{STORA RES] fag,

& !

PLANT GOOLING| |
| WATER TOWER H |

R Sk Pl
FLUE-GAS CGOLING : N %«\—; o
WATER TOWER 1 5 e YA
' AL SRt N v

[ROILER WATE
ISTORAGE TAi
=g

.

1; ‘ ] ]
e AT T

111 cop puantiiH[TTTT




SECONDARY RECOVERY--
EVEN MORE PROMISING

WITH DOWELL'S NEW IDEAS!

Many of the tools, techniques and products recently developed by
Dowell for improving well stimulation treatments are being used
effectively in secondary recovery operations. For example, Rock-
shock* —a new service using implosion capsules to lower
injection pressures; Abrasijer* —a service used to clean the
formation face and condition the zone for better fluid accept-
ance; Ezeflo* —a low-pour-point surfactant used to lower water
injection pressure; Slick Water—-a friction-reducing agent used
to cut pumping pressures by more than half during stimulation
treatments; and a special agent used to remove calcium sulfate
and other scale deposits from formations and down-hole equip-
ment. These are only a few of Dowell’s new services and
products — more new ideas are on the way. If you're involved in
secondary recovery work, it will pay you to dial Dowell. Dowell,
Tulsa 1, Oklahoma. *DOWELL TRADEMARK

Services for the oil industry -
DIVISION OF THE DOW CHEMICAL COMPANY

CLASS NOTES

When advising us of a change of ad-
dress, please confirm your postition or
titie and company affiliatien,

1882-1930

FRANK E. LEWIS, 01, of 303 W, &th,
Pittsburp, Kans.,, writes that he uses the
Mines Men Directory a great deal. He
adds: “Don’t think any other School has
anything like it,”

HENRY E. KING, 03, 1600 Hill Dr.,
Los Angeles 41, Calif,, recently broke his
hip and is recuperating in a sapitarium.
Mrs. King writes that “it will be some
time before he is able to walk or be
about,”

W. C. CHASE, x-'05, advises that his
new permanent address is 879 Gene Reed
Rd., Birmingham 15, Ala.

ARTHUR R. BRANDT, *07, has moved
from Denver to Georgetown, Cole.

EDWARD D. WILCOXSON, "12, has
moved from Rio Vista, Calif,, to 1535
Waisteria Lane, Los Altos, Calif.

MEARLE G. HEITZMAN, ’17, has
moved te 3010 East 7110 W,, Salt Lake
City 17, Utah. He is consultant for
United Park City Mines Co.

R. 8. COULTER, '19, whose home ad-
dress is 2629 Martinez Dr., Butlingame,
Calif., is assistant to the general man-
ager of operations, Bethlehem Steel Co.,
100 California St., San Francisco, Calif,

JOSE ZAMBRANO, *21, is engineer for
Minera de Penoles with home address
Nunez de Arce # 710, Colonia Anahuac,
Monterrey, Mexico.

- price fower.

BARTLESVILLE -
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PIPELINE

R. B. LOWE, ’22, vice president of en-
gineering and coenstruction for Union
Carbide Plastics Co., gives his new busi-
ness address as ¢/o Unien Carbide Corp,,
270 Park Ave. {R-4694), New York 17,
N. Y.

ADOLPH W. BECK, JR., 23, general
superintendent of ore mines and quarries,
‘T'ennessee Coal, Iron & R. R. Division of
U. 8. Steel Corp., has moved from Bes-
semer, Ala,, to 1603 Shades Glen Circle,
Birmingham 9, Ala.

Col. MERLE Q. DANNETTELL, '23,
U. S, Army retired, is living at 1207
Crest Dr,, Encinitas, Calif.

BAILEY E. PRICE, ’23, whose home
address is 866 E., Broad S5t, Columbus,
Ohio, has been promoted by National
Electric Coil Co. from general sales
manager to manager of sales and adver-
tising,

PAUL A, GRANT, ’'23, may be ad-
dressed at 3441 Wellington Rd., Ft. Worth
16, Texas.

E. R. HARRINGTON, x-'24, 223 Cedar
St. NE, Albuquerque, N. M., is director
of secondary education, Albuguerque
Public Schools.

G, WOOD SMITH, 24, is vice presi-
dent for construction, Sverdrup & Parcel
Engineering Ceo., 915 Olive St., St. Louis
1, Mo, His home address is RFD 13, Box
1555, Kirkwood, Mo,

JOHN L. HUTTON, ’25, has changed
his mailing address from Cleveland,
Ohio to P, O. Box QQ, Pompano Beach,
Fla.

L. A. SHAW, '25, is manager, refinery
laboratory, Shell Oil Co., Wilmington,
Calif. His home address is 4253 Pine
Ave., Long Beach 7, Calif.

"FOR THE SPLICE OF A LIFETIME"

%z% STEEL LACING COMPANY

44628 LEXINGTON 57. L]

QUENTIN L. BREWER, ‘26, is oper-
ating his engineering office and is city en-
gineer for Bonners Ferry, Idaho, His
P. 0. box number is 381.

HAROLD W, McCULLOUGH, '27, ad-
vises that his mailing address is now
2112 Cherokee Ave., Apt. 12, Columbus,
Ga.

A, 8. MacARTHUR, '27, consulting
mining engineer, has a new street address
in San Leandro, Calif.: 338 Callan, #3.

DOUGLAS M, SHAW, '28, is manager
of engineering for Utah Awustralia Ltd.
His mailing address: Flat 1, 25 Millswyn
St., South Yarra, Melbourne, Victoria,
Australia.

PHILIP W. SIMMONS, '29, has moved
out of Washington D. C,, to nearby Ar-
lington 6, Va., where his street address is
4§ South 28th St., A-2,

1931-'40

GEORGE T. GOULD, ’32, owner of
the Gould Engineering Co.,, has a new
business address: 808 Beacon Bldg,, Tulsa
3, Okla.

LOWELL O, GREEN, '32, has moved
from 411 Vermilion to 11 E. Woodlawn,
Danvilte, 1ll.

HOWARD A. WOLF, '32, has retired
and is taking it easy at 100 NW 22nd
Dr., Gainesviile, Fla.

HOWARD F. LESLIE, 32, whose
mailing address is 1461 Diolinda Rd.,
Santa Fe, N. M, is highway engineer
for the state of New Mexico.

ROBERT W. PRICE, '35, has moved
from 'Tucson, Ariz. to Salt Lake City,
Utah, where he is vice president of Min-
erals Engineering Co. His home address
is 1595 Evergreen Lane,

{Continued on page 6)

'FLEXCO’|

HEAVY.DUTY

BELT
FASTENERS

LABORATORY TESTED,
PROVEN IN THE FIELD!

Tests such as this, using belts
of various sizes and construe-
tion, are part of Flexible's con-
tinual effort to improve fasten-
er design and performance.

FLEXCO—THE PREFERRED
FASTENER BY BELT MAIN-
TENANCE CREWS!

Holding power . , , ease of
application . . ., wearability.
Thoroughly tested before they
ever reach the user.

(Test underway at Hunt
Laboratories, Chicago, 1.}

ORDER FROM
YOUR DPISTRIBUTOR OR
WRITE TO ...

Cutaway of a Flexco applica-
tion showing the compression
plates, teeth and precision-
made bolts and nuts.

CHICAGO 44, ILLINOIS




NEWS OF THE MINERAL INDUSTRIES

Companies Form Joint Venture
To Produce Vanadium Pentoxide

A plan to produce vanadium pent-
oxide has been announced jointly by
Minerals Engineering Co. of Grand
Junction, Cole.,, and Susquehanna-
Western, Inc., Denver subsidiary of
The Susquehanna Corp., Chicago.

The two companies have formed a
joint wventure operation to produce
vanadium pentoxide, an I[mportant
steel alloying material, in a newly
acquired plant near Salt Lake City,
Utah.

An entirely new process, first of
its kind in the United States, will be
employed to chemically extract vana-
dium from vanadium-bearing slag, a
heretofore wasted by-product of
western phosphorous operations.

As a heat and corrosion resistant
metal, vanadium finds its principal
use as an alloy in the manufacture of
steel. New opportunities for the ex-
tensive use of vanadium have been
opened by successful experimental ex-
trusions of pure vanadium tubing for
use in the nuclear and process in-
dustries, and as a result of qualities
which make it a suitable anti-smog
agent.

Four Wyoming Projects
Proceeding on Schedule

The Columbia-Geneva taconite
project at Atlantic City is proceed-
ing on schedule, according to an item
in the Oct. 3 Wyoming Mining Assn.
MNewsletter.

Other Wyoming projects moving
ahead are (1) the Stauffer Chemical
Co. which has begun construction
work on a trona mine and plant north
of Green River; (2) a reservoir be-
ing constructed by Utah Power &
Light for cooling water for the power
plant to be built near Kemmerer; (3)
the Foods Machinery & Chemical
Corp.-U. 5. Steel joint venture, a $5
million pilot plant for coking low-
grade coals, now just about completed
with test runs being made on the
equipment.

Ohio Oil Assumes Qwnership
Of Kinney-Coastal Properties

The Ohio Oil Co. recently an-
nounced that it has assumed owner-
ship of all Kinney-Coastal Oil Co.
properties for $1,629,000 cash plus
an oil and gas production payment of
$7,300,000. The latter payment is
expected to cover a period of about
$eVen years.

THREE CENTERS FOR SERVICE
o cul youl uwenfoaq coddd

FRICTION
CUTTING
HEAVY BEAMS

The addition of complete warehouse and cutting facilities
in Salt Lake City brings to THREE the number of Siiver
Service Centers for steel and aluminum Complete han.
dling and transport facilities permit fast delivery thruout
the four-state area; you need not carry large inventories.
Permit us to show you how Silver Service saves you money

KEystone 4-2261

SiLverR STteeL Company

6600 Highway 85, DEMYER 16, COLORADO
1807 Eighth 1., N.W. ALBUQUERGUE, N. M
1700 Beck 5t., SALY LAKE CITY 16, UTAH

CHapel 7 1441 DAvis 21311

Glenn F, Bish, Ohie (3l vice pres-
ident of domestic production, said that
Kinney-Coastal net production
amounts to about 2,300 barrels of oil
daily, mostly from Garland Field in
Big Horn Basin of Wyoming where
it holds a half interest. Ohio Oil,
owning the other half, has operated
the Kinney-Coastal properties in the
field for the past 30 years, The Gar-
land TField represents approximately
80 per cent of the acquisition.

Kinney-Coastal also holds a one-
fourth interest in production from
Dorman and Rapp leases in Nebraska,
as well as other holdings, consisting
of royalties and leases in Kansas, Ne-
braska, Oklahoma, Texas, Mississippi
and Colorado,

Kinney-Coastal has some natural
gas production,

M. Bish said the purchase is a part
of the Ohio Oil program to build up
its domestic reserve holdings. Kinney-
Coastal s the third company in which
Ohio il has acquired major interests
this year. The previous two were Me-
Clure Oil Company of Michigan, and
Oregen Basin Oil and Gas Company
in Wyoming,

Bureau Releases Film
On California Resources

An all-new version of “California
and Its Natural Resources,” one of
the most popular films in the Bureau
of Mines motion-picture library, is
now available on free short-term loan
for group showings throughout the
United States, the Dlepartment of the
Interior has announced.

The film was completed recently
under the sponsorship of the Rich-
field Oil Corp., Los Angeles, which
paid all production costs and provided
prints for circulation to schools, uni-
versities, scientific, civie, and indus-
trial groups, and similar organiza-
tions, It can be obtained on request di-
rectly from the Bureau of Mines at
Pittsburgh 13, Pa., or from deposito-
ries in 4 States.

The Bureau of Mines said the new
version of “California’ emphasizes
the contribution of mineral and en-
ergy resources to the Golden State’s
notable industrial and econemic
progress, much of which has occurred
since the film was last revised. Se-
quences picturing mining operations,
irrigation projects, petroleum produc-
tion, modern farming, and forestry
practices show how Californians are
developing and conserving their nat-
ural resources to provide an ample
foundation for present and future
growth,

(Continued on page 1)

THE MINES MAGAZINE ¢ NOVEMBER, 1960

the Schlumberger
Microlog-Caliper
gives a

reservoir appraisal
-you can bank on

THE MINES MAGAZINE e NOVEMBER, 1960

The Schlumberger Microlog-Caliper makes
“sand count,” or “net-pay thickness,”

a matter of simple arithmetic. The depth
and thickness of each permeable

bed is clearly determined.

The reliability of measurement of net-
pay thickness has, for the past decade,
made the Schlumberger Microlog-Caliper
a valuable document for well

evaluation, financing, and completion.
Include the Microlog-Caliper

in your logging progtam.

THE EYES QF THE 0IL IKQUSTATT
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I E. L. Anders, Jr., M.S., '50

Consulting Petroleum Engineer

327 First National Bank Bu%%dingr
Abilene axas

BALL ASSOCIATES

Douglas Ball, '43
Peter G. Burnett, '43
I Ralph L. Boyers, '50

Richard Fulton, '50
Werner F. Schneeberger
Alan M. Bieber

Oil and Gas Consultants
C. A. Johnson Bldg.

Denver 2, Colo.
Alpine 5-4878

BROWN & ROOT, INC.

Enginaers - Constructers
"9 Houston, Tex.

ox 3
GEORGE R. BROWN, '22
Mining and Metallurgical Division

| §t, New York, N. Y,
One wa]DOMINGO MORENO, '22

* OB

W. W. Cline, Ex-"29
The Sun Drilling Company
Sun Marine Drilling Corp.
2975 Wilshire Boulevard

Los Angeles 5, Calif.

James Colasanti, '35
Metal Treating & Research Co.

Commercial
Heat Treaters

Consuiting
Metallurgical Engineers
GE 3-1914 GE 3-4843
4110 Fox St. Denver 16, Colorado
A. W. Cullen, '36

and
K. C. Forcade, '36
Consulting Gaclogists
420 C. A. Johnson Bldg.
Keystone 4-5385 Denvar, Colarade

Eugene E. Dawson, '38
American Independent Qil Co.
Kuwait, Arabian Gulf

Ronald K. DeFord, '21

Graduate Adviser
Department of Geology
The University of Texas

Austin 12, Texas

CLASS NOTES
(Continued from page 3)

MILTON A, LAGERGREN, ’33, proj-
ect engineer for Kennecott Copper Corp.,
lives at 3588 South 24th East, Salt Lake
City 9, Utah.

JOHN B. TRAYLOR, 36, gives his
new mailing address as 1374 Glencoe,
Denver 20, Colo.

JAMES E. WERNER, 36, has moved
from 2500 E. Van Buren to 1213 South
Sth Ave., Phoenix, Ariz.

RICHARD JOHN SCANLON, ’38, re-
ports a new P. O, Box number, 1258, in
Farmington, N. M.

CHARLES M. TARR, 38, senior staff
engineer for Continental 0il Ceo., has
moved from 180 Allison to 560 Dudley
St., Denver 26, Colo,

ROSCOE C. McCUTCHAN, "8, as-
sistant district engineer, Phillips Petro-
leum Co., has a new street address in
Odessa, Texas: 207 Santa Rita,

HENRY B. ESTABROOKS, 38, whose
mailing address is Box 266, Ducktown,
Tenn, is mine foreman, Calloway Mine,
Tennessee Copper Co.

WILFORD L. HARTZ, '39, whose
mailing address is P. O. Box 3784, Lowell,
Ariz, is test engineer, Phelps Dodge
Corp., Copper Queen Branch, Bisbee,
Ariz, He was formerly assistant mill
metallurgist at Kennecott Copper Carp.’s
Ching Mines Div., Hurley, N. M,

CHARLES R. CUTLER, 39, engineer
for Christensen Diamond Produects Co.,
lives at 38 Rue de 'Yvette, Paris 16eme,
France.

LYNN D, ERVIN, ’40, has built a new
home at 350 Typebridge Lane, Houston
24, Texas.

CHARLES 8. LINDBERG, 40, is a
“lost” alumnus whose address has been
found: 909 North Butler, Farmington, N,

194145

R. E. PIERSON, '41, has moved from
Chicago to 4550 W. 185th Pl, Tinley
Park, TI.

ROBERT E. MOYAR, '41, has asked to
have his mailing address changed from
Karachi, Pakistan, t¢ Box 234, Rouse-
ville, Pa, Moyar, an employee of Stand-
ard-Vacuum Oil Co., wrote on Sept. 26
that he would *“be leaving soom for the
U. 8. A. and vacation,”

GEORGE W. KING, '42, receives mail
at 247 Cayton, Houston 17, Texas.

ROBERT E. SIMPSON, 42, of 6016
Parfet St, Arvada, Colo., is mining en-
gineer for Titan, Ine, He was formerly
a sales engineer for Morse Bros. Ma-
chinery Ca.

FRANKLIN 8. CRANE, '43, still lives
in 8an Luis Obispo, Calif, but his new
street address is 281 Albert Dr.

KENNETH E. GIBBS, x-"44, plant en-
gineer for El Pasoe Natural Gas Co., has
moved 14 blocks on Maple §t. to 1616.
The town is Aztec, N. M.

FRANK J. ADLER, '44, geologist for
Phillips Petroleum Co., has moved from
Durango, Colo., to 2403 Braun Court,
Golden, Colo.

B. R. HUDSON, ’45, a hydro-geologist
for the United Nations Burean of Tech-
nical Assistance Operations, may be ad-
dressed at 720 Green St., Yellow Springs,
Ohio. A recent note from the United Na-
tivns advises us that “this address is the
most current one on our records.” MTr.

Hudson's article, “Carnival in the High :

Andes,” was published in the Fanuary
1960 issue of The MINES Magazine.

1946-°50

JOHN P. COGAN, '47, area petro-
physical engineer for Shell Oil Co,, has a
new street address in Midiand, Texas,
It is 3225 Dengar.

WILLIAM F. SPAIN, 47, who wasg
general manager of Wah Chang Corp,
Australian operations, has returned to
the company’s New York office in the
Woolworth Bldg., New York 7.

WILLIAM K. ALKIRE, '43, may be
reached at P. O. Box 237, Westwego, La,
He is division exploitation engineer, Shell
0il Co.

LAWRENCE B. MYERS, 48, is di-
visien engineer, Production Dept., Conti-
neatal Oil Co. His mailing address is Box
£80, Casper, Wyo.

M. T, RADER, ’48, has been trans-
ferred by Creole Petroleum Corp. from
Caracas to Apartade 172, Maracaibo, Zy-
lia, Venezuela, 8. A,

LOovuIs HIRSCH, '4%, has moved to
4519 Grimsby Rd., Columbus 13, Ohia,
He is senior engineer for North American
Aviation,

P. G. MIDDLETON, '49, who was in
the Aviation Gas Turbine Division of
Westinghouse Corp. in Kansas City, Ma.,
has moved to 7648 Sale Ave.,, Canoga
Park, Calif.

MORRIS W. MOTE, 49, has a new
street address in Pleasanton, Calif.: 324
Adams Ct.

DANIEL OAKLAND, *4%, has moved
to a pleasant Chicago suburb: Oak Lawn,
I, The street address is 10332 S. Ko-
lin.

HOMER N, OPLAND, 49, is living at
403 Delaware Rd., Frederick, Md., where
he is administrative assistant with Aero-
jet General Corp.

Maj. K. G, COMSTOCK, ’50, is study-
ing at the U, 8. Army Command and
General Staff Cellege. His address is 17
Bullard Ave., Fort Leavenworth, Kans.

ANDREW G. KELEHER, '50, former
manager of Benders Bakeries in Denver,
Colo,, is field representative for Naleo
Chemical Co. His home address is 5208
Paxton Ct., Fremont, Calif.

F. P. MERCIER, '50, formerly of Ceres,
Calif.,, is now living at 406 Northgate
Dr., Modesto, Calif.

PAUL E. MOOREHEAD, 'S0, is met-
allurgist for Bell Aerosystems with mail-
ing address 120 Evergreen, Tonawanda,
N. Y. He has been living in Warren,
GChio,

JOHN D. McIVER, ‘50, managed to
get his first vacation away from the job
this year, after four years, and traveled
north through Maine and Canada. The
family, including three sons and ofic
daughter, went along. The family visited
Lewis D. T, Geery, formerly with Ana-
conda in Chile, Phelps Dodge and Ken-
necott. Mr. Mclver writes that he man-
aged to reel in his first ‘white Marlin”
off Ocean City, Md,, this fall. Mr. Mec-
Iver is production superintendent of Ken-
necott Refining Corp.'s electrolytic aopper
refinery near Baltimore, Md. His address
is 47 Cedar Rd., Severna Park, Md,

CARL J. WATSON, 30, is sales ep-
gineer for King & East Machinery Corp.
with home address 5169 Iris, Arvada,

(Continued from page 8)
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MANY SCIENTIFIC SKILLS are needed to meet the
research chaltenges of the petroleam industry. Show.n
ahove are (l. to r.): Kemp Bunting, mechanical engi-
neer; Arthor Sisko, physical chemist; Thornton Traise,
organic chemist; Wilbur Hayne, chemical engineer.

They are members of the research teamthat de\_reloped
Standard Oil’s revolutionary new Supermil ASU
greases. These amazing lubricants are the ﬁrst_to
deliver normal performance at both extremely high
and low temperatures.

Fdilr heads are better than one

Seldom is a major petroleum advance the work
of one man-—or one kind of knowledge. It is the
result of a group of scientists whose sgkills
encompass many fields.

Take Standard Oil’s amazing new Supermil
ASU greases, for example. These revolutionary
lubricants assure normal performance at fantas-
tic temperature extremes—from 70° F. below zero
to 480° above. Their development has made
possible major advances in America’s Space Age
defense program and its industrial efficiency.

'The story behind the development of Supermil

STANDARD OIL COMPANY

210 SOUTH MICHIGAN AYENUE, CHICAGOQ 80, ILLINOIS

THE MINES MAGAZINE e NOVEMBER, 1960

ASU greases is as fascinating as the products
themselves. For it is a story 6f Standard il
research teamwork. Physical chemists, organic
chemists, chemical engineers, mechanical engi-
neers and technicians worked together for five
years to break down a major barrier in the
lubricant field.

At Standard Oil, scientists and engineers of
many types have the opportunity to work on a
wide variety of challenging projects. That is one
reagon why so many young men have chosen to
build satisfying careers with Standard Oil.

STAN'DARD }

THE SIGN OF FPHOGRESS...
THROUGH HESEARCH
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Earlougher Engineering
Petroleum Consultants — Core Analysis

3316 E 21st S, P, O. Box 4096
Tulsa 5, Okla.

R.C. Barlougher, ‘36, Registered Engineer

Robert F. Garland, '52

Independent Geologist
Telephone: 234-2598

217 City Center Bldq. Casper, Wyo,

GRAY-COCHRANE CORP.

Joha N. Gray, '37 E. R, Haymaker, "4l
W. H. Cochrane
Petroleum Consulting and
Qil Field Management
203 C. A. Johnson Building
Denver 2, Cola. AC 2-115%

Albert C. Harding, '37

Partner and General Manager
Black Hills Bentonite Company
Moorcroft Wyominy

HEINRICHS
GEOEXPLORATION CO.

Mining, Oil & Waler Consultants & Contractors
Geophysics, Geology & Geochemistry
Examination-|nterpretation-Evaluation
MOBILE MAGNETOMETER SURYEYS

Waiter £ Heiarichs, Jr,, "d0
Box 5671 Tucson, Ariz
Phone: MAIn 2.4202

Paul M. Hopkins

Registered Professional Engineer and
Land Surveyor
Mining Geologist and Engineer
2222 Arapahoe Street P. O, Box 403
Cresiview 9-23E3 Gaolden, Colorade

Howard E. |tten, '41
President
Empire Geophysical Inc.
6000 Camp Bowie Blvd., Fi. Worth, Texas

William Crowe Kellogg, '43
Kellogg Exploration Company
Geologists—Geophysicists
31301 N, Marengo  Altadena, California
Sycameore 4-1973

John F. Mann, Jr., '43
and Associates

Consulting Groundwater Geologists
945 Reposado Drive La Habra, Calif

CLASS NOTES
(Continued from page 0)

Colo. He was formerly sales engineer
with Johnston Testers, Inc. in Casper,
Wyo.

E. C. SPALDING, '50, a staff geolo-
gist for Texas-Zinc Minerals Corp, is
being transferred back to the parent
company, New Jersey Zinc, on a new
assignment. He'll continue to reside in
Grand Junction, Colo.,, which he writes
“ijs a break as this is a pretty nice
town,”

1951

CHARLES R, CLARK has been trans-
ferred by Pure 0il Ca, from Durango,
Colo. to 1575 Sherman, Denver 3, Colo.

JEAN F. HARTMAN, 1736 South
Johnstone, Bartlesville, Okla,, is staff
geologist, International Dept,, Phillips
Petroleum Co.

PAUL A, JOHNSON, formerly of And-
over, Mass,, is living at 5408 Thurlow
St., Hinsdale, 11,

ROBERT W. MacCANNON's new mail
ing address is Box 1211, Cedar City,
Utah, Mr. MacCannon's article, “CF&I
Sunrise (Wyo.) Mine’s Safety Program,”
was published in the September 1960 is-
sue of The MINES Magazine.

CHARLES C. STEWART, ]Jr. 326
Moran, Grosse Pointe Farms, Mich,, is
assistant vice president and manager of
the Petrolenm Department, National
Bank of Detroit.

B. E. VAN ARSDALE, Jr, 1710
Robert 8t., New Orleans 15, La., has left
the employ of Sinclair Qil & Gas Co. and
has joined Continental Qil Co.

1952

MILLARD E. BENSON, field fore-
man for Texaco Ine, has moved from
Buena Park, Calif. to 845 Olive St,
Paso Robles, Calif.

RUSSEYL, CHECK’S new address is
2139 Elphinstone §t., Regina, Saskatche-
wan, Canada, He was living in Karachi,
Pakistan,

ARTHUR ]J. GRAVES may be ad-
dressed ¢/e Getchell Mine, Golconda,
Nev,

ROGER A, HITCHINS, II, former
superintendent of National Refractories
Co., Thomsontown, Pa., is now plant
superintendent, Van Dyke Plant, Kaiser
Aluminum & Chemical Co, His mailing
address is Box 187, Thomsontown, Pa,

JOHN T. LINDQUIST, engineer for
T'rinity Dam Contractors, has been trans-
ferred from Lewiston, Calif,, to Challenge,
Calif., where his mailing address is P.
(. Box 82.

EUGENE L. McDANIEL has moved to
one of Denver's pleasant and fast-grow-

ing suburbs, Thornton, Colo, His address
is 9250 Harris Dr., Thornton 29, Colo,

JOHN B. SERVA'TIUS, farm manager
for Big Oak Farms, Ine, lives at 306
Williams, East Prairie, Mo,

1953

THOMAS 8. AFRA’s new address in
Tulsa, Okla., is 5114 §. Wheeling.

1954

ARTHUR B,-COADY has moved from
Cardston, Alberta, to Calgary, Alberta,
where he may be addressed ¢/o Canadian
Fina Oil, Ltd,, Bamlett Bldg.

JOHN A. DORR’s new address is 1703
W. 7th St., Apt. 73, Frederick, Md.

JOHN W, ERWIN and family have
moved from 1770 Field Crest Lane to
3120 Coronet Dr., Salt Lake City 17,
Utah.

JAMES E. HALE has left Climax,
Colo., for 2185 Bernard Way, Sacramento
22, Calif.

CHARLES R. HEATH lives at 2220
North 68th, Lincoln 5, Nebr,

HARLAN G. LANG has returned to
the United States from Maracaibo, Ven-
czuela. His address is 1255 MeCormick
St.,, Dubuque, lowa.

ABDUL Q. MAJEED is chief petro-
leum engineer, Ministry of Mines and
Industries, Kabul, Afghanistan.

1955

H. B. AYCARDO is now in England
training as a refinery operator by Shell
Qil Co. His address is Haven Hotel,
Shell Haven, Standford-Le-Hope, Essex,
England. He will return in two years as
an operator at the new Shell refinery in
Batangas, Philippines.

DANIEL GILBERT, formerly with
Texas Petroleum Cop. in Caracas, Venezu-
ela, is now reservoir engineer for Mid-
west 01l Co., 1700 Broadway, Denver 2,
Colo.

CLYDE R, INGELS, senior dynamics
engineer for Convair, Pomona, Calif,
lives at 1565 N. Laurel Ave., Upland,
Calif.

DORRANCE PARKS BUNN, Jr
formerly of Port Arthur, Texas, lives at
5206 Grape Rd.,, Houston 35, Texas.

NORMAN F, VOTE is living at 585
N. 25th St., Grand Junction, Colo., where
he is geological engineer with AEC.

D. P. WINSLOW has moved from Jop-
lin, Ma., to 4250 Tulane, Long Beach 8,
Calif,

1956

GEORGE W. ANDERSON is now met-
allurgical engineer in the Denver office
of American Smelting & Refining Co. His
home address is 7151 Raritan, Denver 21,
Colo. Until quite recently Anderson was
a first lieutenant, U. S. Army, 9th
Aviation Company, Ft. Carson, Cole,

CALVIN A, DENNISON, Jr., formerly
of Rangely, Colo,, may be addressed ¢/o
The California Co., 1045 Forest, Birming-
ham, Mich.

JOHN G. HILL, 4419 Manzanita Dr,,
San Jose 29, Calif, is metallurgical en-
gineer for Advanced Technolegy Labor-
atories,

K. WILLIAM JEFFERS has moved
from Seattle, Wash,, to $13 Gibson Dr.,
S. W., Vienna, Va. His present position
is geophysicist with the U, $. Coast and
Geodetics Survey, Washington 25, D, C.

LAWRENCE M. JONES’s new address
is 207 E Street, Taft, Calif.

CHARLES A. KOHLHAAS, petroleum
engineer for Mobil Oil Co., has been trans-
ferred from Colorado Springs, Colo., to
904 N, Thorp St.,, Hobbs, N, M,

BRUCE M., MILES is petroleum en-
gineer for The Chio Oil Co.,, Royal Bank
Bldg., Calgary, Alberta, Before joining
Ohio Oi], he was employed as a petroleum
engineer with Tennessee Gas & Transmis-
sion Co. in High River, Alberta.

{Continued on page 14)
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plus complete dehydration at no extra cost!

Méx:mum recovery ... low-cost operation...greater
profits...3 big reasons why there are more
PARKERSBURG DAU's on stream today than all other
comparable units combined.

Get the one unit designed to do the complete job

of hydrocarbon recovery with the quickest payout in the
industry. Specify a PARKERSBURG DAU and

start saving money the day you place your order...start
making money the day you go on stream.

SEE YOUR PARKERSBURG MAN TODAYJ

WHEN YOU BUY PARKERSBURG
YOU GET "EM ALL'!

EMCIMEERING . . . Parkersburg patents the prog-
ess, not just the equipment.

W AMIISALTIIFRINEG . . . Parkershburg units are
backed by rigid systems of guality control.

IMSTALILATION . . . Parkersburg equipment in-
stailations are supervised by experts.

EBERYVICILG . - - Parkersburg trains your men, serv-
ices your-unit any time, anywhere,

THE

I ARKERSBURG

RIG & REEL COMPANY

Division of Parkersburg-Aetna Corp.

PARKERSBURG +«+ HOUSTON » COFFEYVILLE

PARKERSBURG—The FULL LINE in Pressure Vessels , . . Separators, Metering Equipment, Treaters, Heaters, Knockouts an¢
Oil Skimmers, Scrubbers, Hyrecos, Hydrocarbon Recovery Units, Glycol Dehydrators, Stabilizers.
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‘hermoadhesive Separation
‘rocess Displayed at Meeting
"What was a research idea a few years
o is now a practical industriai separa-
tion process, Here, Rebert Brison shows
a working modeil of the thermoadhesive
separation process which was displayed
(Oct. 10-13) at the American Mining
Congress Show in Las Vegas, Brison and
other minerals beneficiation specialists at
Battelle Memorial Institute developed the
process for the International Salt Co.,

salt mined under the eity of Detroit. The
process is expected to prove valuable in
a number of other industrial applications,

In this process, material to be separated
—rock salt and rock salt impurities—is
heated {center) and fed onto z conveyor
belt {right) coated with a heat-sensitive
resin. The pure salt, which absorbs only
a small part of the radiant heat, remains
relatively cool and falls off the end of
the belt into a catch bin. The impurities,
however, because they absorb heat more
readily, adhere momentarily to the belt,
falling into another bin.

Drilling-Blasting Symposium
Held Oct, 16-19 at Mines

Technological advances and innovations
in production drilling for the mineral and
construction industries were the topies of
discussion Oct. 16-19 at the 10th Annual
Drilling and Blasting Sympesium,

The annual meeting is sponsored on a
revolving basis by the Colorado School
of Mines, Pennsylvania State University,
and the University of Minnesota.

This year’s meeting marked the first
time that the symposium has been held
at Mines. Chairman for the conference
was Prof. Lute J. Parkinson, head of the
Mining Engineering Department at Mines,
Co-chairmen were Dr. Howard L. Hart-
man, head of mining at Penn State, and
Prof. E. P. Pfleider, chief of the division
of mineral engineering at Minnesota.

Included among speakers were nine
professioal industrial engineers, eight edu-
cators and several guest speakers from
abroad, all of whom presented papers
dealing with advances in drilling equip-
ment and methods.

(Editor’'s Note, - Abstracts .of these-

papers will be published in the Decem-
ber 1960 issue of The MINES Magazine,)
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68 Technical Papers

-Presented at SPE Meeting

New methods of recovering oil by in-
jection of alcohol and by injection of
steam into underground oil reservoirs
were explained to engineers attending the
35th Annual Fall Meeting of the Society
of Petroleum Engineers of AIME in Den-
ver, Colo.,, Oct. 2-3,

In all, some 20 technical papers on
drilling and recovery of petroleum were
read to the 3,000 persons attending the
meeting from throughout the oil warld.
Sessions covered such subjects as: oil re-
covery processes, drilling, reservoir fluid
flow mechanics, and production opera-
tions.

Two papers written by students and
faculty members at the Colorade School
of Mines were featured at the Rock Me-
chanics technical session. Mines papers
were “Geological Aspects of Fraeturing
Reservoirs,” by P. C, Badgley of the Colo-
rado School of Mines, W. C. Pentilla of
The Atlantic Refining Co. and J. K.
Trimble of the Ohio Oil Co.; and “Frac-
ture and Craters Produced In Sandstone
by High Velocity Projectiles,” by J. 8.
Rinehart and W. 8. Maurer, Coleorade
School of Mines.

H. K. van Poollen, research engineer
for the Ohie Oil Ca., and special lecturer
at the Colorado School of Mines, arranged
the Rock Mechanies session and served
as presiding chairman—along with T. O.
H. Mattson of Texaco, Inc.

Earl M, Kipp will be the 1961 presi-
dent of the Society, taking office in Feb-
ruary, 1961, Kipp is special consultant—
producing problems on the staff of the
vice-president in charge of producing for
Standard Oil Co. of California in San
Francisco,

Kipp will replace 1960 President
Wayne E. Glenn, production manager
for Continental Qil Co.

Lloyd E. Elkins, a 1934 graduate of
Mines and production research director
for Pan American Petroleum Corp.,
Tulsa, will become president-elect in 1961
of the American Institute of Mining,
Metallurgical and Petroleum Engineers
(AIME). In 1962, he will assume the
presidency. (See p. 39, Sept. 1960 issue
of The MINES Magazine.)

Elkins was nominated for this position
by the Society of Petroleum Engineers,
one of the three constituent societies of
AIME. He is a past president of the
Society and has served as a member of
the AIME Board (1949-1953)} and as vice-
president of AIME (1953-1958). AIME
is composed of 36,000 member-engineers
throughout the world.

Rocky Mountain Ofl & Gas
Convention in Denver

The 15th Annual Rocky Mountain Oil
& Gas Assn, convention was held Oct.
19-21 in Denver, Colo. Some 700 repre-
sentatives of ‘the oil and "gas industry
heard such convention speakers as George
H. Weber, eidtor of the Oil & Gar Jour-
nal; Dr, Arthur A. Smith, vice president
of the First National Bank in Dallas,
Texas; Kerryn King, vice president and
assistant to the chairman of the board
of directars of Texaco, Inc.; Michel T.
Halbouty, independent oil producer of
Houston; Tex., and Morgan J. Davis,
president of Humble Gil & Refining Co.,

Houstan, Texas.

AMC Show in Las Vegas, Nev.
Successful and Outstanding

The 1960 Mining Show of the American
Mining Congress held Oct, 10-13 in Las
Vegas, Nev.,, was one of the largest,
maost successful and outstanding events in
the minerals industry,

Convention.  sessions covered every
phase of mining—from national mineral
policies to the operating problems of
mines, quarries and processing plants.
Especially poteworthy was the mammoth
exhibit by 200 of the nation’s leading
machinery manufacturers (chairmanned
by Albert A, Seep) which featured the
latest developments in mining machinery,
equipment and supplies.

The .mining industry will profit from
the henefits of space-age electronic
break-throughs, Henry Harnischfeger,
president of Harnischfeger Corp. of Mil-
waukee, told delegates, Pointing out that
the mining industry is undergoing un-
precedented changes, Harnischfeger said
these changes are being made necessary
by multiplied requirements of free-world
markets, diminishing ore deposits and in-
flationary costs.

“Mining equipment has historically been
big and heavy and that’s about all,” he
noted, ““T’he machines have been largely
a matter of hardware—nuts and bolts and
so much steel plus enough power to rip
up the overburden in sufficient quantities
to get the job done,

“But today,” he stressed, “these same
types of machines have become precision
tools made up of components which are,
in at least some instances, as precision
engineered as your electronic wrist
watch,”

He explained, for example, that a num-
ber of models of Harnischfeger mining
shovels now are controlled almost com-
pletely by electronic components and thus
actually are “sophisticated units which
make use of the technigues of miniatur-
ization and controlled atmosphere often
thought of only in relation to missiles and
electronic brains,”

The two most important results of
these electronic advancements, he said, are
proving to be greatly increased production
capacity and less maintenance or down-
time.

ASM Tapes Inform Companies
On Technical Subjects

Many nationally-known companies are
subscribing to the new Information
Searching Service now being offered by
the American Society for Metals, Metals
Park, Novelty, Ohio.

Every metals article from more than
900 of the world's leading technical mag-
azines is being abstracted and coded on
electronic tape—government reports, pat-
ents, books, etc. Every week nearly 700

_ abstracts are added to this magnetic tape

“library”—more than: 35,0600 a year.
Subscribers to the Information Service
tell ASM the subject in which they are
interested. Then every two wecks ASM
sentds them abstracts of all the informa-

-tion that has just been published on this

particular subject,

Some of the current searches ASM is
doing are on the following subjects, ‘de-
fined precisely as the subscribers wish:
refractory metals, explosive forming, rare

‘earths, low temperature praoperties, die
‘casting, powder processing, reactor fuel
‘rods, shear forming,
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and YOU

In this challenging age the petroleum and petro-
chemical industry offers unusual opportunities to keen
minds in virtually every profession. Whether you are
an engineer or a chemist, a geologist or an accountant,
a lawyer or a mathematician, the opportunities are
equally exciting.

Helping Humble develop our nation’s chief en-
ergy sources and chemical building blocks is particularly
rewarding. Two great research centers of the Humble
Division are making outstanding contributions to the
development of petroleum energy to meet future needs.

P R N R R R T T Y
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.

Humble drills 900 to 1000 wells o year; averages
daily production of 350,000 bbls.; transports by
pipeline about 750,000 bbls.; has a refining ca-
pacity of 292,300 bbls. daily. Operating area is
Texas, Arizono, New Mexico, Florida, Alabama,
Georgia, Mississippi, Lovisiana, California, Wash-
ington, Oregon, Alaska. Retail sales in Texas, New
Mexico and Arizona.
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The Humble Division’s Baytown plant is one of the
world’s Jargest. Humble is a leading producer of crude
oil in the United States, one of the nation’s leading
marketers of petroleum products and a leader in the
expanding field of petrochemicals.

Professional people at Humble are given every
opportunity to share in the Company’s growth. Through
association with recognized leaders in their fields | . .
through informative lectures . . . through membership
in professional societies, each man is stimulated to
grow — both in his profession and in the Company,

"HUMBLE

Humble Division,
Humble Oil & Refining Company
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l. . "brick” mason, '38
INSURANCE BROKER

5155 Umatilla $t. GE 3-2646
Denver, Colo,

ROBERT McMILLAN, "4t
Vice President

ey 'The Geophoi’o Group

305 Examiner Bldg, 305 Ernest & Cranmer Bldg.
Calgary, Alberta Denver, Colorado

Mine Reports Est. "29 Assaying
MINERALS ENGINEERING CCQ.

Norman Whitmore, '26
4|7 So. Hill 5t., Los Angeles, Calif.
Tel.: MAdison 8-6793

Our Sepctographs show %, of
70 metals: $12

Mail 12 o1, powdered ore or more.
Get price list,

Charles O. Parker & Co.

2114 Curtis Street MAin 3-1852
Denver, Colorado
ASSAYERS — CHEMISTS and
ENGINEERS
Price List on Request.
Prompt Service—Accurate Results

Lawrence E. Smith, '31
Senjor Mining Engineer
Philippine lron Mines, inc,

P.O. Box 626  Manila, Philippines

"From Spud Through Flood"

TWH

Drilling & Development Co.

HA 4-7493
Jim Taylor, '50 3845 Allison St,
President Wheat Ridge, Colo,

George D. Volk, '35

Geoclogist and Petroleum Engineer

Denver
|135 Petrolesm Club Bldg. CH. 4-7431
4500 E. I17th Ave, FR, 7-255G

L —
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CLASS NOTES
{ Continued on page 8)

1957

LOUIS M. BONNEFOND has moved
from Silver Spring, Md. to 6107 Dunleer
Ct., Washington, D, C., where he is met-
allurgist with the U. S, Atomic Energy
Commission,

Lt. WILLIAM H. ISAACS, U. 8. Army,
is stationed at Camp Walters, Texas,
where his address is Co, “A”, 864th
Engr. Bn.

ROB [. ROARK is living at 1731
Brecken Dr, Hobbs, N, M. He was
formerly in the U, S, Marine Corps,
Air Facility, Santa Ana, Calif.

L, TIMOTHY M. RYDER, U. S.
Marine Corps officer, lives at 1742 W.
Raymar, Santa Ana, Calif.

W. A, THOMPSON, III, engineer-
partner of Petroleum Maintenance Co,,
has moved from Orange, Calif., to 2804
W. 8an Raiton Dr,, Miraleste, Calif.

FRANCIS W, WOLEK, 10 Saran Ave,,
Bedford, Mass,, is a graduate student at
Harvard Business School,

1958

J. RANDALL BURKE received a
Master’s degree in geology from Stanford
University last June. He worked on the
Quebec northshore this past summer as a
senior field geologist for the Quebec
Dept. of Mines. His present address is
Rm, 10411, Centennial Hall, University
of Minnesota, Minneapolis 14, Minn,

JON F. HAMLIN has changed his
mailing address from Lafayette, La,, to
Bay Drive, Sarasoto, Fla,

JOIHIN L, HOLT, formerly of Lakeport,
N. H, is living at 3 Wilmont Ave,
Washington, Pa,

NORMAN 8. SMITH, 1371 Allen Park
Dr, 8alt Lake City, Utah, is level fore-
man, Bingham Canyon, Kennecott Cop-
per Corp.

PAUL C, OPEKAR, who graduated as
a petroleum refining engineer with high-
est honors in his class of 1958, is now
associate research engineer for Contin-
enta] 0i] Co. His home address is 12035
E. Central Ave., Ponca City, Okla. Be-
fore joining Continental Oil he was tech-
nologist for Socony Mobil Oil Co, in
Paulshore, N, J.

RALPH Z. MARSH, engineer with the
Martin Co., may be addressed at Box
119A, Star Route, Morrison, Colo,

ERNEST BERKMAN’s new mailing
address is Box 5374, E| Paso, Texas.

EDWIN L. BEAUCHAMP, Jr., is do-
ing preduction and development work for
Esso Standard (Libya) Inc. His address
is Esso Standard {Libya) Inc, P. O.
Box 281, Benghazi, Libya,

1959

IVAN D. ALLRED, Jr. formerly of
Casper, Wryo., is junior petroleum en-
gineer for Tennessee Gas & Oil Co. His
address is 438 Apache Trail, Shreveport,
La.

JOHN T. CHANDLER, 1307 Elm St.,
Liberal, Kans., is petroleum engineer for
United Producing Co., Inc.

CHARLES J. GUNTNER has moved
from Golden, Colo,, to 5871 Lee St., Ar-
vada, Ceolo. He is metallurgist, National
Bureau of Standards, Cryeganic Engi-
neering Laboratory,

RICHARD L. HOUGH is now living at
746 N. 17th, San Jose, Calif.

2d/Lt. LARRY D, SIMPSON is sta-
tioned at Fort Lewis, Wash, 4th Engr.
Battalion,

ROBERT E. VAN HARE's new mailing
address is Route 1, Box 89, Platteviile,
Colo. Until recently Mr, Van Hare was
living in Carlsbad, N, M,, where he was
junior mine engineer for International
Mining & Chemicai Corp.

Lt. RICHARD L. LEA's address is
63rd Engineer Company (PD), Columbus
General Depot, U, 8. Army, Columbus
I5, Ohio. He was formerly with Engineer-
ing Consultants, Inc. in Denver.:

HARRY B. HINKLE, now a student at
the University of Texas, is living at
3304-B Tom Green, Austin, Texas,

Capt. RICHARD C. GERHARDT, 6116
Tomberg St., Dayton 24, Ohio, is project
engineer, USAF-Wright Air Development
Division, Wright-Patterson AFB, Ohio.
His former position was research metal-
lurgist at the Denver Research Institute.

KEITH GEORGE, project engineer for
Western Contracting Corp., has moved
from Vere Beach, Fla, to 3237 N. E.
11th 5t. Pompano Beach, Fia.

JOHN T. DONOHUE, 624 E. 22nd,
Cheyenne, Wyo., is engineer technician for
the Wyoming State Highway Dept.

1960

MOHAMMED HASSAN ALIEF, a
graduate student at the University of
Idaho, lives at 413 N. Jeffersonm, Mos-
cow, Idahe,

GEORGE BEATTIE is development
foreman at New Jersey Zinc Co.s Flat
Gap Mine, His address is Route 1, Box
4, Treadway, Tenn,

THOMAS M. CARROLL, III, spent the
past three months in Jonesville, Mich., as
a sales engineer with Franklin Supply Co.
He is now in Denver employed as =a
civil engineer with Meuer-Serafini-Meuer,

_ Engineers. His mailing address is 2051

8. Clayton, Denver, Colo. Tom says he
really enjoyed the climate and beautiful
scenes 1o Michigan {Chamber of Com-
merce, please note.}

I, W, ENGEL, metallurgical engineer
with Bethlehem Steel Corp., Los Angeles,
Calif.,, gives his temporary mailing ad-
dress as 1831 E. Center, Denver, Colo.

JAMES R. HEAVENER, who until
recently was a graduate student at
Southern Methodist University, Dallas,
Texas, may now he addressed at 2027
Arapahae, Boulder, Colo.

WILLIAM N, HOUSTON has maved
from one Denver suburb to another—
from Arvada to 7465 W. Oregon Dr.,
Lakewood, Colo.

ROBERT B. HOFFMAN, 751 Layne
Ct.. #26, Palo Alto, Calif., will be a
graduate student at Stanford University’s
Graduate School of Business for the next
two years, He adds: “My best to yon
and continue the great job you're doing
on the Magazine”

J. DONALD LONGENECKER is re-
search assistant, Diepartment of Industri-
al Management, Massachusetts Institute
of Technology. His address is Apt. 3-B3,
1105 Lexington St, Waltham, Mass.

HARRY E. McCARTHY is working
for Du Pont. His address is 223 B,
Thomas Dr., Wilmington 6, Del,

KENNETH M. O'CONNELL, formerly
of Colorade Springs, has moved te 510
Sevila Dr., Security, Colo,

(Continued an page 60)
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,e .7 a hand in things to-come

Taking the pulse of a petrified river

From the Colorado plateau—once the floor of a vast inland sea—
comes the wonder metal uranium. Using sensitive instruments, Union Carbide
geologists find its faint gamma rays along the beds of ancient petrified rivers.

Learn about the exciting work
now going on in atomic energy.
Send for the illustrated booklet,
“The Atom in Our Hands,”
Union Carbide Corporation,
270 Park Avenue, New York 17,
N.Y.InCanada, Union Carbide
Canada Limited, Toronto,

Every ton that is mined ultimately yields just about half an ounce
of uranium 235 . . . precious food for atomic reactors. At Oak Ridge, Tennessee
—the great atomic energy center operated by Unjon Carbide for the U. S.
Atomic Energy Commission—the fuel becomes the kind of energy that will
drive a submarine . . . light a city . . . or help doctors pinpoint the location
of diseased tissue.

Finding, refining, and researching the materials used in atomic
energy are all part of the work done by the people of Union Carbide to enrich
your daily life. With pioneering curiosity, they are seeking new things not
only in atomic energy, but also in the fields of carbons, chemicals, gases,
metals, and plastics.

...a hand
in things to come
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MINERAL INDUSTRIES
(Continued from page 4)

$80 Million Beryllium
Industry Foreseen

Bruce Odlum, president of Beryl-
{ium Resources, Inc,, said recently the
nation’s sclentists know now that
beryllium minerals exist “in sufficient
quantity” to free the United States
from its ‘“absolute dependence on
foreign ore.”

Speaking before the Utah Securities
Dealers Association, Odlum said: “As
a result of our work at Delta, Utah,
in Alaska, elsewhere in the U. S. and
in foreign countries, we know now
that beryllium minerals occur in suf-
ficlent quantity to allow the industry
to expand to a major industry.”

Berylliom, Odlum said, “is taking
on the Insidious characteristics of
‘glamour’ that were attached to ura-
nium and titanium a few years ago.”

/9 roﬂmdiona/ ..
CARDS
Hugh A. Wallis, '28

Petroleum Engineer
Production & Management
16 So. Ogden St. Denver 9, Colo,

I Elmer R. Wilfley, 'I4
Wilfley Centrifugal Pumps

Denver, Cola,

John H. Wilson, '23

1201 Sinclair Building
Ft. Worth, Texas

Wilson Exploration Co.
Contract Oil Property Operation
John H, Wilson |, ‘48"
Byron Kaeil

Sinclair Bldg. Ft, Worth, Tex.

I Harry J. Wolf, '03

Mining and Consulting Engineer
3 Glanwood Street Little Nock 63, N. Y.

Ben F. Zwick, '29

Manager, Oll and Gas Dept.
CHEMICAL BANK NEW YORK
TRUST CO.

165 Broadway New York, N. V.
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Beryllium is a high-heat resistant,
strong metal used in satellites, mis-
siles, heat sinks, nuclear reactors and
for other uses.

Odlum pointed out that the struc-
tural uses for beryllium can be un-
limited, because of the metal's
strength-to-weight ratio, Its stiffness,
he said, “is almost unbelievable. Its
weight is negligible,”

He pointed out that if 2 DC-7 were
made of beryllium, it would weigh
only about half what it weighs to-
day.

Odlum said that "“ene can speculate
and dream of a metal empire in beryl-
lium which might seem as real, as
larpe and as universal as the present
day aluminum empire.” But he
pointed out that beryllium occurs in
the earth only about as often as arsenic
and is about one-seventh as abundant
as tin.

He said that in relation to nuclear
power plants, for example, “it is esti-
mated that if England’s gas-cooled
reactor at Windscale performs as ex-
pected, it will create a demand in the
United Kingdom for between 40 and
100 rons of beryllium -annually. This
is the equivalent of between 1,000 and
2,000 tons of beryl ore—the equiva-
lent of nearly 20 per cent of all the
beryllium ore consumed in the U, S.
today.”

Qdlum pointed out that “contin-
uous growth of the beryllium indus-
try is clearly indicated—growth to
date has doubled every other year.
Today's $40-million industry will
surely be tomorrow's $80-million in-
dustry.”

He predicted that because of beryl-
lium’s composition and its position in
the periodic table, it is likely to be
replaced by a newer alloy,

Contribution of Nickel
To Alloys Highlighted

The many unique contributions of
nickel to alloy steels and stainless
steels keynoted International Nickel
Co.’s participation at the National
Metal Exposition and Congress in
Philadelphia, Oct. 17-21. The Inco
exhibit featured nickel’s role in these
alloys.

The part nickel plays in carburiz-
ing steels was highlighted by the an-
nouncement of two new nickel-molyb-
denum steels, one an economical light
duty type, and the other an extra
heavy duty grade with improved
processing characteristics. Both new
steels combine the outstanding proces-
sing qualities and reliable service per-
formance which are characteristic of
the older members of the nickel-
molybdenum family.

Aecrial Mapping of Libya
Completed by Fairchild

One of the most difficult and dan-
gerous aerial mapping assignments has
just been completed in Libya by Fair-
child Aerial Surveys, Inc., a wholly-
owned subsidiary of Fairchild Camera
and Instrument Corp.

The survey, which covers 260,000
square miles of Southern Libya’s bar-
ren, featurelesss, wasteland (equal to
six New Yorks or one Texas) was
completed in spite of blistering tem-
peratures, violent dust storms and
completely unreliable base maps.

Flying a specially modified Lock-
heed Lodestar at altitude ranging
from 23,0000 to 25,000, the Fairchild
crew averaged about 3,000 square
miles of photography a day. Aerial
pictures were taken with two Fair-
child mapping cameras, specially
mounted and triggered simultaneously
to provide '‘dihedral” coverage of an
angle of 134°,

The dual oblique photographs were
then transformed to equivalent verti-
cal photography by correction at the
base laboratory. With this wide-angle
dihedral photography overcoming in
some part the physical difficulties of
operating, aerial coverage of the area
was achieved in less than half the
time required for normal vertical
aerial photography.

The project was undertaken on a
non-exclusive basis for nine United

States and foreign oil companies en-

gaged in active exploration in this re-
mote area. As the first reliable infor-
mation of Libya's interior, it will
serve many purposes. Of vital inter-
est in the exploration field is the value
of the aerial photograph for photo
geological study.

From interpretation of the air pho-
tography, oil exploration experts will
be able to evaluate the terrzin and
select concession areas. Equally im-
portant is the value of the photogra-
phy as graphic presentation of physical
detail of the virtually unexplored ter-
rain. With this information, access
routes, camp locations and physical
advantages can be analyzed along the
best possible lines for the immediate
development of this Southern Libya
hinterland.

Magnetometer Survey
In Northeastern Alaska
An airborne magnetometer survey
of 4 21,000 square mile area in north-
eastern Alaska was completed this
summer by Fairchild Aerial Surveys.
The survey, performed for five U,
S. oil companies, was designed to give
a quick overall picture of the import-
ant and significant geologic features
of this relatively unexplored area.

{Continued on page 1)
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Your handbook of

CAREER OPPORTUNITIES
with PHILLIPS 66

The booklet, ““A Career with a Future,” describes the
many job opportunities available with Phillips Petro-
leum Company. Phillips is one of America’s largest and
most diversified petroleum companies. Because its
activities include every phase of producing, manufac-
turing and marketing petroleum, natural gas, natural
gas liquids and petrochemicals, Phillips offers you the
choice of a career suited to your interests and education.
Phillips research and development programs
include such widely diversified projects as
atomic energy . .. synthetic rubber . . . plastics

. . exotic fuels . . . fertilizers. Phillips rapid
expansion has created many new opporturti-
ties for engineers and scientists in geology,

PHILLIPS

66

geophysics, computer programming, marketing, pro-
duction and transportation.

Opportunities for advancemenf are provided by
Phillips policy of promotion from within. Ambitious
young engineers and scientists are encouraged and
given the chance to become the key men of tomorrow
with this vigorous, expanding organization, Phillips
interests in three major growth industries—olil, natural
gas and chemicals—provide desirable stability.
Write today for the brochure, “A Career with
a Future,” to Phillips Technical Manpower
Division. And arrange for an interview,
through your Placement Office, whea the
Phillips representatives visit your campus.

PHILLIPS PETROLEUM COMPANY
Bartlesviile, Oklahoma
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"COORS U.S. A.” TRADEMARK
Well Established in Every Chemical

Laboratory
T hroughout
Country

During -the past 50 years the
name “Coors, U.S.A.”—trade mark
of the Coors Poreelain Co.—became
well established. Coors products are
used, to some extent, in every chem-
ieal laboratory throughout the
country. In addition, the high alu-
mina ccramics, more recently in-
troduced, have been used in the pe-
troleum indastry for pump plung-
ers, rotary seals and other appliea-
tions where corrosion and abrasion
have been problems.

Porcelain Imported From Europe

Before World War I all Iabora-
tory poreelain was imported from
Burope. The war cut off this supply
n 1914, and chemists in this conn-
try counld not obtain porcelain with
which to perform analyses vital to
the processing of materials of all
types. The original pottery, now
the Coors Porcelain Co., was asked
by the government, -along with
other potterieg, to produce chemi-
cal ware,

In 1915 satisfactory pieees were
made and bheeame the standard.
Sinee World War I the Coors Por-
celain. Co. has been the principal
supplier and today is the largest
laboratory poreelain factory in the
world. Also, Coors is one of the
largest manufacturers of ceramic
tubes for laboratory and industrial
use.

Again in a time of erisis during
Worid War II, Coors was called
upon to produee special insulators
of a saperior type of electrieal por-
celain for a very important govern-
ment installation. Many thousand
insulators were made allowing eon-
tinuous production of a most eriti-
cal war material.

Ceramics in New Fields

Sinee World War IT new ceram-
ics are beecoming suceessful in new
fields, Some of these new materialg
are made mainly of aluminum

18

vTo?. picture, foreground, shows the Coors Porcelain Company in the "horse-and-buggy
days." In the lower picture is the Coors plant as it looks today.

oxide. In the growing Klectronic
industry, alumina provides higher
strength, inereases allowable tem-
perature limits and posscsses desir-
able electrical properties. As noted
hefore, typieal mechanical applica-
tions inelude pump parts, such as
plungers and cylinder liners, cheek
valves, and seals where alumina ean
provide mechanical strength and
superior resistance to eorresion and
abrasion. Special metering orifices
and nozzles have gained acceptance
in the petroleum industry.

Balls and Linings Internationally
Known

Coors aluminum oxide eeramie
grinding balls and mill linings have

become internationally known. This
is because their great hardness and
high specific gravity enable the
users to inercase greatly their
grinding eapacities with the same
equipment,

Coors has greatly expanded its
Research and Development Depart-
ment and promises newer materials
for the future. Beryllium oxide
ecramie, now in regular production
is one of these newer compositions
—an execellent electrical insulator,
yet it condnets heat better than yel-
low brass! This mraterial plus newer
ones having even more unusual
properties will contribute to the
changing world of the future.
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MINERAL INDUSTRIES
{ Gontinued from page 10)

90 Million Barrels of Oil
May Be Recovered in Fulure
From Existing U. S, Fields

“The future recovery from exist-
ing oil fields in the United States may
be as much as 90 billion barrels,” said
Paul D. Torrey, University of Texas,
department of petroleum engineering,
in a report recently presented to the
secondary recovery and pressure main-
tenance committee of the Interstate
il Compact Commission. In pre-
senting his report on the “Evaluation
of United States Oil Resources as of
Jan. 1, 1960,” Mr, Torrey pointed
out that the application of known im-
proved recovery methods would un-
doubtedly add more than 44 billion
barrels to our presently proven re-
serves of more than 30 billion barrels
and that the additional oil would
comme by more experience in those
states In which these improved meth-
ads have not been utilized.

This survey indicates that 14,822 -
000,000 barrels can be recovered in
addition to the primary reserves by
the application of conventional gas
and water injection under presently
existing economic condittons.

My, Torrey reviewed the present
status of distribution of world eil re-
serves as of 1959 and compared them
to the situation as existed in 1946.
During this period, although the
United States has increased its proven
reserves by more than 50 per cent,
all of the other oil producing coun-
tries have increased their reserves by
many times as much as the United
States has; and as a result, the United
States has dropped from a rank of
first to fourth in regard to proved
TESETves,

In conclusion Mr. Torrey pointed
out that the United States has an
abundance of oil and there are avail-
able means of recovering even greater
amounts, Only the actual discovery
of oil reserves outranks the develop-
ment and application of fluid injec-
tion methods in contributing addi-
tional reserves in the United States.
In many states it is by far the most
important single factor in maintain-
ing the oil industry in these states.

New Nickel Mine

As part of a long-range program to
maintain the continuity of its exten-
sive operations in the Sudbury Dis-
trict of Ontario, International Nickel
is developing a new open pit mine
which is scheduled to go into pro-
duction In the latter part of 1961,

(Continued on page 92)

~ Designing NEW DRIVES?

When you change the whole drive —on mud pump, pumping
unit, or any other piece of petroleum equipment—remember; The
cost of a Gates Super HC V-Belt is as much as 20% less than the
cost of present V-belt drives of the same horsepower capacity.
A development of Specialized Research in the world’s largest
V-belt laboratories at Gates, the new Super HC V-Belt makes pos-
sible the most compact, lightest-weight, lowest-cost multiple V-belt |

drive you can put on any pump!

Cuts drive space as much as 50%

With Gates new Super HC V-Belt,
sheave diameters and widths can be re-
duced 30% to 50%, center distances 20%
and more. Bearing load is lightened and
total space occupied by the drive may be
cut as much as 50%.

“The Modern Way to Design Multiple
V-Belt Drives” is an informative handbook
on the Super HC Drive, available from
your nearby Gates Distributor listed in the
Yellow Pages of your phone hook.

Gates Wi
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For NEW drives on mud
pumps Gates compact new
Super HC V-Belt with the
petented ribbed top cuts
space required up to 50%
and o5t as much as 20%.

Drives
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Dry Hole Money...

The Fair

Contribution’

By JOHN H. FOLKS

There are ecertain features con-
eerning dry hole contributions un-
der seriouns congideration today
which should result in more uni-
form thinking. If aceepted, these
wowld serve to curtail the greed
which existy in all of us, so that
more advantageons contributions
may he granted and reeceived with
the end result that more deals will
he consummated.

This is being made in the belief
that the “sharp trading” days are
rapidly vanishing. There appears
everywhere a clearly defined trend
that the vast majority of manage-
ment wants to bear the true bur-
den in acreage evaluation.

Under consideration for use in
arrviving at fair contributions are
six “yardsticks.” The usage of these
and the inequities involved in threc
traditional committments are dis-
cussed here.

* Presented as an address hefore the American
Association of Petreleurn Landmen at San An-
tonio, Texas, April 26, 1957, and published in
The Fetroleum Engineer, July 19567,

1. Circle Method

This is frequently referred to as
the Proximity System. It consists
of a series of cireles, the firgt being
of suffieient size to embrace one
drillsite; three additional ones exist,
cach covering an area two drillsites
greater in diameter than the for-
mer. The contribution to be horne
by any tract of drillsite size which
is traversed by more than one cirele
is determined by that eirele which
includes the greater portion of the
traet.

This method takes no cognizance
of structure, faults or any other
teehniecal data; neither is any credit
given for any acreage lying outside
the scope of the largest cirele. The
smount of money to be horne hy
each traet is determined by its geo-
graphical distance from the pro-
posed location (Fig, 1).

In applying this method, 50 per-
cent of the dry hole cost is charged

BURDEN OF SHARING

$96,000 DRY HOLE COST:
[EM Traet Mot......... $48.000
No.2.....oo.... 3,000
= Tract No.3............| 1,200
] Tract Nod.......... 600
w Figure 1. Gircle method of computation, often referred to as the proximity system in

determining dry hole contribufions. This system does not consider structure, faults or other

technical data.
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cewed an AB degree from South-
western State, an LLB from the
University of Oklahoma, and went
to work for The Carter 01 Co.
more than 20 years ago. He has
been Central dArea landman for
KHansas, Oklehoma, North Arkan-
sas, Missowri and Nebraska since
1951.

Folks has memberships in the
American Association of Petrolewm
Landmen, the Oklahome Londmen’s
Association, Oklahomae Stele Bar,
and the Hid-Continent O and Gas
Association,

His service to industry includes
heading a commitiee to produce the
Model Form Operating Adgreement
from 1952-56 and ligison represent-
ative to the Legel Committee in
1955-56. These commitiees pro-
duced the Model Form Operating
Agreement now widely wused
throughout the nation. For the past
three years he has served as vice-
chatrman of the Public Information
Committee and last year as third
vice president of the American ds-
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BURDEN OF SHARING
$96,000 DRY HOLE COST:

i $as 000

~ Figure 2, Square method of computation is another form of the proximity system, and
like the circle method, does not consider structure or technical data,

to the owner of the well simply be-
cause of the well’s ownership. It
should be pointed out that this is
gsomewhat arbitrary, sinee the area
covered by the inner cirele includes
only one drillsite, the assessment
should be the national pool dry
hole risk ratio, which approximates
only 30 percent. The risk of drill-
ing a dry offset to the first well is,
of course, the reason for assessing
a larger proportionate part of the
drilling cost to the owner of the
traet on which the first well is lo-
cated.

The owners of the eight traets
(quarter quarter sections in this
instanee) which tracts are em-
hraced by the second ecircle, bear
25 pereent of the total dry hole
risk. Each drillsite, therefore, hears
$3000 dry hole money.

The owners of all drillsites with-
in the third cirele bear 15 percent
of the eost, a total of $14,400, With-
in the cirele there are 12 tracts
which partieipate equally in the
cost g0 that each tract hears $1200.

Ten percent ($9600) is horne by
the owners within the fourth cirele.
This civele eontains 16 participat-
ing fracis and each tract, therefore,
bears $600.

As is generally the case, this sys-
tem compels the drilling party to
pay or bear that part attributable
to any traect which, either hecause
of being unleased or because its
lessee refuses to support, does not
hear its burden.

2. Square System

This again is a proximity method
and In principle is the same as the
cirele method. This system consists
of a series of four square rectangles
(F'ig. 2). The first will embrace
only one drillsite. lach additional
one will be two drillsites greater in
width than the former. This “yard-
stick” is more easily employed than

the cirele method since no traet is
traversed by more than one rec-
tangle,

The owner of the drillsite bears
50 pereent of the cost plus, of
course, that part attributable to any
tract which does not bear its part.
Tiach of the eight tracts within the
gecond rectangle bears 3 pereent of
the cost. Those within the third
rectangle each bear 1 percent and
those within the fourth rectangle
25 percent.

A meechanical tool can casily be
made and employed for using the
square system as a basis of com-
putation. On any transparent ma-
terial place light eolored lines so
that quarter quarter sections can be
outlined. A scale of two inches fo
the mile is quite practieal. Bold
lines should be drawn to delineate
the four rectangles. By marking in
one’s holdings on a work sheet plat
of the same scale as the tool and
then by plaeing the tool over the
plat, the appropriate percent of
cost for each traet will be instantly
appavent. The total eontribution
will consigt of the sum total of the
pereentages multiplied by the total
dry hole cost.

-

s 8% BN

Those technical considerations
normally prevalent in arriving at a
fair contribution are in no manner
coengidered. The question of how
much or how little acreage the con-
tributing party has outside the
square is unimportant. Those ob-
jections whieh prevail both in the
circle and sgquare methods guite
generally prevent a lHteral applica-
tion of either. While striet applica-
tion will often result in worthless
acreage hearing a share of the cost
which the usage of available tech-
nical information would prevent,
by the converse, some application
of either will normally result in a
contribution being made which, be-
cause of the total absence of tech-
nieal information, counld not other-
wise he granted,

3. Adjacent Quarter Section System

A method which some eontend te
be fair, particulrly in areas of little
control and universally small fields
as exist in Kansag, Hastern Okla-
homa, Tllinois, Indiana, and Ken-
tucky, is the “adjacent guarter sec-
tion system.”

This methed requires the owners
of the well and the guarter section
on which the well is located to bear
14 the dry hole cost. Fach of the
three offsetting guarter seetions
bear 1/6. The owner of the inside
80-aere tract in each quarter see-
tion pays twice that of the outside
80-acre owner, In event the owner
of the well owns less than the guar-
ter section on which the well is lo-
cated, the owner bears 14 of the
cost Tor the well’s ownership and
the owner or owners of the remain-
ing portions of the gqnarter bear the
1/6 in proportion as they own tn the
remainder of the drilisite quarter.
Referring to the illustration (Fig.
3) it is observed that Able plans to
drill a well, the dry hole cost of
whieh is $24,000. Able owns the

BURDEN OF SHARING
$24,000 DRY HOLE COST:

Y ABLE........ 50%..... $12.000
E=] BAKER....... % 2,670
[T CHARLEY....22%....... 5330

w Figure 3. Adjacent quarter sections method is considered by many as a "fair system™ in
areas of small fields as exist in Kansas, Eastern Oklahoma, Illinois, Indiana, and Kentucky.
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BURDEN -OF SHARING
$100,000 DRY HOLE COST:

COST PERCENTAGE
PARTICIPATION OWNERSHIP

50%... $50000 ... . agpifable

ABLE...... LB 6500 ....... 13%

BAKER ......18%..... 16100 .......32%
:é,f_,‘

i

E= boo........ 13%.....12,900 .......26%

w Figure 4. Proportionate ownership method is converse in theory from the circle and square
systems, as proximity is entirely disregarded. The contributing party is the sole judge of

limits of the producing structure,

SE/4 Seetion 9 and will, therefore,
bear $12,000 of the cost. Baker
owns the S16 NE/4 Seetion § and
since this is an inside 80-acre tract,
Baker will bear 24 of the 1/6 of the
cost, or $2670. Charley will con-
tribute 1/6 for the NW/4 and 14
of 1/6 for the N146 NE/4 Seetion
9, a total of $5330. Dog will bear
$2670 for the Ni4 SW/4 and $665
for the SE SW Section 9, a total
of $3335. Love will bear 14 of 14
of 1/6 for the SW SW, a total of
$665.

Inasmueh as the adjaeent guarter
seetion method ig one of proximity,
all of the objections prevailing
against wusage of the ecirele and
square systems may likewise be as-
serted against employing this sys-
tem.

4. Proportionate Part of Structure or
Anticipated Producing Area

This method ig the complete con-
verse to the cirele and square sys-
tems. Proximity is totally disre-
garded. Technical data determine
wholly the contribution. The con-
tributing party is the sole judge
as to the geographical confines of
the produeing strueture, He may
select only the top closing eontour
for an outline or that one which he
believes will define the oil/water
contact. .

He who insists upon using this
“yardstick” will frequently invite
the soliciting party to show evi-
dence of the ultimate producing
area as a prerequisite to a contribu-
tion, or he may simply adwvise that
he, or his company, does not have
evidence of a trap and henee cannot
support with eash.

Onece, however, the contributing
party bas concluded as to the size
of the ultimaie producing avea, he
determines the contribution by first
deduecting 50 peércent of the dry

22

hole cost which is to be horne by
the owner of the well and drillsite.
(Fig. 4.) He then determines the
total remaining acreage within the
producing area and the percentage
thereof which he owns. His percen-
tage is multiplied by 14 the drilling
cost and the result is the correct
contribution.

Onee again should any owner re-
fuse to support, his interest is
horne hy the drilling party.

The folly of this system seems to
lie in its failure to recognize proxi-
mity. Failure to do so denies the
cxistence of that well-established
dry hole risk in pool well develop-
ment., Obvionsly those owners of
tracts on the edge, such as Able
should not be required to bear the
risk of two intervening wells while
Charley bears only one, unless the
edge owner is to stand initially less
of the dry hole cost.

5. The Nine Section Pattern

In areas for which gas is the pri-
mary objective and 640-acre spae-
ing is universal and where little
technieal control exists, sueh as in

R
\‘\?\a%

Texas and Oklahoma Panhandles
and in Southwestern Kansas, a feel-
ing is shared hy some that the own-
er of a well and the 640-acre drill-
site should bear 14 the dry hole eost
and the owners of the adjacent
eight seetions should bear the other
half. Tf the drillsite section be
owned by more than the drilling
company, each of the owners in-
cluding the drilling company pays
in the ratio that his ownership
bears to the section times 14 the
cost of the well. The owner of the
well will bear 1/6 of the cost plus
the additional cost chargeable to
his lease ownership. The 1/6 cost
to the owner is charged because of
the possibility that the well may be
completed as a producer of oil, in
which event the drilling company
would own all of the well. Kach
owner within the drillsite seetion
participates in an agreement which
permits him to shave in proportion
as he owns in the section in any
gas well that may be completed up-
on reimbursement for a like amount
of the total cost of drilling and
completing a well,

Sinee only one well will be drilled
in cach offsetting mection, there is
no advantage to being on the inside
in the offgetting sections and, there-
fore, the owners in each offsetting
section pay in proportion as they
own in the seetion.

In the illustration (Fig. 5), Able
bears 1/6 of the ecost beeause of
ownership of the well plus 14 of 14
for ownership of the 14 Section 9.
The two components are expressed
as “24 of 14,7 In addition, Able
bears 1/32 of 14 for each quarter
section it owns in the eight offset-
ting sections, a total of 6/32 of 14,
and, as is always the case, the drill-
ing eompany must carry the open
acreage, so Able bears an additional
1/32 of 14 for the SKH/4 Section 3

BURDEN OF SHARING
$100.000 DRY HOLE COST:

ABLE.......

e 344 260
Faxlh + Yapxlhy + Vool

= BAKER... .. ... 22,960
Var ¥ + Yy x Vs
CHARLEY... . . ... 10,020
Vaxo
......................... 12,500
Vax'h
........................ 9360

w Figure 5. Nine section pattern method is used in natural gas objective areas and é40acre
spacing areas and where litfle technical contrel exists, such as in Texas and Oklahoma Pan-

handles and in Southwestern Kansas.

THE MINES MAGAZINE e NOVEMBER, 1960

No Test per Gharley

Proposed
ifaca:ﬁw

]

BURDEN OF SHARING
$24,000 DRY HOLE COST

LOVE........... $10/Acre.... $ 1,600
CHARLEY......$15/Acre....$ 2,400

for acreage evaluated)

DOG. .. Gives Nothing..—=. ... . -
RSN ABLE (Drifling Company)....$17 600
g Company

w Figure 6. Per acre basis for figuring dry hole contributions is perhaps the most widely used
method. An operater arbifrarily agrees to pay a specified sum for each acre that is

evaluated.

which is unleaged. In all, Able
hears $44,260.

Baker contributes 14 of 14 for
the Wi4 Section 9 plus 14 of 14 for
Seetion 8, a total ecash contribntion
of $22,960 for which Baker gets the
right to participate 50 percent m a
corapleted gas well at eost.

Each of the other owners in the
offsetting seetions pays 1/32 of 1%
for each guarter seetion of ewner-
ship. .

6. Per Acre Basis

This, bye and large, seems to be
one of the most widely used of all
the “yardsticks.” An opervator arbi-
trarily agrees to pay a specified sum
for each acre that is evaluated. This
sunm may he set on a tract-to-traet
hasig, or for all acreage in a town-
ship, ecounty, or geological provinee.
The contributing party, of course,
decides the amount of acreage that
ig bheing evaluated. In the minds of
many there scems to be coneern
that only acreage which is directly
offset can be congidered as evalu-
ated. Perhaps a much fairer ap-
proach is to first exploit all known
technical data in possession of the
contributing party, and if this does
not define specific limits, to then
employ one of the proximity meth-
ods discussed earlier.

In Fig. 6, Love considers all of
its acreage as being tested and con-
tributes $10 per acre, but con-
cludes that the NE S of Section
3 is not being tested. Dog follows
traditional thinking and declines
gll support since it has no direct
offsetling acreage.

Many of the companies that use
the per acre basig first defermine a
gross sum and then convert the
sum into a per-foot-of-drilling nnit.
The ease with which this mcthod
can be applied, coupled with the
emphagis which it places on pecuni-
ary henefit to the contributing

party, probably aeccounts for its
widespread usage.

Traditional Contribution Inequities

There are several inecquities in
the three traditional contributions
to be considered. In Fig. 7 Goed
Company proposes to drill a test
of sufficient depth to test the Ar-
buekde, unless production, 6000 ft.,
granite or impenetrable substances
be encountered at a lesser depth,
and in support therefor receives
three traditional commitments:

(A) Fized sum dry hole contribu-
tion. Able eommitg $10,000 pro-
vided the well is abandoned as a
dry hole 120 days from eommence-
ment of drilling. This type of con-
tribution makes possible situations
as Tollows :

1. Good drills to a depth of 3000
ft. and hits a granite boulder, fol-
lowing which the well is abandoned,
Although neither company antiei-
pated this occurrence, Able is re-
quired to pay the full $10,000. This
surmn of money represents approxi-
mately 70 percent of the expendi-
ture ineurred by Good, although
at the inception both companies in-
tended that Able bear only 16 per-
cent of it. Obviously, alertness on
the part of Able would have averted
this embarrassing occurrence.

2. Good drills to the total depth
and finds the Arbuckle dry. Al-
though the Mississippian was of
poor quality, Good feels there is a
chanee of making a small xwell
which would return more than
enough to pay the $28,000 required
for completing the well. Good re-
quests Able to convert its dry hole
money to hottom-hole money in
order that pipe may be run. Able
coneludes that, while nndoubtedly
Good has the situation ecorrectly
analyzed with regard to profits,
nevertheless, it must not violate
tradition and establish a poliey
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which will open the door to argu-
ment on every dry hole commit-
ment in which a well of question-
ahle eapabilities is to be completed.
Good concludes its profit picture
would be better to accept the dry
hole contribution and forego the
opportunity of possibly eompleting
a small well which might lead to
more development.

3. Good drills to a total depth
and Incurs an expenditure of $60,-
000. At a depth of 2000 ft. an ex-
cellent Permian show is had, Glood
complctes the well as a producer
and then asks Able for the sum of
$6600 being the prorata drilling
cost below the Permian. Able re-
plies that its commitment for a con-
tribution was predicated on the
well being abandoned as a dry hole,
Clearly, the intent of the parties

suP.FAC£
F
First 2000
rece’ o DRILLING COST: $12500
s
- 2Q00" S —
! o PERMIAN
3oen’ o -
Next 3,000'
DRILLING COST: $33,000
4000° -
I
s 8,000 e ————
E, MISSISSIPIAN
Next 1,000
: [ DRILLING COST: $15000
e 8000" e~
ARBUCKLE

OPERATOR :
Good Co.

OBJECTIVE ©
Arbuckle or
6000 ft.or
Production or
Granite

COST

Dry Hole $ 60000
Completed $68.000

CONTRIBUTIONS
Able $10,000 DHM
Baker $i= per ft.DHM
Charley |60 acres

w Figure 7. Proposed well, as shown here,
points to inequities in the three traditional
contribution methods.
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was that Able share in approxi-
mately 16 percent of the drilling
cost below the Permian. Yet, be-
cause of tradition which prevented
appropriate negotiation of true in-
tent, Able bears none of the $6600
which it justly owes.

(B) Stipulated swm per fool of
dritling. The flexibility afforded by
this method tends to minimize some
of the inequities which exist in the
fixed dry hole contribution,

1. In event Good encounters
granite at a depth lesser than the
objective and is foreed to abandon,
the per foot sum will result in Able
paying more nearly in proportion
as was intended by the parties than
in the cage of the fixed sum.

2. Should Gooed complete in the
Mississippian or Permian, and
Baker desire to pay for the deeper
drilling for which it has received
benefit, the per Toot of drilling
establishes a satisfactory sum to
both parties which ean be consum-
mated with a minimum of negotia-
tion.

3. Should Good drill to the
agreed upon stop depth of 6000 ft.
without having reached the Ar-
buckle, the per foot formula makes
for ease in extending the depth
althongh inereaging the per foot
price is normally at this point in
order.

4. Should Good complete a pro-

ducer of gag in the Permian or Mis-
gissippian and the contribution let-
ter comtain a “back-ln provision
into such gas well at eost of drilling
to and completing in the productive
formation,” the per foot basis of
cost lends itself to easy negotiation
should Baker desire to pay in addi-
tion to the back-in cost, for the non-
produetive drilling below the for-
mation in whieh the well is com-
pleted.
(C) Assignment of all rights n
leaseholds or portions thereof. Al-
though in the case of a cash contri-
bution most of the advaniage is
with the contributing eompany,
such is not the case in the matter of
acreage contributions. This type of
contribution distinetly- differs in
that the contributing company as-
sipns the acreage whether the well
be completed as a dry hole or pro-
dueer. The traditional agreement
gives assighee many rights to which
there is much question as to wheth-
er he is so entitled, some of which
are:

1. In event Good finds the Per-
mian produetive, it may complete
the well and under the traditional
agreement receive an aggignment of
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all rights. Clearly, the Mississip-
pian and Arbuckle have not heen
tested as was the intent of the par-
ties. Some companies would insert
a proviso which would reserve all
rights below those tested, In the
event of such an attempt, the tech-
nique to be employed in each in-
stanee must be thoroughly eonsid-
ered. In areas of gentle relief and
thick formations, sueh as those of
thick Mississippian which contain
possible productive horizons
throughout the formation, Good
can more hearly aecomplish equity
by reserving rights helow the depth
drilled, otherwise a mere penetra-
tion of the formation may result in
Charley being asgigned hundreds of
feet of potential production on
which there has been no test. On
the other hand, in areas of steep
dip a reservation of rights below
the depth drilled may result in
scvere complications, In one case
involving steep dip, Charley as-
signed rights down to 4000 ft. to
Clood. Later development demon-
strated that production on the same
lease could be had from one portion
above 4000 ft. and on another por-
tion below 4000 ft. Yet, all the pro-
duction was from the same reser-
voir, In this ecase, the court held
that (iood owned all the reservoir
and Charley was foreed to shui-in
wells which were taking produection
from it. Charley in the future will,
of course, avert such unfortunate
oceurrences by assigning to the
hase of the deepest formation
tested.

2. FKquity in rental cbligations.
In those eases in which Charley re-
serves deep rights, however ex-
pressed, fairness also dietates a pro-
vigso which eauses each eompany to
share in rental payments, Normally
the assigning company eontinnes to
pay delay rentals since it has neces-
sary reeords already set up.

Picking the Method

Of the listed six “yardsticks,”
namely: The cireular method, the
square system, adjacent quarter
seetion, proportionate part of the
structure, nine seetion pattern, and
the per aere basis, none ean normal-
ly be used in itself, but a considera-
tion of those appropriate will give
consolation to him who in his heart
desires to be absolutely fair and a
like application by the recipients
will assure him that the eontribut-
mmg party has been abundantly fair.

Management demands that we
stray from the paths of our fathers
urging that we use all the “yard-

sticks” coupled with any others
which may hecome known to us.
Management is entitled to protee-
tion from the inequities which are
contained in normal contribution
letters. Keen foresight and nego-
tiating ability, properly utilized
with a keen sense of fairness will
truly bring about the fulfillment
of a law which preeedes our indus-
try by many decades—“Do unto
others as you would have them do
unto yow."

GAS WELL . x
Contributions

Certain features whieh should
result in more uniform thinking
within the industry coneerning con-
tribution to gas wells which are
drilled in areas capable of produc-
ing gas only are under considera-
tion. If accepted these should serve
to promote cooperation by all par-
ties coneerned so that more advan-
tageous contributions may be
granted and received with the end
result that more wells will be
drilled in search of gas.

In provinces of 640-acre spacing
Tor gas many members of the indus-
try feel that the drillsite section
only shonld pay one-half the dry-
hole cost of a well and that the
owners of the surrounding ecight
sections should pay the remainder.
For wells eosting $100,000 or less
there seems to be agreement among
many parties coneerned that this is
a fair approach,

In areas of sparse speeifie con-
trol in which drilling is more or less
random and in which the dry-hole
cost exceeds $100,000, the nine-
section formula ereates a burden of
such magnitude as o become im-
practical, In such cases the burden
must be borne by owners within a
larger geographical area. Hmploy-
ing the “Two-Section Offset Prinei-
ple” distributes the cost over a
twenty-five-section area and serves
to reduce the burden for all.

By application of this prineiple
the owners of the drillsite section
bear one-third of the dry-hole cost
of the well, This is required sinee
the risk of drilling a producer of
gas as an offset to a producing well
statistically approaches thirty-three
per cent. The fact that gas wells are
drilled at wider intervals than oil
causes the pool development risk to
be higher for gas drilling than for
oil. .

** Mr, Folks has written this ﬂddi_ti‘onal in-
formation on *'Gas Well Contributions” espe-

cially for the 26th Annual Petroleum Issue (No-
vember 196G} of The MINES Magazine.
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Naturally all owners within a
drillsite section may mnot desire to
participate in drilling a wildeat.
The lack of adequate acreage in the
area, the desire to wait for develop-
ment from nearby produetion, or to
wait for immineni expirations of
leases owned by others are all ade-
quate reasons to forego participa-
tion, One gets something for noth-
ing to the extent that one does not
pay hig true share in the drillsite.

Those who do not desire to pay
their full participating share may
find paying 50 percent or some-
thing greater in the form of dry-
hole money an approach that will
facilitate consummation of the
project. Occasionally an inequity
of the type caused by an owner in
the drillsite failing to participate
can be adjusted by effecting an ex-
change of properties. The drilling
party may assign to the non-drilling
party aereage in sections adjacent
to the drillsite and then the non-

drilling party may contribute dry-
hole money in aceordance with the
“Two-Section Offset Prineiple.”
Under thig formula the owners
of leases in the first and second see-
tions offsetting the drillsite pay
two-thirds of the dry-hole cost. In-
asmuch as the hazard of getting
production on the second drillsite
removed from the initial well is sev-
eral times as great as the hazard on
the first offset, the owners within
the second tier of sections pay only
one-third ag much as those in the
first ticr. The owners of the first
tier pay one-half of the dry-hole
cost while those of the second tier
pav one-sixth of the cost. The haz-
ard of getting production in all of
the sections within the second tier
of scetions is admitiedly greater
than the ratio of one to three for
production in the first tier of see-
tions. The geological information
that has tangible value to the own-
ers of the second tier of scetions
serves to adjust any inequity cre-

ated by virtue of their overpay-
ment. As is the case in the nine-
seetion approach, whether an owner
be on the inside (nearest the well)
or outside in the seetion is not ma-
terial since only one well will be
drilled in each section.

By referring to the illustration
one observes that the dry-hole cost
of a $300,000 well is borne $100,000
by the owner of the drillsite sec-
tion, $150,000 by the owners of the
elght sections surrounding the drill-
gite, and $50,000 by the owners of
leases in the second tier of sections
removed from the well. Kach owner
determines the proportion of each
category he owns and shares ac-
cordingly., The “Two-Seetion Offset
Prineiple” allocates the total cost
of the well to a total of 16,000 acres
and in so doing, spread the burden
to bearahle propertions.

(Generous applieation of this
method will permit the drilling of
many deep and expensive wildeats
that otherwise will never be drilled.

SHARING $300,000 DRY HOLE COST
Ouners of these 18 Sections  450,000.00

Each Section bears................. $ 3,125.00

F==23 Owners of these 8 Sectiens

pay Yo cost....ieiiiii. $150,000. 00
: % & Each Section bears.............. ...$18,750.00
N\ Owners pay Y ¢t $100,000. 00

ABLE assigns NE Y3 Section 17 for
NW Y, Section 15 - Then assumes-

Drill Sie...vvevvviriiisemeeoimnnnns $100,000.00
- === E Yo Section 22
= (Vos Vo x Vy of $300,000).......% 9,375.00
P Section 26
18 o e {6 15 14
= Welt Locatior (Uis x & of $300,000).............. $.3,125.00
B = ABLE pays............ocoo. $112.500.00
LT] Able
BAKER ... oot $ 4,687.50
12 £ 33! 22 23 NE Y Section I7
(Y% x Yo x Vo of $300,000)
2 2 & CHARLEY ... ... $14,062.50
D NYp; SE J} Section 9
: 3 $ 8 (¥, of Yy of ¥ of $300,000)
DOG
Section 29
{(Vig of % of $300,000). .......... $ 3,125.00

$JVs; ME Y Section 28 -
(% of Yie of Vh of $300,000)......$ 2,343.75

W Y Section 20
(Yo of e of Vs of $300,000)..... $ _1.562.50

w Figure 8, Sharing $300,000 dry hole cost.
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Unusual Design

Resulls In Low Cost

Large Volume Wailer

Supply for Fiood ail

Sholem Alechem

By W. C. PLARSON, "39, and
W. A. VAN HOOK, '35

Introduction

Engineering planning of the
Sholem Alechem Fault Bloek “A”
‘Waterflood indicated a water sup-
ply of over 100 million barrels
would be necessary. Total water to
be handled by surface injeetion
equipment was cstimated at 150 to
300 million barrels depending on
the degree of recyeling required to
achieve floodout of the Sims Sands.
The initial requirement of 45,000
BWPD combined with a -water
compatibility problem involved un-
ugual features in the water supply
system designed, the subjeet of this
paper.

The Fanlt Block “A” Sims Sand
Unit of the Sholem Alechem Field
is in Stephens County, Okla., 70
miles south of Oklahoma City. It
18 the largest of the five major
fault blocks in the Sholem Aleehem
Field and comprises 245 wells on a
10-acre spacing pattern, The aver-
age depth of the Sims Sand is 4900
feet and the effeetive pay zone
ranges from 60 to 230 feet in thiek-
ness. Two major zones are being
flooded concurrently in the Sims
Sand, the upper ecalled the First
Sims and the lower member called
the Second Sims. HBaeh of these
zones has a gas cap in hoth domes;
however, the Second Sims gas eap
in the west dome ig not of signifi-
cant size. This waterflood is on a
peripheral pattern, except for an
area of poor sand development on
the southwest flank which is being
handled with a modified line drive,

1. “A Study of Gas Cap Water Injection in
a Peripheral Waterflood” by J. D. Griffith, ¥. ¥,
Craig, .Jr., H. G. Riley, R, J. Wagner—Dan
American Petroleum Coerporation, Presented at
1959 Fall Mecling of the Society of Petroleum
Engineers of AIME at Dallas, Texas.
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Figure I is a map of the Unit
showing injection well locations, in-
jection plant sites and gas cap
boundaries. The solid lines labeled
C-1 are the gas cap houndaries for
the Second Sims gas caps. The
First Simg pinches out near the
gouthern edges of the gas caps al-
though the Seeond Sims extends
over the entire fault block. Also
on this map are shown the locations
of a Pontotoe Sand salt water dis-
posal well on the west side plus two
wells being used for injection of
produeced water into the large east
side gas eaps of the Sims Sand.

A major fault in the northwest
portion of the Unit Area and the
large gas caps on the east dome
provide a logieal division of the
Unit into three flooding areas.
Each is served by separate injee-
tion faecilities. A fourth injection
plant is now being installed to
handle increased water injection
into the large gas caps. Control of
the gas caps through stabilization
hy water injection has been dis-
cussed in a previous paper! which
was presented at the 1959 Fall
Meeting of the Society of the Pe-
troleum Engineers. This paper will
he published in the near future in
the Jouwrnal of Petroleum Tech-
nology.

Water Supply Reservoir

The best souree for the large
volume of water needed was con-
sidered to be the Pontotoc Sand
found al a depth of approximately
1900 feet. The Pontotoe formation
ig a blanket sand of Pennsylvanian
age ranging from 200 to 300 feet
in thickness in this vieinity. Durill
stem test data indicated the sand
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w Figure 1, Sholem Alechem Fault Block "A" Unit.

had adequate producing capacity
but the regional extent of the reger-
voir was not well known. Samples
of Pontotoe water were tested on
Sims Sand eores saturated with
reservoir oil and Sims Sand water
in Pan American’s research labora-
tory. These tests indieated good
compatibilifty provided the Ponto-
toe water was not exposed to air.
After exposure to air, mixing of
Pontotoe and Sims waters resulted
in severe plugging of the oil satu-
rated core samples. Further test-
ing indicated corrosion would be
only a minor prohlem.

The laboratory tests showed a
closed water supply system would
be necessary. This work also dem-
onstrated that reinjection of pro-
duced water into the Sims oil sand
would not be praetical because ex-
pensive filtering and treating
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would be necessary. This problem,
combined with some uncertainty as
to the extent of the water supply
sand, led to the deeision to return
produced water to the TPontotoc
Sand rather than to attempt to re-
injeet it into the Sims Sand which
was being waterflooded.

A closed system transporting
water direct from supply well to
injeetion well without treatment
was designed and estimated to he
reasonably inexpensive and simple
to operate. This plan had several
advantages with the most ontstand-
ing being elimination of investment
in elaborate treating facilities for
produced water; the supply sand
would serve as a natural filter.
Secondly, net withdrawals from
the water souree heds were limited
to the net water injection reguire-
ments, thus aiding to maintain a
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higher pressure and productivity
in the water supply reservoir.

A third advantage not originally
anticipated wag a leveling of the
load requirements on the water
supply lifting eguipment. Pro-
dneed water volumes fluctuate ap-
preciably on a day-to-day basis. If
water produced with the oil were
reinjected in the Sims Sand, fre-
quent adjustment of the producing
rates from the Pontotoe water sup-
ply wells would be neeessary to
maintain a balanced and reasonahly
even total injection rate. 'With the
injeetion water being supplied di-
rect from water supply wells only,
a much more constant load factor
could he maintained with minimum
supervision of the lift equipment.
Variations in daily water require-
ments from the Pontotoe and water
production from produeing oil
wells appear on Figure 1.

Water Supply Wells

In the initial planning it was de-
gired, from the standpoint of in-
itial investment and maintenance
expense, that the number of supply
wells be held to a minimum. There-
fore, high capaeity was the objee-
tive in designing completion of
these wells. It was intended that
one well supply the needs of each
injection plant with the supply
well at ’lant I serving as a means
of evaluating this possibility. To
achieve the volumes reguired to
serve each plant high-capacity 1ift
ecquipment would be neecessary.
Therefore, the casing program for
the well was designed to handle a
lineshaft turbine pump. Twenty
ineh surface casing was set at 350
feet with a 1334 inch production
string set at 1970 feet; total depth
is 2400 feet,

An uwnusunal precaution taken in
drilling these wells was restriction
of deviation to a maximum of 1°
to 1800 feet and 2° to total depth.
Sueh restriction was congidered ad-
visable to reduce flexing in the ro-
tating lineshaft driving the tur-
hine. Early testing of the initial
supply well indieated that the vol-
umes required would be available
with operating level at approxi-
mately T00 feet. No stimulation
was performed In this well or either
of the other two wells in the first
three plants. A loose liner was in-
serted in the supply well serving
Plant 2 to overcome caving prob-
lems eneountered. The supply well
to serve Plant 4, which is eurrently
under eonstruciion, was completed
with a set-through casing string,
horizontal slot-type hydraulieally
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rubber bearings are used on the
impeller shafts, All bearings are
water lubricated, thus requiring
filling the column pipe from the
surface before starting up. A high
pressure discharge base with a spe-
eial steel top-column flange sits on
the wellhead with a gearhead eom-
pleting the wellhead assembly.
This equipment is driven by a
12 eylinder 3006 cubic inch dis-
Placement cilfield engine rated at
402 HP at 1000 RPM, Engine cool-
ing is aceomplished throngh heat
exchangers using Pontotoe supply
water as the heat removal medinm.
The engine is eoupled to the gear-
head through a 48 ineh flexible
coupling. The gearhead serves asa
right angle drive and also as a
speed inereaser with a ratio of 2:1.
Pump speed varies from 1200 to
156560 RPM in normal operation.

cut perforations and the well was
given a sand-wafer fracture treat-
ment; a well comparable in capaec-
ity to the previously drilled wells
was obtained with less investment.

Lift Equipment

While waiting on fabhrication and
delivery of deep well turhine

Enging —»

Flexlble

Gearhead

y o 7

w Figure |Y. Engine and gearhead assembly being installed 2t Plant 4,

Iigure I is a schematic diagram
illugtrating the installation of the
subsurface lift equipment. Instal-
lation of an engine, coupling and
gearhead assembly being made at
Plant 4 is shown in Figure IV.

ments for the life of the flood in
excess of 100 million barrels of
water, an overall saving of $210,000
in lifting eosts for the supply wells
should result. A turbine pump in-
stallation such as has been outlined

costs approximately $43,000 which
is considerably greater than the
electric-powered submersible tur-
bine installation eost of #$15,600.
However, the overall difference for
four installationg for SAFBAU of
$110,000 deducted from the afore-
mentioned savings in lifting costs
stifl leaves a net $100,000 saving
for the 22.year life of this turbine
pump Pproject as compared with
electric-poweved submersible tur-
bine installations,

This turbine pump equipment is
applicable generally to high capae-
ity shallow supply wells. The wells
in SAFBAU are considered unusu-
ally high eapaecity shallow wells.
Performanee of these wells is in-
dicated in TFeble I below:

These data show the high capae-
ity of the supply wells. The stable
performance of the water reservoir
after the withdrawal of some 47
million barrels of water is evident
from Figure V, plot of cumulative
withdrawal versus fluid level for
the Pontotoe reservoir.

Tests of the water supply wells
indicated production of the first
20 million barrels from the Ponto-
toe Sands had redueed static fluid
levels 324 feet whereas the last 20
million barrels has reduced the

umps, an electrie-powered sub- - Design capacity of the assembly

pumps, D : .

mersible furbine pump was em- is 15,840 barrels per d:_i_s_r at 1760 R

ployed to evaluate the capacity of . RPM from 1200 feet, Initially each TABLE 1
the inrst three supply weils, Well /7 / / /// / / / / / / / / / / / / / / / / / / / / 7/ / PT“% was set af 135(? f‘eeti' fThe JSage w0 Ind Can, Cveen o

No. 246, serving the Llant 1 area, CROSS SECTION OF BEARING SPIDER e PO v o Pl Prom Suft. _ Denth  Drewdoen Depin BED  BBO %0
W‘Stp : NSe be~“t11955 qu p- Tubing o " " : 248 (Plant 1) 704 1,362 25 16,450 8,500 18,380,000
ment 10 NOVENDer, Lioo and was y Coupling — As of Aug. 1, 1960, the three 247 (Plant 2) 896 1,230 54 28,500 10500 14,332,000
operated for a period of nine Bearing Spider lineshaft turbine pumps serving 3248 (Plant 3) 7386 1,230 44 21,736 13,250 14,470,000
months, During this period, over Bearing (rubber) Plants 1, 2, and 3 had lifted 40 249 (Plant 4) 650 1,230 Currently being completed

3 million barrels of water were Shaf!
produced from this well, Wells
Nos. 247 and 248 serving Plants 2
and 3 operated in this manner
seven and five months respectively,

770,000 BW. This volume was pro-
duced with only one pump failure
and one scheduled overhaul. The
one hreakdown resulted from fail-
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1 Pe DETAIL SECTION OF l«Well Casing ure of the top bearing on the pump
producing 2.4 and 1.0 million bar- PUMP BOWL ASSEMBLY Tubing serving Plant 1. Bearing failure
rels. Operation of this equipment AR shatt resulted in wearing of the shaft

was evaluated earefully as a pos-
sible alternative to the line-shaft
turbine-type equipment. Overall
lifting cost with electrie-powered
subniersible turhine pumps was
$.00365 /barrel.

and lower bearings in the pump
itself with final failure of the shaft
: at the top bearing, The bearing
Vane which caused the failure was a
nickel-cast iron alloy. The other
pumps are cquipped with all

e—————— Shof t

v
=
<

Pump Bowl
(1 stage)

In August, 1956, the first line- _ . o Pad
chaft tur%ine pum]; was delivered > Bowl Pump Bowl bronze _ bearings. Servieing the . s
and installed in the well serving —Bearing (bronze) Assembly pump from the Plant 2 supply well . T °

after producing approximately 18,5
million harrels found the pump in
much better condition than the one

Fluid Level ~ Feef from Svrfeer

Plant 1. This equipment consists Suction Manifold
of a 10 inch 41-stage deep well tur-

bine pump with a column of 8%

Figure T

Impaller - ; serving Plant 1 whieh produced 14
o : . 3 Suction Stroiner s . .
inch 24 1b. casing as the tubing million barrels before failure. Pressuge  PERFORMANG
string. The pump is driven by a - or THE
‘ 500 PoMTotoe SAND

Total lifting eost for the turbine
pump equipment has been $.00152/
harrel. This, eompared with the A
electric-powered submersible tur- 0 o e B rotced— Mt oF Barrels © ¥
bine, shows a saving of $.00213/ Cumvintive Hater Procuced: Aiilions o Barce
barrel. Congidering total require-
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1-15/16 inch shaft centered in the Fig. I

854 inch tubing by rubber bearings L instollati
held in, steel bearing spiders whieh Deep Well Turbine Pump Instatlation
are mounted in the center of each
coupling between the ends of the
10 foot joints. Both metal and w Figure III. Deep well turbine pump installation.
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w Figure V., Pressure performance of the Pontotoc Sand,
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w Figure VI. Injection pump and engine with 480 Bbl. surge tanks in background.

siatic level by only 20 feet. The
average produetivity of the three
supply welly during the latter pro-
duetion interval had deelined from
46 barrels per day per foot of
drawdown to 41 barrely per day
per foot.

Injection Equipment and System

From the digcharge head on the
supply well at each of the four
plants water goes to two vertical
480 barrel 30 psi working pressure
surge tanks. A backpressure of 15
to 30 psi is maintained on these
tanksg through controelling the vent-
ing of gas evolving from the Ponto-
toe water. This pressure serves to
reduce the rolling within the tanks
and keeps a positive gas blanket on
the water, eliminating aeration and
assuring a positive charging head
to the injection pumps.

The injeetion pumps are hori-
zontal, gingle acting, triplex plung-
er pumps powered by 6 cylinder,
970 cubic inch displacement en-
gines equipped with heavy duty oil
Tield radiators, 220 volt eclectrie
starters, mufflers, automatic oil
level controllers and exhaust con-
densers lor cooling water makeup.
This combination appears to be a
well matched package and perform-
ance has been guite satisfactory.

Test of the injeclion pumps in-
dicates 96 to 97 per eent efficiency.
Operating pressure wag 1,000 psi
initially and the tiriplex pumps are
now operating at 1200 psi. Changes
are being made in a portion of the
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system to raise injection pressure
as high as 2000 psi., the maximum
anticipated when ultimaie fill-up
of the reservoir is realized. This
will be accomplished by the instal-
lation of one quintuplex plunger
pump at Plant 2 with a capacity of
15,880 barrels per day at 2000 psi.

Originally no automatie eontrol
devices were ingtalled in the water
plants and differences hetween
supply well produetion and injec-
tion pump withdrawal were ad-

Jnsted manually through ohserving
fluid Jevel change in the surge
tanks from internal floats operat-
ing ground level gaunging devices.
More recently gas-operated pres-
sure-sensing throttle eontrollers
have heen employed to maintain a
constant Ttuid level in the surge
tanks al one plant regardless of
variations in withdrawal rates.
These devises are giving satisfae-
tory service and all plants ave to be
so equipped in the near future,

Other protection devices are em-
ployed to atford insurance against
high discharge pressure on the dis-
charge pump, low water level in
the surge tanks, low engine oil
pressure, high eooling water tem-
perature on the supply well engine
and injection pump engines and
low pump oil pressure on the in-
jection pumps. A vibration detee-
tion gwiteh is mounted on the well
gearhead to shut down the supply
pump in the event unusual vibra-
tion is deteeted in the lift equip-
ment. “Tattletale” switches indi-
cate the funetion causing the shut-
down g0 as to identify the source of
trouble. The photograph in Figure
VI shows an injection pump and
engine assembly with the surge
tanks in the background.

The injection system in the first
three plants consists of 6 inch
trunklines and 214 inech laterals
from header stations throughout
the field (Figure VII), terminat-
ing at each injection well where in-
jeetion into each zone is controlled

w Figure VU, Injection system header showing 214" laterals for distribution of injection

- water to individual input wells,
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w Figure Vill. Injection well hookup to contro| injection inte different sand intervals,

{(Figure VIIT), All these lines are
eement-lined butt-welded pipe with
all eonnections and fittings of 2,000
psi working pressure. Test nipples
were installed at representative
points in the system for study of
corrogion and secaling tendencies.
Careful observation of these
nipples and other eguipment ex-
posed to the injection water indi-
cates negligible corrosion and re-
cent additions have heen completed
with bare pipe having no internal
protfection.

The high working pressure of the
field system was based on a fore-
seen necessity of increasing injec-
tion pressure as the flood front
progressed inward from the out-
side injeetion wells, Injection pres-
sures have increased as anticipated
and some portions of the injeetion
systems are operating at pressures
up to 1800 psi. Further moditfica-
tiong and changeouts are heing
made to progresgively inereage in-
jection pressures as necessary to
maintain the fluid movement in
the reservoir.

The preliminary findings of neg-
ligible corrosion tendency, and of
injection well plugging heing mini-
mized by employing a totally en-
closed air-frec system, have been
substantiated through aetual expe-
rience. Thus, considerable savings
have resulted through use of a
simplified water treatment system
consisting of surge tanks only with
no filtering, precipitation, or neun-

tralization being required. No evi-
dence of injection well plugging
due to precipitation has been noted.

Injection of Water in Gas Caps

As diseussed in the previous
paper! on this project, water in-
Jection in the gas caps heeame
neegssary as a control measure, The
large volume of water required for
this purpose exeeeded the eapacity
of the three water supply wells.
Utilizing produced water for egas
cap injection was considered ag a
solution to this problem.

Performance of the Pontotoe
water supply reservoir indieated
the presence of a sufficiently large
aequifer to provide ample produc-
tivity for the overall water injee-
tion requirements without the ne-
cessity of returning produced water
in the Pontotoe Sand. However,
sinee the residual oil saturation in

the gas caps was very low (5 per
cent of pore space), it was believed
that water produced from the Sims
Sand might be successfully injected
in the gas cap without plugging
difficulties. This would aveid the
continned experse of injecting pro-
dueed water into the Pontotoe Sand
and relifting it for gas cap injee-
tion,

On a ftrial basis, injeetion for
produced water into the Firgt Sims
Sand was started near the south
edge of the large gas cap close to
the pinch-out of the sand. The lo-
calion was well removed from the
oil column in this sand member
whieh minimized the possibility of
damage to the oil bearing part of
the formation. The trial was sue-
cessful and currently all produced
waler ig heing injeeted into two
gas cap wells in this area without
any difficulty. Produced water for
injection ig handled in a separate
system from the regular water sup-
ply to preclude any mixing of pro-
dueed water with the water being
injected into the oil saturated
sands.

Summary

Operation of the water supply
system in SAFBAU shows deep
well turbines are economieal for a
high-rate large-volume shallow
water supply in waterflooding.
Maintaining eompatibility of the
injection water with the flood res-
ervoir foymation water by handling
all injection water through a eom-
pletely closed system successfully
eliminates treating and filtering
expense. Thorough preliminary
planning of the original construe-
tion of supply faeilities and appli-
cation of early experience to later
modifications and additions in the
supply-injection systems will re-
sult in signifieant savings to the
operators during the life of this
waterflood.

702 Wilco Bldg.
Midland, Texas

Edward J. Brock, ‘23

McELROY RANCH COMPANY

OIL OPERATORS
CATTLE GROWERS

405 Fort Worth National Barnk Bidg.
Fort Worth 2, Texas

312 Denver U.S. National Center
Danver, Colorado

P. O. Box 392
Brockenridge, Texas

Uoyd W, Madden, 41
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Recovery
By

Thermal Methods

By S. E. SZASZ

l. Intreduction

Conventional methods of oil reeovery, based on flow
and on fluid-fluid digplacement, leave behind as “un-
recoverable,” on the average, about two-thirds of the
oil originally in place. This astoundingly low recovery
is due mainly to two eauses: reteniion of the oil by
capillary forees, and inefficiency of the mechanism
which drives the oil to the producing wells in a reser-
voir which is far from homogeneous and uniform.
The use of heat, in addition to meehanieal energy, is
Intended to mitigate the above effects: capillary forees
are eliminated when some of the oil is vaporized, and
heat transport by eonduction overcomes, at least in
part, permeability inhomogeneities In the reservoir,

Over 20 thermal recovery projects have been
planned, started or comcluded in this ecountry; but
only a few have been adequately described and ana-
lyzed in the literature. Our present knowledge is based.
on these, and also on laboratory experiments and on
theoretical considerations; but we have to learn much
more before we have a complete, quantitative knowl-
cdge of the thermal recovery process.

This article is intended to review our present
knowledge based on theoretieal and laboratory rc-
search ag well as on field tests, and to furnish some
guideposts to the petroleum engineer planning a ther-
mal recovery projeet,

Il. Description of the Heat Wave Process

In the basic case which we will consider first, air
is injected into wells initially heated to the ignition
point, and oil, water and gaseous products emerge
from the producing wells. A wave-like zone of clevated
temperature moves through the formation, in the same
direction as the flowing gas; and at any instant, the
formation can be divided into five temperature zones:

1) A low temperature zone around the injection
well, cooled down by the injected cold air;

2.) A zone of increasing temperature where the
flowing air picks up sensible heat, thereby ecoling the
formation;

3.) The combustion zone ineluding the peak tem-
perature, where heat ig generated by the reaction be-
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tween injected oxygen and fuel left behind by the
original oil content;
4.} A zone of decreasing temperature, where the

streaming gas loses and the formation gaing heat, like .

in a eonventional heat exchanger;

5.) A low temperature zone extending to the pro-
ducing well, not yet affected by the heat wave,

Locking at a fixed point in the formation as the
heat wave approaches, we find first a saturation dis-
iribution of oil, water and gas corresponding to the
initial condition of the reservoir (Zone 5-¢), followed
by an inereage in oil saturation due to oil being driven
ahead and banked up by the advancing heat wave
(Zone 5-b) and still later, a zone (5-a) where water
also has heen banked up so that it can flow through
the reservoir. ‘When Zone 4 reaches our point, the
temperature starts to rise: light components of the
oil are vaporized and ecarried forward in the gas
stream, hut they recondense when they again hit a
region of low temperature, thus ereating a bank of
lighter hydrocarbons which helps push ahead the
original oll, in a manner similar to miseible displace-
ment. Note, however, that during most of the time, oil
of original, unchanged guality arrives at the produe-
ing well, the zone of light hydrocarbons heing eon-
fined to the boundary hetween Zones 4 and 5. Water
also moves ahead by vaporization and recondensation.
Besides, the movement of liguid oil and water in Zone
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FIGURE 1

l INJECTION WELL

TEMPERATURE and SATURATION PROFILE of a HEAT WAVE
(Not to scale}

PRODUCING WELLT

ZONE ZONE 1 *Z.U,,'E- zonE v ZoNE v
a, L c o ; b i c
I
2 ’ || I ;
g i .
x I § 1 I
w | ! I |
S I § ! b | I
W I A I B { !
! [T B A : |
| L1 |
! S A i { | t
| 1 §i e 1,32 | | 1
I | §1 Z, 3 g | THREE PHASE|  TWO PHASE FLOW
] 18! §1 |u§ | FLow | l
| i%! 51 178, ! | o sawx |
1 N 1 I ; ; ; |
l | ! i I
3 1 LN | WATER |
= | 1 f ! 1
= : [ T i
= | GAS byl
> [ [ |
:E | i : I i |
] 1 QiL
@ ; TR ! l
] O D R
| (I A |
! Ll L.l L ] ]
DISTANCE ——>
v Figure |. Temperature and saturation profile of a heat wave.

4 is facilitated by the deerease in viscosity due to
higher temperatures.

When the temperature reaches the boiling point of
water under the prevailing presgsire, we have a steam
plateau (Zone 4-h); and when it exceeds the eracking
temperature (about 700°F., Zone 4-a), the remaining
¢il 1s chemieally changed into two eomponents: solid
or semigolid ecke, tar and/or pitch which cannot move
and constitutes the primary fuel in the combustion
zone, and a vaporizable light product which recon-

denses farther downstream, but which also includes

non-condensible “cracking gas” which appears in the
preduced gas and imparts to it a heating value of per-
haps 50 Btu/std. eu. ft. Finally, in the ecombustion
Zone 3, the residual fuel burns with the oxygen in the
injeeted air, generating water vapor, CO; and some
CO. IT the temperature in this zone is high enough, its
advance is given by the following two conditions: no
combustible fuel is left behind, and no free oxygen
can pass forward through it, Thus, if we know the
rate of oxygen (air) injection and the ameount of resi-
dual fuel, we can ealculate the rate of advanee of the
combustion front.

An idealized graph of temperature and saturation
distribution in the formation is given in Figure 1.

The real, physical picture is mueh more compli-
cated than the above simplified description. In Zones
2 and 4, heat also moves by conduction in the matrix
due to the temperature gradient; the latent heat of
vaporization and condensation, and exothermic and
endothermic effects associated with eracking and with
phase changes in the matrix influence the temperafure
level; and some heat is lost by vertical conduetion to
the over- and under-burden. This makes a complete
theoretical treatment of the system almosi impossible.

Research into the heat wave proeess has progressed
mainly along the following three lines of approach:
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1.) Neglecting, in a first approximation, the in-
fluence of moving fluids other than the air (gas)
stream, and thermal effects of phase and chemieal
changes exeept the combustion reaction, the movement
of the heal wave appears ag the solution of a partial
differential equation, with proper boundary econdi-
tions, including terms for heaf exchange hefween sta-
tionary matrix and flowing gas, for heat conduetion
both. in the direction of gas flow and toward the over-
and under-burden, and for heat generation in the
proper amount and in the proper place. Papers hased
on this approach, with certain simplifying assamp-
tions, were published by Ramey' and by Bailey and
Larkin®,

Tadema® and Cooperman *, have attempted to show
that in a linear system without heat losses, the tem-
perature profile reaches steady state, which would re-
duee the problem to an ordinary differential equation;
but Cooperman’s assumptions were too far removed
from physical reality®™ % and besides, it is easy to see
that in the case of steady state, the heat content of the
wave is constant, which is possible only if the rate of
heat generation is exactly equal to the rate of heat
loss from the system; thus, the assumption of steady
state without heat loss is untenable.

The pieture whieh emerges from this work is a
temperature profile similar to that in Figure 1; be-
cause of heat losses to the surroundings, the peak tem-
perature is highest in the eenter of the formation and
declines as we approach the over- and under-burden.
But the value of the pealk temperature probably influ-
ences the amount of residual fuel left behind, while
the theoretical treatment was based on a known and
uniform fuel concentration. Also, especially where the
temperature does not reach a high enough level, the
assumption of instantaneous and complete reaction be-
tween oxygen and fuel might not represent a suffi-
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ciently good approximation: the reaction rate, which
decreases sharply with declining temperature, might
be so low that the reaction is not completed during the
residence time of the injected air in the high-femper-
ature zone, and some free oxygen breaks through into
Zone 5 and to the producing well. This hag actually
been obscrved in field tests. Note that on its way
through Zone 4, this break-through oxygen may burn
some movable oil, so that the immovable, coke-like
residue is not the only fuel used by the proeess. Fur-
ther work in this respect will be necessary.

2.) Wilson et al,” have tried to reduce the treat-
ment of the heat wave proeess to classieal considera-
tions of fluid flow and relative permeability, without
regard to temperature distribuiion and changes in the
composition of the oil phase, but taking imto aceount
the “loss™ of liguid oil as fuel. Their approach, how-
ever, requires a prior knowledge of the peak tempera-
ture in order to estimate the fnel requirement.

The theoretical studies mentioned in paragraph 1
above furnish a value for the peak temperature, it is
true, but they require knowledge of the residual fuel
and therefore cannot be used as an independent source
of information to caleulate the peak temperature for
the Wilson approach; also, the peak temperature in
laboratory and field experiments has not always been
in good agreement with caleulated values, perhaps be-
canse of heat loss. In the Wilson method, the water
resulting from combustion should alse be taken into
aceount; Benham and Poettman® have shown that the
residual fuel has an atomie H:C ratio of about 1.6,
Thig, and the assumption of eomplete oxygen utiliza-
tion, furnish a better approach to the caleulation of
oil loss as fuel.

3.) Wilson et al?, and Martin et al®, have tried to
circumvent the diffienlties of a theoretical approach by
performing laboratory experiments in linear systems
compensated for heat loss so as to make them quasi-
adiabatie. In this, they were only partially smecesstul,
as shown by the appearance of a double temperature
peak in Martin’s paper. The main drawbaek of this
approach is the necessity to conducl such experiments
mnder conditions, e.g. of air flux rate, different from
those in the fleld; and in the absence of a complete
understanding of the process, ne reliable sealing pro-
cedure is available to translate laboratory results into
expected behaviour in the field.

Field experiments have been deseribed and ana-
lyzed, to the extent that some general information can
be derived from them, by Smith and Watson'®, Kuhn
and Koch!l, Grant and Szasz'?, and Gates and
Ramey!®.

Hll. Engincering Methods

The reservoir engineer called upon to predict the
technieal and economie performance of a proposed
thermal recovery project is direetly interested in the
following four parameters:

—Air requirement, i.e. the quantity of air which
must be injected to drive the heat wave over one unit
of reservoir volume,

—Rate of injection and production per well,

—Liguid oil reeovery efficiency, i.e. what pereen-
tage of the initial oil eontent of the swept reservoir
volume will be put into the stock tanks, and

—Volumetric sweep cfficiency, i.e. what percentage
of a given reservoir can be gwept with a given number
and array of wells,

The first tells him the cost of the projeet; the see-
ond, the size of the eompressor plant required and the
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schedule of dishbursements and of ineome; the third,
the income to be expected per unit volume swept; and
the fourth, the oil reserves made available by the ther-
mal recovery process.

A, Gas requiremeni: Laboratory resulis have
vielded values between 230 and 1300 std. en. ft./eu.
£t. of reservoir; the range of values from field tests is
350-700 std. eu. ft./en. ft.

This value seems determined mainly by the resi-
dual fuel content and henece, ean be expeeted to in-
crease with inereasing residual oil content and with
deereasing oil gravity: this is borne out by the field
results mentioned above. Porosity, permeability and
rate of air injection, at least within reasonable limits,
seem to have only minor influenee. If we attempt to
use laboratory determinations of residual fuel conecen-
tration to caleulate the rate of movement of the com-
bustion =zone, and hence the air requirement, two
things must be kept in mind: first, Zone 4 is expected
to increase in width with time, especially in a gystem
of radial geometry, and therefore, the average point
of oil removal travels faster than the combustion zone.
Second, laboratory tests conducted with an inert gas
tend to yield too little residual fuel, ie. injeeted air
under field conditiong may burn more fuel than the
residue determined by a nitrogen drive in the labora-
tory. Besides, the effect of the bank of recondensed
light hydroearbons is difficult to duplicate in the lab-
oratory.

A word about the produced gas: with its low heat-
ing value of perhaps 50 Btu./std. eu. fi. it has no sales
value, but part of 1t ean be used as project fuel (after
some enrichment and in specially equipped engines, or
under steam hoilers), or for reinjection, to be dis-
cussed later:

B. Rate of Injection and Production: Past field
experiments have heen condueted with air injection
rates from 500 to 5000 std. en. £t./hr./ft. of sand. The
air injection rate is determined hy the effective gas
permeability, by the maximum safe injeetion pressure
(ahout 1 psi per foot of depth) and the back pressure
held on the producing wells. This rate varies only
little over the lifetime of the project, after an initial
trangient period, because the flow resistance is deter-
mined primarly by the low relative permeability to
gas in Zone 5 which beeomes shorter with time, and
especially by the three-phase-flow Zone b-a which in-
creases with time: the two effects nearly cancel each
other, If appears from field experience that, hecause
of its high temperature, the combustion zone causes
some additional flow resistance.

The rate of oil production is determined by the
capaeity of the producing well, the gas production
rate and the produeing GOR (see later). Note that the
oil production rate drops rather sharply when the
three-phase-flow Zone 5-a reaches the producing well,
ie. when it starts producing a substantial water cut.
Hence, for a more thorough economic analysis, it is
recommended to run a material balance type calcula-
tion along the lines of the paper hy Wilson, et al 7,
and to consider abandoning the project at water break-
through: despite lower fotal oil recovery, this scheme
of operations may be more advantageous from the
cconomie point of view.

C. Liguid 01l Recovery Efficency: Although there
will be no oil left behind in the area swept by the heat
wave, not all the original oil content will be recovered,
beeause the fuel used up In the combustion reaction
and the cracking gas which imparts some heating
value to the produced gas are lost. Barly estimates
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ranging from 85 to 98 per eent liquid recovery effi-
cieney appear today as overly optimistie, A better
estimate can be had by a caleulation which is best
done, in view of the chemical changes involved, on a
heating value basis, as shown by the following exam-
ple:

—Original oil content, 1000 bbl./a. £t. STO,

—Air requirement, 350 std. eu. ft./cu. ft., or 15
million std. eu. ft. per acre-foot. One std. cu. £f. of air
generates by eombustion about 100 Btu. with prac-
tically any kind of petrolemm fuel; hence, 15 million
std. eu. ft. of air will generate 1.5 x 10* Btu./a. ft.
taking the heating value of il as 6 x 10% Btu./bbl,
this represents an equivalent of 250 bbl./a. ft. oil used
as fuel.

—1If the produced gas has a heating value of 50
Btu./std. cu. ft., the combustible eomponents in 15
million st. en. ft. are equivalent to 0.75 x 10* Btu./a.
It. of oil.

—Therefore, liquid oil recovery will be 1000-250-
125 — 625 bbl./a. ft., or 62.5 per cent, With this, the
overall average GOR is caleulated to he 15 million std.
cu, ft. = 625 bbl., or 24,000 std. cu. ft./bbl.

The above considerations call for several qualify-
ing remarks. First, in view of the fact that low-grav-
ity-erude reservoirs seem at a disadvantage both be-
canse of higher air requirements and hecause of low
well produetivity eansed by high oil visocity, it may
seem surprising that most of the past field experi-
ments were conducted in such reservoirs, The explana-
tion is not only that these reservoirs respond poorly io
conrventional recovery techniques, but that they usual-
Iy have a high initial oil content, which is of para-
mount economic importance. If, for example, we re-
peat the above caleulations for a reservoir containing
originally only 800 bbl./a. ft. 3TQ, the oil recovery is
only 425 bbl/a. ft. and the GOR, 35,000 std. cu
ft./bbl. Thus, for the purpose of thermal recovery, a
reservoir should be thounght of in terms of oil content
in bbl./a. £t., not in terms of oil saturation in per cent
of pore space,

Second, it is apparent that even in a favorable ease,
the producing GOR will be high: the key to economic
application of the proecess lies in reducing air compres-
sion coslts which constitute the major operating ex-
pense.

Third, the average GOR ecaleulated above does not
imply that this value will prevail uniformly over the
lifetime of the project. Espeeially in the early stages,
o0il recovery is due not only to the advancing heat
wave, but also to conventional gas drive in Zone 5;
therefore, the GOR. starts out low and increases with
time. This furnishes another possibility of Improving
the economies of the process hy eutting off before the
GOR reaches foo high a value, although again at the
expense of total oil recovery.

Fourth, as mentioned earlier, the produced gas iy
not always ecompletely free of oxygen: some can get
through ie the producing well either through strata
which contain too little oil, or through the portions
of the formation near the over- and under-burden
where, becanse of heat losses, the temperature remains
below the ighition point or the reaction rate is so slow
that during the residence time of the streaming gas,
the reaction between oxygen and fuel does not reach
completion. Nevertheless, a systematic increage in oxy-
gen content of the produced gas is an early sign of
trouble: it indicates that for some reason, eombustion
cannot be maintained.

D, Volumetric Sweep Efficiency: The eombustion
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front follows the streamlines for gas; and even in &
perfeetly homogeneous and uniform reservoir, the
areal sweep efficiency with a given array of wells is
less than 100 per cent. From the standpoint of fluid
flow, the thermal recovery proeess is & gas drive and
this determines primarily its areal sweep efficiency;
but because heat can move by eonduction in all di-
rections, not only in the direction of gas flow, we can
expeet a slightly better sweep efficiency than in a econ-
ventional gas drive. An interesting model study of this
problem was published by Ramey and Nabortt,

In recovery processes based on fluid flow alone, the
vertical variations in permeability impose a serions
limitation, over and above that due to areal sweep
efficiency, on the fraction of the reservoir volume
which is swept and from whieh oil ig recovered. Here,
the thermal recovery process is at a distinet advan-
tage: heat conduetion in the vertical direction between
strata of different permeabilities, usually over dis-
tances much smaller than the horizontal length of path
of the eombustion zone, serves as equalizer, and oil
may be completely removed even from low permeabil-
ity strata. This was found to be the case in the field
test described by Grant and Szasz!?, where extensive
coring has shown that the horizontal distance between
the points of greatest and smallest advance of the oil
recovery front was certainly less than 30’.

In the field test deseribed by Gates and Ramey!3,
however, the combustion front has covered only about
30 per cent of the formation thickness, probably due
to higher injection rates {faster travel of the combus-
tion zone and less time for heat conduetion) and to
the combination of geod vertieal connection and high
oil viscosity causing, hy gravity drainage, high oil
gaturation and low, even zero, gas permeability in the
lower part of the formation. Despife its low velu-
metric sweep efficieney, this was one of the more sue-
cessful field tests: vertical heat conduction raised the
temperature and lowered the oil viseosity in that part
of the formation thickness whieh was not swept by the
combustion front, resulting in recovery, by ordinary
gas drive, of a very substantial amount of oil. The
drawbaek of this scheme of operations is that produe-
tion must be maintained even after the heat front
breaks through to the producing wells, a complieated
and expensive operation.

IV. Variations of the Basic Process

The foregoing discussions were based on injection
of air, and a combustion zome traveling in the same
direetion as the mjected fluid. Various changes in the
operating procedure have been proposed which might
improve the technieal or economic performanece of the
thermal recovery process, or extend its applicability.
Thege wvariations will now be discussed.

Walther!'® describes a field test in which part of
the eombustion reaetion occurred in a special chamber
above ground, and the exhaust gas from this chamber,
together with steam, was injected instead of air. The
reported data are not sufficient for complete evalna-
tion of the projeet, but the performance in terms of
alr requirement was no better than in the hasic proe-
ess: the added heat capacity of the steam was appar-
ently eounter-balanced by the low injected oxygen
concentration which slowed down the movement of the
combustion zone, Eepnomically, this process geems in-
ferior heeause of the expensive combustion chamber
and the necessity to burn in it some fuel which has al-
ready been produced and which otherwise could he
sold.
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Smith and Watson*® have suggested to reinject
some of the produced gas, according to a sehedule
adapted to the chavacteristics of the formation and of
its oil content. Injecting a mixture of air and pro-
duced gas dilutes the oxygen coneentration and might
provide a hetter balance hetween the total gas volume
(heat carrying capacity or “eonvection wave”) and
the amount of oxygen (heat generating capacity or
“combustion wave”); also, it might ent down on the
amount of oil burned ag fuel over and above the im-
mobile coke-like residue.

If the eoncentration of this Tesidue is too low, the
heating value of the produced gas might also provide,
at no cost, the necessary supplementary fuel. 1f, on
the other hand, the residual fuel econcentration ig too
high, alternate injection of air and of produced gas
might be the answer: during the gas cycle, the heat
wave might be driven forward far enough so that upon
resumption of air imjection, a band of residue eooled
down helow the ignition point is left behind; this is
then equivalent o a reduetion in average residual
fuel content. All these suggestions are based on the
realization that if the produced gas is available under
some pressure, its cost of recompression is substantial-
Iy less than that for an equal amount of atmospheric
aiv.

The most interesting atiempt to extend the range
of applicability of the thermal recovery process goes
hack to a suggestion by Morse'®, In reservoirs contain-
ing extremely viseous eruds, e.g. the Athabasca tar
sands, any banking-up of oil in Zone 5 would immedi-
ately block the permability to gas. Morse proposes to
establish cold air permeability and then ignite the pro-
dueing, not the injection well: a combustion front then
moves counier-current to the air stream, and oil flow
oceurs only between the eombustion front and the
produeing well, i.e. in a zone of increased temperature
and greatly decreased oil viscosity. Reed et al'?, War-
ren et al'® and Berry and Parrish 1* have made ex-
perimental and theoretical studies of this “reverse
burning” process and have shown its eharacteristics.
The main problem seems to he that, beeanse the reac-
tion between crude and oxygen proceeds at some very
low Tate even at ordinary temperature, the vieinity of
the injection well will heat up spontaneously and a
forward heat wave will he started; note that such
spontaneous ignition also occurred in the field test
described by Gates and Ramey3.

Y. Conclusions

Trrom the preceding considerations, it is apparent
that the characteristies of any thermal recovery proc-
esg are sufficiently different from conventional proc-
esses haged on fluid-fluid displacement to Tequire some
reorientation in the thinking of the engineer called
upon to plan and evaluate a prospective field project.
The large volume of air to be injected probably pre-
cludes its application unless the entire reservoir is
under the control of the same operajor. Contrary to
early opinions, the process is not a “tertiary recovery”
method, to be applied after primary depletion and
after flood-out: the costs being largely independent
of previous produetion and heeause no oil is left in
the formation after burnout, the best time fo start is
as soon as some effective permeability to gas has been
established.

Complete details concerning procedures for plan-
ning and evaluation eannot be given here, but the
following general approach is suggested:

__Based on pressure limitations and relative per-
meahility data, estimate the air injection rate per well;
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this and the number of wells used for injeetion at the
same time will determine the specifications for the
ecompressor plant.

—From the characteristies of the reservoir and the
nature of the oil, estimate the air requirement by eon.-
parison with publighed field tests. This will determine
the rate at which the reservoir is swept.

—By a caleulation similar to that given in chapter
ITI-C, determine the liquid oil recovery efficicney, the
oil production rate, and the average producing GOR.

—Check whether the production rate iz eonsistent
with the known or estimated productive capaeity of
the producing wells: if not, medify the previous esti-
mates aceordingly.

—Estimate the life of the projeet or, if it is to he
conducted in stages, the lifetime for each stage, and
arrange the schedule for full utilization of the com-
pressors during their entire useful life expeetancy.
Congider as an alternative, abandonment, of producing
wells at water breakthrough.

—With the above data, and aceording to standard
accounting procedures, make an economic analysis of
the proposed project.

It is realized that there are several questions which
cannot be answered reliably from our present knowl-
edge; for instance, we do not know for how long, or
over what maximum distance of {ravel, the heat wave
can be kept “alive,” ie. above ignition temperature
despite ever-increasing heat losses, a consideration
whieh could impose a lower limit on the aceeptable
well spacing. However, as research data and field ex-
perience acecumulate, it is hoped that the petroleum
engineer will be in measure to more and more reliahly
predict the performance of a thermal recovery project.
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Waterfiood
Performance,

Upper Terminal Zone
Fault Bilock VB,

Wilmington Qil Field

By R. L. PIERCE and M. J. GARRITY, '51

Intreduction

An evaluation of results to date of the Upper
Terminal VB waterflood in the Wilmington Oil
Tield appears to disprove the opinion of some petro-
leum engineers that profitable waterflooding would
not be feasible in California reservoirs coniaining
thick multi-sand seetions of low gravity, viseous
erudes. The results of a pilot waterflood initiated in
June 1953 in the HX sub-pool of the Upper Terminal
Zone encouraged the City of Long Beach to expand
this flood to ineclude the full Upper Terminal Zone
in Fault Block VB. Sufficient time has elapsed since
expanding the flood in June 1958 to permit engineers
to examine the reservoir performance and to draw
gome preliminary conelusions as to the sueccess of
the program.

The injection program in Fault Bleek VB, along
with similar programs in other fault blocks of the Wil-
mington Field, has been aceelerated for a twofeld
purpose: arresting subsidence, and secondary re-
covery of oil.

Land subsidence is a major problem in the
Wilmington Iield. The eenter of the subsidence bowl
is in the eastern section of Terminal Island near the
Southern California Edison Co’s power plant. Max-
imum subsidence to date is approximately 26 feet at
the center of the subsidence howl where a subsidence
rvate of 2.4 ft. per year was measured in the early
1950°s. This rate has decreased to 0.5 foot per year,
and is continuing to decrease.

Repressuring brought on by waterflooding ap-
pears to have heen the major factor in arresting the
enrrent rate of sinkage, There are some areas in the
field where the sinkage appears to have been com-
pletely stopped. These areas overlay the sections of
Zones whieh have exhibited a considerable pressure
response from the floods. Tault Block VB lies to
the east of the point of maximum subsidence. The
subsidence in the areas encompassed by Block VB
varies from 3 to 16 feet. The fact that the harbor
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area is highly industrialized and contains a large,
vital U.8. Naval Shipyard has made it imperative
that an attempt be made to eompletely eliminate the
subsidence phenomenon, 1t is generally agreed that
this ean best be accomplished by repressuring the
upper four oil producing zones. The resulting in-
erease in oil production over the estimated primary
produetion should make this twofold pregram eco-
nomically attraetive,

Location and Geology of Wilmington Field

Location—The Wilmingten Oil Field is in the
Wilmington arvea and Harbor District of the City
of Los Angeles and the Harbor District of the City
of Long Beach, Log Angeles County, Calif. The lo-
cation of the Wilmington field with vespect to other
oil fields in the Los Angeles Bagin is shown in Fig-
wre 1. .

(Feology—The oil producing structure is an anti-
clinal fold with its main axis in a northwesterly and
southeasterly direction. The producing zones are
highly faulted. The six main fault blocks have heen
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w Figure 1. Oil Fields of the Los Angeles Basin.

designated by Roman numerals I to VI and the large
subfault bloeks by the suffix A, B and D. Although
the faulting may have begun during late Upper Mio-
cene fime, mogt of it probably oceurred during the
Lower Pliocene time. The sirike of the faults is ap-
proximately north and south. The majority of the
faults hade te the east with the exeeption of the
Powerline Fault series together with the Pler A and
Daisy Avenue Faults which hade to the west as shown
in eross section in Figure 3. The vertical displace-
ment of the major faults varies from a maximum of
350 ft. at the top of the Terminal Zone on the Wil-
mington Fault to less than 100 £t, on the Allied Fault.
The subsurface structure is not reficcted on the sur-
face owing to the existence of an uwnconformity at a
depth of ahout 2000 feet. Conseguently, subsurface
studies have guided the exploration of the field,
The upper 800 10 1000 feet of formation is Quater-
nary and Pleistocene in age and below this lies the
Pieo formation of Upper Pliccene age with a thiek-
ness varying from 1000 to 1200 feet. The Pieo beds
lie uncontormahly on the Repetto formaticn, which
varies in thickness from 900 to 1500 feet and eontaing
the Tar Zone and the upper portion of the Ranger
Zone. The underlying Puente formations of Miocene
age contain the lower portions of the Ranger Zone,
the Upper Terminal, Lower Terminal, Union Pacifie,
IFord and “237" Zones extending to the Basement-

3as

Sehist, believed to be the Francisean of Jurassic age.
The total thickness of the Miocene varies from 3200
to 3800 feet.

The erest of the strueture extends to the southeast
from heneath the northeastern portion of Terminal
Island to an unknown distance beneath the Paecific
Ocean. The southeasterly plunge extends to some
point offshore from Seal Beach.

Fault Block VB Upper Terminal

The fault block with which this report is eoncerned
iy VB, Tault Block VB is located in the eastern one-
half of the presently developed area of the Wilming-
ton Field. The western boundary of the fault block
ig the Allied and Allied A-1 Fault gystem, and the
eastern boundary is the Golden Avenue-Daisy Avenue
Fauit system. North and south limits arve defined by
the oil-water contaets of the various sand members,
Figure 3.

An eleetrical log typieal of that measured in the
Upper Terminal Zone of Fault Bloek VB is shown in
Figure 4. The log shows the seven major sand bodies
in the Upper Terminal Zone. These sands are desig-
nated by eleetrical log mavkers HX, J, Y, K, Z, W
and A. The HX sand is further divided into upper,
middle and lower HX, The average section hetween
markers HX and AA is 540 feet with approximately
300 feet being net oil sand.
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w Figure 2. Geologic cross section of Wilmington Field.

The following table presents a summary of reser-
voir rock and fluid properties of the Upper Terminal
Fault Block VB sands:

RESERVOIR DATA

J Thru
HX Bands A Sands
Sand Volume, Acre-Feet 23,000 76,000
Average Porosity 35 34
Arithmetic Average Permeability, md 1284 780
Intersgtitial Water, Percent 24 25
Average 0il Gravity, *API 18 21
Average Gas Specific Gravity
{Air=1) 0.73 0,73
Datum-Weighted Average
Sub-gea Depth—FtL, 2950 3200
Initial Resgexvoir Pressure
at Datum, psi 1320 1420
Original Selution Gas-Oil Ratio
SCF/ST Bbl 160 200
Bubble Point Formation Volume
Tactor 1.097 1.120
Average Zone Temperature °F 140 148
Viscosity of Reservoir Oil at Time
of Flood, Centipoises 7 15

Primary reserve estimates for the Upper Terminal
pools of the Wilmington Oil Field have ranged from
350 to 460 barrels per acre-foot. Upper Terminal,
¥ault Block VB has a higher average oil viseogity
than the Upper Terminal pools to the west and was
considered to have the lowest ultimate primary re-
serve,

Water Injection System

The water injeeiiomn sysiem consists of salt water
source wells, facilities for treatment of the salt water,
pipe lines, and water distribution plants with the
capacity to inject the water under pressure to the
subgurface formations.

Source Wells—Injeetion water ig salt water ob-
tained from shallow source wells ranging in depth
from 115 to 400 feet. The sands and gravels contain-
ing the source water apparently outerop offshore and,
as a result, are constantly replenished by ocean water.
These beds act as a natural {ilter in addition to fur-
nishing' a supply of water mueh lower in free oxygen
content and suspended solids than water ohtained
directly from the ocean. With the exeeption of the
free oxygen comtent, the source water has the same
composition as ocean waler.

The water leaving the source wells is run through
desanders (sand setiling tanks or eyclone separators)
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prior to receiving chemical treatment. A variety of
chemical inhibitors have been used to reduce eor-
rosion in the pumps, distribution systems and in the
injection wells.

Injection. Wells—The first injection wells in the
pilet flood, Z-228F and Z-229F, were completed in
May and June 1953 on the north and south flanks of
the strueture. These wells were completed by cement-
ing 7-inch casing solidly through the HX sands, and
seleetively gun perforating the upper one-third of the
HX interval. Normal completion practice has been
to eirculate the hole clean after perforating and to
place the well on injection by injecting down the
easing or a combination casing and tubing and packer
arrangement, or to inject down the tubing only with
the tubing set on & packer at the top of the injection
interval. In most of the injection wells, blank inter-
valg opposite shale beds are tested for soundness of
the cement bond between the casing and the wall of
the hole prior to perforating the injeetion interval.
This is done in order to obtain a means of subdividing
a large sand body or individual sand groups into sub-
sectiong where selective injection may be required to
control the advanee of the flood water.

In the past, many wells in the Wilmington Field
have been seriously damaged in the casing string by
differential horizontal movements of strata which
have, in many ecages, completely sheared the casing,
resulting in total loss of the well. This damage oc-
curs hetween the 1400 ft. and 2000 ft. subsea interval,
For the past several years a great majority of the
new producing wells and injection wells have bheen
provided with a “bell-hole” which is an enlarged diam-
eter seetion of the drilled hole through the 1400-2060
£t. drilled interval. This is aceomplished by seraping
the drilled hole from. the normal hole diameter of
1094 in. or 1274 in. to 22 inches. The annulus between
the casing and the hole is then filled through ports
in the casing with a high gel strength fluid from the
top of the cement outside of the easing to the surface.
The “cushion” provided has been very effeetive in
minimizing casing damage.

Experience gained during the operation of the
first injection welly led to more satisfactory comple-
tion techniques in the remaining wells, It was ob-
served that running and pulling packers in constant
diameter casing was slow and wore the packers ex-
cessively. It was also helieved that the swabbing action
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w Figure 3. Upper Terminal Zone, Fault Block ¥, Wilmingten Field,

indueed by the packers when pulling them might
cause premature casing failure if done too often. A
combination 994 in. x 7 in. casing string was tried
in a follow up injection well; however, this comple-
tion method was disearded in favor of a water string
and liner type eompletion where a 9% in. water string
ig cemented at the top of the producing zone, and a
5%%5 in. biank liner iy then cemented solidly through
the zone and seleetively jet perforated using two to
four holes per foot. Haectors such ag lost eirculation,
caving hole, high angle holes (ag mueh as 56°), re-
quiring very elose control, made it desirable and
prudent to adopt the water string and liner type
completion. In addition, improved injectivity has been
realized hy changing the mud system over to special
completion fluids after setting the water string.

It is of interest to mote that several of the wells
drift bhorizontally over 3100 feet from the surface
loeation, Subsea depths of approximately 3500 feet
coincide with a drilled depth of 5000 feet, with meas-
urements made from the rig floor at an elevation of
approximately 27 feet above sea level. The avail-
ability of surface locations has been a eritical proh-
lem in the developmeni of Fault Block V in that
much of the productive sands are overlain by the
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Harbor waters. As a result, surface locations and
bottom hole loeations are wusually separated hori-
zontally by several hundred feet.

Injection wel costs have varied from $85,000 per
well to $139,000. Included in the $139,000 figure is a
$14,000 coring program.

Ingection Plonis—Three plants supply the water
to the Upper Terminal Zone injection wells. These
plants utilize both triplex and quintuplex plunger
pumps driven by gas powered reciprocating engines.
Plant capacities vary from 21,000 B/D to 121,000
B/D at pressures up to 2000 psi. In addition to sup-
plying water to the Upper Terminal VB injection
system, these plants also provide water for other In-
jection projeets in operation in Fault Block VB and
in other fault blocks. The cost of the original 21,000
B/D plant was approximately $180,000. The cost of
the 121,000 B/D plant was $978,000.

Production and Injection Histery

Iistory of Production—The first production from
Upper Terminal VB was from a erestal well ecompleted
in December 1944. This well was shut in because of
an excessively high gas-oil ratio and fufl develop-
ment of the zone was not resumed until late 1947 when
several downstructure locations were drilled. Orderly
development eontinued until March 1950 when the
K and 7 sands were found produetive in the townlot
area {o the north. This touched off a competitive
drilling eampaign that resulted in the completion of
70 new wells and brought the pool total to 126 wells
by January 1952,

Heavy withdrawals caused rapid water eneroach-
ment on the north flank and the early abandonment
of townlot wells. As a result, by early 1952 it was
possible for the Harbor Department to resume gas-
oil ratio control and to prepare plans for gas and
water injection in the Upper Terminal VB pool since
esgentially all commercial oil production was on Long
Beach Harbor Department tidelands property. The
production history for the the period 1951 through
August 1960 is ghown in Figure 3.

The large drop in producing wells in early 1952
reflects the eurtailment of high gas-oil ratio preducers.
The subsequent decline in producing wells during
19562 and 1953 was a result of shutting in watered
out K and 7 sand producers north of the tidelands
bhoundary, and the conversion of a few Harbor De-
partment wells to pas injeetion. In December 1958
a further eurtailment of high gas-oil ratio wells took
place. Most of this group of wells have sinece been put
back on production as low gas-oil ratio producers as
a result of the flood.

History of Injection—The Long Beach ITarbor
Department during the year 1952 formalized plans
to proceed with pilot waterflood operations in order
to establish the eeonomics of flooding, and to explore
the possibility of flooding as a method of subsidence
alleviation.

In June 1953 a pilot water injeetion program was
started into the upper HX sand in Fault Block VB
between the Allied A-1 and the Pier A Faults on the
helief that the Pier A Fault separated the main part
of the block from the pilot area. Subsequent perform-
ance indicated injection water was not confined to
the pilot area as the main portion of the bhloek was
being influenced by the flood. Sinee the producing
wells in the main area, unlike the pilot area, generally
ineluded the full seetion of HX, it was necessary in
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March 1957 to start injection into the full HX in-
terval.

In June 1958 injection was started into the J, Y,
K, Z, W and A sands on the south flank of the struc-
ture and subsequently in May 1959 the Y, W and A
sands were included on the north flank, This was
followed in September 1959 by the J, K and Z sands
whieh put the full Upper Terminal Zone of_ VB on
flood. Currently, there are six water injection wells
operating in the zone. The wells operate with surface
injection pressures ranging from 860 to 1050 psi. In-
dividual injection well rates range from 3500 barrels
per day to 15,000 barrels per day.

In July 1953 gas injection was started on the
crest of the strueture in the Upper Terminal Zone of
Fault Block VB, and except for a shor peried in
1953 and early 1954 when the HX sand received gas,
all Upper Terminal gas injeetion was confined to the
six lower sands. The gas injection program was sus-
pended in February 1960. The effect ol water in-
jeetion by this time had been to cause the high gas-
oil ratio area to contract and several wells which were
previously curtailed were found to be low gas-oil
ratio producers. During 1960 additional wells near
the erest of the structure have exhibiied low gas-oil
ratio performance and as a result have remained on
produetion.

Waterflood Performance

Injection Water Control—Distribution of injee-
tion water to meet the requirements of individual
gands has been baged on volumetric calenlations u:tin
lizing original sand volumes, original produ.ctllve
limits, and formation and saturation characteristies
of each sand. This should assure repressurization of
all sands. In addition, vertical distribution has been
designed to flood the lowermost sands progressively
ahead of the upper sands. )

General practice in injection well completions
throughout the tidelands properties has been to open
the first injection well to all the produetive Sands' in
each zone. The exceptions to this are the two pilot
injection wells. Subsequent injection wells are then
seleetively perforated to complement first wells for
selectivity of injeetion. Adjustments for control of
the selectivity in the completion program and control
of individual well injection rates during subsequent
operations have been bagsed on information obtained
through the periodie running of spinner and tempera-
ture surveys. ) .

Distribution of injection water in multi-sand in-
jeetion wells has been improved by selective plugging
and the use of formation testers to cause the well to
hackflow and clean out the well bore. Where addi-
tional control has been neeessary, single and multiple
packers have been used. Ag mentioned previously,
the cement bond in the blank intervals between the
main sand bodies is tested to insure an effective sep-
aration of the main sands. Considerable success has
been. realized in obtaining the desived distribution of
injection water by the foregoing methods.

The volumetric approach for estimating the de-
sired injeetion volumes for each sand was eonsidered
a necessary starting procedure. Tt has always heen
considered that these pre-determined rates would re-
quire adjustment based on observation. In order to
observe the flood progress in detail and to more
closely control the distribution of injection water to
individual sands, a series of single sand producing
wells has been placed ahout mid-way between each
flank and the erest of the struetare. A continuous
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w Figure 5. Upper Terminal Zone, Fault Block Y.B.

check on productivily, water-oil ratio and gas-oil
ratio is made in these wells. Periodically, pressures
are taken in the wells in order to develop trends that
will aid in checking on the balance befween with-
drawals and injection rates into each sand.

The histories of all producing wells are up-dated
monthly and reviewed for anomalouns performance
in respect lo water-oil ratio, gas-oil ratio and total
stimulation. In ecases where a high water producing
edge well hag reached the economic limit of produe-
tion, and is subject to being' shut in, a review is made
on the desirability of eontinuing the well on produc-
tion for the purpose of using the well as a means of
eontrolling the flood front. Further consideration is
given to the possibility of converting the well to an
injection well.

Performance—During the first two years of in-
jection, the improved performance of the X pilot
flood was limited to redueed producing gas-oil ratios
and reduetion of the pool deeline rate. After ohserv-
ing that injeetion was not confined to the sub-fault
block, it was eoncluded that injection rates were too
low for the total HX sand in Block VB. It has been
determined that the injection rate averaged approxi-
mately 0.15 barrels per day per acre-foot of sand
during this period.

Injection rates were substantially increased in
May 1955 and preparations were started for opening
the full interval of the HX sand to injection. Dur-
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ing 1956 and 1957 individual well gas-oil ratios de-
clined sharply througheut the HX sand with accom-
panying inereases in oil rate or a reduced rate of de-
cline in most wells. Water production has inereased
continuously since the start of injeetion in HX and,
except for isolated cases where a well produees in a
trapped area next to a fault, subordinate phase flood-
ing has been the rule. Current gross rates in wells
producing the HX sand only average 340 barrels per
day., The gross production ranges from 80 fo 725
barrels per day.

Figure 6§ shows the relationship of produced water-
oil ratio to cumulative oil produetion in the HX sub-
pool for the past seven years of flooding, Current
oil production of the HX sand is .G8 barrels per day
per acre-foot.

‘When the lower six sands of the Upper Terminal
VB pool were included in the waterllood program, an
initial injeetion rate of approximately 0.5 barrels per
day per acre-fool was used. As a result, the effect of
flooding these sands has been much gharper and was
obtained much sooner than in HX| in that first line
wells to the aguifer were ghowing stimulation within
three to four months.

Tdge wells in the lower six sands have increased
in water produetion along with oil stimulation; how-
ever, a large prolifie erestal area hag developed where
producing wells show good oil stimulation and little
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or no water produetion, Thig is reflected in the aver-
age pool water cul which has shown litfle increase
sinee the start of full seale flooding, Figure 3. The
oil produection raie for the lower six sands of the
Upper Terminal Zone, Fault Block VB in July 1960
was 3000 barrels per day above that which would be
expected for the normal primary production. This
is based upon an extrapolation of the primary pro-
duetion curve from June 1958. Approximately 2400
harrels per day ean he acecounted for in individual
well stimulation, and the remaining 600 barrels per
day is due to resumed production in the previously
high gas-oil ratio crestal area. In addition to this, a
projection from 1953 for the X sand indicates a cur-
rent oil rate which i approximately 1300 barrels per
day above that normally expected under primary op-
erations.

Average reservoir pressures lhad increased by
Tuly 1960 from 625 psi to 830 psi in the HX sand and
from 440 psi to 575 psi in the J through A sands.

The crestal area of the structure contains several
locations for new well development that heretofore
were not drilled beecause of the high gas-oil ratic per-
formance indicated. Recent isogors drawn across this
area indicate that development of these leeations can
be started. These loeations should add substantially
to the total poel oil production rate with only a minor
inereage in water production.
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Miscible
Displacement

By J. B. MATTEI

Introduction

During the past few years there has been a great
deal of attention given by the oil industry to various
new recovery processes, all of which have the same
objective—to get more oil out of the ground than has
been possible in the past by primary means and by
conventional water or gas injection techmigues.

One class of these new reeovery processes is termed
“miseible displacement.” This term means that oil
is displaced by a fluid whiceh is completely miscible
with the oil—in other words, by a solvent in which
the oil can dissolve if it is not pushed out of the way.
The usual displacing fluids, water or gas, are not
miseible with oil because capillary forces hold some
of the oil in place and prevent its displacement even
under the best natural drive or conventional second-
ary recovery eonditions. The capillary forces are not
present if the oil is pushed by a liguid that is mis-
cible with the oil.

It should be pointed out that solvents have been
used for many vears to elean cores of their residual
oil for eore analysis measurement. The oil-miseible
solvents, however, are expensive and it has long been
thought that miseible displacement in a reserveir,
though efficient, would be uneconomical beeause of
the cost of the great gquantities of materials neeessary
to replace all of the oil produced. The average costs
of some of the materials that ean be used in oil dis-
placement are shown in the fellowing table:

Cost

Material $/Barrel Injected
Water 0.02
Gas 0.15
LrPa 1.75
Crade Oil 250

Research had to come up with some way of using
a fairly small amount of miscible material for mis-
cible displacement to be a practical process in the
field. This has becn aecomplished to some extent by
laboratory worlk; however, miscible displacement is
gtill in ite infancy and has been proven generally
successful only in the laboratory. There have heen
about 44 field projeets put into operation in the
United States (some of which will he discussed in
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some detail later on), of which nine have been ter-
minated. Most of the active projects are too new for
satisfactory evaluation, and all of the major projects
are still eurrently in operation,

The most widely diseussed miseible displacement
processes have been termed (1) “high-pressure gas,”
(2) “LPG or solvent slug,” (3) “enriched gas,” and
(4) “simulianeous enriched gas and water.” Bach of
these processes has received a great deal of attention
in the laboratory by many oil companies, and all are
curréntly being tested in the field. In all of these
processes except the slug proeess, miseibility has to
be developed in the reservoir, In the slug process, the
slug itself is miseible with the reserveir oil. For the
other processes to work, the sharp interface between
the displaced and displacing fluids must be elim-
inated. Thig is accomplished by ereating in the reser-
voir a mixing zone between the injected and produced
fluids, in which the fluid properties grade from those
of the displaced to the displacing medium. Under
these conditiong, capillary and interfacial tension
forces are not helieved to he present.

The elimination of these capillary forces makes
100 per cent recovery from contacted areas possible,
However, the adverse mobility ratio present in the
various migeible displacement proeesses resulis in
fingering and channpeling and tends to eause poor
pattern and conformance efficiency. Thig eondition
ig responsible for the ecurrently widespread belief
that the favorable mobility of simultaneous enriched
gas and water injection will make that process more
applicable than any other, although the other types
of miseible displacement will continne to be useful
in certain cases.

Baeh of the four miseible displacement recovery
processes will be discussed separately, first by ex-
plaining the theory by which these processes are be-
lieved to operate and then by given examples of their
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application in the field. In this diseussion, several
terms will be used whieh it would be well to define
at this time. These ferms are “pattern,” “confor-
mance,” “displacement,” and “recovery” efficiencies:

Pattern Efficiency—The volume enclosed by the
outer Hmits reached by the displacing fluid at deple-
tion divided by the total volume of the reservoir.

Conformance Efficiency—The pore space in the
pattern volume through which the displacing fluid
actually moves divided by the total pore space in the
pattern volume.

Displocement Efficiency—The amount of oil dis-
placed from the eonformanee portion of the pattern
volume divided by the oil originally present in the
conformance portion of the pattern volume.

Recovery Efficiency—The product of pattern, con-
formance, and displacement efficiencies.

High-Pressure Gas Process

The high-pressure gas injection process will be dis-
cussed first beeause it is the process which wag first
tried in the field, and it is one which is easily under-
stood. This process was developed by Atlantic Re-
fining Co. The Atlantiec process involved injeetion at
a pressure of 3,000 psi or more into a reservoir con-
taining undersaturated oil having a fairly high con-
centration of intermediate components. The injected
gas is enriched through vaporization of these inter-
mediate eomponents from the residual oil in the
vieinity of the injection well so that it becomes com-
pletely miseible with the reservoir oil. This type of
gas drive is quite different from the econventional
zas injection process. Normal dry gas injeetion re-
sulig in a recovery which may range from as low as
30 per eent to as high ag 80 per cent. This wide range
of gas drive recovery results from variations of such
factors as sand permeability, oil vigcogity, and strue-
tural dip.

The high-pressure gas process involves the in-
jection at relatively high pressures of a lean (dry)
natural gas, mainly methane. Methane is not miseible
with most erudes exeept at extremely high pressures.
However, under favorable circumstances, a miseible
band can be developed within the reservoir by me-
thane injection, This is viewed as ereating miseibil-
ity in the reservoir.

What happens with a small “batch” of injected
gas when the Injection operation ig started? This gas
comes immediately into intimate comtact with the
reservoir oil. These are two imumiscible phases that
will eome to eguilibrium with each other. The gas
will be enriched with intermediates from the crude.
In turn, the erude will be stripped of these inter-
mediates. The enriched gas has a greater mobility
and veloeity than the oil, and it moves on to contact
a new “bateh” of oil. Again the enriched gas is in
intimate contaect with the oil and the gas is further
enriched.

FEach additional contact with the reservoir oil
further enriches the gas by a continuation of the
process just deseribed. The gas is finally enriched
to the point that it has a composition which ig miseible
with the reservoir erude. Thus, there is developed a
band of material in the reservoir that will miseibly
displace the reservoir crude. This material will in
turn be miseibly displaced by less rich gas following
it.

There is one main restrictive eondition that must
be satisfied in ovder to develop a miscible displace-
ment by the high-pressure gas process: ihe reservoir
oil must be capable of becoming miseible with the in-
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jected material. There is a range of reservoir oil
compogitions which are suitable for the high-pressure
wag process (at a given pressure}. If the reservoir
oil composition lies in the unsuitable composition”
area, the enrichment of the gas will nof continue un-
til the gas becomes completely miseible "with the
reservoir oil,

The gas compositions needed for miseibility may
be changed by inereasing the pressure. This inereases
the range of eompositions suitable for high-pressure
gas. The pressure limit is mainly dependent upon
how much pressure the formation overburden will
take. Frequently, the formation will net withstand
the required pregsures—thus, the limited applicability
of the high-pressure gas process. In general the high-
pressure gus process ig applieable only with reservoir
fluids relatively rich in intermediate eomponents.

University Block 31 Field Project

The Block 31 {University Lands) Field is located
about 20 miles south of Odessa in Crane County,
Texas. It was discovered in 1945. The producing
formation ig the Devonian which is eneountered on an
antielinal strocture at a depth of 7,900 feet. The
reservoir rock is a caleareous and dolomitie limestone,
The field covers 7,000 acres and is developed on 80-
aerc spacing with 73 wells.

The lack of an effective natural water drive and
the need for maintenance of reservoir pressure were
recognized early in the development of the field, as
the reservoir pressure declined rapidly. During the
first 334 years of produetion, 3.7 million barrels of
oil were produced, with a decline in pressure of 500
psi from the original pressure. (Gas injection was
commenced in 1949,

The original intent was to inject field-produced
gag inte two or three wells along the erest of the
structure to provide partial pressure maintenance in
the reservoir, maintain productivity, and increase
recovery. However, when laboratory research demon-
strated that muech greater additional reeovery could
he obtained by high-pressure gas injection, the injee-
tion program was expanded in 1952 to full pressure
maintenanee. This gas injeetion program became
known as the “high-pressure gas process.”

Laboratory research by Atlantic Refining Co.
showed that ultimate recovery of ¢il in the Block 31
Field could be increased by the injection of natural
gas at high pressures (3,500 psi) becaunse of: (1) evap-
oration of oil into the injected gas phase, thus enrich-
ing the gas, (2) dissolving of gas into the undersatu-
rated oil, causing an increase in volume of the oil
in contact with the gas, and (3) the simultaneous in-
creage of the viscosity of the gas phase and decrease
in the viscosity of the oil phase hecause of the mutnal
solution effeets, cffeets which inerease the efficiency
of displacement of oil as the viscosity of the gas phase
approaches that of the oil phase.

After the Texas Railroad Commission approved
Atlantie’s application 1o undertake full pressure
maintenance in the Block 31, Field in 1952, an initial
MER {rate) of 10,000 barrels per day was assigned.
Inereases in this rate were granted as the injeetion
capacity was increased hy conversion of additional
producing wells to injection wells. By January 1953,
with 12 injection wells, the ficld allowable was set at
13,000 barrels of oil per day. In September, 1953, the
rate was inereased to 13,500 barrels per day; and
enrrently, with 15 injeetion wells, the reservoir ig
assighed an allowable of 15,400 barrels per day.
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Gas is being injected on 80-acre spacing with
three large nine-spots in the ecnter of the field and
fragments of other patterns toward the edge of the
field. The mobility ratio is abont 10. Approximately
100 billion. cubic feet of gas have been injected to
date. This injection operation, mow completing its
eleventh year, still hag experieneced no major gas chan-
neling or breakthrough.

The only problem that Atlantic has encountered
in the Bloek 31 project is diffieulty in building up
the desived miseibility pressure in the southern part
of the field. This preblem is believed due to commu-
nication with other reserveirs behind the pipe and is
gradually being solved by pressure studies and work-
OVers.

LPG or Solvent Slug Process

The next miscible displacement process to be tried
in the field (about 1952) was the LPG or solvent slug
injection process. Ilere, a hand or slug of LPG is
injected into the reservoir, followed by gas or gas
and water injection. The objective is to maintain the
band of LPG “wedged” between the gas and oil phase
and achicve miseible displacement since the LPG is
completely miscible with the reservoir oil. Unfor-
tunately, the slug, whieh is generally propane, will
become diluted through mixing and diffusion as it
flows through the reservoir. The factors which con-
trol dilution of the propanc slug are not readily
understood, apparently, and the method of determil}-
ing the size of the slug to use in a given reservoir is
a problem which has not yet been solved satisfactorily.

In the glug proeess, the oil will he miscible with
the propane, and there will be no two-phase region.
Thus, at the leading edge of the slug, where propane
is mixing with and displacing oil, there will not be an
interface. The propane will also be miscible (at res-
ervoir temperature and a reservoir pressure above
1,000 psi) with the gas following it. This means there
will not be a two-phase region existing hetween the
propane and the gas. Thus, at the trailing edge of the
slug, where gas is mixing with the propane, there will
be no interface. It should be noted that a minimum
reservoir pressure heeds to be exceeded before misci-
bikity will be achieved in the reservoir,

Sinee a small slug of propane is used, and since
there is mixing of propane and oil at one end of the
slug and propane and gas at the other end, the slug
is continually being dissipated. After some stage of
the program, there no longer will be a 100 per eent
propane slug present. Instead, an enriched gas will
be miscibly displacing the oil.

Miscible displacement will eontinue until suffie-
ient mixing of the slug with the oil and gas has oe-
carred sueh that the composition of the diffused slug
has fallen below the composition necessary for mis-
eible displacement. This will eause the displacement
process to break down into the muech less efficient
immiscible gag drive. A field operation should be de-
signed (if possible} such that a sufficient slug mate-
rial is injected to tolerate the mixing without dilut-
ing the slug below the composition needed for mis-
cible displacement.

Slaughter Field Project

The Slaughter Field is one of the biggest fields in
West Texas. The ficld covers an area of about 85,000
acres and is developed on 3b-acre spacing with ap-
proximately 2,500 wells. The top per-well allowable
15 74 barrels per day prorated.

46

The Slaughter Field was discovered in 1937 and
hag produced approximately one-fourth billion bar-
rels of oil, or about 75 per cent of the estimated pri-
mary recovery of one-third billion barrels., The pro-
dnetive formation is the San Andreas limestone found
at 5,000 feet. The reservoir produees hy dissolved
oas drive. The huge field had approximately 114
billion barrels of oil in place and the prospeet is for
aver 1 hillion barrels being left in the ground after
primary depletion. However, the size of the field
has made cooperative or unitized scecondary recovery
projects diffienlt and additional recovery projects
within the field are scattered and small.

Currently the Atlantic Refining Co, has a propane
slug projeet on a 1,247-acre lease in the middle of
the field. 'This lease is completely surrounded by
other producing properties. This is a factor which
has greatly complieated Atlantie’s plans for initiating
an additional recovery project on their lease because
the recovery plans involve a substantial pressure
build-up. In spite of this problem, Atlantic deeided
in 1955, after more than & years of laboratory and
analytical work, to attempt a miseible displacement
of oil from thig lease.

In November 1957, the Texas Railroad Commis-
sion approved Atlantic’s plans. These plang included
eonverting three of the 35 wells fo injeetion service
and injecting about 255,000 barrels of propane to be
followed by about 3.4 billion cubic feet of gas over
the next 2 to 3 years. Then the plang called for in-
jection of about 6,000 barrels of water daily fo the
end of the program.

This project would force oil toward surrounding
leases where the pressure would be much lower, Thus
Atlantic felt they would be able to afford a miscible
front only until it swept about 40 per cent of their
lease. After that, too much oil would migrate off the
lease. Af that point, the pressure would be allowed
ta decline to a level eomparahle to neighboring leases,
and the project would be carried to conclusion under
declining pressure.

The Atlantic estimate of oil originally in place
mnder their lease was about 32 million barrels. Re-
covery at the start of the project was approximately
5 million barrels, or about 15 per cent of the original
oil. Tt was estimated that an additional b per cent
of the original oil could be recovered by econtinued
primary operations. Under the miseible program,
Atlantic estimated total recovery from their lease to
be about 62 per cent of the original oil or an addi-
tional 16 million barrels over primary. As compared
with waterflood, the miscible program will net only
about 2%% million harrels more of the original oil, but
would be higher if the operation dealt with an entire
reservoir and did not face the problem of pushing
oil off the lease.

In May 1958 Atlantie commenced injection of
propane and by early July 1958 had injeeted the
9255,000.barrel slug as planned. This was quite an
accomplishment In itself, ag large gquantities of pro-
pane are hard to find in West Texas. Atlantic man-
aged to get the required volume by having it haunled
from nine gasoline plants scattered over a 150-mile
vading in West Texas. Twenty-five tank trucks
worked 24 hours a day for nearly 60 days to
haul propane to the Atlantic lease. Atlantic timed
their propane purchase to obtain seasonally low prices.

Tmmediately after propane injeetion was com-
pleted in July, 1958, Atlantic switched over to gas
and injeeted gas continuously into all three injeetion
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wells until early 1959, Atlantie started injeeting
water into one well in January 1959 and in the other
two injection wells in July 1959, Later, Atlantic
started injecting alternate slugs of gas and waier In
all three wells. An attempt was made to injeet water
and gas simultaneously in one well, but this method
failed as the injection facilities were not designed for
this operation.

Atlantie beliteves that a portion of the reservoir
has responded as expected, indicating a fairly homo-
geneous reservoir with only a minor degree of strati-
Tieation. Other areas have shown a greater degree of
permeability stratification. Harly breakthrongh of
propane has heen experienced in some individual
strata, but Atlantic helieves an oil bank is developing
in the major part of the reservoir. A complete study
is being made to determine what effect this stratifica-
tion will have on the entire project. In one area, the
performance shows that pressure was not raised fast
enough to support miseibility in some of the individ-
nal strata.

Although there have heen variations in perfor-
mance, Atlantie concludes that the results to date
indieate the project is proceeding largely according
to plan. Atlantie also points out that the project is
furnishing valuable knowledge concerning miseible-
type displacement which could not be predicted hy
normal engineering caleculations or through labora-
tory experiments,

Although many difficulties have heen cxperienced
with the miscible slug method, it still remaing the most
popular approach to miscible displacement. Nearly
halt of the 44 miseible digplacement projects currently
active or completed in the United States are uging the
technique of injeeting LI’G followed by dry gas. The
main reason favoring this miscible process is economic.
However, there still remaing congiderable disagree-
ment on the guestion of how much LPG is needed in
the miseible glug process. Laboratory work by the
Humble Oil & Refining Co. has indicated that the
amount needed will vary greatly from reservoir to
reservoir. In many instances the slug process must
be ruled out from the beginning hecaunse of unfavor-
able reservoir conditions.

Enriched Gas Drive Process

The third miseible displacement process to be
field-tested was the enriched gas drive process de-
veloped by the Humbie Oil & Refining Co. As in the
high-pressure proecess, the injeeted material iz not
miscible with the reservoir fluid. This process in-
volves the injection of a gas which has been enriched
through the addition of intermediates such as ethane
or propane. In the entiched gas drive, the infer-
mediate eomponents are absorbed into the residual
oil, with a resulting expansion ol the oil, and a de-
crease in its viseosity. Ideally, a bank of swelled oil
is formed which is miscible in all proporiions with
the oil ahead and the gas behind. In other words the
phase boundaries between the oil and the gas dis-
appear.

If the gas is not rich enough or the pressure is
not great enough to make the phase houndaries dis-
appear, an immiseible displacement will result. This
ig the type of displacement that takes place in a
water drive or in a normal gas drive. However, even
an immiseible displacement using enriched gas can
preatly increase recovery becanse of a reduction in
oil viseosity, a swelling of the oil, and vaporization
of residuwal oil into the injeeted gas.
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Note that in this process the mass transfer is op-
posite to that obtained in the high-pressure gag
proeess. In the enriched gas drive proeess, the inter-
mediates go from the gas to the oil. In the high-pres-
sure gas proeess, the gas gets the intermediates from
the oil.

The enriching of the oil with intermediates from
the injected gas continues with each new contact be-
tween the oil and “fresh” injected enriched gas,
Finally, the oil will absorb enough intermediate com-
ponents go that it beeomes migeible with this enriched
gas, and no two-phase region will exist between them.

Any [ree gag in the regerveir at the start of the
operation will be in equilibrium with the reservoir oil.
This gas id miseible with the injected gas and is com-
pletely displaced by the injected gas.

During the initial stages of the operation, before
the miseible band is built up, the enriched gag moves
into the reservoir and residual oil is left bhehind., As
the gas comes into intimate contact with the reservoir
oil, the intermediates are partially stripped from the
gas. The farther out into the reservoir the gas
travels, the more it is stripped of infermediates by
the additional contacts with the oil. The gas compo-
sition approaches equilibrium with the unenriched
erude oil, and no further stripping will oceur.

¥From an economic standpoint it iy desirable as
soon as possible to stop injecting enriched gas and to
shift to a dry gas. Thus, the enriched gag is injected
as a slug, and it is displaced miscibly by dry gas. Two
questions immediately arise: (1) how riech must the
enriched gas be, and (2) how large a slug of enriehed
gas 18 neeessary. Both of these guestions have to be
answered to some extent in the laboratory.

The enriched gas must be miscible with the reser-
voir vil of critical composition, if the enriched gas is
to displace this oil miscibly. Alse, the enriched gas
must be sufficiently rieh in intermediates so that
when it i3 i contact with the oil, intermediates will
be transferred to the oil. It should be noted that any
injected material so riech in intermediates as to be
miseible with the reservoir crude without an exchange
of components will ereate a miscible sing process
rather than an enriched gas drive. There is also the
danger of not enough intermediates being present in
the enriched gas to form a miseible front, in which
case an immiscible gas drive process will take place.

Seeligson Zone 20-B Project

Seeligson Zone 20-B is one of numerous productive
sandsg of the Frio formation in the Seeligson Field in
South Texas. It oeccurs at a depth of 6,000 feet and
has an areal extent of approximately 600 acres.

After discovery in the latter part of 1946, il soon
heeame apparent that the reservoir was produeing
under a dissolved gas drive meehanism. Beeause of
several favorable conditions, such asg uniformity of
the sand, eomplete development, and the need for
some form of pressure maintenance, Zone 20-B was
selected for an experimental field application of the
enriched gas drive method. Unitization was not neees-
sary as there is only one operator and one royalty
owner involved. In addition, a field trial of enriched
gas drive in the Seeligson area was desirable to de-
termine the applicability of the proeess to other sub-
stantial reserves in the area. The additional recovery
of oil from enriched gas drive, as compared with eon-
ventional waterflood, is estimated o he 2 wmillion
barrels,

Injection of enriched gas commenced in March
1957 through two upstructure injection wells. The
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injected material was composed of approximately 50-
per cent propane and 50-per cent separator gas. The
project proceeded smoothly with no indieation of rich
gas channeling until November 1957, when it was
noted that the propane content of the separator gas
from a well in the first row of oil wells downstructure
from the injeetion wells had inereased. By March
and April 1958, the propane content of the separator
gas from the three other wells in the first row of
offset wells to the injection wells had also slightly
inereased. On June 1, 1958, these four wells were
shut in and their allowables were transferred. Iach
of the shut-in wellg has been tested monthly, however,
to aid in evaluating the project.

Clurrent oil allowable in Zone 20-B ig 1,000 barrels
per day. Cumulative oil production since the project
began is approximately 1 million barrels. Cumulative
enriched gas injection is approximately 3 billion cubic
feet or 20 per cent of the original oil in place. Total
recovery to date from the zone is about 1.7 million
barrels, or approximately the volume expected to be
recovered nnder primary operations.

Txeellent displacement efficieney is being at-
tained in the swept areas as shown by eores and drill-
stem tests of a well drilled 100 feet downstrueture
of an injeetion well in December 1957, These tests
indicated that the sand has been swept virtually clean
of oil; however, it is too early in the life of this praj-
eet to evaluate the degree of pattern and eonformanee
effictency being achieved.

Simultaneous Enriched Gas-Water Process

‘When the three miseible displacement processes
whieh have just been diseussed were developed, tested
in the laboratory, and given an initial field trial, they
appeared to be the ultimate in oil recovery because
they did flush all of the oil from the formation which
they eontacted. However, it was soon realized that the
high mobility of the injected gas (because of its rela-
tively low viscosity) created very unfavorable mo-
bility ratios.

This meant that the henefits derived from the ex-
cellent displacement efficiency would be offset to a
great extent by the poor pattern-conformance effi-
¢iency that would prevail. To approach the goal of
complete oil recovery, the pattern-conformance effi-
ciency of a miseible dispiacement proeess must ap-
proach 100 per cent. These efficiencies are determined
to a great extent by the ratio of the mobilities of the
injected fiuid and the oil in place.

A practical way to deerease the mobility of the
injected material would be to injeet water (which has
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a viseosity of about 1 eentipoise) instead of gas which
has a viscosity of about 0.02 to 0.03 centipoise. This,
however, would not be a miscible digplacement since
gas must be the displacing fluid for the process to
work. What can be done, however, is injeet rich gas
to form the miscible displacement front and follow
this with water and rich gas injected simultaneously.
The oil is pushed toward the producing well by the
band of gas which is miscible with the oil. This gas
hand is pushed by water through which flows enough
oas to keep the gas band ai the proper size. Thus, if
the gas band is kept small, the mobility of the water-
plus-eas region will determine the pattern-confor-
mance efficlency. It has become apparent that most
futnre miseible displacement programs will involve
the injeetion of water sometime during the life of the
project.

An enriched gas-water injeetion project was in-
itiated by Humble Oil and Refing Co. in the Seeligson
Zone 21-A sand in Juune 1960. This reservoir is a
small strand-line deposit covering abeut 760 aecres
at a depth of about 6,800 feet,

At the start of the project, there was one injection
well and 11 producing wells. A slug of propane was
initially injected in order to form a miscible bank.
This will be followed by a simultaneous injection of
a displacing fluid composed of 50 per cent water and
50 per cent enriched gas. The enriched gas portion
will be made up of 50 per cent ethane and 50 per
cent drvy gas. It is planned to drill another produe-
ing well to this reservoir and to convert ome of the
current produeers to an injeetion well in the near
future.

Sinee this project has just gotten underway, no
results can be presented. 1t is believed, though, that
the mixing of the water and cnriched gas will lead
to low mobility displacement and that the “streaking”
effect that oecurs under the slug method of injection
can be avoided. Humble also believes the water and
enriched gas drive will enable it to reecover 75 per
cent of the original oil in place, compared with an
estimated 25 per cent by primary means.

There iz one additional miscible displacement
process involving gas. This proeess involves the use
of flue gas. Considerable laboratory work has been
conducted in evaluating this process, but it has not
been tried in the field. Flue gas is a relatively in-
expensive replacement for hydrocarbon gases in the
various miseible displacement processes but the mis-
cibility relationships are less favorable. A larger slug
of gas is required, and it is a problem of economic
evaluation whether flue gag should be substituted for
hydrocarbon gas.

Conclusions

(iven below is a list of some of the reserveir fae-
tors which make the miseible displacement process
attractive:

1. High dip, elongated oil column, and little or

no gas cap.

9. Uniform sand development with good permea-
bility.

3. Low vecovery under the primary producing
mechanism.

. Good geologic eontrol.
. A eonvenient supply of enriching material.
. Reasonably high reservoir pressure (about 1,000
psi or more).
Another factor to be considered, the most impor-
tant of all, is the economic factor. Some of the items
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which must be considered are (1) the cost of the in-
jected material, (2) the length of {ime the enriching
materials will be tied up in the reservoir, and (3)
the amount and value of the injected material that is
recovered.

As indicated earlier, there is a considerahle spread
in eost on a per-barrel basis between injecting water
and injecting enriched gas or LPG. Tor this reason,
the economies of miseible drive proecesses, when com-
pared to full-scale waterflooding are very close, even
though the miseible drive process recovers a greater
amount of crude o1l from the reservoir.

The length of time the enriching materials are tied
up in the reservoir iz dependent to a great extent
upon the oil produeing rate to be expected. In many
cases, reservoirs with short depletion times must be
chosen for miscible displacement projects. In other
fields special allowables must he reccived in order to
make these projects economically attractive. Special
treatment that some of these projects have already
reecived include Atlantic’s allowable of 15,400 barrels
per day for the Block 31 project, and a net gas-oil
ratio credit for Atlantie’s slug process at Slaughter.

Finally, the amount and value of the reeovered
material must be congidered. Since uno major field
projects have been completed, evaluations to date
mainly have been based on laboratory studies. These
studies in general indieate that up to 30 to 50 per
cent of the injeeted liguids may be reeovered, and
up to 70 to 80 per cent of the injected gas may he
recovered. Depending on gasoline plant contracts and
plant efficieney, about 10 to 30 per cent of the value
of the injeeted liquids may be recovered. Depending
on operating conditions and handling costs, about 60
to 70 per cent of the value of the injected gas may
be reeovered. These are average values and could
vary widely for individual fields. Also, if water is
injeeted simultaneously or alternately with the LPG
or gas, recovery of the injected materials may be even
lower because of the increased lifting costs associated
with handling any produced water. The Joss in the
reservoir of part of the value of the injected material
also tends to close the ceonomic gap between miseible
drive projects and water-flooding projects.

In conclusion, it ean be stated that the various
miscible displacement proeesses offer considerable po-
tential. Miscible displacement has a good future, and
it will inerease oil recovery greatly in many instances.
But field projects involving these processes will re-
guire the utmost in planning to become congistently
suceessful and economically attractive.
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Waterflood

Performance

in
Stratified

- *k
Reserveirs

By R. V. HIGGINS and
A. J. LEIGHTON

Introduction and Summary

Because of the difference in per-
meability of the layers in reservoir
gsand, the more permeable layers
are depleted of oil long hefore those
less permeable. In some reservoir
sand the depleted layers may eon-
tribute so mueh water to the com-
bined production from all layers
that the flood may have to he
abandoned earlier than anticipated
owing to an excessive water-oil
ratio. Under these conditions, the
recovery ol oil is low becausc of
the o1l remaining in the less perme-
able layers. The purpose of this
study is fo cvaluate as thoroughly
ag possible the effect of layers of
different permeability on recovery
as a funetion of the water-oil ratio
to ascertain ahead of time the po-
tential oil recovery. The ehanges
with time in the saturation distri-
bution in each layer, combined
with its eflect on the effective per-
meahility, are used in the ealen-
lations.

As water enters and moves
through a single layer of reservoir
rock, the permeability to oil and
water and the oil saturation ehange
continuously. Related changes of
different values take place in other
layers of the same rescrvoir sand.
The combined effeet of all these
changes influences the recovery of
o1l from the reservoir.

A method for caleulating oil re-
covery that takes into account all
these changes in saturation and
permeability and other variables,

* '1_‘his_artic1e, RI Bureau of Mines Report of
Ix}vestlgutlons 5618, has been condensed espe-
cially for The MINES Magazine by the authers,
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such as pressure, time, length, and
rates, 18 presented in the report.
Because of the number of compu-
tations involved, the method was
programmed and wag run on the
high-speed digital computer. Al-
though the computer has made this
analysis a practiecal operation,
much thought and effort has been.
uged to keep the number of proce-
dures to a minimuwm in order that
the computer cost will not be a de-
terrent to the use of the method.
Moreover, the authors have made
every effort to minimize the com-
plexity of the technigues so as to
encourage general acceptance of
the method by reservoir engineers.

In the programing procedure for
the computer the reservoir was di-
vided into cells, and the guantily
of oil and water flowing from each
cell during a short interval of time
was determined from the saturation
and the permeability relationg ex-
isting in each cell. The injection of
water into the first cell and the
flow of oil and water from ecell to
cell and out the last cell result in
a change in saturation in each cell,
The permeability corresponding to
the changed saturation is averaged
with the permeability before the
change. From the average perme.
ability and the pressure drop across
the cell, the average rate of flow
of oil and water from each cell for
an merement of time is determined.
This results in a new saturation.
Progressively, the oil saturation of
the reservoir is lowered, and the
water-oil ratio of the effluxing lig-
uids is inereased.

Where the effcetive permeability-
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saturation relationships of the lay-
ers of the reservoir roek differ
only by a multiple from that of the
calenfated layer, all the informa-
tion necessary to calenlate the com-
b.med recavery at a definite water-
oil ratio can he determined from
the caleunlated layer by use of di-
mensionless ratios. Otherwise, each
layer has 1o be caleulated individ-
nally.

Dimengionless ratios may be used
also to ealculate the performance of
single layers that differ in absolute
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permeability, length, width, and
pressure drop where the effective
permeabilities to oil and water for
the same water saturation differ by
a constant multiplier from that of
the model. Under this condition
the preceding variables are either
dirveetly or inversely proportional
te the performance of the model.

The eleetronie-eomputer caleula-
tion proecedure results in an aver-
age water saturation at break-
through whieh is virtually the same
as that ohtained by the Welge™*#
and Bueckley and Leverett® meth-
ods.

This report presents the oil and
water rates, water-oil ratio, and re-
covery as a function of time and
permeability for a natural, or aug-
mented natural, water drive in a
single-layer reservoir rock eontain-
ing an oil having a 2-eentipoise
viscosity.

The details for a 10-layer reser-
voir and a curve for a 20-layer res-
ervoir algo are given. The pro-
cedure is the same for any number
of layers because the performances
of the individual 1layers are
summed. The results also are given
for a natural water-drive reservoir
containing an eil having a viseosity
of 20 centipoises. Included also
are the vesults of a waterflood of
reservoir roek after fill-up, that is,
after pores containing gas are
filled with water to a saturation of
0.4

In the examples of multiple lay-
ers, permeabilily variation of the
layers was chosen to be about 0.6,
according to the Standing, Lind-
blad, and Parsons® scale.

The effect on recovery of multi-
ple layers of different permeabil-
ity in a linear flood have been
treated by Stiles® and by Dykstra
and Parsons®. In their methods
they assume a constant saturation
of the displacing phasc after the
passage of the o1l bank. They also
agsume no production of oil from
a layer after the oil bank has
reached the outlet face. As the pro-
cedures given in this report take
into account the effect of the com-
tinuously changing saturations and
permeabilities, also the contribu-
tion to recovery of the oil flowing
after the breakthrough of the oil
bank, the ecompuiations required
are correspondingly greater, Never-
theless, the maximum eomputation
time required on a high-speed dig-
ital eomputer for ecomplete evalua-
tion with a minimum of “printout”
was 10 minutes.

*% Superior numbers refer to items in the Lib-

liography at the end of this report.
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Nomenclature

(1, Cs, Cz= Constants in wafer-
relative-permeability-saturation
equation.

Dy, Dy, Dg= Constants in oil-
relative-permeability-saturation
equation.

h = Thickness of “pay.”

K, = Absolute permeability of
reservoir roek.

k, — Relative permeability to oil.

k,=Relative permeability to
water.

L= Digtanee hetween input and
output wells.

P — P’ressure.

Q, = Oil-flow rate.

S, = Water saturation.

1 =— Time used in model relation-
ships.

w = Width of layer {distance be-
tween adjacent input or output
wells).

General Principles—Single Layer

The term “single layer” as used
in this report signifies a layer of
reservoir rock of uniform thickness
whose permeability-saturation re-
lation {o oil and water iz repre-
sented by only one set of curves
throughout the layer.

The effect of capillarity is not
congidered, becanse Blair, Donglas,
and Wagnert and Rapoport and
Least have shown that capillary
factors may be neglected when tle
distance between the incoming
water and the outgeing oil is as
long as the distance between wells
in field reservoirs.

Only Ynear flow is considered.
Linear flow has been and still is
being used to approximate either
the performance of a line-drive or
pevipheral water-flood or the per-
formance of a natural or aug-
mented water drive.

For analysis the single-layer res-
ervoir is divided into lincar seg-
ments and each segment into cells.
A previously specified gquantity of
water enters the first cell for an
interval of time. From the effee-
tive permeability-saturation rela-
tiong the quantity of water and oil
leaving each cell during entry of
waler inte the first cell is caleu-
lated. Tor material balance the
combined volume of oil and water
leaving each cell equals the volume
of water entering the first cell. The
resulting volume changes of each
eell, owing to the volume of oil
and water entering and leaving the
cell, are calecnlated. From the new
saturations new permeabilities are
caleulated. New and old permea-
bilities are averaged. The average
rates of oil and water flow are de-
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termined for each ecell from the
average permeabilities, the guan-
tity of water entering the first cell,
and the total pressure drop. Then
calenlations are made for the entry
of another specified quantity of
water. During each step the
clapsed time, aceumulative time,
gquantity of oil and water leaving
each cell, accumulative produetion,
and quantity of oil remaining are
determined.

Example Calculations

In the following ecaleulation of
o0il recovery for one layer from a
natural water encroachment or a
stimulated natural water drive, the
digtance between wells in the line-
drive pattern is 600 feet, the thick-
ness of the “pay” is 100 feet, and
the pressure drop between the line
of input and output wells is ade-
guate to produce initially 1,100
barrels of oil per day per well. In
these studies a eonstant pressure
drop is maintained across the layer
during a flow history. The layer
for these examples is divided into
40 cells. Viscosities of the oil and
water are 2 and 1 eenterpoises, and
initial water and oil saturations
are 0.2 and (.8, respectively. Inter-
stitial water saturation is 4.2 and
jrreducible oil saturation 0.2. Rel-
ative permeahility relations as a
funection of saturation used for the
cxamples are:

0200 (08 S.)
o =1 71.3333(0.8 — Sy)
and.

L 0200(8, —02)
S =1 13333 (S, — 0.2)

Most of the pressure drop in a
line drive oeeurs near the input
and output wells. This loss is
usually econsidered an cnergy loss
and not a recovery loss. In most of
the reservoir, calenlations will show
that only a small pressure drop is
required to produce 1,100 barrels
of oil per day per well when the
spacing between wells is 600 feet
and the “pay” thickness 100 feet.
In linear flow, this drop takes place
through an area of 600 hy 100
square feet and along a distance of
600 feet. The pressure drop is 33
p.si. for a 2-centipoise ol In a res-
ervoir sand having an effective per-
meability to oil of 600 millidareys
{md.).

In Figure 1 are plotted data
from the “print-out” tables from
the ecomputer, showing the oil rate,
water-oil ratio, and the percentage
recovery as funetions of the time.
These data are of chief interest to
the reservoir engineer.
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Model Properties

Although the data in Figure 1
were obtained from a specific ex-
ample, they can be used as a model.
For instance, the oil rate would be
doubled for a reservoir twice as
thick, If the pressure were doubled,
the flow rate also would be
doubled. If the effective permea-
bility-saturation relations were
multiples of 2 (same rock prop-
erties but different permeabilities
to air), the time scale would be
shifted hy the reciprocal of 2 or
by 14; that is, where 1.0 is the time
it would become 0.5, and the re-
maining time changes would be
proportional. These proportions
can be generalized by the use of
dimensionless ratios,

When the model is generalized,
the ordinate and abscissa values
remain the same and the new
values are obtained as follows:

QO(ncw) :Qo(moden >< P L
{model)
><L( melel) >< h
L h{modc[)
i K,
Wimodel) Ko (moden

‘Water rate has the same relation-
ship as the oil rate. "When the ef-
fective permeability-saturation re-
lations of two rock layers are in
the same ratio as the air permea-
bilities of the two roeks, the ab-
seissa for the oil rate, wateroil
ralio, and reecoverv curves can be
represented hy :
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p— Ka(mode])
t(new} = L{model) >< T
a
P4 L P(model)
L(model) P

Multiple Layer Reservoir

Many reservoirs, especially in
California, have pay thicknesses
greater than the well spacing and
in geologieal time were laid down
in what is conveniently termed
“layers of different permeabilities.”
These layers have led to the “layer
prineiple” to aid in approximating
the performance of reservoirs. This
approach is more scientific than a
guess at a permeability that will
represent the average performance
of all layers.

Where the effective permeability-
saturation relationships of these
layers are multiples, the model re-
lationships presented in the section
on “Model Properties” make it rel-
atively easy and  inexpensive to
calculate the performance of the
reservoir. Recovery and oil and
water rates are computed for each
layer for a given time and added
to give the reservoir recovery and
oil and water rates. The quotient
of the total water and oil rates is
the water-oil ratio. If the relation-
ships are not multiples it ig still rel-
atively easy but eosts more, as each
layer wounld have to be evaluated
separately by the eomputer for
each set of permeahility-saturation
eurves.

Example Calculations

Several specifie examples have
been worked to show the effeet on
the recovery of oil from hypotheti-
cal reservoirs having layers of res-
ervoir sand whose permeability-
saturation relationships are mul-
tiples of K,

Table 1 gives K, Tor the 10- and
20-layer examples. These K, dis-
tributions were chosen to give a
factor of 0.6, using the seale of
Standing, Lindblad, and Parsons.
The average permeability of the
layers is made equal to that of the
model so that the conduetivity to
oil and water of the layers will
equal that of the model at the in-
itial gtage. Thus, a comparisen can
be made of the effect of a perme-
ability variation faetor of 0.6 on
the reeovery of oil by natural water
drive.

For the examples in which the
reservoir rock contains 2-centipoise
oil, the effect of layers of different
permeability is not as pronounced
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as it would he in a reservoir eon-
taining a more viseons oil, owing
to the relatively high recovery at
brealcthrongh for a nonviseous oil
Nevertheless, a eomparison of the
caleulated performance of reser-
voirs with and without lavers of
different permeabilities (Figs. 1
end 2}, but having the same gross
initial eonduetivity to water and
oil, shows the expected trend. The
recovery of oil is higher in the life
of the flood and stays higher for
the same water-oil ratio compared
with the reservoir with multiple
layers of different permeabilities.

The waves in the oil rate and
water-oil ratio in Figure 1 are due
to the sudden drop in oil produe-
tion, beeanse the breakthrough of
water has oceurred for one of the
layers. The oil rate at this time in
the life of the field is low and
therefore gsensitive to the contribu-
tions from the layers.

Figures 2 and 3 show that an
inerease from 10 to 20 layers does
not echange appreciably the oil
rate, Teeovery, or water-oil ratio,
when the viseosity of the oil iz 2
centipoises and the permeability
relations are those used for this
example.

Recovery of 20-Centipoise Qil

Figure 4 shows the caleulated oil
reeovery, oil rate, and water-oil
ratio as functions of time when the
viseosity of the oil is 20 eentipoises
instead of 2. The starting eondi-
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w Figure 2. Production History From a 20-
Layer Reservoir, of Which Each Layer Has
a Different Effective Permeability to Oif and
Water. {Oil Rate, Water-Oil Rato, and
Percenfage Recovery From a Well 600 Feot
From Edgewater. Pay Is Composed of
Twenty 6-Foot Layers, and Effective Permea-
bility o Oil and Water to Each Layer Is
Different, but Initial Gross Conductivity to
Oil and Water Is the Same As That for the
Single Layer Shown in Fig. .}
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TABLE 1.—Permeability of layers of 10- and 20- layer reservoirs

Layer No.

W00 =1 U1 e QOB =

AVerage .o

tions are identieal to those shown
n Mygure 1; the only difference is
the tenfold increase in viscosity.
The oil rate in Figure 4 followed
the normal trend. It was low at
the beginning because of the re-
sistance offered by the viscous oil.
Ag the water saturation behind the
advancing oil bank inereases, the
overall resistance is lowered and
the oilrate increases. After break-
through the oil rate does not de-
cline asg rapidly as does the oil rate
for the 2-centipoise oil. This slower
decline ig to be expected, as break-
through occeurs at a lower water
saturation, and the contribution to
recovery after breakthrough is sub-
stantial—long subordinate phase.

Aftfer breakthrough the water-oil
ratio remained relatively flat dur-
ing the subordinate phase. The ae-
enmulative oil recovery for the 20-
centipoige oil was much less for
the same elapsed fime than that of
the reservoir eontaining the 2-centi-
poise oil. These results show that
the computations give saturation
digtributions that virtually repro-
duee these obtainable by frontal ad-
vaneed technigques.

Recovery After “Fill-Up"

Many reservoirs having no nat-
ural water drive are poiential proj-
ects for waterflooding after part
of the oil has been recovered by
the expangion of dissolved gas. To
aid in evaluating the reservoir per-
formance of potential waterfloods
with thig history, the space oceu-
pied in the pores by the free gas is
eonsidered to be filled first with
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10-layer reservoir

Absolute permeability, md.
20-layer reservoir

3,190 3,950
1,800 2,600
1,300 1,920
990 1,630
780 1,420
620 1,200
500 1,020
380 960
280 820
160 720
640

560

520

450

410

350

290

240

180

120

1,000 1,000

injeeted water. Then the potential
recovery of oil by waterflooding
is calculated. The data in Figure 5
pertain to smch a reservoir evalu-
ation. The only difference between
the starting conditions in Figures
1 gnd 5 is the water saturation used
for “fill-up.” In Pigure 5 a start-
ing interstitial water saturation of
40 per cent wag used instead of 20
per eent as in Figure I, In other
words, 20 per eent of the pores was
congidered to have been produced,
firgt by expangion of dissolved gas
then by filling with injected water.

The oil rate and other data
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w Figure 3. Production Histery for a 10-
Layer Reservoir, of Which Each Layer Has a
Different Effective Permeability to Oil and
Water. (Pay Is Composed of Ten 10-Foot
Layers.}

shown in Figure 5 follow the trend
required by reservoir enginecring
coneepts. The oil rate inereases
until the *bank of o0il” passes
through the outlet face. Then the
oil rate drops rapidly because the
recovery of a Z2-cenilipoise oil oc-
curs rapidly.

The water-oil ratio curve is flat
until the brealkthrough of the bank
of oil.

Recovery and Water-Oil Ratio

The water-oil ratio iz one of the
indices used to determine the eco-
nomic life of a flood. The oil rate
also is an index. For oxample, a
thick sand yielding 5 barrels of oil
and 260 barrels of water per well
per day can be eeonomic when the
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v Figure 4. Production History for a Single-Layer Reservoir Having an Oil With a Viscosity

of 20 Centipoises.

NOVEMBER, 1960

53



3
AL WATER-OIL RATIO
1
N s
ER - "
% |2 g
§ g by AT clL REcovERY 2
7 g
H 3
! 7
s | /1 g
g i ]
Ll
I \‘WLNQ'IE
| .
"M W
THE, YEARS

w Figure 6. Effect on Recovery of a Water-
flood in Single Layer After Fill-Up. (Oil
Rate, Water-Oil Ratio, and Percentage Re-
covery Yersus Time From a Well 600 Feet
From an Augmented Edgewater, Thickness
of Pay, 100 Feet; Initial Qil and Water
Saturations After Fill-Up, 0.6 and 0.4, Re-
spectively: and Viscosity of OH in Place, 2
Centipoises.}

water-oil ratio 15 50, but a well
vielding only 14 harrel of oil a day
with less than a 50 water-oil ratio
may not be ecconomic. Accordingly,
a thick “pay”™ has a longer eco-
nomic Hfe. However, for sand lay-
ers of the same thickness, the eurves
of water-oil ratio as a funetion of
percentage of otl recovery are good
comparative indices. Suech curves
are shown in Figwre 6. The curves
show the expeeted trend. The high-
est recovery of oil for the same
water-oil ratio is from the single
layer containing a nonviscous oil
having a viscosity of 2 eentipoises.

The recovery from the I0-layer
group having an initial combined
conductivity equal to that of the
single layer is less than that of the
single layer for the same water-oil
ratio, becanse the more permeable
layers are “watered out” long be-
fore the less permeable layers are
depleted of oil. The watered-out
layers account for the high water-
oil ratio.

The percentage recovery for the
same water-oil ratio for the single
layer containing the 20-centipoise
oil is less than {hat for the 2-centi-
poise oil, The difference in reeov-
ery is of the right order for a ten-
fold inerease in viscosity.

The recovery after fill-up for the
game water-oil ratio ts low com-
pared with that from the fully oil-
saturated layer, because the start-
ing low initial oil saturation results
in the production of only a small
bank of oil. Reecovery for this layer
is based on the percentage of oll in
place just after fill-up.

The water-¢il ratio ecurves for
the 10-layer and single-laver res-
crvoirs eontaining the 20-centipoise
oil have a similar relationship to
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the corresponding water-oil ratio
curves for the reservoirs contain-
ing the 2-centipoise oil; that is, the
water-oil ratio for the 10-layer res-
ervoir 1 higher for the same re-
covery than for a single-layer res-
ervoir. This results from the bank
of oil moving more rapidly through
the more permeable layers, eausing
them to become partly depleted
sooner than the other layers. There-
fore, these partly depleted layers
contribute eonsiderable water to the
combined production of water and
oil.

The water-oil ratio curve for the
10-layer reservoir containing 20-
centipolse oil shows less recovery
for the same water-oil ratio than
the 10-layer reservoir containing
the 2-centipoise oil. This expeet-
aney is normal; that is, the higher
the viscosity the lower the recov-
ery.

Commentary

At the start of each flood the sat-
yration of the pores to oil and
water in each cell was made the
same for convenience. With a few
changes in the eomputer program
each cell can begin with a different
saturation and even have a differ-
ent set of permeability curves. This
could represent the econditions in
SOTNE Teservoirs.

For convenience each cell also
had the same size and shape. With
a few changes in the computer pro-
gram cach cell can have a different
size and shape. This hag been done
for a five-gpot pattern.

Conclusions

A method is presented to calcu-
late performance of (1) matural ox
augmented natural water drives
and {(2) waterfloods of reservoirs
after fill-up of the pore space
voided by the oil that was produced
by expansion of the dissolved gas.
The method ig applicable where the
geometry of these floods can be
represented by the linear flow of
oil and water. A procedure also
is given to evaluate the perform-
ance of waterfloods when the eon-
duetivities of multiple layers in
the reservoir differ from one an-
other. In the ealeulations, chang-
ing oil saturation and changing
permeabilities with saturation at
any time and in every part of res-
ervoir layers are thoreughly used
in evaluating the flood perform-
ance.

‘Where the effective permeability-
saturation relationships of the lay-
ers are the same or differ by a con-
stant multiplier, the computer cal-
culations for one layer ean be used
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as a model to obtain the rates,
reeoveries, water-oil ratios, and
elapsed time for other layers, even
though the length and pressures
are different. Rates and recoveries
of the individual layers were to-
taled to obtain the performanee of
multiple-layer reservoirs.

The authors minimized the math-
ematical and physical eoncepts re-
gquired to make the ealeulations so
ag to save computer time and en-
courage adoption of the method.
Nevertheless, the authors believe
that the performance of water-
floods has been thoroughly evalu-
ated.

The trend of the result of all
caleulations fulfills the physical
and mathematieal eoncepts of res-
ervoir engineering.
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AND NOW-—

Complete
Automation

Water Fiooding *

By E. E. CLARK

The North Burbank TUnit is a
cooperative water-flooding  enter-
prise of 15 oil eompanies and in-
dividuals. Phillips Peiroleum Co.
is the operator of the project.

At the beginning of the piloet
flood of the North Burbank Unit
in 1951, Phillips designed and con-
strueted a raw-water supply svs-
tem with a eapacity of 300,000 bhi.
per day. Water is obtained from
seven gravel-packed wells located
in the alluvinm along the Arkansas
River in Osage County, Okla. Deep-
well turbine pumps, driven through
right-angle gears by single-cylinder
engines, on these wells maintain a
constant level in a 44,000-bbl. surge
tank. Control devices in the tank
regulate the speed of the engines.
From the tank, water is boosted by
four 450-hp Ingersoll-Rand engines
and 2-stage eentrifugal pumps to
maintain a eonstant diseharge pres-
sure of 180 psi. The raw water is
digtributed through seven miles of
30-in, line to one of the largest
water-flood areas of the world, in-
volving six major water-flood proj-
ects.

This water system, termed the
“Ark-Burbank” water system, is
also operated by Phillips’ North
Burbank Unit personnel. It is eom-
pletely automatic. One operator
spends four hours per day cleaning
and checking the entire equipment;
it operates unattended for 20 hours
per day. A telephone signal alarm
system from the plant iz tied into
the overall NBU signal network,

* DPaper presented at the spring meeting of

the Rocky Mountain Disirict, Division of Pre- -

duction, American Petroleum Instifute, in Cas-
ner, Wyo., April 20-22, 1960.
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and a trouble-identification Dboard
facilitates repairs to malfunectioned
equipment.

From the ordinary equipment
used in 1951 to inject water und to
produce and sell the oil, the North
Burhank Unit has grown into a
mechanieal giant that now produces
and processes more than 23,000
bhl. of oil and 165,000 bbl, of
water per day. It injects 250,000
bbl. of water daily.

During the past year, the major
gaps have been cloged in automatic
tank-battery operations, so 2s lo
permit the operation of the proj-
get to continue essentially unat-
tended, except for preventive main-
tenanee, equipment failures, or
drastic changes in conditions. We
say that an enterprise operating in
this manner works automatically.
The term “automatic” hag alwayvs
been subject to changes in meaning,
As penerally considered in present
gveryday conversation, it 1s applied
to machines, or combinations of
mechanieal contrivances which, af-
ter certain conditions have becn
fulfilled, continue to operate until
such fime as the conditions mate-
rially change. Thus, automation
may be said to be a matier of de-
gree.

The equipment in the 1959 water-
flood extension of the North Bur-
bank Unit satisfies the forcgoing
definition—and does even more.
The equipment actually adjusts it-
self automatieally to most changes
in conditions, such as those caused
by:

1. Variations in the sediments
produced in the water-oil emulsions
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E. E. CLARK

THE AUTHOR

Since his graduation in 1942
Jrom the New Mexico School of
Mines, E, K. Clark hos been em-
ployed by Phillips Petroleum Co.—
natural gas department for one and
one-half years, remainder of time
in the production department with
operations in Oklahoma, Montana,
Kansas and Colifornee. Of this
time, 12 yewrs have been wn active
secondary recovery aress—mostly
waterflooding in Kast Kansas and
Northern Oklahome. Since writing
this paper, Mr. Clark has been pro-
moted and {rensferred from Shid-
ler, Okla. to the company’'s Cali-
fornia District.

Mr. Clark writes that when he
was o member of the Phillips 66er
Basketball Team, he used to prac-
tice in 1943 at the Colorado School
of Mines so he feels well acquminted
with the School. He also has super-
vised o number of young Mines
graduates, the most recent of whom
were Jim Auwlt and Bob Mariin,
now employed at the North Bur-
bank Unit in Shidler,

requiring special treating eom-
pounds.

2, Mixing water of changing in-
compatibility.

3. Rapid and unpredictable well
stimulation caused both by flood-
ing itself and by sand-fracture
treatments.

4, Wide fluctuations in water-
oil ratios, gas-oil ratios, and erude-
oil gravities.

Water flooding iz further com-
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w Figure |,

pliecated by the unpredictable left-
overs of the earlier surgeons of pri-
mary production. Uncontrolled
flooding, sparse records, poor well
completions, salt-water disposal,
damaged easing, casing and liners
that are corroded and leaking, im-
properly plugged wells, old shot
holes, junk left in wells—all these
contribute their share to condition
echanges.

Automation in water flooding is
thus contrasted with the operation
of an automabile plant or a refin-
ery where all the operations are
confined o a relatively small area,
where the nature of raw materials
are known, and where the changes
in the production line and the proec-
esses ean be aceurately predieted.

Evidence of the degree of auto-
mation is found when the required
operating labor is examined. In
the new area developed, onc lease
foreman and sub-foreman supervise
4,000 aeres of water-flood produe-
tion, involving four automatie tank
batieries (operated by one battery
pumper), and 217 producers and
181 water-injection wells (operated
by four well pumpers, or approxi-
mately 100 total wells each). Pre-
ventive maintenance and scheduled
equipment checking iz performed
bi-menthly by a field mechanie
crew (mechanie and helper) and
monthly by a well tester.

At peak production the forego-
56

ing group may he responsible for
the handling of 16,000 bbl. of oil
per day and 110,000 bbl. of water
per day, and for the elarification
and Iinjection of 120,000 bbl. of
water per day. Most all of the un-
scheduled maintenanee is handled
by a centralized maintenance
group, serving all foremen areas.

Water flooding can be broken
down into systems and sub-systems.
The various systems may work in-
dependently of one another, or
they may share equipment. At the
North Burbank Unit, all of them
have eertain common design fea-
tures:

1. Almost all equipment fails
safely; i.e., ity failure will not causc
damage to other equipment; will
not shut down the production of
oil; and will not canse waste or
pollution. Emergeney storage of
both oil and water is provided until
equipment malfunetions can be cor-
rected and normal operations re-
stored.

2, Equipment failures and major
condition changes are signalled im-
mediately to the operator and iden-
tification devices are provided to
locate quickly the area of troubte.

3. Protection iz provided auto-
matically against winter freezing
by cither draining stagnant water
lineg and pumps or by filling them
with warm, clean oil during idle
periods.

North Burbank Unit automatic tank battery.

Automatic Tank Batteries

‘When producing wells are stimu-
lated and water production ocenrs,
the produetion system and the
water-injection system must then
he married at the tank batteries.
Phe tank batteries are the heart of
the water flood. It is here that the
operation ends in the sale of the
recovered water flood oil to the
pipeline companies. At the North
Burbank Unit there are three pipe-
Hne companies, all of which may be
connected to take oil from a single
tank battery.

For purposes of diseussion, the
automatie tank batteries may be
subdivided into seven smaller gys-
tems:

1. Oil treating (including chem-
ieal-proportioning unit).

2. Lease automatic custody
transfer,

3. Trouble signal and identifica-
Hon.

4. Gas veniing and sales.
5. Water clarifieation.
6. Relief and oil skimming.

7. Water injection.

Oi] Treating

In addition to the usual free-
water knockouts and heater-treat-
ers, it Is necessary lo add treating
compounds to break emulsions.
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w Figure 2. Chemical proportioning unit
{bottom drawer of instrument console).

The ¢hemiecal-proportioning unit
(Fig. 2), which performs this funec-
tion, is a recent Phillips addition
to automation at the North Bur-
bank Unit. At 12min. intervals,
the output of the BS&W monitor
cell, which is policing the oil from
the heater-treater, is used to reset
resistors in a stepping switeh lo-
eated in a panel rack inside the
pumper’s doghouse. The current
from this switch is then relayed to
a Swarthout pressure transducer
{(Fig. 3), located near the heater-
treater. Iere the current is con-
verted into gas pressure, which is
piped to diaphragm valves located
near gas-operated chemtcal pumps
on the incoming trunk lead lines at
both sides of the tank battery.

It follows that chemical is added
onty when and as reguired to main-
tain the BS&W of the oil heing
sold at the desirved percentage. lix-
perience has shown that the BI&W
percentage can be maintained with
0.1 percent, provided the emul-
sions to he treated are sufficiently
sensitive to the treating compound
heing used.

The significanee of “conirolling”
the BS&W content of the sale oil

w Figure 3. Swarthout pressure transducer.

so ag to offset any “automatie” 0.2
per cent BS&EW deduction by the
pipeline, (when the oil may he es-
sentially clean) will be recognized
—especially by the producers.

The resuits of this automatic
gystem are rather amazing and may
well eliminate the oil treater. The
unit is so new that we have it in-
stalled at only one automatic bat-
tery. This gives us an opportunity
to compare il with two otherwise
identical hatteries installed at the
game time. By controiling the
BS&W  pereentage and injecting
the compound only as needed, the
one hattery treats at a ratio of
2,100 bbl. of oil per gallon of chem-
ieal. By manually setting the
treating ratio using conventional
bottle tests at the other two hat-
teries, the treating ratio averages
about 700 bbl. of oil per gallon of
chemical. The pavout of this $450
additional installation cost is ob-
vious.

Lease Automatic Custody Transfer

To date, the North Burbank Unit
has sold 15,000,000 bhl. of oil
through eight LACT systems.

Much has heen said and written
about the Phillips LACT systemt2,
It will be reviewed very bricfly
since it makes up & vital part of
automation in water flooding.

The Phillips Unit uses the bagic
weir gystem. Oil from the heater-
treater enters a 500-bbl. surge tank
and the monitor pump starts as
soon as the refill level is reached.
The monitor pump then runs con-
tinnously. Its purpose is to eir-
culate 0il through the monitor eell
and assure polieing of the BS&W
content of the oil while the surge
tank refills and the sales unit is at
rest. Any time the oil guality be-
colmes Jess than pre-set values
{usually 0.8 per cent BS&W), no
transfer ean take place. The LACT
circulating pump then starts and
cireulates oil back from surge tank
to heater-treater untdl merchant-
able oil ig again seen by the mon-
itor. The pump continues to run
for 10 min, after sale has resnmed
—just to make sure that the oil is
clean.

Sales commence when oil reaches
the transfer level in the surge tanlk.
il is transferred to the 95-bbl
mefer tank, Instruments prevent
the meter tank from starting to fill
unless sufficient oil is available in
the surge tank to make a complete
run. The meter tank is filled, the
overflow switch shuts down the

1 Relerences are at the end of the paper.
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transfer pump, and the read-out in-
struments process the temperature
and gravity data. The BS&W con-
tent of all the oil was accumulated
while the oil was being transferred.
After the read-out instruments
gather the data, the tank is released
for sale. The run valve opens and
the oil is dumped in the sump tank,

The sump tank hag a 64-bbl. ca-
pacity. It is primarily for the bene-
tit of the pipeline company. It per-
mits their pump to operate con-
tinuously while the meter tank is
being refilled and new data accu-
mulated. The capacity of the
LACT system is determined by:
1 how fast the pipeline pump ean
empty the sump tank; and 2 the
ability of the transfer pump to re-
fill the meter tank and read-out
the data by the time the sump tank
is emptied. The pipeline pump Is
operated by a float switch in the
sump tank. The complete LACT
system is at rest when the last full
meter tank is proeessed and the
sump heeomes empiy.

The LACT package-type ingtr-
mentation ig assembled in the con-
sole located inside the doghouse
{Fig. 4). Three of the drawers in
this unit have been adequately cov-
ered In a previous publication.®
They are the data read-out pro-
grammer, the combination integra-
tor-temperature {ransducer, and
the Phillips-designed BS&W mon-
itor. The funection of these three
units will be reviewed very briefly,
ag they are a part of the overall
LACT system.

The data read-ont programmer
has eounters which accumulate
guantities of gravity, temperature,
meter-tank dumps, BS&W, and
time. It permits time-sharing of
the gravity and temperature-sens-
ing devices with the integrator.
The BS&W of the oil being sold is
accumulated on a register during
the time in minutes required to
transfer the oil, ag accumulated on
the time counter. The acenmulated
BS&W divided by time is used to
obtain the average BS&W content
of the oil sold.

The programmer takes over and
runs the show when the weir level
in the meter tank is reached. First,
the integrator is used to convert
oil temperature to pulse rates and
the pulses are aceumulated for ex-
actly one minute on the program-
mer’s temperature counter. The
accumulated temperature divided
by the number of dumps, gives the
average temperature of the oil sold.
Next, the output of the gravity in-
strument is programmed to the in-
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w Figure 4. LACT control panel and instru-
ment console,

tegrator, which similarly econverts
the d-e voltage to pulses. These are
passed through the one-minute gat-
ing timer and accumulated on the
gravity register. After the oil is re-
leased for sale and the oil level at
the weir drops away, a zero check
is made of the gravity instrument
and dedueted on the register, so as
to make sure that no drift in elec-
tronies has oceurred. The net grav-
ity pulses manually divided by the
total tank dumps is used to obtain
the API gravity of the oil sold.

The read-out programmer pro-
vides ali the basic data required
to run tickets for any desired pe-
riod of time. At present, the pipe-
Jine companies are visiling the bat-
teries from a daily to a three-times-
per-week basis. Obviously, consgid-
eration is heing given to extending
these visits—as, for example, once
per month,

The sharing of eguipment by use
of the programmer suggests wider
application of this equipment,
Phillips is now planning LACT
units that will share eommon
LACT faecilities with a number of
small leases,

The BS&W monitor is the heart
of the LACT system. It works be-
cause the capacitance cell, loeated
on the meter-tank inlet, accurately
genses the change in the ernde-oil
dielectrie constant, eaused by the
presence of water or water-coated
B.S. The monitor d-e voltage out-
put is utilized in two ways:

a. To read direetly the BS&W
and to police not only the oil being
transferred for sale, but also the
0il being produced while the LACT
system i3 at rest in its “refill” cycle;
and

b. During actual sale, the volt-
age is converted to a pulse rate by

the integrator so that the actual
BS&W content of all the oil can be

b8

accumulated by the data read-out
programmer during the time it is
being transferred.

The integrator converts all sig-
nals from the BS&W, temperature
and gravity-sensing devices into
pulse rates so as to permit quanti-
tative determinations. It also teams
with the BS&W monitor and mon-
itor cell to supply the proper set-
ting of the chemical-proportioning
unit, previously disenssed.

Trouble Signal and ldentification

The signal systemm was used at
earlier conventional NBU tank bat-
teries. The transmitter has been
cnlarged and conveniently located
in the top drawer of the panel rack.
Any one of several switches located
at strategic points in the tank hat-
tery will cause the trouble light to
come on and & coded sighal o be
received at a 24-hour attended tele-
phone switehbeard. The telephone
operator then notifies the approp-
riate foreman that trouble exists at
the particular battery.

Upon arrival, the trouble is pin-
pointed by determining which of
the labeled toggle switehes turns
out the Iight.

Gas Venting and Sales

The sale of low-pressurc gas
from the tank hatteries has been
possible because of the availability
of a gasoline plant. To make de-
liveries into the plant’s vacuum
system, several new automatic de-
vices were needed. The opening
and closing of thief hatches needed
to be eliminated so as to prevent
eontamination and waste of the
gas, and a positive full-volume
safety relicf valve was required.
The vent-system pressure is con-
trolled by a conventional back-
pressure regulating valve located
at the eniry to the vacuum system.

A gurge-tank level-control deviee
(I'ig. 5) was designed by Phillips
to provide dircet reading of the
volume of oil in the surge tank,
thereby eliminating hand gaging
and the need for opening thief
hatehes. To determine daily pro-
duction, the operator merely adds
or subtracts the change in surge-
tank volume to the total oil sold
through the LACT system. A spe-
clal temperature-correction table is
provided the pumper for guickly
determining aetual produetion at
60 F. so as to rule out the volume
differences cansed by ambient tem-
perature changes and the transfer
of warm oil. This is tmportant in
making production cheeks for oper-
ating purposes on large tank bat-
teries.

w Figure 5. Surge fank level control with
dry-gas bubblers.

The device is a simple manometer
system. The mercury column con-
tinnally veflects exaetly the level
of oil in the surge tank. The vent-
system pressure and the oil level
in the gurge tank may also be read
directly on pressure gages located
on the tank walk, A dry-gas bubble
system insures that the gas-pres-
sure transmizsion lines, especially a
down pipe in the surge tank, are
purged of liguids so as to reflect
accurate pressures.

The surge-tank level control also
sharves funetions with the LACT
and signal systems. A Marlexi-
coated magnet floats on the mer-
cury column and causes small ad-
justable reed-type switches to make
and, break as the magnet moves up
and down. These switches serve
not only as the “refill” and trans-
fer controls for the LACT unit
but also as the hi-level gverflow in
the signal system.

By climinating the neced for
opening the surge-tank thief hateh
and eliminating oxygen confam-
ination, the rieh wvapors beeame
mueh desired by gagoline plants.
Thig gas yields eight gal. of lignid
hydroearhons per Mef. The aver-
age volume of gas produced per
barrel of Burbank crude oil sold is
32 cu, ft. per bbl. Thus, gas pro-
duction from a 4,000 bhl, of oil per
day tank battery will he 128 Mef,,
which will yield 24 bhi. of liquid
produects.

The new venting system requirved
a safety relief valve that would not
only he leakproof, but also would
relieve at full volume in the event
of failure in the vacumm gas-gath-
ering system. An IBnardo separaton
hlowdown valve was modified to
give very satisfactory service. It

T A trademark for Thillips’ family of olefin
polymers.
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w Figure 6. Aulomatic backwash conirol
panel.

will also funetion as an in-line
vent valve, if reguired,

Water Clarification

Water is first sepavated at the
free-water knockouts. Cathodie
proteetion, utilizing purchased
power and long-lagting carbon
snodes, is used. At the low power
rate enjoyed by the North Burbank
Unit, the corrosion proteetion ecosts
one cent per day per vessel. One
rectifier serves two vessels.

The operating pressures of the
water knockouts are used to deliver
all the produeed water to elevated
skimming tanks where scveral serv-
ices are performed:

a. All solution gas is released
when pressure is dropped to atmos-
pherie. This promotes betier filter
operation and prevents station
pumps from gas locking,

b. Qil is automatieally skimmed.
In addition to the salvaged wil
value, this minimizes filter contam-
ination.

¢. Incompatible make-up waters
and produced waters are mixed.
Chemieal reactions take place be-
fore filtering so that the filtered
water is clear and stable,

d. Important hydrostatic pres-
sure head for pump station suction,
taken direetly through filters, is
aceomplished by gravity alone.

The filters are backwashed aunto-
matically (IMg. 6). A patent was
issued {o Phillips on Feh. 23 this
year on the system utilized. The
kev part of the procedure is to keep
the hackwash tanks full so as to
permit maximum settling time for
solids., At regular intervals, the
elear water is drained from the
backwash tanks, after which they
are refilled immediately with new
water and sediments from a new
hackwash cycle,

The system is triggered by pairs
of “dogs” on a 24-hour dise of a

time cloek. The clock activates a
solenoid pilot on a gas-operated
dump valve, which permits the
settled elear water from the pre-
vious backwasghing to flow by grav-
ity to a multi-purpese sump tank
located at the pump station. Here
a float-controiled entry valve throt-
tles the water into the sump tank
g0 ag to prevent overflowing.

The water-return pump at the
sump tank then starts and frans-
fers the water to the skimming tanlk
ags make-up waler. Appropriate
automatic valves and eontrols at
the gkimming tank prevents over-
flows and permits this water to
take preference, as make-up water,
over the raw water available under
pressure from the Ark-Burbank
water system.

When  the backwash tfank is
drained down to the low level—
Just above the settled solids—a
diaphragm pressure switeh on the
backwash tank signals the dump
valve to close, opens the pressured
raw-water valve, and causes the
valves on the first filter to reverse
their normal position (Fig. 7).

The time desired for backwagh-
ing cach filter is selected on a
timer located in the control panel.
The sequence of reversing valves
and returning them to normal con-
tinues until all filters have back-
washed and the backwash tank is
again full,

All dead water is drained auto-
matically in winter. This is ac-
complished by connecting a back-
side lever to the raw-water supply
valve operator which opens a series
of drain wvalves when the supply
valve is closed and viee versa,

Relief and Oil Skimming

The need for emergency storage
oceurs most often when pump-
station difficulties occur and relief
is needed for produced water which
overflows from the skimming tanks.
By using oil-water interface float
controls for make-up water valves,
the large overflow line to the re-
lief tanks also serves as an oil-
skimming line. All primary relief
lines from heater-treaters, water
knockouts, backwash tanks, ete,
are connected to this main relief
Line.

Emergeney storage capacity con-
sigts of 1,500 bbl., or three tanks,
for both the oil and water. This
represents three hours storage at
a 6,000 bbl. of oil per day produe-
tion rate, and 114 hours storage at
a 24,000 bbl. per day water-produe-
tion rate. Although this may not
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w Figure 7. Vertical backwash header and
valve operator,

appear to allow mueh time o signal
the operator, and to identify and
correct the trouble, almost four
years experience and 15 million
barrels of automatie tank-battery
oil sales has demonstrated that
ample time is provided.

All emergency fluids and the
glimmed oil enter the bottom of
the first relief tank. When the
slimmed oil or relief water reaches
the two-ft. start level, the wutility
pump starts and continues to Tun
until the relief tank is emptied.
In this manner, temporary relief
requirements caused by filter plug-
ging, valve malfunctions, ete., may
he handled automatically without
mannal attention.

Automatic winter protection for
the relief systems is accomplished
by a small solenoid-operated valve
located near the uiility pump,
which permits the pump and all the
essential lines to be filled with
warm, eclean oil from the heater-
treater just prior to shutting down.

Water Injection

Statie suetion and discharge
pressures from the pump station
are piped through buried lines into
the doghouse and are continuously
recorded on weekly charts. Since
no housing is provided for either
the pumyp station or wafer-clarifi-
cation system, this feature prevents
their freezing and permiis close
checking of both the water-clarifi-
cation and water-injection systems
by the operator. From the dis-
charge-pressure record large leaks
or breaks in the water distribution
system ean be deteeted. An expe-
rienced operator can even audihly
detect valve trouble in the pumps.
The station suction pressure gives
the operator an excellent record of
filter operation and backwash
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eycles. It will indieate any tenden-
cies for filter plugging and the
need for more frequent backwash-
ing.

The pump and engines at the
pump station vepresent the only
equipment whieh are not set on
portable concrete bloeks. Portable
concrete is used for setting all in-
divideal pumping units and all
tank-battery vessels and equipment.

Rubber suction and discharge
hoges are wutilized to minimize vi-
brations and to assist in eontrol of
pressure surges, A single auto-
matic oil level-trol maintains a con-
stant level of oil in all engine lubri-
cators.

Frost boxes are used where re-
quired. They are made of outside-
type plywood and lined with in-
sulation. They are light and easily
removable in mueh the same man-
ner as a drawer,

No huildings are requirved, ex-
eept for the pumper’s doghouse.

No unsightly sediment or waste
pits are required in the operation
of the tank battery. Accumulations
of sediments in the backwash tanks
and the vessel-eleaning tank arce
removed by a vaenum tank truck,
after the settlings have been stirred
by a special high-pressure tank-
washing system,

Conclusion

The major gaps arce believed to
have been closed in the automatic
operation of the North Burbank
Unit. One then wonders, “Where
to from here?” The course is clear.
The major effort must now he
placed in improving ecquipment
and procedures. Full advantage
must be taken of the equipment al-
ready in service, A certain amount
of time is always required for edu-
cation and eatehing up.

In 1960, following are some of
the advancements in equipment and
Pprocedures being planned by Phil-
lips at the North Burbank Unit:

1. Improved stuffing-box equip-
ment on producing wells, 5o as to
extend time between visits,

2. Application of Phillips ma-
nometer-type controls to tank-bat-
tery relief-tank operations and
trouble-alarm signals.
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3. Improved tank-cleaning de-
viees and proeedures,

4. Improvement of LACT in-
strumentation and eontrols through
use of transistorized cirenits and
improved materials.

5. Improvement and expansion
of automatie chemical-proportion-
ing devices for treating crude oil.
Continued optimism and close co-
operation of both the pipeline com-
panies and the producers are
needed to realize the progress that
is indicated by present trend of
times,
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CLASS NOTES

(Continued from page 14)

QUENTIN T. McGLOTHLIN is em-
ployed in the Research and Development
Division, Humble Oil & Refining Co. with
mailing address P. O, Box 3950, Bay-
town, Texas,

RODERICK ]J. MORRELL, an engineer
with Peter Kiewit Sons Co., has moved
from Englewood to 187 8. Ingalls, Lake-
wood, Colo.

ALBERT E. MILLER is living in
Ames, Iowa, where he is graduate as-
sitant, Department of Chemistry, Iowa
State University.

JOSEPH W, REESE asks to have his
mail sent to his home address: 388 West
Ave,, Stamford, Conn., until he natifies
us of his OC8 Navy address.

MERL L. REDHAIR's new address is
11342 Colima Rd., Whittier, Calif.

RALPH N. ROCKWELL has moved
from Stamford, Conn., to 2212 Ford, Apt.
12, Golden, Colo. However, he will soon
be joining the Army at Ft. Leonard Wood,
Mo.

DAVID M. ROPCHAN’s address is
175 N. Grove Ave., Oak Park, IIL

GEORGE M. VENABLE, Jr., has left
Golden, Colo. for Ellerslie, Ga.

GARY E. WARNER, formerly of Ger-
ing, Nebr, has a new address: Route I,
Walters, Okla.

AUGUSTINE ]J. SLANOVICH is jun-
ior eagineer for Howard, Needles, Tam-
men & Bergendoff, Kansas City, Mo. His
mailing address is 529 W, Grant, Pueblo,
Colo,

ROBERT A. SULTZBACH may be ad-
dressed ¢/o Bear Creek Mining Co.,
2601 N. First Ave,, Tucson, Ariz.

BERNARD J. C. TURPIN recently
joined the Alumni Association. His ad-
dress is 94 Avenue Victor Hugo, Paris 16,
France.

LETTERS TO
THE EDITOR

G. §. PETER BERGEN, Geol. E. '58,
writes that his new address is 140 Clare-
mont Ave,, New York 27, N, Y., and that
he 15 still at Columbia University Law
School where he is specializing in the law
of water resources and the law of oil
and gas,

Addressing himself to Colonel Fertig,
he comments: “Your articles in The
MINES Magazine on ‘Engineering Educa-
tion’ have been interesting. My feelings
are that you should first stress edueation,
then engineering, then mining (or what
have you) in the CSM curriculum, rather
than the other way around.”

# % %

DONALD M. MORRISON, '35, 19204
Frazier Dr., Rocky River 16, Ohio,
writes: “T have just completed a test using
natural gas in blast furnace operation. It
lasted for about eight weeks and was held
in the Detroit area, It was an interesting
and enjoyable experience.

“If the door is still epen I will pro-
duce an article for your consideration,
by January. It will probably be confined
to recent blast furnace developments.”

(Editor’s Note: Thanks Don for your
letter and particularly the list of names
of the other Miners who are in steel-
making and the production of its raw
materials.}

#ow ow

With reference to the recent editorial
in The Mining World, which was re-
printed in The MINES Magagine, con-
cerning the program of developing
scholarships for Filipino students, at the
Colorado School of Mines, GEORGE
ARGALL, editor of The Mining W orld,
wrote just recently, “Jesus Cabarrus (one
of the Mining leaders in the Philippines)
was here in San Francisco yesterday and
he told me that President Garcia, of the
Philippines, had asked him aboutr this
matter, . ., . gold miners in the islands
are having a very tough time now that
de-control and revaluation of the peso is
under way.

“l am enclosing a picture of the dinner
given by the Manila Section while I was
in the Philippines a few months ago.”

¥ ow &

WILLIAM D. BAKER, '49, general
superintendent A. 8. & R, Co,, Apt. 85,
Parral, Chih, Mexico, writes: “Still in
Mexica at the same old stand with Asarco.
Have been on crutches for the past 14
months with a cast above the knee since
a burro {long-eared Mexican jackass)
stepped on my leg and broke it. After
four operations, the last two at Mayo
Clinic, I might be walking by Christmas,
1 hope,

“The Magazine improves with each is-
sue. If only more Miners, including me,
would shake up a little energy and write
more articles, your job wouldn't be so
tough. Congratulations and best regards.”

Subscribe to Oredigger

Alumni readers may subscribe to
The Oredigger for $4 per year. The
weekly student newspaper will be
maliled direct. Send subscriptions to
The Oredigger, Colorado School of
Mines, Golden, Coalo.
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The Engineering Aspecis of

Pressure Maintenance

and

Secondary Recovery

Operations”

By SHOFNER SMITH

Introduction

Engineering consists of the economie application of
the physical properties of matter to the service of man-
kind. This definition reveals that the engineering as-
pects of an operation encompass consideration of b_oth
the physical and cconomic aspects of the operation.

The primary production, or pressure depletion, oil
recovery process is inherently inefficient in that only 10
10 30 per cent of the oil can be recovered from most oil
producing reservoirs by utilization of the natural energy
available in the reservoir. The characteristic inefficiency
of the primary oil produetion process in most regervoirs
is the bagic justification for supplementing natural en-
ergy available for production of oil by injection of ex-
traneous fluids. Such injection can be either “pressure
maintenance’’ or “secondary recovery’ operation.

No attempt will be made in this paper to set forth
criteria and conditions requisite to suecessful applica-
tion of pressure maintenance and secondary recovery
operations to oil producing reservoivs. It should be
clearly understood that the factors which determine
whether a reservoir is suseeptible to pressure main-
tenance or secondary recovery operatiom, and if so,
which of the various forms of operation is most profit-
able, involve many complex physical and econcmic
analyses. Decisiong of this nature must be made on an
individual projeet basis after detailed and thorough
analysis by qualified personnel.

"The purpose of this paper is to make readily available
that background information, relating to the physical
and economie aspects of oil recovery processes, which
will aid the promotion and adoption of technologically
superior oil producing techniques that are economieally
sound and result in the effective conservation of oit and
gas, an irreplaceable natural resource.

Pressure Maintenance and Secondary Recovery

Pressure maintenance and secondary recovery arve
fluid injection operations conducted for the purpose of
increasing the ultimate economic oil recovery from
underground reservoirs. The distinetion between pres-

* Thiz artiele is published by permission of Matthew Bcndqr & Co., Inc.,
of Albany, N. Y., and is taken from a- fortheoming publication, the Bixth
Anngal ROCEY MOUNTAIN MINERAL. LAW INSTITUTE.
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SHOFNER SMITH

THE AUTHOR

Shofner Smith has been employed since June 1953
as chief petroleum engineer of the Production Depart-
ment, Phillips Petroleum Co., Boartlesville, Okla.

Born May 2, 1919 Mr. Smith recetved his elemen-
tery school eduwcation in Durant, Okle. end groduated
W 1941 with g B.S. degree in chemical engineering
from Oklohoma State University, In 1941 ke was em-
ployed by Phillips Petroleum Co. s an engineering
tragnee in the North Burbank Field in Osage County,
Okla. The next year he was trunsferred to the com-
pany’s Research Department wheve he was engaged
m process development work relating to the manu-
facture of synthetic rubber.

My, Smith served on active duty with the U. S,
Navy from Oclober 1942 to June 1946 in the South
Pacific. During service with the Navy he did post-
graduate work in engineering af Harvard University
and M. 1T,

From June 1946 to June 1947 he was employed by
Phillips’ Research Depariment on problems relating
to crude oil production. In May 1947 he returned to
the company’s Production Depariment as ¢ supervis-
ing petroleum engineer for the Permion Basin Areq.

He returned to the Novy to serve from May 1951
to April 1952 in the Navy Departwment, Burewu of
Ordnonce, and in the Office of the Secretary of De-
fense, Munitions Bourd, Office of Petroleum Pro-
grams.

Leaving the Navy he waes employed by Phillips
until June 1953 as assistant division superintendent,
Production Department, Central Division in Oklae-
homa City, Okla.

sure maintenance operation and secondary recovery
operation relates to the physieal difference in reservoir
pressure, and other related differences of degree rather
than kind, existing at the time fluid injection is initi-
ated. Pressure maintenance refers to fluid injection
operations which ave initiated during the eourse of pri-
mary oil production, at reservoir pressures somewhat
in excess of the reservoir abandonment pressure, in
order to increase ultimate oil recovery by one of two
methods. The firet is that of maintaining or increasing
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reservoir pressurc. The second, and more commonly
applied method, is that of retarding the rate of pressure
decline in the reservoir. Becondary recovery refers to
fluid injection operations which are undertaken when
reservoir pressure is at, or very near, abandonment
pressure. Secondary recovery operation may properly
be considered as the ultimate form of delayed pressure
maintenance operation.

Secondary recovery has been of great economic im-
portance to the oil industry in the past, and will have
continued application in the future. Such operation is
of deereasing relafive importance beeause: first, a sub-
stantial portion of the older pressure depleted fields,
including most of the larger ones, to which such opera-
tions are applicable have already been subjected to sec-
ondary recovery operation; and second, a significant
proportion of the more recently developed fields arve
being subjected to pressure maintenance operation.
Tluid injection at comparatively high reservoir pressure
18 gaining broader aceeptance because the physical prin-
ciples governing production of oil and gas show that
pressure maintenance operation of a reservoir can usu-
ally be expected 1o recover more oil, at greater profit,
than can secondary recovery operation.

Comparison of Conventional Recovery Processes

A review of the distribution of oil, gas, and water in
an oil reservoir and the changes which occur in this
arrangement of fiuids during the produeing life, together
with an examination of the accompanying changes in
Teservoir pressure and oil produecing rates, is essential
to full understanding of the need and justifieation
for pressare maintenance and secondary recovery
operations.

Initial Conditions

Figure 1 is a schematic diagram of the distribution of
oil, gag, and water in cil-bearing rock prior to produe-
tion from the reservoir. Oil with gas in solution is eon-
tained in the pore spaces of the roek. A portion of the
pore gpace i occupied by water adhering to the surface
of the sand grains or limestone material in the formation
and is generally ealled “connate water.” Water was
present in the formation before the oil entered, and was
only partially displaced by oil because capillary forces
held a portion of the water locked in place in the forma-
tion. (hl with gas in solution occupies that portion of
the pore space in the formation which is not filled with
water, These initial conditions of fluid distribution hold
for all pressures above the “bubble point” pressure.
The bubble point is the pressure below which gas is re-
leaged from solution with oil. Original reservoir pres-
sures higher than the bubble point pressure of the reser-
voir oil are not uncommon.

The principal natural source of energy for production
of 01l from most reservoirs is the energy associated with
gas in solution with oil at initial reservoir pressure.
Such reservoirs are referred to as “solution gas drive
reservoirs.” It ig in reservoirs of this type that pres-
sure maintenance or secondary recovery operation will
bring about the greatest inerease in ultimate oil recov-
ery. In some regervoirs nature placed an extensive body
of water-bearing rock in contaet with the oil-bearing
portion of the reservoir. As oil is removed from such
formations, water moves in and replaces the oil thereby
maintaining pressure in the oil-bearing portion of the
formation. This producing mechanism is referred to as
“water drive.” The natural energy in water drive
reservoirs s usually sufficient to recover 50 to 60 per
cent of the oil originally in place. Conventional pressure
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maintenanee and secondary recovery methods of opera-
tion will usually effect no inerease in ultimate oil recov-
ery from such reservoirs.

Primary Depletion

At or shortly following the commencement of il pro-
duetion from a reservoir, a distinet change oecurs in
reservoir fluid distribution. This change is illustrated by
Figure 2 which shows that small bubbles of gas have
formed within the oil in the pore spaces. (Gas is released
from solution with reservoir oil when the reservoir pres-
sure is reduced to a level below the bubble point pres-
sure. Continued oil production results in the further
release of gas from solution with il and a corresponding
enlargement or increase in number and size of gas
bubbles in the formation.

Figure 3 is & schematic representation of reservoir
fluid distribution following depletion of pressure to
abandonment levels. A significant quantity of oil re-
mains in the reservoir, and the gas bubbles have en-
larged and interconnected to form continuous gas satu-
rated flow paths through the formation. Inasmuch as
gas has a considerably lower viscosity than the oil, the
gas tends fo move through the formation with greater
ease. The primary pressure depletion production proc-
ess just deseribed is commonly referred to as “gsolution
gas drive.”” It is the natural functioning of the physical
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w Figure &, Schematic Reservoir Fluid Disttibution—Start of Water-
flood Production.
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w Figure 5, Producing Rate During Primary Recovery of Pressure
Depletion,

properties of reservoir oil, when reservoir pressure de-
clines, which permits the preferential flow of gas
through the oil-bearing formation and renders the pri-
mary pressure depletion process inherently inefficient.

Figure 4 is a plot of reservoir pressure versus oil
recovery expressed as per cent of oil originally in place.
This figure shows that production from a typieal solu-
tion gas drive reservoir causes a continuous decline in
reservoir pressure, until substantially all pressure has
been dissipated, with an attendant representative oil
recovery equal to only 20 per cent of the oil initaally in
place. Although only one-fifth of the oil has been recov-
ered, production ceases hecause there is no longer energy
available for moving oil into the well bore.

Figure 5 is a plot of oil producing rate in the absence
of producing rate restrictions, for a solution gas drive
reservoir as compared to time. Producing rates in-
crease rapidly while wells are being drilled and com-
pleted. Maximum oil producing rates are generally
achieved in the first one or two years of a reservoir’s
producing life. Subsequently, the producing rate de-
elines unti! revenue from sale of produeed oil equals the
cost of operation of the wells. At this point secondary
recovery operations must be commenced, or the wells
will be plugged and abandoned.
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v Figure 7. Schematic Reservoir Fluid Distribution Following Water-
fiood.
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Secondary Recovery—Waterflood

Water injection into reservoirs which have been de-
pleted by solution gas drive or by injected gas drive will
generally bring about a further increase in oil recovery.
Figure 6 i3 a schematic representation of fuid distribu-
tion in the reservoir at the beginning of waterflood pro-
duetion. No significant waterflood o1l is produced until
sufficient water has been injected to fill substantially all

64

free gas space that may have been created by prior pro-
duction {rom the reservoir.

Figure 7 is a schematic representation of the fluid dis-
tribution in the reservoir following depletion by second-
ary recovery waterflood operation, A considerable
quantity of oil has been trapped in the formation behind
the advancing water front, Ultimate oil recovery as a
result of primary pressure depletion and secondary re-
covery waterflood operations will generally not exceed
40 per cent of the oil in place in the reservoir.

Figure 8 iz a pressure versus recovery plot which
shows pressure distribution in the reservoir during sec-
ondary recovery waterflood operation as well ag pressure
history during primary production. It will be noted
that reservoir pressure during secondary recovery
waterflood remains at a comparatively low level but
somewhat above reservoir abandonment pressure by
primary pressure depletion methods.

Figure 9 is a plot of producing rate versus time which
shows the relationship between primary recovery pro-
dueing rates and secondary recovery watertlood pi'oduc—
ing rates. Producing rate during waterflood operation
generally follows the production rate history of the
reservoir during primary recovery operation. On oc-
casions the maximum oil producing rate during water-
flood operation will exceed the maximum rate achicved
during the primary recovery life of the field. Primary
pressure depletion followed by secondary recovery
waterflooding has the disadvantage of extending the
operating life of the reservoir over a large number of
years, with correspondingly greater total operating cost
during the reservoir producing life.

Pressure Maintenance—Conventional Gas Injection

Pressure maintenance by conventional gas injection
has been utilized to increase ultimate oil recovery from

rescrvoirs. Conventional gas injection refers 4o the in-

jection of part or all of the gas produced with the oil, or
in addition, injection of make-up gas, at reservoir pres-
sures below those required to achieve miseibility of in-
jected gas and reservoir oil. Conventional gas injection
18 declining in usage because of increased income. avail
able to operators from sale of gas as it is produced, and
the ability of other forms of pressure maintenance to
produce more oil at less cost.

Figure 10 is a schematic representation of the fluid
distribution within a reservoir following depletion by
conventional gas injection. The portion of the pore
space occupied by gas is greater after conventional gas
injection than after primary depletion. Figure 11 is a
reservoir pressure versus recovery plol showing pressure
history typical of pressure-maintenance gas-injection
operation, as well as pressure history for primary deple-
tion and secondary recovery waterflood. The return of
gas to the reservoir deecreases the rate of decline of
reservoir pressure and resulis in the recovery of sub-
stantially more oil than could be recovered without sup-
plementing natural reservoir energy. Recovery of oil
by conventional gas injection, although greater than by
primary pressure depletion, generally will not exceed
30 to 35 per cent of the oil originally in place in the
reservoir, Figure 12 is a plot of reservoir ol producing
rate versus time showing the producing rate typical of
pressure-maintenance gas-iniection operations. This
curve illustrates one of the principal advantages of pres-
sure maintenance operation, which is recovery of ulti-
mate oil production from the reservoir in a lesser period
of time, with correspondingly lower total operating cost
during the reservoir producing life.
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Gas Injection.

Although conventional gag injection generally results
in a lesser ultimate oil recovery than water-injection
pressure-maintenance, it will continue to be econcmi-
cally attractive in reservoirs where: first, connate water
saturation (z.e., water in place with oil in the reservoir)
is sufficiently high to preclude, or render doubtful, the
successful applieation of water injection operations;
second, bottom water {(i.e., water segregated from and
underlying the oil accumulation in the same porous and
permeable reservoir) is present, which would render
water injection ineffectual as a means of increasing oil
recovery; third, steeply dipping and highly permeable
reservoirs permit the force of gravity, as aided by up-
dip conventional gag injection, to produce more oil than
could be recovered by down-dip water injection; and
fourth, lack of a market for produced gas renders the
return of gas to the reservoir for storage, future pro-
duction, and sale, economically attractive.

Pressure Maintenance—Water Injection

Figure 18 is a reservoir pressure versus recovery plot
showing the pressure history typical of a field operated
by water-injection pressure-maintenance, as well as
pressure history of the forms of operation previcusly
mentioned. Oil reecovery by this method of operation
will generally exceed 50 per cent of the oil in place. Fluid
distribution in the reservoir following this type opera-
tion is similar to that following secondary recovery
waterflood operation, the only difference being that a
Jesser quantity of oil remains unrecovered in the reser-
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voir, Figure 14 18 a production rate versus time plot
showing the producing rate history of water-injection
pressure-maintenance as compared to the other forms
of operation previously mentioned. It will be noted
that the time required to recover the greater amount
of oil by water-injection pressure-maintenance is less
than the total time required for primary depletion and
waterflood operations. This demonstrates one of the
prineipal economic advantages of water-injection pres-
sure-maintenance operation in that it shows greater oil
Tecovery in a lesser period of time. This meang more
revenue and less operating cost.

New Recovery Processes

The oil industry is acutely aware of the neeessity,
from both the economic and conservation peints of view,
of developing oil recovery processes that will produce
a substantial portion of the 40 to 60 per eent of original
oil in place in a reservoir which remaing unproduced
following the most successful application of heretofore
conventional forms of pressure maintenance and sec-
ondary recovery operations. The research effort within
the oil producing industry has brought about develop-
ment of several new oil recovery processes, some of
which are now in practice in a limited number of fields.
These processes will recover substantially all of the oil
initially in place in the regservoir, within the area swept
by injected fluids.

The high pressure gas injection, enriched gas injec-
tion, hydrocarbon solvent slug injection, and amphi-
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MISCIBLE ZONE DISPLACEMENT METHODS AND
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w Figure 5, Range of Pressures for Miscible Zone Displacement
Metheds.

pathic slug injection proeesses have in common the
characteristic of eliminating or substantially reducing
interfacial tension, or the boundary between reservoir
oil and injected fluids. It is this factor that renders these
processes capable of increasing oi] recovery from a
reservoir to values approaching the initial oil in place.
The investment and operating cost involved in all these
methods require that owners of rights to production
from a reservoir combine their interests by unitization
to prevent loss of reservoir oil and injected fluids he-
cause of migration to properties not participating in the
project. Figure 15 is a graphic portrayal of the range of
pressures generally suitable or required for application
of these recovery processes.

High Pressure Gas Injection

 The high pressure gas injection oil recovery process
involves injection of gas, in guantities exceeding the
volumes produced, in order to maintain reservoir pres-

sure ab or above that level necessary to achieve miseci-

bility, a single phase state, between injected gas and
reservoir oil. In the miscible state, oil and gas become
one material, as does water and antifreeze when mixed
in an automobile cooling system. Successful application
of this process requires that the reservomr oil contain
comparatively high proportions of the intermediate hy-
drocarbon such as propane, butanes, and pentanes. The
reservolwr pressure must be maintained at a level such
that the comparatively dry injected gas, after being en-
riched with intermediate hydrocarbon components by
contact with oilin the vicinity of the injection well bore,
combines with oil, at a position further from the injec-
tion well bore, to form a single phase mixture. Under
these conditions there is no longer a boundary or inter-
face between the injected gas and the reservoir oil. A
mass exchange of components between the gas and oil
has resulted in their transformation into a single ma-
terial. This transformation from a gas phase and a
liquid phase into a single liquid or gaseous phase is
referred to as “miscibility.” Oil is displaced ahead of
the miscible zone to producing wells at near 100 per cent
efficiency because forces of Interfacial tension which
hold oil in the pore spaces have been eliminated. It is
these same forces that cause low oil recovery by ordi-
nary methods of production.

~ Reservoir pressures required for the high pressure gas
1njection process to function. properly are generally in
excess of 3000 psi. Gas injection operations must be
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commenced early in the producing life of the pool, or
production from the pool must be drastically curtailed
unti! sufficient gas has been injected to restore reservoir
pressure to a level which will allow the process to func-
tion properly. The process cannot be applied to the
shallower reservoirs where the formation pressures
required would balance the weight of the overburden
formations and create fractures in the oil bearing rock.
High pressure gas injection requires participation of
all owners of rights to production from a reservoir in
the program; or highly effective segregation of the
project area from the remainder of the reservoir. Fur-
ther requirements are: substantial investment in
facilities, or high compression charges, to obtain gas
at the 4000 to 6000 psi wellhead injection pressures
required; and purchase of large quantities of make-up
gas, over and above all gas produced. These factors,
when considered with producing rate restrictions im-
posed in some states, make high pressure gas injection
projects difficult to form as well as difficult to justify
economically. Nonetheless, a few such projects are
in operation. The most noteworthy of these is the
Block 31 Devonian Unit located in Crane County,
Texas. This high pressure gas injection project has
been in operation for eight years and shows every
i{:}dicilition of achieving the ultimate oil recovery pre-
dicted.

Enriched Gas Injection

Enriched gas injection, which is also referred to as
condensing gas drive, is similar in its operation to high
pressure gas injection in that miseibility must be ob-
tained between injected gas and reservoir oil. Prineipal
differences are: reservoir oil may contain lesser gquan-
tities of the intermediate hydrocarbons; the process can
be successfully applied at reservoir pressures as low as
approximately 1500 psi; and the gas injected must be
rich in infermediate hydrocarbong in its natural state or
enriched by addition of propane, butanes, or pentanes
to the gas stream on the surface or in the well bore as
gas is injected. Enriched gas injection is more flexible
in its application than high pressure gas injection in
that miscihility between injected gas and reservoir oil
can be obtained at lower pressure. A greater decline in
initial reservoir pressure can be experienced prior to
commengcing injection operations. Miseibility pressure
can be varied by altering the degree of enrichment of the
injected gas with intermediate hydrocarbons. Enriched
gag injection requires a smaller investment in facilities,
or lesser compression charge for gas, than does high
pressure gas injection; but does require purchase of
intermediate hydrocarbons, usually propane and/or
butane, to enrich the injection gas stream early in the

{Continued on page 73)
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Our Stake In
Percentage

Depletion

By GEORGE E. TARBOX, '52

In this, a presidential election year, we seem be-
sel on all gides with thorny political issnes. Many of
thege issues are seized by politicians from both parties
as vehicles npon which they can ride to eleetion—or
re-election. And of course there are many innuendoes
and half-truths that surround a political campaign
whieh often distort or coneeal the objective facts
about, the issues.

" Omne of these issues is the so-called “tax loophole”
of the percentage depletion allowanece for the extrac-
tive industries, with that of petroleum in particular.
Now that the eleetion is over and the dust is beginning
to settle, let’s look at the objective faets about per-
centage depletion. They are the same facts that have
always existed (and, in fact, this article is being writ-
ten before the election), but somehow this same in-
formation never seems to filter through the maze of
political implications to the average voter. Indeed,
many of the persons employed by the affeeted eom-
panies do not realize the importanee of the depletion
allowanee.

Like most readers of thig magazine, I am an en-
gineer in the mineral industries. And as we lknow,
domestie and foreign petrolenm exploration alike are
in a very vulnerable position beeause of the depressed
state of the indusiry; this also applies to certain
phases of the mining indusiry. One thing that is
keeping us going is pereentage depletion, and it has
become such a political foothall that we are in increas-
ing danger of losing it. It has reached the stage where
the general public has a distorted view of it, and it
is time for you and me to do everything possible to
get the facts out in the open. That is, unless we want
to play guessing gamesg about whether our company
will further reduce its operations (and us with it)
in the years ahead.

“But what can I do?” you ask? Shall we let the
publie relations boys in ihe head office defend us
against these attacks on depletion? No! It’s not
enough to do the job. If we want to survive in do-
mestic exploration, we must realize that it is our re-
sponsibility to learn the facts and preach them—
loudly.

We are continually on the defensive on this issue,
and waneecssarily so. Remember the recent Denver
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Post editorial ecartoon showing the oil eompanies as
a big hog wallowing in the “27%% depletion tax al-
lowanee”? Or Jack Steele (Seripps-IHoward. news-
papers)- stating that depletion was “one of the big-
gest windfally and tax-avoldanee gimmicks of all”?
Or Senator Proxmire of Wiseonsin proclaiming .on
the senate floor that it is the “pumber one example
of unfairness, inequity and injustice in our tax sys-
tem”? This is typical of the very effective propaganda
campaigh ecarried on by those who do =mof Eknow or
will not state the facts. Such attacks contain many
innnendoes hut few facts—yet many of the voters
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RECENT ANNUAL RETURN ON INVESTMENT
oL 10.2% ’
AIRCRAFT 14.5% ]
TOBACCO 14.6% I
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w Figure 1. Recent annual return shows oil lagging in many industries
in spite of depletion allowance.

swallow the eateh-phrases and believe them. It is not
neeessary for us to be defensive about the issue at
all, and certainly the crities would not gain support
if the public could see the faets for themselves,

Let us examine the pertinent questions involved :

(1) What is percentage depletion? Is it necessary
and legally sound? Or is it a tax loophole?

(2) TIs the depletion pereentage too low or too
high? What if it were stopped? Or just reduced?
(8) Does depletion affect me, a salaried engineer?
And what can I do about it?

To answer the first question completely would
involve volumes of legal diseussion and explanation,
But we ean look at a few of the basic points. For
more eomplete reading, there appears at the end of
this article a short list of material on depletion and
where it may be obtained.

In the first place, the supporters of the eritics
do not seem to realize the difference between selling
a barrel of oil (or a ton of coal) and sclling a pair
of shoes, But if the shoe faetory sold a small portion
of the factory along with the shoes, its capacity to
make other shoes would soon be gone. The basie prob-
lem, then, is that of being able to reinvest that eapital
into a new oil well (or shoe factory). Not only that,
but the shoe manufaeturer need not huild nine or
ten factories before he has one that will produce.

Congress recognized this problem long ago as did
the Constitution of the United States; in the Sixteenth
Amendment of the Constitution, congress was em-
powered to tax éncome from capital but not capital
itself. But a troublesome question arose for the ex-
tractive industries in that it was (and is) extremely
difficult to estimate what percentage of a harrel of
oil or ton of ore i3 returning as capital and what per-
centage is income. If only there was a simple method
of doing this, there would be no uproar over deple-
tion.

Cost Depletion

The initial method proposed to compensate for the
fact that a portion of the produet was a sale of a
capital asset (and tax-exempt) was cost depletion.
This system, in general, allows you to deduet your
original investment, or cost, in that particular oil
well from the gross income from the well. This, how-
ever, did not alleviate several problems, ie., the risks
involved and the tremendous amount of capital spent
in drilling the many holes which fail to produce.
Some allowance was needed to provide for these risks
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AVERAGE ANNUAL RETURN ON INVESTMENT

(1925-1957)

OIL COMPANIES 9.6 %

ALL MANUFACTURING 107 %

TRADE SORPOQRATIONS 11.3%

v Figure 2, During the above pericd the present percentage de.
pletion provision was active in influencing oil company operations.

and some allowanece given for the capital spent on
dry holes. Cost depletion, which was initiated in 1909,
then gave way to discovery value depletion.

Depletion vs Depreciation

But before going further, let us note the differ-
ence hetween “depletion” and “depreciation.” Most
businessmen are very familiar with depreciation,
which has the same prineipal for its justifieation in-
sofar as tax-exemption goes. With depreciation, how-
ever, it is considerably more simple in that you buy
a piece of equipment and immediately ean plan your
business with the following facts in mind: (1) the
exact, fixed cost of the equipment nceded, (2) how
much the equipment ean produce or how it ean be
expected to perform, including maintenance, (3) the
exact Iife of that equipment, at leagt for purposes of
taxation, and therefore (4) the rate of tax deduction
for wasting away of a capital asset, or depreciation,
that you will obtain for a given period.

The miner and oilman, on the other hand, cannot
make sueh precise advance analyses of costs, what
materials are needed, and rates of produetion. They
eannot estimate with any aceuracy what their dedue-
tions should he. This fixed cost depreciation was not
the answer. Thus “depreeiation,” which in prineciple
is used in almost all phases of business, is hard to
apply to the extractive industries for these reasons
and the concept of depletion allowances necessarily
{and justly) substituted. Depletion, in its various
forms, is the attempt to give the same type of retwrn
of protection of capifal values as depreciation does
to industries with more fixed and tangible risks.

Discovery Yalue Depletion

The Revenue Act of 1918 instituted a broadening
of eost definitions to include other development costs
and further stated that if the fair market value of
the discovery was disproportionate to the cost, then
the depletion tax allowanee would be based on the
fair market value on the date of diseovery or within
30 days thereafter. This was termed “discovery value
depletion” and was used in various forms until the
passage of the Revenue Act of 1926 which can be said
to have introduced the eoneept of “percentage deple-
tion,”

The 1926 law was formunlated partly as a result of
invegtigations by the House Ways and Means Com-
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w Figure 3. Crude reserves proven per foot drilled has been
dropping steadily.

mittee and a Seleet Senate Committee known as the
Couzens Committee, These Investizations pointed out
and attacked several weaknesses in the discovery value
method, such as the difficulties involved with placing
a value on a mineral diseovery hefore it has Dbeen
recovered. As anyone who estimates total reserve
values knows only too well, this is impossible o estab-
Hsh with aceuracy and would necessarily be con-
stantly amended as new veing or pay sections or new
production techniques (such as secondary recovery)
are developed.

Percentage Depletion

The concept of percentage depletion, then, was the
result of years of legislative effort to find an equitable
method of allowance for loss of capital assets and
taxing only that portion of the sule of the oil (or ore)
that can be called income. We in the extraective in-
dustries should not feel defensive abomt this, for it
merely attempts to put us on an equal footing with
manufacturers who utilize depreciation for the same
purpose.

Bagically, the percentage depletion deduetion al-
lows that, for oil and gas, 2714 per cent of the gross
income may be deducted but is Hmited to an amount
not to exceed 50 per cent of the nef income from the
property. Thus on inefficient production, “stripper”
wells and others with high operating costs, 50 per cent
of the net income can be muech less than 2714 per cent
of the grosy income.

The preceding remarks have, I hope, answered
our first question: perecntage depletion is both legally
and ethically sound and just. It might even be argued
that not to allow it is in violation of our Constitution.
It most certainly is not a tax loophole.

Our second question needs no other diseussion
than a resume of a few faets. Percentage depletion,
it is noted, varies from 27% per cent for oil and gas
wells to 23 per cent for salphur, uranium and (if from
U.S. deposits) bauxite, miea, lead, nickel, zine and
many other ores. Limestone, feldspars, granites, ben-
tonites, and many elays receive 15 per cent. Coal and
commorn sodium chloride gef 10 per cent and even
sand, shale and gravel receive a b per cent deduetion.
The percentages vary, in general, with what the legis-
lators felt was the degree of risk of capital required
to develop new reserves of these materials, and
cvery mineral known is covered by such allowances.

‘Why, incidentally, is the allowance applied to
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gross income while the limitation applies to 50 per
cent of wet income? Senator Reed, a member of the
Senate Finance Committee during the 1926 debate,
answerg this point:

“So we are irying, by the finanee ecommittee
amendment, to get away from those uncertainties and
to adopt a rule of thumb which will do approximate
justice to both the government and the taxpayers.

“We find, then, that probably the best way to do
it is to provide that an arbitrary percentage on the
grosy value of each year’s yield be chalked off for
depletion. We figure it on gross income instead of
net ineome, because the net inecome from oil wells
varies greatly. When the first flush production comes,
the operating eost of the well is very low per barre],
but as the well trails down and finally comes to pro-
duce a small guantity of oil, the cost inereases. Up
in my state we have many wells working which aver-
age less than a quarter of a barrel of oil per day.
Obviously, the operating costs of those wells is pretty
high, and in many ecases production gets down to the
point where there iy praetically no net income, and
yet the oil keeps flowing. There is a reduction of
capital going on, and if we based the depletion on
net inecme we would not always refleet it.”(1

Returning to our second guestion, then, is the
2714 per cent allowed to oil and gas too high? Look
at the earnings reports of oil companies and the
answer is elear. Of course the last couple of years
have been poor ones as far ag earnings are concerned,
s0 in order to be more objective a longer period should
be used.

The period 1925 to 1957 suggests itself, because
before 1925 we operated under discovery value de-
pletion. During this 32-year peried, oil companies
earned an average of 9.6 per cent on their invested
capital (with the aid of pereentage depletion); this
is eompared with 10.7 per eent for all manufacturing
companies and 11.3 per ceent for trade corporations.
In addifion, oil was seventeenth in earnings among
33 industries surveyed between 1947-1955, Tt would
not appear then, that the oil companies are making
any “excess profits” (if the meaning of that term ean
be deseribed) asg a vesult of the depletion deduetion.
Further, the wactual deduction averages only about
23 per cent instead of 274 per cent beeause of the
limitatien to 50 per ecent of net income; this is never
brought out by the ecritics, possibly because they are
not that familiar with the industry they are attacking.

Effect of Cut in Depletion

‘What, then, if the depletion deduction were not
allowed? Or eut to a lesser pereentage? Again let us
examine the statistics ignored by the erities. Using
the eurrent discovery rate, if we logt depletion, a 30
per cent price inerease of erude oil would be needed to
eompensate for it. Or, if that entire load were horne
by gasoline, the price would have to increase some
5 cents per gallon.

In Texas alone, almost 4.5 hillion gallons of pe-
troleum fuel are used each year. Using this figure,
loss of depletion would cost Texas motorists $225
million annually and farm operations alone would
rise $25 million per year. Again using Texas as an
cxample of an eil-producing state, loss of depletion
would also mean :(®

(1) 44 Congressional Record 3761-62, 69th Clongress, 1st Sessicn,
{2) Based on a recent survey by Texas Mid-Continent il and Qas
Assoeistion,
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RISK ELEMENT IN HUNTING FOR 0L

1 CHANCE IN 9 AT AN
AVERAGE COST OF $90,000

GAS FIELD
1 Chance in 40

VERY SMALL OIL FIELD

1 Chancie o 15 toften vuprofitable;
Supplic. U 5 lews than 3 hours

SMALL OIL FIELD

1 Chance in 50

Supplies U 5. less than 2 doys

MEDIUM OiL FIELD
| Chance in 200
Supplies U.S. less than | week

LARGE OIL FIELD
1 Chance in 1000

Supplies U. 5. 1 week or mere /

Source: Approximate chance ratios based on "rank
wildcat” wells as reported bysthe American Assa-
ciation of Petroleum Geologists.

w Figure 4. Above chart illustrates need for attracting venture capital in drilling of wildeat wells,

(1) $275 million lesy spent on drilling;

(2} $55 million less for pipe and equipment;

(3) $110 million less for services (logging, cement-

ing, surveying);

{4) $6b million less in payrolls (12,000 jobs, per-

haps yours and mine);

{6) $60 million less in farmer and rancher ineome

from leasing,

Loss of depletion would mean approximately 5000
less wells drilled in Texas alone, resulting in a 200
million barrel deercase in regerves. Aside from the
above effects due to this decreased activity, this would
mean a loss of $44 million in tax revenues to state and
loeal governments and $88 million yearly to the fed-
eral government.

It becomes ohvious, then, that if depletion were
stopped, the “closing” of such a “tax loophole” would
ultimately reduce oil company income (and therefore
reduee revenue from income taxes) as well as reduce
the general economy and employment situation in
every oil producing state.

‘What, then, of a cut in the allowanee to about 15
per cent? For the immediate future, of course, the
government would reccive approximately $390 mil-
lion more in tax revenues. The U.3. Treasury Depart-
ment admits, however, that income taxes from woil
companies would drop some $656 million and that the
indirect effects such as those itemized above would
certainly reduee Treasury income substantially and
have a widespread effect.

Again, let us take Texas as an example.(® 1958

(3) Based on o survey by Texas Mid-Continent 0il and Gas Associa-
tien.
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saw the seriousness of the present “oil recession,” yet
oil and gas producers paid $198 million to the state
{in addition to federal taxes), not including the gasgo-
line taxes paid by the public. That $198 million rep-
regents two-thirds of all business and property taxes
colleeted and therefore pald two-thirds of the Farm-
to-Market Road Program, Teacher Retirement, 0ld
Age Asgistance, Foundation Scheol Fund, and many
others.

But in that same year, 3287 fewer wells were
drilled in Texas than in 1957, Crude production was
off 134 million barrels (13 per cent) which eaused
2 $19 million loss to Texas in produection taxes. The
Texas Employment Commission states that there
were 10,000 fewer workers in the state’s petroleum
industry in 1958 than in 1957. From 1958 to 1960
is an even sadder story, and f{rom present oil income
in the state, Texas may be in financial diffieulties
very soon. Yet the favorite cry of the legislators is
to get more money from the “rieh” oil companies.
They never read the fable of the goose that laid the
golden eggs, it would seem!

Another factor to consider is that approximately
80 per cent of Texas wildcats are drilled by small
firms (there are about 6500 oil producing firms in
the state). In the face of reduced depletion this oper-
ator would disappear. Such small firms, in order to
share risks in drilling, must attract outside invest-
ment eapital to stay in business, an impossible situa-
tion if investors were nol altowed the depletion dedue-
tion. For thoge with reserves in the ground, it would
become much more attractive to sell out for a maxi-
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mum 25 per ecent capital gains tax than to produece
and pay straight income tax on their own capital
assets.

Would a “sliding scale™ veduction in the allowance
help this small producer, then? It may sound hetter
when first said, but it possesses the same attributes
ag the graduated income tax: it penalizes successful
erowth. In addition, it would have a direet cffeet on
the larger companies that would seek to become
smaller and more numerous with resultant loss in ef-
ficieney and service to the publie.

To even reduce depletion, then, would most eer-
tainly hackfire on the entire nation in the form of a
erippled and unprofitable oil industry—this at a time
when we estimate that our pregent 3.25 billion barrel
consumption will inerease to over 6 billion bharrels by
1975. There is algo the very real problem of keeping
and inereasing adequate domestic rveserves and a
healthy oil industry in the midst of growing inter-
national tensions.

The Iast question—"“What can I, an engineer, do
about it?”’—must he answered by the individual him-
self. The primary item, of course, is to learn the facts
—thoge above are but a few. Certainly, if we want to
remain a part of a healthy and growing industry, we
cannot and must not remain silent in the face of un-
warranted attacks. The arguments against the per-
centage depletion allowanee are in actuality very
weak and unsound, and yet they grow for lack of op-
position.

When we gee or hear such innuendoes as “tax loop-

hole,” let us speak up and ask for facts . . . and,
further, give facts to the press in letters, or in com-

munications to our elected representatives, and to

everyvone who will listen objectively. If we are not

that interested, then we, and the extractive Industries,

will lose by default.
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Biography of An Oil Well’

Winlkder County, Texas, abutting the sharp right
angle of the New Mexico border, is a sparsley settled
land of sagebrush, tumbleweed, bear grass and jack-
rabbits. Average rainfall is less than fifteen inches, and
vegetation 1s enough to nourish only a dozen or 15 head
of cattle to a square-mile section of land. Generations
of ranchers have persevered in running livestock on
this part of the western range, but real riches lie far
far beneath the surface. Today oil rather than cattle
provides the major crop.

The presence of oil in the area has broughf prosperity
to many individuals, but this has been achieved only
through a combination of luck, persistent effort and
substantial investments. The story of one oil well in
Winkler County serves to illustrate the risks involved
and, perhaps of equal interest, the scientific techniques
that have raised oilfield production. These methods
indicate that there are more ways than one of gelting
oil out of the ground today.

The first settlers to arrive in West Texas, years ago,
were not dreaming of underground wealth. One such
was R. E. Cleveland, who received a homestead grant
of 640 acres in Winkler County, north of the town of
Kermit, in 1907, Years of drought and struggle followed,
and the section of land changed hands five times in five
years. In 1912 the owner deeded it to J. F. Howe, a
banker in lonia, Mo., in exehange for 26 mares.

Mr. Howe took no particular interest in his Texas
acreage, except to pay the yvearly taxes of $24, until
1926. In that year oil was discovered not many miles
away, and Humble Oil & Refining Co. took a mineral
lease on half of Howe’s section. In 1929 Mr. Howe dis-
posed of five-eights of his royalty interest for $20,500,
retaining three-eights of the landowner’s share of any
oil or gas that might be discovered.

In December, 1935, a Humble company drilling rig
arrived by rail from East Texas. With it came the
drilling erews and their families, who settled down for
a stay m a typical western boom town. It took nearly
three weeks to set up the equipment, and drilling began
Dee. 30. When the New Year arrived, the hole was 78
feet deep.

Drilling was not easy. Rock formations were en-
countered, so hard that 16 drilling bits were worn out
in 14 days of operation. Each time a bit was changed
the drill pipe had to be pulled to the surface, the new
bit threaded to the bottom section and the pipe lowered
back into the hole. By the time the bit wag 2,700 feet
down, it took most of a day to make such a ‘“round
trip.”’ Twice the drill pipe separated and the lower
seetion had to be fished out of the hole.

But there were also good days when the drill hored
300 or more feet. The best day of all came on Jan. 25,
1936, when the pipe reached 2,985 feet and found oil.

* Thig article iz published in The MINES Magazine through the courtesy of
THE L.-AMP (Standard Oil Co. of N, J.}, Vol. £2, No. 3.
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Well Produced 1,178 Barrels a Day

Officially designated *J. F. Howe No. 1,7 the well
on test produced at the rate of 1,178 barrels a day. The
Texas Railroad Commission, which regulates all wells
in the state, fixed its allowable production at 74 barrels
a day. Soon 23 other wells were drilled on the lease and,
as expected, the flow from Howe No. 1 tapered off.
In 1938 production dropped to 24 barrels a day, and
in 1941 it went down to nine barrels daily. In June of
that year pumping equipment was installed, and daily
production rose to 20 barrels. Again there was a gradual
decline. In 1945 Howe No. 1 was capable of producing
only four barrels a day.

Howe No. 1 was now operating af a logs to the
Humble company, and a request to abandon was
granted by the state authorities. The recommendation
of the company’s district superintendent was to “sal-
vage as much equipment as possible and permanently
plug and abandon the well.” The division geologist
and the petroleum engineering department concurred.
Although Howe No. 1 had produced nearly 44,000
barrels of oil in 10 vears, ifs hife was apparently at an
end.

Howe No. 1 Plugged and Abandoned

It had taken almost a month to drill the well, but
plugging took only two days. Gravel and cement were
poured into the bottom of the hole. A charge of nitro-
glycerin was lowered to a depth of 1,000 feet, and the
explosion broke the steel casing in two so that the top
990 feet could be salvaged. The well was then capped
with another 20 sacks of cement. In Humble offiees a
line was drawn through the black dot on the map that
was J. ¥, Howe No. 1, indicating that a well had been
abainéloned. Six other wells on the property were also
sealed.

Seventeen wells on the Howe lease were still pumping
a few barrels of oil a day, but it appeared that the
entire lease might be given up as no longer profitable,
Even though more than a million barrels of oil had

" been recovered, the net loss to the company amounted

to about $130,000.

Secondary Recovery Undertaken

At this point ITumble decided to undertake what
petroleum engineers refer to ag “secondary recovery,”
in an effort to bring more oil out of the Kermit field.
Certain wells were to be flooded with water so that the
pressure would force oil still trapped below ground to
flow up through other wells. The technigue, then still
relatively new in West Texas, had proved successful
elsewhere in the area. Five wells were converted for
water injection in the gpring of 1949, and by early the
following year production began to increase. Within
two years it had doubled, and a regular program of
flooding was begun throughout the lease,

For the second time a drilling rig was moved to the
site of J. F. Howe Neo. 1, now dead for more than six
vears. This time the drill bit bored through eement.
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When the old depth was reached—nearly 3,000 feet—
pumping equipment was installed. In February, 1952,
the well began to deliver oil once more, at a rate of 21
barrels daily.

More and more water was forced underground
through the surrounding wells, and by May, 1955, the
Howe lease was producing 462 barrels of oil a day. By
fall, however, production from Howe No. 1 had dropped
to nine barrels a day, and geologists and engineers made
plans for applying another new technigue. OQil mixed
with sand was pamped into the well under pressure, in
order to “fracture” the formation, The sand provided
a new and highly permeable channel for the flow of oil.

At Howe No. 1 three different zones beneath the
gurface were fractured, and the production ecurve began
to Tige once more. Soon the nine-barrels-a-day average
climbed to 85 barrels, Water was now being produced
with the oil, and this increased volume of fluids called
for larger tubing. In November, 1955, the tubing was
changed, and since that date Howe No. 1 has continued
to produce. Today a pumping unit nods its head above
the well, delivering 50 to 60 barrels of oil a day. In the
eight years since it was reopened, the well has produced
more than 200,000 barrels of oil, or four and one-half
times as much as it produced in its first ten years of life.

New Methods of Production Studied

Petroleum engineers estimate that under primary
methods of recovery about 5,000 barrels of oil per acre
were recovered from the Howe lease. Waterflooding
and fracturing are expected to recover an equal amount.

Other new methods of production are being studied
to determine their value in fields such as Kermit. Seale
models have been constructed so that electronic com-
puters, using complex mathematical formulas, can help
to predict the behavior of wells. Radioactive tracers
may be introduced into the injected water in order to
determine its flow pattern through the oil-bearing rock
strata. Such modern techniques are expected to keep
J. F. Howe No. 1 producing for several more years.

Primary recovery from the Howe lease was muech
lower than average, although it was normal for this
Waest Texas area where rock formations ave hard and of
low permeability.

The average primary recovery from oil fields in the
TUnited States has been on the order of 25 per cent, and
geientific methods of conservation are raising this figure
t0 about 35 or 40 per cent. Engineers are developing
even more advanced techniques with which they expect
to recover a far greater proportion of the oil in a reser-
voir. These methods should greatly increase the reserves
of oil available for future use.

The heirs of Mr. J. F. Howe continue to receive
royalty payments on an investment made 48 years ago.
They have perhaps learned that, although the life span
of o1l wells is never easy to forecast, petroleum science
has done much to increase their longevity and produe-
tivity.

SECONDARY RECOVERY OPERATIONS
(Continued from page 66)

life of the project. An example of this type operation
is the Seeligson Field in South Texas.

Hydrocarbon Solvent Slug Injection

Hydrocarbon solvent slug injection consists of ob-
taining miscibility between reservoir oil and injected
fluids by first injeeting a slug of intermediate hydro-
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carbons, usually propane and/or butane, into injection
wells, and following the slug with gas injected into the
gsame wells. This process may be applied in a range of
reservoir pressures from approximately 800 to 1800 psi,
depending on the composition and characteristics of
the reservoir fluids. Application of the process requires
the purchase of large quantities of liquefied petroleum
gases to form the miscible solvent slug, as well as gas in
addition to produced gas for injection behind the sol-
vent slug. Substantial Investment or amortization
charges are required for compression facilities for in-
jection of gas following the miscible slug. Several proj-
ects employing the hydrocarbon solvent slug injection
process are now in operation.

Amphipathic (Alcohel} Slug Injection

Amphipathic (alcohol} slug injection consists of the
injection of a slug of alcohol or other fluid miscible with
both water and oil into injection wells followed by water
injection. This process has no practieal cconomic appli-
cation at the present time, but could become most sig-
nificant should it become possible to obtain alcohol or
other suitable substances at a amall fraction of today’s
prevailing prices. The process can be employed in a
pressure range of from near zero to any economically
practical upper limit.

In Situ Combustion Drive

The ability of heat o increase oil recovery from a
reservoir has been recognized for many years. The U. 5.
Bureau of Mines made use of this knowledge in some
of its work shortly following the turn of the century.
It may be erronecus to classify combustion drive as a
new oil recovery technique in that United States patents
were issued on the process in 1923; and field experiments
were conducted in the Soviet Union utilizing the prin-
ciple of underground combustion in the late 1930’s. De-
velopments of the process, of such significance as to give
it new potential, have been made in the United States
since World War II.

Figure 16 is a schematic representation of the in situ
combustion recovery process. Air is injected into input
wells and combustion is initiated either spontaneously
or by intraduction of outside heat into the injection well
hore. Following ignition, the burning front moves radi-
ally outward from the injection well toward the produc-
ing wells. Several distinet zones develop in the vicinity
of the combustion front. These zones may be divided as
follows: the burred out portion of the reserveir, from
which newly injected air transfers heat into the com-
bustion zone; the combustion zone, where coke is
oxidized or burned by injected air to produee heat; a
zone containing coke, which is the residue left after oil
is subjected to the available heat; a zone containing
eracked gases, resulting from the heating of residual oil
to the 600 to 1200 degree Fahrenheit temperatures; and
the oil zone immediately ahead of the eracked gases.

In situ combustion drive results in removal of all oil
from the portion of the reservoir swept by the combus-
tion front. Oil econsumed as fuel is approximately 10 to
20 per cent of the oil in place in the reservoir. Many
technical difficulties remain to be solved before this
process can have widespread application. Even then, it
is unlikely that application will be broad because of
economic limitations imposed by the cost of compress-
ing air for injection. Air required ranges from 200 to
400 cubic feet for each cubic foot of formation burned
clean.

(Bditor's note. This article will be continued in the
December, 1960 issue of the MINES Magazine.)
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