco is more than
200 kilometers west of Brazil. On
the other side, west of the Sistema
Chiguitano, the Cordillera de Sunsas
is composed of pranite and gneiss,
easily studied. The geological separa-
tion, then, is 200 kilometers into
Bolivia.

PART {l
Geology

The region studied is considered as
a crystalline shield occupying the cen-
tral section of South America, to
which is given the name "“Paraguaya.”
This shield separates two sedimentary
basins, the East and the West, com-
prising sediments from the Devonian
to the upper TFertiary, with many
gaps. In the Fast, ie. the Parana
Basin, the sedimentation took place in
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w Fig. 5—Shales in the Santo Amaro River near the contact of Botucatu sandstones
at Fazenda {farm} Santo Amare.

a shallow basin, resulting in sediments
of less than 5,000 feet thickness. In
the West, however, i.e. the Chaco
proper {Chaco latu sensu) and the
Sub-andine shelf (Faja Sub-andina),
the same geological deposits have four
to five times this thickness, or up to
25,000 feet. The correlation of local
stratigraphic standards is given in
table L.

The *Paraguaya’” shield always
has been a source of the deposits which
today fill both basins. On the Bra-
zilian side, however, in Rhaetian
times, there was a great outpouring
of basalt which overflowed, in the
opinion of the writers, as a result of
sostatic balancing. The preat out-
pouring of Brazilian lava is compar-
able with those of Oregon (U. 8. A)
or of Dekkan {India). The surface
of this basalt constitutes an immense
trap of at least 600 feet thickness,
covering a large part of the Central
Plateau of Brazil. Because of this,
from Rhaetian times, the erosion in
Matto Grosso has had a tendency to
continue on the crystalline shield,
wearing it away to the present alti-
tude of 300 to 900 feet, while the
basaltic topography remains at an alti-
tude of 1,800 feet, at the top of the
“Serra de Maracaju,” which is the
western border of the above men-
tioned trap. This fact helped the
tributaries of the Paraguay River to
wear not only the granitic core rocks,
easily decomposed by weathering, but
also the soft sands of the “Chaco,” as
the ercsion process, in this case,
essentially depends upon the base level
which is the same for both, ie., the
mouth of the Paraguay River (River
Plate) in the Atlantic Ocean. Some
rocks, being wvery hard, remain as
buttes as in the case of the above-
mentioned formation ({Bodoquena)
and the district of Macisso do
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Urucum, and contain iron and
INanganese oTes,

In the crystalline peneplain of
Matto Grosso (the Pantanal), the
overflows of the rivers, during the
floods, are always very extensive and
the river beds join one another, form-
ing one vast expanse of water about
six feet deep. This forms a hy-
draulic system of compensation which
1s always present in the Matto Gresso
rivers. As a result of this special fea-
ture in this region, it is called “Pan-
tanal” {swamp), although in reality
the ground is firm and not swampy.
On the other hand, in the “Chaco,”
the run-off is very low because the
porosity of the sand is very high, and
most of the drainage of rain water is
as underground water (although this
is relatively small, because the
evaporation rate is high in the
region ).

Curiously enough, the word
“Chaco” is written in Portuguese
almost in the same way as a synonym
of “Pantanal,” the word indicating
the above-mentioned natural feature.
We refer to the Portuguese word
“charco”  (swamp), (prenounced
shah-ko). Perhaps this resemblance
of words helped in making people
think of Pantanal (charco} as a con-
tinuation of “Chaco.” As previously
mentioned, the Brazilian Govern-
ment’s Group. went to Bolivia, where

they studied the territory and also the -

library composed of the confiscated
reports of the Standard Oil of Bolivia.
A result of this study was the not vet
published, “Rasgos Generales v Pos-
sibilidades Petroliferas de la Faja
Sub-andina de Bolivia,” por Glycon
de Paiva, Guillermo Mariaca e Jorge
Mufioz Reves (General Rules and
oil possibilities of the Sub-andine Shelf
in Belivia).

In the west, in Bolivia there are
two important divisions; The Andine
(mountainous) and The Paraguayan-
Amazonian (lower drainage basins of
these rivers in Bolivia). The former
is about 2,000 to 7,000 meters in ele-
vation, the latter from 100 to 500
meters in elevation. "This explains
the political-diplomatic difficulties of
Bolivia.

The “Faixa (shelf) Sub-Andina”
of 50 to 100 kilometers in width from
the Argentine border north to Santa
Cruz, thence north westerly to Peru,
is alsc the petroleum shelf of Bolivia;

it has dozens of seeps, some of which,

as at Fspejos, not far from Santa
Cruz, are commercially productive
(Plate T and III}. A part of the
Andine Shelf is the lower shelf,
marked by a series of small mountains
up to 1,500 to 2,000 meters in eleva-
tion, separated by low plains like
inter-mountain bays. If the oil indi-
cations of the Bolivian Andes have
little importance, neither do these in
Paraguayan-Amazonic Belivia, as just
defined. Oil is found only in the
Sub-andine shelf running parallel to
the Matto Grosso frontier at 650
kilometers distance to the west. The
Amazon basin in Bolivia (called
“Beni”) s a level jungle-covered
plain, with no notable mountains.
Actually, we repeat, the “Chaco
Boreal” as defined has no known oil.
We do not know of any geological
study of this region, it is merely a
broad dry plain, with no structural
indications, marked only by Bolivian
forts. The only geological work
studied relative to the “Chaco Boreal”
was that of Dr, A. Topia, of the
Argentine Geological Service, on the
Argentine margin of the Pilcomaio
river. It did not mention oil. The
Bolivian  post-war literature has
numercus and stirring descriptions of
the dryness of the region. More died
of thirst than from bullets in the War
of the Chaco. The Gran Chaco is a
municipality of the State of Torija
and is well populated. It lies along
the Sub-andine Shelf, to the extreme
south of the oil shelf. It was not the
theater of war, even though the
Paraguayans came almost within
artillery range of the nearest oil well.
In the last treaty, the Gran Chaco
oil became permanently Bolivian. The
territorial sacrifices by the Bolivians
were in the Chaco Boreal or “Vor-
land,” where 0il has not been found.
The Gran Chaco is a mountainous
shelf of the Andes, structurally it is
a “Vorgebirge.” It is the opinion of
some that the contact of the Vorland
with the Vorgebirge may be an oil
trap. The Spanish term “Chaco” is
the equivalent of the Portuguese
“roca,” which means cut jungle,
burned to clear the land, then planted.
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It is the opposite of a flooded terri-
tory.

Notes on the Gondwana of south-
west Matto Grosso

In order to locate the east limit of
the formations of the Paraguayan low-
lands, which are presumed to be po-
tentially oil-preducing, a study of the
Gondwana Plateau of Southern
Brazil (which extends to Matto
Grosso and terminates in an erosion
scatp similar to the Botucatu scarp)
was made. The Botucatu { Maracaju)
sandstone (Fig. 5) and lava flows,
nearly 400 meters thick, mask the
Ponta Grossa and Iraty formations.
These must be studied before the area
can be proven, Some impertant
differences in decomposition products
of basalt were observed, ie. an un-
productive “terra roxa” which means
this subject warrants considerable
study, since “terra roxa’ is the rich
soil which yields Brazil's coffee and
cotton.

Geologic Relations of Parana Basin
and Sub-andine Region

“TIt is necessary clearly to dis-
tinguish and separate statements of
facts from sound inference and legiti-
mate speculation.”—Nevin, ‘Princi-
ples of Structural Geology,” The
chapter centaining this material has
fascinating and very logical inference
and speculation, based on the mass of
data presented in preceding chapters.
In his discussion of the Gondwana,
Gerth, page 2, volume 1, “Die
geologischen, Strukturelementa Suda-
merikas,” considers that there are
three shields In western South

America—Guiand, Brasilia,; and Pata-

gonia, (Plate 4). He related the
“Serra Pampeanas” (Pampa Ranges)
of Argentina to the Brasilian shield.
In the language of Suess-Wegener,
“Are these three nuclei independent
masses of Sial, floating on a common
Sima, each capable of small epeiro-
genic movements, or proper ‘tilting,’
or do they compose a single block of
Sial, including all of western South
America?”’ In either case, they are
of sufficient extension to merit three
names, (Gerth includes the Upper
basin of the Parapuay, Taquari, and
Sao Lourenco, in the Algonquian up-
lift, thus signifying that the shield is
composed principally of rocks of this
age. In reality, that is what occurs
in Matto Grosso. This concept,
which must be considered in the rela-
tions of the crystalline nucleus of
Matto Grosso and the Paraguayan
shield, must be clearly held in mind,
for the two last mentioned, if not one
continuous mass, must then receive
separate designations, and the latter
must be called “Paraguaya.” An
alternative, according to (Gerth, is to
consider the Pampa Ranges as part
of the Brazilian Shield, (Translated
from German) “According to recent
studies the southern parts of the old
Brazilian nuclei have sunk, thus cre-
ating the space for the deposition of
extremely thick sediments of the
Argentine Pampa whence the ancient
rocks protrude as monadnocks, com-
posing the Pampa ranges.” Never-
theless, the high scarps attained in
the last geological times by Brazilia,
in the Coast Range, in Sao Paulo,
faults of 1,500 meters vertical dis-
placement, are not found counter-
balanced in Matto Grosso, where the
crystalline is represented by a low
peneplain of 100 to 200 meters alti-
tude, which may indicate the relative
independence of Brazilia and
Paraguaia. This would simplify the
explanation of the relationships here,
as we shall see. A geologic-
physiographic fact most marked in
the region is the difference of two or
three hundreds of meters between the
surface of the crystalline nucleus and
the sub-basaltic surface of the sand-
stones of Maracaju. The crystalline
surface 1s the source of sediments for
the lower surface, which reverses the
conditions in Sao Paulo State, The
Maracaju surface, since Rhaetian
{upper triassic) times, has been pro-
tected from erosion by the 200 meters
thickness of Dbasalt; glyptogenesis
(rock erosion) meanwhile proceeded
freely in the crystalline surface, which
was unprotected except for some thin
flows. The difference of elevation
existed from Rhaetian to the present.
The principle of isostatic equilibrium
between independent nucler of Sial
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{essentially aluminum silicates) is
generally admitted, hence, where there
is erosion, there is emersion of the
eroded tract, which is progressively
lightened, thus, to erode 1,000 meters
of surface requires the emersion of
a continental mass on which glypto-
penesis had removed 900 meters, The
measurzble difference of elevation
would be scarcely 100 meters or 109
of the actual erosion. The 900 meters
of space created by the progressive
displacement which took place is
gradually filled by the compensatory
mass of Sima, (viscous basalt essential-
ly magnesian silicates) in accordance
with the laws of isostasy, We under-
stand isostasy not as a force but as
4 necessary consequence of gravity and
rotation; a tendency always present
for the reestablishment of equilibrium,
operating under, though sometimes
on, the surface of a magma, the latter
occurring if there are crevices with
large vertical projection in the Sial.

During the emersion of a block of
Sial such as the “Paraguaia,” there
must be either increase of the mass
of the block by accumulation of
basalt, or Increase in volume without
alteration of the mass. The increase
of basalt, although principally in the
lower part of the block of Sial, may
have taken place in any part of a
continental block, particularly on the
surface, if this had communication
with the reservoir of Sima. This is
the origin which must be suggested
for the immense basaltic trap of
Southern Brazil, in the hypothesis
which admits of an independent block
for Paraguaia. Conversely, a chain
of archean mountains, formerly oc-
cupying the region just studied,
would well explain the reason for
homologous sediments in the Parana
basin and the Chaco since the
eodevonian; permitting, on each side
of Matto Grosso, the identical sedi-
mentary series, although those in
Bolivia were four or five times as
thick as those in Brazil. Apparently
the sedimentation in Bolivia was
principally in a geosyncline while in
Brazil it was In an area scarcely
equicontinental. One may also sup-
pose that a block of Sial, exposed in
Matte Grosso, is the source of the
sediments of the Parania Basin and
the Sub-andine region. Judging by
actual thicknesses of geologic columns,
only one-fifth was deposited to the
east and the balance was deposited to
the west. Since the material was
derived by natural erosion of the
Matto Grosso shield along then exist-
ing drainage patterns, the area must
have had a generally westerly slope.
The effusion of basalt which must
have occurred as a counter-balance
for isostatic increase of mass, would
have had a tendency to accentuate this
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inclination towards the west. The
lack of basalt in the sub-andine region
would be an argument in favor of
this. We do not deny that these
opinions may be expressed in terms
beyond the comprehension of the lay-
man, and that the consideration of
forces seen in the relatively small
masses with which we usually work,
weakens our arguments for such large
scale speculation—but a well known
tendency of the human spirit is to try
to support a theory, imperfect though
it may be, from which, by deduction
and new inferences we may, perhaps,
comprehend the unknown.

Table 1 shows the parallelism of
formations on each side of the positive
nucleus of Matto Grosso. Consider-
ing the table, we notice in the sub-
andine column a lack of pyrobi-
tuminous Lraty-shales, which indicates
an important difference in exposures
from one side to the other of Matto
Grosso, during the epoch of depaosi-
tion of this shale.  Thus the
Paraguaia was an island in the
devonian sea of South America, and
probably one of the multiple centers
of permocarboniferous glaciation in
South America. Other differences in
the two geologic columns are: Nearly
all the glacial conglomerates which
are seen in Bolivia are drift con-
glomerates, not true tillites as those
in Brazil. In other words, Brazilian
glaciation was more terrestrial than
that of Bolivia. Also noticeable in
Matto Grosso is the transgressive

¥ Fig. 2—Branding calves—Matto Grosse.

character of the Botucatu above dther
masses of permo-triassic formations.
On the Matto Grosso edge there are
only two exposures of devonian forma-
tion known, these are Santa Ana da
Chapada, in Brazil, and Orroyos, in
Paraguay. Probably a trip along the
Parana river would enable one to
study successively all the lithologic
members which compose the strati-
graphic column of White (1908). It
is interesting to note in the table of
Bonarelli, a reference to what may be
Bauru; while in the other tables the
upper basaltic series, which is lacking

TABLE 1
STRATIGRAPHIC STANDARDS ON EAsT AND WEST SIDES OF PARAGUAYAN SHIELD

Bulletin 37 (1)

Ages Brazilian Bolivian Argentine
Standard Standard Standard
W kite, 1908 YPFB, 1937 Schlagintaveis, 1937
Cretaceous Bauru Dolomitic I.s. Level Dolomitie Ls. Level
{Xs-X1)
Rhaetian §. Bento Series Lower Massive ss Lower ss. (y)

_ Passa Dois Series
Itarare Series

Triassic
Permo-Carbon.

Pevonian Parana Series

ss and Tillite or
Gondwana beds

Micaceous shales

Paleozoic Beds

TABLE 2

STRATIGRAPHIC STANDARDS oF EAST AND WEST SIDES OF THE
CRYSTALLINE SHIELD oF MATTO GROSSO

Brazil—FEast Bolivia—W est

Argentina West & South

White—1908 Y.P.F.B. 1937

Sub-andine Tertiary

Tertiary of interior of
S, Paulo and Matto Grosso

Massive upper sandstones

Bauru sandstone
horizon

Sao Bento series
Passa Dois Series —

Calcareous-dolomitic

Massive lower sandstone

Schlagintweit—1937

{'T'Y Camada Jujenhas

(Tc and Ti) Tertiary Sub-
anding

{(U) Upper ss. of Jujuy

(V, Mc, and Wi) Multi-
colored marble

(Xs and Xi) Calcareous-
Dolomitic. Cretaceous
Harizon

(y) Lower sandstones

Itarare-Tuberao Sandstone with 1
Gondwana Tillite JrPaleozoic
Devonian of Parana Micaceous shales
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in Belivia, is present in Missoes,
Argentina. The topography of this
region, particularly the lack of easy
passage between the Paraguay river
and the scarp of Maracaju, hindered
the Spanish incursion along the edges
of the central Parana.

PART Il

The Inhabitants and Their Mode
of Life

The ox is an essential beast of
burden in this “pantanal,” (Fig. 1}.
Cattle were introduced by Mission-
aries (Jesuits) from Guaira and by
Sr. Mojas from Goias in 1730, In
1900 the Zebu (Brahma) of Uberaba
was introduced, which is replacing
the Caracu (long-hoern), and the
Zebus now probably number one
million, or 14 of the cattle in all
Matto Grosso {Fig. 2). The main
obstacle in the way of development
is the lack of efficient river transporta-
tion from Corumba to Buenos Aires.
The government, by ensuring this, can
make development of the area im-
mediately possible. Cattle, fish, min-
erals, ornamental building stones,
fruits, woods, all are available. The
“I.loyd Brasileiro” and “Milanovich”
are the present unsatisfactory river
transports. ©|he Paraguayan basin in
Bolivia is covered with sparse bush,
resembling at times the northwestern
bush; it i1s alsa lacking in exposures,
and no exception is the “Chiquitano
system,” stretching half-way between
Santa Cruz-Corumba, between the
towns of 8. Jose de Chiquitos and S.
Ana Emquanto, below 150 meters al-
titude. The Paraguayan basin in Bo-
itvia comprises several states (Tarija,
Chuquisaca, and Santa Cruz). The
“Chaco Boreal” is a territory (like
Acre in Brazil), and is considered a
part of Tarija. The Bolivians des-
ignate this as “The Triangle,” lying
south of parallel 21, west of the Rio
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w Fig. |—Travel by oxcart thru the inferior of the Pantanal.

Paraguay, and north of the Rio
Pilcomaio. It was little inhabited by
Bolivians, but was settled by Para-
guayans who had easy access to it
across the Paraguay river (Fig. 3).
‘This was the scene of the “War of
the Chaca” in 1932, started by Pora,
attacking the Boelivian {forts of
Nanama and Boguerin, 250 kilo-
meters from Assuncion, a few kilome-
ters east of the first oil well of the
Gran Chaco on the Sub-andine shelf.
Thus all the right bank of the Para-
guay is under Paraguayan influence.
Auto roads have deep ruts, but the area
can be safely crossed by model “A”
Fords. Corumba and Porto Murtinho
are subiect to annual floods, The fa-
zendas {ranches) are enormous, from

30,000 to 500,000 hectares in area.

On these properties, a closed econ-
omy exists. The people buy salt, am-
munition, kerosene, clothing, little
else. Mate (Yerva Mate, a nutritive,
vitamin-rich tea) and beef are the
principal foods. There is practically
no money in circulation, so an es-
sentially feudal system prevails, There
is no real society, After a few days
visit, to the outsider, living on the
fazendas is intolerable because of the
monotony of the diet, since no green
vegetables or variation from ‘“‘roast
beef and maté’ are known.

A typical fazenda has a “casa”
{residence) for the. landlord and a
“galpao” {bunk house). The visitor
to the, fazenda must stay In a
“oalpao,” where the ‘“‘peonada” or
cowboys live with all their equipment.
‘The nights are always uncomfortable
here, with conversation of the peons,
who sleep in hammocks slung one
above another, baying of hounds, and
countless myriads of hungry mosqui-
toes. The number of mosquitoes in the
Pantanal can be gauged by the fact
that in the long train ride from

Carandazal to Porto Esperanca, trav-
elers close all doers and windows
{even on the dining car, in spite of
the heat from the kitchen). They also
cover their heads with towels.

In the Pantanal of Matto Grosso
there is a general distrust of all trav-
elers. In all this 80,000 square kilo-
meters live barely 20,000 people, with-
out police, law, schools, or doctoss.
There are two classes, the agregados
(agriculturists) and the peonada
{cowboys), the latter usually Para-
guayan or Argentinian. Usually the
employers learn the language of their
employees to the detriment of Portu-
guese. The languages, in order of
use, are, Guarani, {Indian), Span-
ish, and Portuguese. The army main-
tains troops in Aquiduana, Bela Vista,
and Porto Murtinho. These are neces-
sary to insure a traveler safe con-
duct on any trip. The entrance of
troops into this territory improved

the general public’s safety. It is an
historical fact that the early inhabit-
ants were Aruak Indians and were
called “chacos,” and they lived in the
actual “Chaco Boreal.”

Missionaries have heen working
here. In this country of poor people
with only elementary ideas of com-
fort, food deficient in quality and
variety, and a low scale of life, we find
the Latin Catholic priests, Padres Re-
demptores {(Order of S. Geraldo
Majela), The exact contrary of this
poor scale of living is seen with the
priests; in fact, no one lives better
in Matto Grosso than the “Padres.”
These “patrons of living,” largely de-
riving recognition and reward from
the number of converts which they
make among the inhabitants, have the
highest education, among people who
decidedly do not know how to live!
The benefits they bring to these peo-
ple are countless! American Mission-
aries have begun to build in this
region beautiful “Casas dos Padres”
(mansions of the priests) where all
modern comforts are installed. These
houses have lines of singular beauty
{Dr. Camilioc Boni, an Italian archi-
tect who lived here years before, de-
signed them)}. Here are taught the
Portuguese and sometimes the
Guarani languages. The priests also
travel by auto, performing marriages,
baptisms, and dispensing generally
spiritual and material favors, asking
nothing of their public, All this was
done in true American style—decided-
ly, generously, by tireless priests. Con-
cerning these aggressive missionaries
all sorts of gossip was made: they
were American emissaries to get oil,
they were spies, etc., in fact, all that
the fertile, sick, untrained mind of
the Brazilian cowhoy could imagine.
But the evidence forces us to admit
that the padres are as great an aid

(Continued on page 460)

w Fig. 3—The Paraguay River, beiween Paraguay and Brazil.
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SOMASTIC PIPE COATING

For Permanent Protection of Underground Pipe Lines

By
WALLACE W, COLLEY,
General Manager

Industrial Engineering Co.
Bartesville, Okla.

Research studies and field investiga-
tions concerned with steel-pipe corro-
sion and its mitigation show the ex-
istence of several coating materials
having the necessary physical prop-
erties to supply protection consistent
witl economic requirements. In the
past, however, difficulties have arisen
in the application of these materials
to the pipe, with the result that the
pipe line operator has not always been
assured proper protection of his line.

The remarkable efficacy of thick
asphalt-mastic coating in particular
has been noted by investigators. Re-
cent developments in the application
of this dense material to the pipe in-
dicate that equipment currently in
use 1s adequate for this work. As now
applied, the SOMASTIC COAT-
ING withstands handling during pipe
line construction, and in place fur-
nishes the ultimate desired protection
to the operating line. The improved
technique of application is reviewed
in the following summary of current
methods employed with asphalt-mastic
coatings.

Preparation of Pipe

In order to secure the maximum:

bond of coeating to pipe, the proper
preparation of the pipe is necessary.
All pipe is thoroughly cleaned by shot-
blasting with steel grit if the opera-
tion occurs at a central plant or rail-
head plant, or by sandblasting if the
coating operation is to take place
“gyer-the-trench.” Shotblasting is ac-
complished by means of a rotoblast
machine wherein steel grit or shot are
{fed into the center of a wheel rotating
at high speed and thrown from the
ciscumference of the wheel against
the outer surface of the pipe. This
action not only cleans the pipe, but
also roughens the surface so a more
intimate bond of primer to pipe can
be secured. The operation is economi-
cal, in that blasting material is trapped
and rerun through the machine sev-
eral times. Although the preliminary
design has been prepared for equip-
ment to rotoblast lines in place in the
field, this equipment has not been per-
fected to date, and operating lines are
cleaned by the orthodox sandblasting
method.
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Immediately after shotblasting, pipe
is heated to a point varying from 110
to 160 degrees, depending upon oper-
ating temperatures and humidity, and
hot primer is applied to the pipe. Six-
tenths to nine-tenths of a gallon of
primer is used to one hundred square
feet of pipe surface.

Selection of Materials

All materials are carefully selected
to conform rigidly to the following
general specifications:

Air blown asphalt from selected
crudes; 21 to 25 penetration for
regular cold line service, and 15 to
17 penetration for heot line service.

Non-micaceous washed sands;
carefully graded, all passing Tyler
Standard No. 6 Screen, and graded
to conform to specific maximum
density curve.

Commercial limestone dust; free
from dirt or foreign matter, 1009
passing 50 mesh and 75% passing
200 mesh.

Long willowed asbestos fiber;
free from dirt, grit and moisture.
All materials are checked daily and

weekly samples run to insure the use
of proper materials at all times,

Manufacture of Mastic

Based upcen the analysis of local
available sands, the correct propor-
tion for the mix is established by de-
termining the proper proportion of
lime-dust fines to be added to the ag-
gregate. The general proportions of
material in the mastic mix are as fol-
lows:

Asphalt 12% by weight
Asbestos 1% by weight
Sand 63% by weight
Limedust 249, by weight

The materials are blended and
mixed in a specially built asphalt-
mastic heating plant designed to main-
tain absolute control on proportions
and temperatures of the mix. Two
pug mills are used so that a continuous
flow of mastic can be delivered from
the machine, sufficient mixing time
being allotted to each batch in order
to secure a density of 135 lbs. per
cu. ft. After mixing, the mastic is de-
livered by heated screw conveyors to
the coating nozzle.

Application of Somastic

The dense mastic is extruded
simultanecusly over the circumference
of the pipe in a continuous process by
means of a new asphalt-mastic nozzle
which assures the application of a

seamless coating. T'he hot mastic in a
semi-plastic state is pumped into the
nozzle encircling the pipe. This
nozzle is uniformly heated, and con-
structed to form an annular aperture
of fixed radial size with a taper on the
outgoing end of the nozzle. Pipe
is driven through the nozzle, or as an
alternate process the nozzle is driven
along the pipe, and a compact coating
of mastic is extruded eonte the pipe
with a resulting thickness of coating
of one half inch on 8" pipe. This
thickness can be varied to comply
with the desired thickness required for
the particular size of pipe being coated.
Thickness & Weight of Asphalt
Mastic Coating

Nominal Estimated
Standard Coating We/Fe,
Pipe Thickness Lk,
I 5/167 1.49
2 5/16 2.50
3 38 4.28
4 387 5.38
& 7716 9.10
8 1727 13.45
107 127 16.56
127 1727 19.51
147 0D 1727 21.35
16”OD 9716 27.50
187 OD  5/8” 34.25
207 0D 5/8" 37.96

Note: To ofiset the buoyancy of nat-
ural gas lines laid in marsh and
water, the thickness of coating
can be increased. For example,
123/4 OD gas line could be
coated with 5/8” thickness giv-
ing a weight per foot of coating

of 24 1bs.
Types of Plants

Several types of plants are available
to make the proper application to new
and operating pipe lines under various
conditions.

The central plant is designed to
handle the coating requirements in
an area warranting the mainte-
nance of permanent coating fa-
cilities.

The railhead plant consists of
semi-portable equipment that can
be moved to the site of the line to
be coated.

The small-diameter plant is de-
signed to handle the requirements
of pas distribution systems using
small diameter pipe.

Over-the-trench  equipment  is
used for the purpose of recondition-
ing and applying asphalt-mastic to
existing lines that cannot be taken

{Continued on page 460)
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By

JOSHUA L. SOSKE, '29
Geologist and Geophysicist
Geophysical Engineering Corporation
199 South Fair Oaks Avenue,

Pasadena, California

The success of the reflection seismo-
graph in mapping oil bearing struc-
tures and its ability to obtain accurate
and pertinent subsurface information
not obtained by other geophysical
methods has been well demonstrated.
Current success and past discoveries
credited to geophysical exploration are
responsible for the extensive use of
seismic parties at the present time. It
is -estimated, that two hundred or
more parties are in operation in North
and South America.

The methods used by all seismo-
graph parties are basically similar,
namely the photographic recording of
ground motion generated by a subsur-
face explosion. However, parties vary
in the quality of their equipment, in
their ability to obtain data, their ability
to effectively treat the data, and their
efficiency of operation. Any client
operator who contemplates using the
services of a reflection seismograph
party will wish to investigate these
points carefully.

In this regard it is well to remember
that the easily mapped seismograph
prospects in favorable parts of the
gountry have been investigated and
are no longer available. Therefore,
future reflection work to be success-
ful will require the best equipment
available combined with a highly de-
veloped technique. In general, future
success of seismograph work will be
proportional to the degree of refine-

.ment of equipment and technique,

Recording Unit
In these considerations the record-
ing unit is of prime importance, be-

cause without properly designed and
constructed equipment no party can
deliver complete and trustworthy in-
formation. Particular attention must
be given to the required fidelity with
which the ground motion is recorded.
Every recording system inherently in-
troduces some distortion. First, cer-
tain frequencies are transmitted or
amplified more than others. Second,
the phase of vibrations is shifted, re-
sulting In a time lag, different for
different frequencies, between the mo-
tion of the ground and the motion of
the light spot or shadow on the photo-
graphic paper. Third, the transient
response, that is, the response to a sud-
den ground displacement, is more com-
plicated than the actual ground mo-
tion, It is desirable to-have this re-
sponse as simple as possible in all
parts of the recording system. Quite
obviously the accuracy of results ob-
tained may be seriously impaired if
these factors are not carefully con-
sidered in design and construction.

Seismometers

The receptors or seismometers used
by various companies are of many
types. However, every seismometer
system should have constant or nearly
constant characteristics independent
of time or the ordinary temperature
variation experienced in the field. Al-
so considerable care and research
should be devoted to secure desirable
frequency characteristics, minimum
phase shifts, and simple over all tran-
sient response. One of these prob-
lems has been solved by using electro-
magnetic damping in the seilsmometers
and oscillograph.  Electromagnetic
damping of a variable reluctance type
seismometer has been attained without
lowering the natural frequency of the
instruments. It is accordingly possible
to use the low frequency cut-off char-
acteristics to eliminate undesirable low
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w Deep Shot Hole Drilling,

frequency “ground roll” present in
seismic  work.  Electromagnetically
damped seismometers with low natural
frequencies have been used at various
times, but with the disadvantage of
requiring the use of additional filters
to remeve low frequency components.
Since it is much more difficult to ob-
tain electromagnetic damping with
higher mechanical natural frequencies,
most seismometers of the not distant
past used oil damping. The funda-
mental difficulties and disadvantages
of oil damping arise from the wide
variations of oil viscosity with chang-
ing temperatures. During the cool
morning hours the oil may be thick and
viscous, resulting in sluggish instru-
ment response, while at high temp-
eratures later in the day the oil may
become thin and the instrument reso-
nant at its natural frequency. The
frequency characteristics of the record-
ing system will consequently be con-
tinually changing. Frequent substi-
tution of oils of different viscosities
will partly, but not campletely remedy
this very unsatisfactory condition.
With electromagnetic damping on the
other hand, the damping and frequency
response characteristics remain es-
sentially constant. ‘This constancy is
essential if records are to be accurately
compared and correlated. In addition
to being electromagnetically damped,
seismometers should preferably have
large outputs so as to require only a
moderate amount of electrical amplifi-
cation, Seismometers which require
large gain amplifiers introduce a dif-
ficulty which makes them in general
unsatisfactory for field use.
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¥ Complete Recording Camera, lllustrating 24 Trace Observation Screen on Center Door.

Amplifiers

The difficulties associated with the
use of high amplification, for example,
microphonic tube and input trans-
former noises, “motorbeating,” “feed
back,” “cross talk,” and other unde-
sirable features are avoided when low
gain amplifiers are used. Amplifiers
used for seismograph work should
have a uniform response and minimum
phase shifts over the range of im-
portant frequencies.

Amplitude Control

The photographic recording of amp-
lifier outputs in seismograph prospect-
ing presents a problem because of the
wide range of amplitudes generated in
the ground by the detenation of ex-
plosives. 1f the amplifier gain is kept
constant during a recording, the seis-
mogram is unusable in its earlier por-
tions because of the large amplitudes.
It is possible to shoot a number of
charges of dynamite, each successively
larger, and then by piecing together
data from the usable parts of each
record, obtain more or less complete
information. Such a procedure is
obviously inefficient, wasteful of time
and explosives, and involves a consid-
erable risk of losing the shot hole be-
fore all records are taken. An im-
provement adopted by many operators
is the use of a relay or manually oper-
ated gain control which suddenly in-
creases the amplifier gain when ampli-
tudes fall below a chosen value. This
method, however does not give com-
pletely satisfactory control of record
amplitudes, and usually introduces a
large extraneous transient at the time
of change in gain, rendering the record
unusable for the short time interval.

Automatic Gain Expander
Many operators have accordingly
incorporated in their equipment auto-
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matic or semi-automatic amplifier gain
expander systems, which result in a
usable record for the entire length of
the seismogram. Early reflections from
a depth of a few hundred feet can be
recorded as easily as late reflections
from depths ranging from 1 to 25
thousand feet, At the instant of the
explosion, when the amplitude of the
ground motion is large, the gain of
the amplifiers is made correspondingly
low, so that normal amplitudes are
recorded on the seismogram, As the
amplitude of ground motion decreases,
the gain of the amplifiers is automatic-
ally expanded at such a rate that the
seismogram amplitudes remain within
desirable limits. Furthermore, the
control is smooth and continuous, in-
troducing no abrupt changes of ampli-
tude. Automatic gain control systems
reduce considerably the number of
shots required per shot hole, greatly
facilitates the computing of results,
and makes passible the most econom-
ical use of time, explosives, and shot
holes. :

Galvanometers

The same fundamental difficulties
which apply to the use of oil damping
in seismometers are present in the case
of galvanometers. It is desirable that
the galvanometers should be designed
with electromagnetic damping and a
natural frequency high enough to in-
sure uniform response up to approxi-
mately one hundred cycles per sec-
ond. Above this frequency the re-
sponse may fall off gradually, re-
sulting in a filtering out of undesir-
able high frequency “‘wind noises’ and
other disturbances. Such instruments
must be ruggedly constructed, with
high sensitivity and frequency char-
acteristics independent of time or
temperature.

Number of Recording Channels

The use of twelve or more record-
ing channels rather than a smaller
number is in agreemient with modern
construction practices. Recently ex-
tremely portable equipment has been
constructed using twelve independent
channels. Each package unit of this
new equipment weighs not more than
fifty pounds, and consists of enly six
packages. Other factors being equal,
the amount of data obtained per dyna-
mite explosion is proportional to the
number of recording channels em-
ployed. In particular a twenty chan-
nel seismograph outfit can, with one
set-up and one detonation, record an
amount of data requiring two instru-
ment set-ups and two explosions with
a ten channel outfit. The data ob-
tained are more desirable because they
are all on the same record with a com-
mon set of timing lines, allowing a
rapid and accurate examination. The
tdentification and computing of reflec-
tions is fundamentally a process of
correlating the motion of the ground

at a number of points, and accurately -

comparing for each point the time
elapsed since the instant of explosion.
Even under most favorable and ap-
parently identical shot hole conditions,
ground motion may not duplicate itself
exactly for successive dynamite ex-
plosions. Since time comparisons must
be accurate to within 0.001 of a sec-
ond, the advantage of obtaining infor-
mation for a maximum number of
points per shot is clearly evident. In
addition, the use of a large number of
traces greatly facilitates shooting prac-
tices, lessens the danger of losing shot

v Deep Shot Hole Blow,
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holes before-all"data ‘dre taken, and
reduces the amount of time and ex-
plosives required per shot hole sta-
tion. It is often possible to record
simultanecusly two reflection compo-
nents at right angles when a large
number of traces are available.

Recording Systems

‘When a charge of dynamite is deto-
nated, the motion of the ground arises
not only from energy arriving by di-
rect and reflected paths, but in con-
siderable part from complicated trains
of secondary waves. These waves are
generated because of the heterogeneous
structure of the ground, in accordance
with the intricate mechanics of elastic
wave propagation. If the amplitude of
a reflected wave is comparable to, or
smaller than, the amplitude of the
complicated “background” motion, it
is difficult or impossible to recognize
the motion as a reflection. Any scheme
which tends to make the reflection
phases stand out more clearly from
the “background” of the record is a
valuable aid in computing and in-
terpreting data. Several methods have
been devised including the use of
“multiple seisimometer systems,” that
is, the use of several seismometers in
various combinations in each record-
ing channel. A number of circuilt net-
works have been developed for record-
ing which result in a distinctly more
faverable ratio of the amplitude of re-
flections to that of the “background.”
In routine field procedure one or more
records are taken with the several
different circuit networks,

A system which has received some
attention recently In areas where re-
flections are difficult to obtain is a
combination of multiple seismometers
and a twofold recording arrangement.
The twofold recording arrangement
consists of the normal recording ap-
paratus plus a magnetic tape recording
device or some other recording method
that will make a record that can be
immediately played back. By the use
of this equipment two records are
made simultaneously employing auto-
matic amplitude control. The conven-
tional seismogram is recorded by
means of the palvanometer system and
a second record is for example made
on a magnetic tape. The magnetic
tape used is wide enough to accom-
modate all of the traces in such a man-
ner that each channel can be played
back through the recording head in
exactly the same relation as when re-
corded. The first record is removed
from the conventional recording camera
and developed. The record on the tape
is then played back through various
circuit networks to the regular record-
ing galvanometers and conventional
records are made, Several circuit net-
works are usually available for this
playback recording making possible

w Ten Element Set of Galvanometers Used in Portable Equipment,
: Hlustrating Galvanometer Design,

the recording of the ground motion
by various responses to the original
ground motion, When the desired
number of photegraphic variations in
recording are obtained the magnetic
tape is cleared of its record and thus
made ready for the next recording.
The practice of making the play-
back recording with a much higher
fidelity to the ground motion than
that of the ordinary photographic rec-
ord seems to justify the re-recording
from the tape by several different
circuits. It is thought that this sys-
tem makes possible a better analysis
of the ground motion without increas-
ing the amount of explosives used or
expense of drilling extra holes. Un-
fortunately the principle of making
seismograph recordings which can be
played back or reproduced in second
recording is covered by broad patents.
The patent obstacle in making of re-
producable records has been overcome
to some extent by using several sets
of galvanometers making several rec-
ords simultaneously in the conven-
tional manner of making photographic
seismograms. This arrangement has
the disadvantage that several optical
and recording systems are necessary
which increases the amount of com-
plicated and expensive equipment,
The so-called overlap of traces and
various methods of coupling of ad-
jacent traces should be used with ex-
treme care because of the following:

1. The excessive mixing or overlap
of traces will preduce records
which exhibit some reflections
which may not exist.

2. Various amounts of overlap or
mixing of the recording chan-
nels vary the effective length of
the instrument spread.
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3. Strong recording of a few traces
in a group will generally distort
the apparent reflected wave
front of the other weak traces of
the group.

4, By excessive mixing of channels
the time difference between
phases of the traces may be con-
trolled by disturbances on one
or more of the traces in the case
of reflections of low amplitude.

In using these types of circuits for
recording it is advisable to record a
suite of seismograms in order to clearly
demonstrate by steps the effect of the
reduction of the so-called background
amplitude in comparison with the
amplitude of the reflections. In all
cases it is desirable to have one good
record representing independent chan-
nels at each station. This is one of the
advantages of the twofold recording
system as this type of record is the
first seismogram made. A criticism of
coupling the recording channels to im-
prove the record appearance is that if
too much coupling is allowed synthetic
reflections may appear on the records.

Too many of the so-called improve-
ments in equipment, under the stress
of competition, are various methods
of cross feeding between channels.
When less than average guality re-
flections are being recorded such a sys-
tem as overlapping or limuted cross
feeding of the channels does tend to
make the reflections stand out more
clearly on the seismogram but such
systems should be used only when the
operators and interpreters of the data
have complete knowledge of the result-
ing effects.

Filtering and grouping networks are
commeon in modern seismograph work,
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w Seismometer and Automatic Yelume Control Amplifier Used in Portable Operations.

By these methods undesired fre-
quencies and other effects can be
partially eliminated.

The principle of multiple seismom-
eter systems or the use of more than
one seismometer per recording chan-
nel can not be easily stated but cer-
tain desirable effects of such a system
can be readily indicated. When sev-
eral seismometers are connected to-
gether into a single recording channel
the net resultant is in general an aver-
age of the outputs of the seismometers
of the group. Therefore if the pickups
are placed over a small ground area
the nearly true motion of the ground
affects the group as a whole. This
effect is often desirable because of the
possible mechanical variation of the
coupling of the ground connection
with the individual instruments when
a varying surface soil condition ex-
ists. Very often the mechanical
coupling of the instruments with the
ground is not uniform because of the
variations of the top soil. The general
response of the group seems to elimi-
nate to a certain degree any poor
coupling of the seismometers to the
ground.

Another advantage of grouping seis-
mometers into a single electrical out-
put is that the resultant recording is
more sensitive to the ground motion
originating from the emerging re-
flected waves. It has been shown by
various independent workers in seismo-
graph research that in a general way
the ratio of the reflection amplitude
to the amplitude of the probable back-
ground of the seismogram is propor-
tional to the square root of the number
of instruments in the group. As an
example, four seismometers per chan-
nel should approximately double the
amplitude of the reflection phases as
compared with the recorded back-
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ground of the record. This theoretical
result was obtained by working with
probability. However, to theoretically
increase this ratio by a factor of ten
would require 100 instruments per
group which obviously is not a prac-
tical thing to do in field work, Gen-
eral practice seems to indicate that one
to six Instruments per trace is the
normal variation used by operators in
routine field work.

The argument that multiple seis-
mometers recording will eliminate the
so-called “ground roll” and other
background noises by destructive in-
terference is not well demonstrated
either theoretically or practically. In
general these undesired background
noises appear on the record in a ran-
dom manner and therefore there is a
possibility that some of this undesired
background may be eliminated by de-
structive out of phase interference.
The very opposite seems also possi-
ble, that some in phase reinforcements
may increase the amplitude of the
background. If there is an analogy
between the random background of a
seismogram and the ordinary noise
most of us would agree that two
similar noises are louder than a single
noise but perhaps we all would not
agree that two similar noises are twice
as loud as one of the noises,

T'he number of seismometers used
per channel in the final analysis is
usually determined by the solution of
the economic problem plus the desired
results. Multiple seismometers in
large numbers may affect the efficiency
of a crew. This is especially true if
conditions require extremely portable
equipment.

It is claimed by some operators that
by simultaneous use of several shot
holes spaced according to a certain pat-
tern desirable effects can be secured on

the seismogram. This system may have
possibilities but there is the disadvan-
tage that the added cost of drilling
and loading extra shot holes may ofi-
set some of the advantages which may
be obtained by a less expensive method.

In conclusion regarding recording
systems, because of its importance, it
should be reiterated that operators
and interpreters of the data should be
thoroughly familiar with the system
or systems used or serious misuse of
the data may occur., Nevertheless, it
has been clearly demenstarted that be-
cause of these so-called improvements
in recording technique it is often possi-
ble to map the attitude and position of
subsurface interfaces in areas where
earlier shooting methods failed aor
gave data which were not conclusive
enough to be of any value,

Computing Methods

The simplest methods of computing
reflectien data usually assume the ve-
locity of seismic waves to be constant
at all depths, or assume a different
average velocity for each depth. While
these assumptions give fair approxi-
mations In many cases, very consider-
able errors in computed dips may re-
sult. This error is introduced because
of the failure to consider the appreci-
able curvature of seismic ray paths
caused by the increase of velocities
with depth, Field experience has dem-
onstrated that the improved accuracy
resulting from complete consideration
of velocity increase with depth amply
justifies any additional effort required
to obtain accurate velocity data or in
preparing computing charts and meth-
ods of attack.

The rapid depletion of simple and
easily found structures is placing in-
creasingly severe demands on the ac-
curacy of reflection seismograph meth-
ods. T'he mapping of faults, possible
unconformities, or steep dips in sedi-
mentary rocks requires much more re-
finement in computing technique than
was needed to locate many of the more
obvious and well developed buried
anticlinal structures discovered in the
past by the reflection seismograph. For
this reason any approximations used
in computing should be scrutinized
carefully. The magnitude of the er-
rors introduced by approximations may
easily be as large as the details sought
and therefore vitiate all the effort ex-
pended.

Any computing method to be ac-
ceptable should fulfill the following
general requirements:

1. The computing method should
be simple, direct, and rapid so as to
eliminate possibilities of errors and
to allow a full understanding to all
who are to use the final data.

2, The computed results should
follow rigorously from the assumed
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velocity-depth function and the laws

"of wave propagation. This means

that since the computed results are
rigorous and consistent within the
framework of the assumptions, the
only error of interpretation will arise
from the use of a velocity-depth func-
tion that differs from the true one.

This is nat true of those computing
methods in which the rays are assumed
to travel in linear paths for the pur-
pose of simplifying the computing.
Such methods must be used with cau-
tion for the errors can become quite
large. The assumption of linear ray
paths and the use of velocity varying
with depth is inconsistent from the
bepinning, because a varying velocity
with depth of necessity introduces a
curvature into the ray paths. This
inconsistency of assumptions inevitably
appears in the results and it is often
found that when these assumptions
are used, dips of correlated reflections
do not plot in a consistent manner
with the depths, or the horizontal
distance from the shot point to the
section of the interface giving rise to
the reflection is not consistent with
the dip and depth, depending on the
type of approximation made,

As evidence of the importance of
the velocity-depth function in increas-
ing the accuracy of seismograph sur-
veys It is only necessary to mention
that a well velocity surveying group
has been formed in California. This
group has measured velocities in prac-
tically all important wells drilled
during the past one and one-half years
in California. In this manner the seis-
mograph operators participate in the
expense of the well surveys and there-
by secure the velocity data for their
computing work.

Research and Development

During the past five years reflec-
tion seismograph equipment and tech-
nique have been continuously modified
and improved. There is no reason to
believe that the improvements and de-
velopments during the coming five
years will not be as great, or greater
than, in the previous period. Such
advancement calls for an active and
efficient research department. Many
operating companies fully realize the
importance of maintaining a definite
research program, with a qualified staff
and adequate facilities. It should be
the policy of every acceptable contrac-
tor to incorporate the latest and most
medern developments in his equipment
and technique.
Drilling Equipment

‘The drilling equipment of any seis-
mograph crew is a very important and
integral part of its organization, be-
cause the cost of drilling operations
amounts to one fourth to one half of
the entire party operation cost, de-
pending upon the type of rock drilled.

o

w Complete Recording Camera for Twenty-four Seismograph Traces
Weight Approximately 40 Pounds.

Experience has shown that drills must
be light enough to be very portable,
fast in the field, and at the same time
rugged enough to drill holes ranging
from 100 to 1000 feet deep. With
these points in mind anyone con-
templating using a contract crew will
want to investigate the drilling possi-
bilities thoroughly. It is often desir-
able to have a second drill available
for emergencies in case of a break
down or of difficult drilling condi-
tions.

Survey Progress

T'he number of profile set-ups which
can be made by any field party de-
pends upon several factors, the most
important are the amount of trouble
encountered in the field and the team
work of the crew., The personnel of
a seismograph crew should be carefully
selected, With ordinary conditions in
continious profile or individual sta-
tion shooting, parties average between
twelve and twenty profile set-ups per
day.

1f reconnatsance work is being done
the average reflection crew can cover
approximately 100 ta 200 square miles
per month depending on the weather
and transportation conditions. In con-
tinuous profile work approximately 30
to 50 miles of profile can be covered
per month, Detail reflection work
such as required to delineate peologic
structures of low relief requires much
more time and painstaking than in
areas where the structural relief is
greater, Approximately 15 to 60
square miles of area can be covered
in detail per month.

Under conditions which require ex-
tremely portable equipment 3 to 9 in-
strument set-ups can be occupied per
day. Usually the progress of this type
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of work is limited by the terrain and
number of shot holes made available,

Cost of Seismograph Exploration

To the average engineer the cost of
reflection work will seem relatively
high but when compared with the
drilling of dry holes the cost of the
latter will be found much higher.
From an information point of view a
dry hole gives little geologic structural
information as compared with the in-
formation which can be secured by a
reflection seismograph program of
equal cost.

For the cost of a single deep dry
test in the floor of the San Joaquin
Valley of California a single seismo-
graph crew can be operated for ap-
proximately 20 months, in which time
600 to 1000 miles of continuous profile
could be surveyed or 2000 to 4000
square miles of area covered in a ve-
connaisance manner,

‘T'he greater part of the cost of seis-
mograph work is the expense of opera-
tion, l.e., salaries, field expenses, re-
pair, gasoline and oil, depreciation, ex-
plosives, casing and patent costs. The
normal contract seismograph crew
consists of from 12 to 20 men as per-
sonnel of whom 4 or 6 men are chosen
because of their technical ability and
the others are to some extent men of
certain trades. The truck equipment
required for field transportation varies
from 3 to 7 units.

A breakdown of the average ex-
penses of a modern seismograph crew
using 18 men, seven truck units and
one automobile would in general be
as follows per month:

Salaries of 4 geophysical

ENZINEETS .ooeoereeeecemreeemeena $1000.00

Wages of 14 field workers ... 2100.00

General repair and upkeep .. 600,00
Depreciation of equipment ... 1000.00
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Gasoline and oil
Supplies, etc. ...
Explosives
Patent rights ...

Research contribation ..
Overhead ... -
Field expenses ...

TOTAL AVERAGE
COST PER MONTH .. §$7275.00

Crews which use less truck equipment,
fewer traces, and less men have total
operating expenses varying from
$4000.00 to $7000.00 per month. In
addition to these costs often the oper-
ator must pay for land permits, sur-
veyor, damages, ctc. which usually
runs the total cost to the operator from
6 to sometimes as high as I8 thousand
dollars per month.

Severe price competition in seismo-
graph services is a very short-sighted
policy. When such competition con-
trols the fees for services money is
first taken from research and develop-
ment programs which In the final
analysis are the research and develop-
ment of the client. If competition re-
quires still further reduction the per-
sonnel is the next to suffer and finally
for the lack of funds for the proper up-
keep the condition of the equipment
is impaired and the net result a de-
generation of the quality of the sery-
ices.

General Differences Between
Seismograph Services

During the several years prior to
1940 the supply of seismograph serv-
ices was less than the demand and
discrimination among the various con-
tractors was not considered to any
large degree. With the supply rapidly
exceeding the demand clients will be-
gin to mark the differences between
seismograph contractors. Some of
these so-called differences may be rec-
ognized according to the following
criterion. First, there is the funda-
mental purpose of the organizers at
the head of a service. Are the men
making up the nucleus of the organiza-
tion In seismograph work mainly be-
cause it offered a good business op-
portunity to make money or is their
purpose In arganizing a service to de-
velop further the science and profes-
sion already established and to unite
the efforts of professional men. The
answer to this question in general
establishes the policies of the service.
Second, the integrity of the orpaniza-
tion is of paramount importance to the
user. Once an individual has for sel-
fish reasons disregarded the ethics of
the geophysical profession, is no guar-
antee that he will not repeat such an
offense should the opportunity arise.
Third, the capability of the service is
considered. This is usually judged by
the experience and scope of operations
of the contractor. In considering a
contractor of several years of com-
mercial work the ability of the organ-
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ization as a whole seems easily estab-
lished. Nevertheless, it seems that
recent close scrutiny of clients or per-
haps some other factor has caused the
inactivity of a few apparently well
established geophysical services.

It should be appreciated that a goad
seismograph service organization can
not come into being by simply purchas-
ing a set of equipment, securing an
experienced personnel and then begin
turning out surveys. In the first place
little equipment of this type has ap-
peared on the market which has been
modern in all details and in the second
place it is not often that a rapidly
built up personnel will operate with
mutual understanding and mutual tact
throughout. The difficulties, trials,
and trivial happenings in field opera-
tions require the utmost in tact, under-
standing, and the giving of credit
where credit is due and vice versa.
This requires that personal friction
must be completely avoided.

The recognized first class seismo-
graph services with few exceptions
have been developed by years of experi-
ence and hard work of the men head-
ing the organization. Since an ade-
quate supply of equipment has not
been placed on the market the first
problem of a new organization is to
design and test the type of equipment
to be used. In some cases it has been
possible to make certain short cuts in
design by acquiring information on
existing equipment. Then the tech-
nique of operating and the final in-
terpretation problems have to be work-
ed out. After the building of the
necessary equipment and the develop-
ment of technigue a smoothly operat-
ing personnel is finally acquired.

Not all clients are alike in their
demands of a seismograph service,

therefore a wvarlety of assumptions,
technique, and types of equipment are
possible. However, most all prospec-
tive clients base their judgment on a
service by considering certain stand-
ards. Some of these factors are given
in Table 1.

The profound secrecy of the seis-
mograph contractor toward clients and
others interested is likely to be used
to cover simplicity and lack of refine-
ment rather than to safeguard the
contractors interests in new and re-
fined methods of approach in the
work.

Personnel of the Seismograph Party

The prospective client for this type
of sctentific service will benefit from an
examination of the experience record
of the personnel of a geophysical con-
tractor. Contractors sense the desire
of the client to secure the services di-
rected by men of broad geophysical
experience and often offer advance-
ment to geophysicists of other com-
panies, A result of the policy of col-
lecting specialized personnel to the
embarrassiment of other established
geophysical companies is that often a

dissatisfaction develops with the ac-.

quired individual and he holds back
some of his information gained by ex-
perience for the fear that someone
else would profit should he not with-
hold his knowledge. Then too often
the company which acquires personnel
in this manner becomes dissatisfied
with their prize, and thus a number
of conflicts may exist which are not
always self evident,

Since the nature of geophysical work
requires the undivided attention and
effort of every member of the person-
nel from the placing of the explosives
in the ground to the presentation and

(Coutinued on page 462)

Table I,

PERTINENT BACKGROUND FACTORS OF SEISMOGRAPH
SERVICE ORGANIZATIONS

Claims on border line of possible accom-
plishments

Actual accomplishments in back of con-
servative claims

Low price of service

Quality and efficiency at slightly higher
price

Extensive advertising

Modest advertising—funds diverted to re-
search problems

Caopied achievements from other geophysi-
cal operators thru acquired personnel

Original achievements in art developed
and put into practice

Personnel collected from other existing
organizations giving rise to highly com-
petitive personnel organization

Personnel trained, organized and de-
veloped from basically well trained scien-
tists working their way up through the
ranks of the organization

Highly specialized personnel, observer has
little knowledge of computing; computer
little knowledge of field operations, etc.

Broad training of personnel accomplished
by working up thru ranks, field work, as-
sistant observer, observer, computer to
party chief

Accomplishments in  large expansion,
world-wide service by established routine,
great secrecy regarding fundamental
equipment, technique and general opera-
tions

Accomplishments in pioneering recognized
improvements in art, wvaried experience
in -attacking problems by research, cook-
book methods of routine avoided, large
expansion program second place to thor-
oughness and flexibility in adjustment to
new problems

THE MINES MAGAZINE + AUGUST 1940

SUBSURFACE PRESSURE AND TEMPERATURE
GAUGES AND SAMPLERS

By

JOHN F. PURDUM, '30

Engineering Laboratories, Inc.
Tulsa, Oklahoma

As the drilling for and producing
oil become more of a technical prob-
lem, it is more necessary to secure suf-
ficient and reliable informaticn so that
properties can be operated in an ef-
ficient and economical manner, In or-
der to secure the information desired
many kinds of measuring devices have
been developed. Among the important
developments have been instruments
for measuring temperatures and pres-
sures in oil wells. These instruments
are run in the flow string by the use
of a lubricator, stuffing box, steel line,
depth measuring device and reel. To
supplement the information that can
be secured with these instruments sev-
eral types of samplers have been de-
veloped with which a sample of well
fluid can be taken at any desired place
in the flow string and brought to the
surface without changing the pressure
on the sample. The subsurface data
first obtained only for use by the re-
search department have now many
practical field and laboratery applica-
tions.

The practice of taking subsurface
pressures, temperatures, and samples
in o1l wells has been followed by some
companies as a regular procedure for
several vears. The information se-
cured has proved to be of immense
value. Now with more numercus
plans and metheds of producing oil
and operating properties and the new
problems caused by deeper production,
the value, to the small as well as the
large operator, of all obtainable sub-
surface Information cannot be over
emphasized.

‘This article is to familiarize the
operators and engineers that have not
taken full advantage of subsurface in-
formation with some of the instru-
ments available, the equipment re-
quired to make the surveys, the method
used in running the instruments, and
the possible application of the informa-
tion after it is secured. The discus-
sion of the subsurface instruments
themselves will be limited to those de-
veloped by the Humble Oil and Re-
fining Company as the length of this
paper will not permit including all
instruments that have been developed.

Subsurface Pressure Gauges—
Humble Type

The Humble subsurface pressure
gauge is very simple and satisfactory
in its operation. The well pressure is
admitted into the inside of the gauge
at the top where it acts on a piston
against the tension of a helical spring.
The lower end of the piston extends
through a stuffing box into the lower
section of the gauge which is kept at
atmospheric  pressure.  The stylus
mounted on the lower end of the
piston records on a chart the amount
of extension of the spring. This ex-
tension is a measure of the well pres-
sure. The gauges can be secured
equipped with a suitable spring for
measuring the desired pressure with
a great degree of accuracy. It is ad-
visable to use a spring that will give
the maximum extension for the max-
imum pressure that will be encoun-
tered in order to read the chart record
as closely as possible., 1f the same
gauge is to be run in wells having 4
large range of maximum pressures, it
is necessary to have several spring sec-
tions or to change the spring and
calibrate the gauge. Springs are avail-
able for 1000, 1500, 2000, 3000, 4500,
6000, and 7000 pounds maximum

pressures, 1 he gauge can be assembled

as a maximum pressure recording type
without turning device, which is used
for calibrating purposes and for an
occasional single approximate subsur-
face well pressure. A maximum read-
ing thermometer can be secured for
use with this gauge.

The second and most used gauge
is of the recording pressure type
equipped with a clock operated turn-
ing device which is used to obtain a
series of subsurface pressures on a
chart for definite time intervals. When
this series of pressures is taken both
going in and coming out of the hole
the chart obtained will be a pressure
traverse and will give the maximum
information and accuracy. Either a
maximum recording thermometer or
a recording type thermometer with
clock-operated turning device can be
secured for and operated with the
recording type of gauge.

In addition to the information se-
cured by the subsurface pressure gauge
and subsurface thermometer, it Iis
necessary to take certain surface meas-
urements in order to have complete
data. The surface readings required
are as follows: Depth of instrument
in well, secured by a measuring device ;
tubing and casing pressures from pres-
sure gauges; production of ol and

w Laboratory View.
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w Gauge, Sampler and Recording
Thermometer,

water by measurements or meters;
and production of gas by meters,
Process of Running Static Gradient:
When it is required to run a static
gradient, shut in pressure test, the well
is shut in for a sufficlent length of
time to allow the pressures in the pro-
ducing formation and the well to be-
come equalized. The recording type
of subsurface pressure gauge is run
with the recording type of thermom-
eter to the desired depth stopping at

intervals to record the depth and to .

provide time for the stylus to record
the stop on the chart. On the way out
with the instrument the same stops
are made at the same depths and the
depths recorded. The chart is removed
from the gauge and from the ther-
mometer and the information is plotted
on coordinate paper with the help of
a chart scanner, the spring calibration
curve, the thermometer calibration
curve, and the temperature correction
curve by using pressure per square
inch as one ordinate and depth in feet
as the other. By extending each of the
lines through the plotted points until
the lines intersect, and if there is gas,
oil, and water in the hole, a gas gra-
dient, oil gradient, and water gradient
will develop. This curve will show the
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pressure at the well head, the fluid
level and the water level, The slope of
the gradients will give the density of
the vespective columns. To get the
pressure at datum the fluid gradient
is extended to the middle of the known
producing formation, then a line is
drawn through this point with a slepe
equal to the density of the reservoir
fluid to where it intersects the datum
line. By projecting this point the pres-
sure at datum is read.

Procedure for Making Flowing Test:

To make a flowing test, the well is
shut in and the static test run as de-
scribed. ‘The clock is checked to see
that it is Tunning. The gauge is then
run to bottom and the tubing and cas-
ing pressures recorded. The well is
opened, the time, tubing pressure and
casing pressure recorded. T'he time
the oil reaches the tree is recorded and
a bob tail gradient is run near bottom
at intervals of 5, 10, 20, 40, etc. min-
utes after the well is opened to obtain
a draw down curve. Time, tubing
pressure, and casing pressure are re-
corded each time the gauge is returned
to bottomn. During this process the
gauge is pulled up approximately 500
feet from bottom and lowered back to
bottom several times, stopping momen-
tarily two or three times in each direc-
tion but having the gauge at the low-
est point for each reading time, This
portion of the chart will give the pres-
sures at intervals of time which in
conjunction with the amount of fluid
produced will give the bottom hole
pressure for a definite rate of flow. By
taking this portion of the curve for
different rates of flow, the well po-
tential and the rate of flow for any
bottom hole pressure can be deter-
mined, After the tubing and casing
pressures have become constant the
flowing gradient is run, starting from
the top and making a round trip
stopping at intervals, the frequency of
which depends upon the amount of
information desired. Usually at least
four stops going down in the last 1000
feet of hole and three coming up are
required. During the test the produc-
tion should be recorded at thirty min-
ute or other intervals of time after the
first oil arrives at the separator. The
oil density and gas density are alse
recorded at these same intervals. It
is necessary to consider the change in
the amount of oil in and behind the
flow string when the amount of pro-
duction is plotted. To do this a tabu-
lation is made of the test data so the
barrels of oil in the tubing and behind
the tubing can be calculated from the
tubing head pressure, casing head
pressure, and the bottom of pay pres-
sure by the difference in pressure head
divided by the slope of the shut in
oil gradient. This value is feet of oil
which can be converted to barrels of
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oil by casing volume tables and then
decreased by the shrinkage factor to
get barrels of oil at the surface. When
this correction is made to the amount
of fluid produced as measured in the
tank the actual amount of production
is obtained. The information secured
is plotted on coordinate paper with a
triple scale of pressure in pounds per
square inch, barrels of fluid and per-
cent of water as one ordinate and time
as the other ordinate. The fluid pro-
duced by the formation is plotted by
calculating the shrinkage factor and
correcting the fluid as measured in the
tank accordingly. ‘The percent of
water as found by shake out or other
test, the fluid produced as measured in
tank and corrected, the fluid produced
by formation, tubing head pressure,
casing head pressure, and bottom hole
pressures are all plotted as separate
curves, The productivity factor can
be calculated and is the rate of total
fluid produced by the formation di-
vided by the difference between the
shut in and the flowing bottom hole
pressures and is designated in barrels
per day per pounds per square inch
pressure rteferred preferably to the
mean pressure at the sand face. The
specific productivity factor is the pro-
ductivity factor divided by the feet
of producing formation and is desig-
nated in barrels per day per foot per
pounds per square inch pressure.

The procedure just described is for
a test from which the maximum in-
formation is desired. Other procedures
can be followed or only part of this
procedure used if only a part of the
information is desired. By periodic
running of the complete test as de-
scribed basic information is secured
which will assist in determining

Gas oil ratios

Percent water produced

Fluid produced in tank

Fluid produced by formation

Static fluid level

Static oil level

Density of fluid column

Subsurface pressure referred to any
datum

Productivity factor referred to any
datum

Specific productivity factor

Well potential from draw down
curves

Minimum flowing pressures

‘When artificial 1ift will be required

Amount of fluid tao be lifted

Size of pumping equipment required

Presence of water in the bottom of
the hole

Excessive withdrawals

Advisability of reconditioning wells

Existence and movement of gas cap

Estimate of oil reserves

Best well spacing

Direction and speed of migration
and behavior of fluid in reservoirs
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Probable area of best production

Development program

Effective permeability of formation

Shrinkage value of fluid

Future pressure drop for various

rates of flow

Reason for changes in well perform-
ance

Compressor requirements for re-
pressuring or flowing

Basis for unitization

Undoubtedly in the future other im-
portant uses for these data will de-
velop as well as the more general use
by the small as well as the large com-
panies.

Subsurface Recording Thermometer—

Humble Type

The Humble type of subsurface re-
cording thermometer is designed for
use with the same recording clock as
used with the subsurface pressure
gauge. The instrument consists of a
mercury filled cylinder equipped with
a piston operating through a stuffing
box against the tension of a helical
spring. A stylus is mounted on the
lower end of the piston and records
on a chart the amount of extension of
the spring. This extension of the
spring is a measure of the expansion of
the mercury which in turn is a meas-
ure of the increase in temperature.

Procedure for Running Temperature
Traverse:

The procedure of running a temp-
erature traverse in a well is similar
in general to the method of running
the subsurface recording pressure
gauge., The same stuffing box, lubri-
cator, wire, measuring device, and
reel can be used or it can be run in
special containers on pumps, formation
testers, or with other instruments. The
instrument is calibrated and run in the
well. Stops are made periodically both
going down and coming out and a
record kept of the time the instrument
leaves each stop. By regulating the
length of time the thermometer is
stationary at each pesition so that the
clock used will turn the chart a suffi-
clent amount, 2 good record will be
obtained. By making the same stops
on the way out differences due to
thermal lag and temperature drag are
cancelled. The least length of time
required for the instrument to reach
thermal equilibrium depends upon the
well conditions at the time of the
test and must be determined experi-
mentally. In most instances one min-
ute will be sufficient.

The extensions on the chart are read
using a chart scanner and are con-
verted to temperatures by using the
calibration curve. For the Increasing
temperatures the increasing tempera-
ture calibration curve is used and for
decreasing temperatures the decreasing
calibration curves is used. T'he mean of
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the going in and coming out tempera-
tures are used to draw the final gradi-
ent after a correction of three-fourths
degree Fahrenheit for each 1000
pounds per square inch pressure has
been subtracted.

In addition to the use of tempera-
ture readings in measuring subsurface
pressures, temperature traverses are
used

To locate height of -cement behind
casing

To determine presence of water in
producing formation

To locate source of water coming
through casing or from formation

To detect water flow and water
movement behind casing

For geological correlation

For reservoir content studies of
space volume relationship

For studying mud performance

For cementing operations

For chemical treatment of wells or
plugging water sand

For thermodynamic studies

Other uses for temperature infor-

mation will develop,

High Pressure Subsurface Sampler—
Humble Type

The Humble type of subsurface
sampler is designed to secure samples
of the well fluid from any desired
depth and retain the sample under the
same pressure, Lhe instrument con-
sists of a cylindrical chamber equipped
with a means for allowing the fluid
to enter at any desired time and a
means for keeping the sample in the
cylinder under the same pressure until
it is withdrawn from the hole and
taken to the laboratory, The sampler
iIs made with two arrangements for
admitting the sample to the evacuated
cylinder. The most used is the jiggler
type which can be run to the desired
depth and opened by bouncing the in-
strument slightly. This bouncing
causes a weight suspended by a spring
to strike a sharp pointed tool which
in turn punctures a metal disc and
allows the well fluid to enter. When
the pressure becomes equalized inside
and outside the cylinder a spring forces
a valve to close and the sample is con-
fined until it is removed from the
sampler. The disc type of sampler has
a disc which will rupture after it is
subjected to the well temperatures and
pressure for a predetermined length of
time. When this disc breaks the sam-
ple is admitted and the same valve ar-
rangement as previously described con-
fines the sample under well pressure.

Procedure for Taking a Subsurface
Sample:

The subsurface sampler is run in
the well to the depth from which the
sample is to be taken after the well
has been prepared so that a representa-
tive sample will be secured. The same

reeling and measuring equipment as
used to run the subsurface pressure
gauge is used for this work. After the
jiggler type sampler has been stopped
at the desired depth it is bounced
slightly to allow the fluid to enter the
sampler and allowed to remain sta-
tionary for a few minutes until the
sampler is full and the valve closed.
The examination of the sample is made
with the assistance of a mercury pump
and a valve lifter to vary the pressure
and volume inside the sampler by
measured amounts and to remove
amounts of fluid from the sampler so
that other tests can be run on the
fluid. A water bath is used to con-
trol the temperatures and in case only
a part of the sample is to be removed
from the sampler for analysis an agi-
tating means is required so that the
sample removed will be representa-
tive. A large amount of information
can be secured from a bottom hole
sample such as: viscosity under various
conditions of temperature and pres-
sure; pressure volume temperature re-
lations; saturation or bubble point
pressures; total amount of gas dis-
solved in or associated with the oil;
the quantity of gas liberated under
various conditions of temperature and
pressure; the shrinkage of oil resulting
from the release of its dissolved gas.

This is just another important link
in the chain of technical data required
for developing and perfecting produc-
ing procedures in order to operate in
the most economical manner.

Conclusions

The wealth of information that can
be secured by the periodic subsurface
temperature and pressure surveys in
conjunction with the information se-
cured from bottom hole samples will,
if properly used, assist materially in
the economical operation and will con-
tribute in no small manner to increas-
ing operating profits by

1. Increasing the ultimate recovery.

2. Increasing the flowing life of

wells.

3. Preventing premature and un-

even water encroachment,

4. Reducing expenditures for
equipment and deferring pur-
chase of equipment until it is
actually required.

The cost of the equipment neces-
sary for conducting these tests and
the cost of maintaining an orpaniza-
tion for taking and interpretating the
data is relatively small for a company
with any appreciable amount of pro-
duction or interests when the possible
returns are considered. For the com-
panies not large enough te maintain
such an organization, a service is avail-
able by competent engineers who have
the necessary equipment and experi-
ence to do this type of engineering
on a contract or consulting basis,
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INTERPRETATION OF
SEISMOGRAMS

By
H. J. McCREADY, '37
Mott-Smith Corporation

Aguas Claras, Santander,
Colombia, S. A.

INTRODUCTION

‘The entire system of interpretation
of data obtained by seismic prospecting
is designed to reduce these seismic
data into geological pictures, This
should be the fundamental criterion
for one who wishes to Interpret such
data.

The plan of this paper is to discuss
some of the factors involved in the
interpretation of seismograms. In-
terpretation is accomplished both
quantitatively and qualitatively. The
final reduction of the interpreted data
to contour maps and reports will not
be included in this discussion.

Assuming the interpreter to have a
background in the theory of seismic
wave paths and wave propagation,
there remain certain prerequisites for
every survey.

1. A study of the geologic section,
regional structural geology, and
stratigraphy of the area complete-
ly encompassing the survey, and
supplemented by well data where
possible.

2. ‘The physics of the survey.

a. Average and differential ve-
locities through the geologic
section, and their lateral vari-
ations.!

b. Method of shooting, location
of shotpoint and geophones,
and geophone intervals and
hookup as determined by ex-
perimentation.

c. Filter action, energy trans-
mission, densities, and elastic
constants of the geologic
members, if possible,

d. Surface aeration (weather-
ing}, and shot hole aeration.

3. Past experience in areas of similar
seismology and geology.

Although this last item is not al-
ways possible yet it is often the most
important aid. This is especially true
when interpretation transcends theory
and becomes a matter of judgment
alone.

DATA CORRECTIONS
Qualitative Interpretations

A seismogram is the graphical rep-
resentation of the motion of the elastic

waves as they reach the surface of the
ground in the region of several de-
tectors connected in series with the
recorder. The oscillations of the for-
mation in immediate contact with the
detectors are recorded as sinusoidal
wave forms on photographic paper.
The character of the recorded wave
form is directly proportional to the
character of the ground motion at
the detectors, and modified by a pro-
portionality factor which is a complex
resultant of the physical constants ef
the entire recording channel. A
qualitative interpretation of seismo-
gram character must give full weight
to these modifying constants and vari-
ables, That is, the apparent character
must be reduced as much as possible
to a true representation of the ground
motion.

Quantitative Interpretations

Quantitative interpretation Iis
classed under the head of computing.
Computation of dip and depth data is
the mathematical evaluation of the
space positions and directions (angu-
larity)} of the reflecting horizons, This
is accomplished by a geometrical con-
sideration of the wave paths and ar-
rival times of the reflections.

Reduction to Datum

Before the calculations can be made,
certain time corrections must be made.
In any given area all calculations are
made to a datum plane so that correc-
tions are made in two distinct steps.

1. Reduction to an Instrumental
datum.

2. Reduction to a geological datum.

It may become necessary to change
some of the instruments during a sur-
vey, thus resulting in a phase shift.
For example, a new type amplifier
may be introduced. Then a shot must
be taken with the new and the old
amplifiers in parallel. The difference
in the arrival times of reflections
through the two amplifiers is the
amount of correction to be added or
subtracted for calculations involving
the new amplifiers. Other time cor-
rections which may be made are for
paraliax® and for phase differences be-
tween each recording channel.

The next step is to reduce the
seismogram to a geological datum. The
maost common practice is to correct for
weathering and use sea level as the
datum thereby eliminating the effect
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of elevation. This correction is entire.
ly for time or its equivalent in terms
of depth.® %5 &7 Certain other cor-
rections may be introduced depending
upon the method of shooting, method
of computing, and geological condi-
tions. A few of these are:

a. Aeration in the shot hole, result-
g in a variation of the initial
propagation  velocity  between
shots,

b. Lateral variation in average ve-
locities because of the changing
thickness of the weathering and
difference in depths to the same
reflecting horizon from shot hole
to shot hole.

¢. Angularity correction which cor-
rects for the difference in the
angles of incidence to each re-
ceptor.®

d. Reduction of data by the method
of least squares.?: 1% 11, 12,13, 14

CALCULATIONS

Velocity

After all the time and depth cor-
rections have been made the com-
puter calculates the depths to the
various strata represented by the re-
flections. The methods of caleulation
are all based upon the fundamental
seismic path representation, ‘The
simplest methods employ a straight
line wave propagation, and the prob-
lems are solved by the Pythagorean
Theorem. Other methods involve a
curved-ray interpretatiori of the path
or a combination straight line and
curved-ray interpretation. The second
factor in computing depths is the ve-
locity consideration. From well-shoot-
ing data or refraction profiles, the veloc-
ity variations with depth can be deter-
mined. Then, retaining simplicity and
accuracy, the type of velocity variation
to be used can be chosen from the fol-
lowing classification:® 7. 8 10,19, 20, 25

1. Average velocities.

2. Differential velocities.

3. Velocities expressed by an equa-
tion (curved-ray).
a. Linear increase of velocity.
b. Exponential - increase of ve-
locity.
c. Hyperbolic, elliptical, or para-
bolic wave paths.
bip
Dip calculations may be made from
either dip charts or direct algebraic
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