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HIGHLIGHTS

Oil Shale Land Ownership Map (Inside Front Cover)

With this quarterly report, Cameron and Jones, Inc. is
publishing its first oil shale ownership map for the
Piceance Basin area within Garfield and Rio Blanco Counties
of Colorado. It is our intention to up-date, revise and
correct the map annually.

During the coming year, we plan to provide similar maps
of the oil shale areas of Utah and Wyoming.

Oil Shale Activities of the Laramie Petroleum Research
Center of the U. S. Bureau of Mines (Page 10)

About two thirds of the $3.3 MM appropriation for this
research facility is expended on projects related to oil
shale.

The research program for fiscal year 1966 is presented.
Funds have been appropriated for the projects listed in the
program.

U. S. Bureau of Mines Program for Core-Drilling of 0il Shale
Deposits in Colorado, Wyoming and Utah (Page 12)

The U. S. Bureau of Mines has recently completed two
coreholes in oil shale formations and plans to drill one and
possibly two additional holes. The purposes for the core-
drilling program are to evaluate sites for future in-situ
tests and to further delineate vaguely-known oil shale
deposits. One of the completed holes is in the Piceance
Basin of Colorado. The other completed hole is in Wyoming,
One or two holes are planned in Utah.

U. S. Bureau of Mines Continues Studies of "Nitrofracing"
for Creating Fractures in Oil Shale Formations (Page 12)

Initial success with the "Nitrofracing" process tests
in an Oklahoma limestone quarry has encouraged the Bureau to



U. S. Bureau of Mines Continues Studies of "Nitrofracing",
etc. ... (Continued)

continue the test program and to plan formal tests of the
process in oil shale formations.

Activities of the United States Congress That Relate to 0Oil
Shale (Page 18)

The transcript of the May 12, 1965 oil shale hearings
before the Senate Committee on Insular and Interior Affairs
has just been published.

Selection of appointees to the Public Land Law Review
Commission, of liaison officers, of the Advisory Council,
and of evaluation and resources groups has been completed.
The Commission is ready to begin its 3-year study of the
public land laws.

Colony Development Company (Page 21)

Operations at the Colony Development Company site are
at a stand-still. Although several trial runs have been
made at the prototype oil shale retorting plant (and oil
produced), numerous process and mechanical problems have
arisen that require correction.

It appears that a delay of 4 to possibly 6 months 1is in
prospect for Colony's decision on moving to commercial scale.
Colony previously hoped to make this decision by January of
1966.

0il shale mining has been a bright spot to date in
Colony's operations.

Denver Research Institute Announces Formation of the Center
for Fundamental 0il Shale Research (Page 23)

DRI, a department of the University of Denver, announced
in November that it had formed the Center for Fundamental
0il Shale Research. Three initial sponsors (Shell Develop-
ment Company, TOSCO, and Acquitaine Oil) each provide $20 MM
per year for three years. The area and scope of the research



Cc

Denver Research Institute Announces Formation of the Center

for Fundamental 0Oil Shale Research (Continued)

program to be undertaken is presented, and the contract
provisions with DRI are discussed.

Anvil Points 0Oil Shale Research Center (Page 25)

The first stage of the originally-announced Initial
Program at Anvil Points was to have been completed at the
end of October 1965. The participants in the program have
agreed to a six-month extension time, during which time the
Stage I test program will continue. For reference purposes,
the entire Initial Program is presented.

Water for 0il Shale Development (Page 30)

In fast-moving developments, water supplies for oil shale
use are being obtained by a variety of methods. The methods
by which water supplies can be obtained are discussed, and
the actions by various companies are reviewed. Humble O0il
and Colony Development seem most active in their acquisition
of water supplies.

Notes on Equity Oil's In-Situ Project in 0il Shale (Page 41)

Equity Oil's 1in-situ process for recovery of oil from oil
shale has been field tested. Dean George Hill, of the
University of Utah, plans to present a paper on this work at
the national meeting of the ACS in Pittsburgh during March of
1966.

Notes on the Pyrochem Process (Page 42)

The Pyrochem Corporation has sponsored tests of their
process at Battelle Memorial Institute. A report by Battelle
to the Pyrochem Corporation 1is presented and discussed 1in
our notes on this process.

0il Shale Mining (Page 46)

Trends in large-tonnage truck haulage unit developments
are reviewed, and specific developments discussed in some
detail.
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Review of "The Effects of Overburden Pressure on 0il Shale

During Underground Retorting"” by G. W. Thomas of Sinclair
0il (Page 52)

This timely paper, presented at the S.P.E. meeting in
Denver, during October is reviewed. Thomas presents obser-
vations of oil shale plugs which were retorted under pressures
of 2500 psig and at temperatures to 1000°F.

Oil Shale Civil Action Cases (Page 54)

Six new o0il shale civil action cases were filed during
the period of this report. Data on all 14 oil shale civil
action cases are reviewed,

Sodium Mineral Occurrences in the Green River 0il Shale
Formation (Page 63)

The recovery of soda ash from natural sodium-bearing
minerals is a fast-growing industry in the West. New,
exXpensive Solvay-process plants are not being built for
production of soda ash now that the lower-cost natural sources
have been developed. We review the data available on the
occurrences of sodium minerals 1in the Green River oil shale
formation and discuss important characteristics of the
deposits in different areas covered by the Green River for-
mation.

The 0il Shale Corporation (TOSCO) (Page 66)

TOSCO is building a new research and englneering center
near Denver, and is operating a l-ton/hour retorting plant
near Denver. Both facilities are discussed.

Foreign 0il Shale (Page 68)

Developments in Brazil are of particular interest at
this time. Brazil has a new Decree Law allowing certain oil
shale reserves to be developed by private industry and to
be used as raw material for the production of petrochemicals.



Foreign 0Oil Shale (Continued)

The Soviet Union has agreed to supply $90 MM as a
loan to a Brazilian company (CIRB) for financing an oil
shale gasification facility.

Tar Sands/Bituminous Sands (Page 77)

Developments in the State of Utah are of interst.
That state's Land Board has directed its staff to reject
and not receive any new applications for asphaltic sands
leases on state-owned land. For older leases, the lease
form is to be modified by an Addendum which will provide
for a lease term of 20 years.

Shell 0il sent letters to other companies engaged 1in
in-situ operations calling attention to Shell's U. S. Patent
3,193,009 and offering to grant licenses to companies that
use the method.

Coal and Lignite (Page 82)

Companies which do research under contract with the
Office of Coal Research are now beginning to report their
research results to OCR. We review interim reports to OCR
by M. W. Kellogg Company (coal gasification project) and
by Consolidation Coal Company (C02 Acceptor Process).

Proposed Acquisition of Consolidation Coal by Continental
0il Company (Page 94)

We have devoted a separate chapter to this proposed
acquisition of the nation's second-largest coal company by
a major oil company. Emphasis has been placed on the coal
reserves, coal research and coal operations that Continental
proposes to acquire rather than emphasize the financial
details of the proposal. Reasons favoring the acquisition
of a coal company by an oil company are discussed, and a
listing is presented to show the interests of other oil
companies 1n coal.






Date

COMING EVENTS CONCERNING
OIL SHALE AND RELATED FUELS

(Period of December 1965 - April 1966)

Event

February 6-9

C A M

E

American Institute of Chemical Engineers
58 National Meeting

Hilton Hotel

Dallas, Texas

Program Highlights

February 9

Symposium
0il Shale and Shale 0Oil Processing

C. H. Prien, Chairman
T. D. Nevens, Co-Chairman
Denver Research Institute
University of Denver, Denver, Colorado

Some Considerations on the Kinetics of
0il Shale Pyrolysis

V. Dean Allred, Marathon 0il Company,
Littleton, Colorado

Pyrolytic decomposition data for Colorado
0il Shale over the range 350 - 1300°F

are presented, and equations for the
pyrolysis reactions developed. A mech-
anism for the production of oil and gas
from oil shale is given

Some Technological Considerations
of In-Situ 0il Shale Retorting

Harold W. Sohns and Harry C. Carpenter
U. S. Bureau of Mines, Laramie, Wyo.

Because of its low permeability, oil
shale must be fractured if in-situ
recovery 1s to be successful. Both



Date

Event

February 13-19

conventional and unconventional (e.q.
nuclear explosives) fracturing methods
are discussed, as are the effects of high
pour point. The results of laboratory
studies are presented.

Catalytic Hydrotreating of Shale 0il

Coker Distillate

Dale B. Benson, California Research Corp.
Richmond, California, Lloyd Borg,
Montana State Univ., Bozeman, Montana

A study of denitrogenation and desulfuri-
zation of shale o0il and shale oil coker
distillate by catalytic hydrotreating.
Twelve catalysts were investigated, at
hydrogen gas rates of 2500-7500 SFC/bbl.
Optimum catalyst temp. was 825-875°F.

H-0il Upgrading of Shale 0Qil Feeds

K. C. Hellwig, S. Feigelman, and S. B.
Alpert, Hydrocarbon Research, Inc.,
Trenton, N. J.

H-oil is a processing system which can
economically upgrade a wide range of
shale feeds containing high amounts of
nitrogen, sulfur, oxygen, and inorganic
solid contaminants. Economic data are
presented.

Pipeline Gas by Hydrogasification of
Shale 0il

Harry C. Carpenter and Phillip L.
Cottingham, U.S. Bureau of Mines,
Laramie, Wyoming

Crude gas-combustion shale oil and pre-
hydrogenated shale oil were hydrogasified
to pipeline gas at 1000 psig, 900-1200’F,
and space velocities of 0.25 to 1.0.

Society of Petroleum Engineers of AIME.
Annual Meeting

New York, New York

Program not available.



Date

Event

March 1966
(Tentative)

April 15-16

American Chemical Society
Division of Fuel Chemistry
Pittsburgh, Pennsylvania

Tentative Program includes:

a. "Fossil Fuels and Air Pollution"
J. H. Field, U. S. Bureau of Mines

b. "Pyrolysis Reactions of Fossil
Fuels",
R. T. Eddinger FMC Corporation

Colorado School of Mines/A.I.M.E.
Third Annual 0Oil Shale Symposium
Denver, Colorado

Program not available.



UNITED STATES GOVERNMENT

U. S. BUREAU OF MINES:

0il Shale Activities of the Laramie Petroleum Research Center
of the United States Bureau of Mines

For fiscal year 1966. the Bureau of Mines received an
appropriation of about $3.3 MM to conduct its petroleum and
oil shale research program. From this appropriation, $1.284 MM
has been allocated to the Laramie Petroleum Research Center to
provide for research conducted at Laramie, and for observation
of work at the Anvil Points Oil Shale Research Center. The
research effort at the Laramie Center is devoted about one-third
to petroleum and about two-thirds to oil shale.

The research program at the Laramie Center is developed
through a project proposal system whereby research ideas are
evaluated by Bureau officials on the basis of such factors as
pertinence to established policies, scientific value, extent of
interest in results, technical feasibility and possibility of
success.

The major projects on which work has been authorized for
fiscal year 1966 are:

PETROLEUM EXTRACTION RESEARCH (Research in three areas)

1. Characteristics of reservoir fluids

2. Properties and capillary behavior of reservoir
rocks

3. Engineering study of fields and production

problems in the Williston Basin

PETROLEUM PROCESSING AND UTILIZATION (Four projects)

1. Crude oil analysis
2. Composition and utilization of asphalt
3. Segregation and analysis of hetec¢roatom

(S, N, and 0O) compounds in petroleum
4. Synthesis, purification and properties of
sulfur and nitrogen compounds

10



Oil Shale Activities of the Laramie Petroleum Research Center
of the United States Bureau of Mines (Continued)

OIL SHALE CHARACTERISTICS (Five general studies)

01l yields

. Rock properties
Thermal properties

0il shale composition
. 0il shale geochemistry

b W+

CONSTITUTION AND REACTIONS OF KEROGEN AND SHALE OIL

CONVERSION OF OIL SHALE AND SHALE OIL

. Laboratory problems of in-situ retorting problems
. In-situ retorting of oil shale*

. Use of nuclear explosives in processing oil shale
Physical chemistry of oil shale

Observation of research operation at Anvil Points
. Conversion of shale oil

oL b W

*The Laramie Center 1s 1investigating acid leaching tech-
niques and the utilization of high-voltage electricity as means
for creating or 1increasing permeability in oil shale formations.
The use of an electric current to fracture oil shale has been
surprisingly successful in bench-scale tests at Laramie. This
"electrolinking" technique was tested rather informally in an
0il shale formation near Green River, Wyoming during the summer,
and results indicated that an electrode distance of 50 feet 1is
workable. The Laramie Center intends to conduct larger-scale
tests of these two methods of creating fractures in oil shale.

U. S. Bureau of Mines Report of Investigations #6676
entitled Automated Modified Fischer Retorts for Assaying 0il
Shale and Bituminous Sands, by A. B. Hubbard of the Laramie
Center has just been published. This supplements two earlier
publications (R.I. #3977 and R.I. #44,7) by the Bureau on the
development of the Fischer Assay method and describes the
automation of the heating cycle recommended for the assay

me thod.




Program for Core Driliinq of Colorado, Wyoming and Utah Oil
Shale by the U. S. Bureau of Mines

Potential sites for large-scale in-situ retorting
experiments are being studied by the Bureau of Mines as a
part of the planning of such experiments. The Laramie
Petroleum Research Center has drilled two coreholes and
plans to drill at least one additional corehole to evaluate
sites for future in-situ tests, and to further delineate
vaguely-known oil shale deposits.

One of the coreholes was drilled in a 40-acre sub-division
in Section 13, TIN, R98W, 6th PM in Colorado. A second core-
hole was drilled on public land 30 miles north-northwest of
the town of Green River, Sweetwater County, Wyoming Sec. 30,
T23N, R107W. A third hole will be drilled in the Uinta Basin
area of Utah at a site not yet selected.

The Colorado hole reached a depth of 2600 feet. Essen-
tially-continuous oil shale was found, and core samples were
obtained, starting from 950 feet below the earth's surface
and extending to the bottom of the 2600 foot hole. Stratigra-
phic studies indicate that the deposit may extend downward for
an additional 600 feet. Lack of money, (last year's appro-
priation was exhausted), caused the hole to be terminated at
the 2600 foot level. After coring and logging, the hole was
capped. It is quite likely that the hole will be re-entered
and deepened so that it will extend completely through the
0il shale formation. Preliminary data indicate that the
sampled section will prove to have a high oil yield. Assays
of the core and of cutting samples will be con ucted later
and published.

The Materi Exploration Company of Upton, Wyoming completed
the Wyoming corehole on November 4. No information concerning
cores or cuttings from the Wyoming hole 1is available.

U. S. Bureau of Mines Continues Studi=ss of "Nitrofracing" for
Increasing 0il and Gas Production ard Providing Fractures for
In-Situ Retorting of 0Oil Shale

L. A. Eakin, project leader at the Bartlesville Petroleum
Research Center informed Cameron and Jones that the Bartlesville

12



U. S. Bureau of Mines Continues Studies of "Nitrofracing" for
Increasing 0Oil and Gas Production and Providing Fractures for
In-Situ Retorting of 0il Shale (Continued)

Center is continuing its studies of the nitrofracing technique
reported in our September 1, 1965 quarterly report.

DuPont's EL389B liquid nitroglycerin was used as the
explosive in the Bureau of Mines' work at the limestone quarry
near Bartlesville. This particular explosive was introduced,
as a liquid, into cracks formed by the prior detonation of
conventional explosives which had been placed in each of two
shallow holes drilled in limestone near the face of the quarry.
It was found that detonation of the thin film of the desensi-
tized nitroglycerin could be initiated. This was encouraging.
Later shots and tests are planned which are to be located
farther away from the quarry face. Ultimately the testing will
be transferred to oil shale formations in Wyoming. It 1is
possible that the nitrofracing and the electrolinking technidques
will be combined in some of the Wyoming tests. Such tests are
tentatively planned for next spring.

13



U. S. BUREAU OF LAND MANAGEMENT:

Status of Bureau of Land Management Contests 359, 360, 361 and
362 Challenging Validity of Unpatented 0il Shale Claims in
Colorado

Reviewing past events, Interior Secretary Udall issued
a Memorandum of Instructions dated April 17, 1964 and addressed
to the Director of the Bureau of Land Management regarding the
determination of rights to all outstanding unpatented oil shale
mining claims. This Memorandum of Instructions was reproduced
in the Appendix of our September 1, 1964 report. On September
8, 1964, the Colorado office of the BLM initiated four BLM
Contests (359, 360, 361, and 362) which challenged the validity
of twelve selected typical unpatented oil shale mining claims
in Garfield County, Colorado. The contestees, name and loca-
tion of claims involved, and the BLM charges in each of these
contests were presented in our December 1, 1964 report, page 16.
A pre-hearing conference for the four contests was held in
Denver on March 9, 1965 before Dent B. Dalby, Hearing Examiner.
On April 12, 1965, John W. and Joan L. Savage filed a duly
executed quitclaim deed conveying all of their right, title
amd interest in the contested claims involved. On April 20,
1965, the Union 01l Company filed a document entitled, "Declara-
tion of Abandonment, Relinquishment and Quitclaim Deed" relin-
quishing their rights to the contested claims involved. On
April 29, 1965 hearing examiner Dalby issued a Decision which
stated that the parties (contests 361 and 362) no longer have
any interest in the proceedings and the o1l shale mining claims
involved were declared null and void.

BLM contests 359 and 360 are still active and involve
the lands and parties shown below.

UNITED STATES OF AMERICA, : COLORADO 359, involving Mountain

Contestant : Boy Nos. 1, 6, and 7 placer mining
claims, situated in NE-1/4 Sec. 13
N-1/2 NW-1/4, SE-1/4 NW-1/4, Lot 1
and Tract 105 A. Sec.l4; and E-1/2
SW-1/4, Lots 2, 3, and Tract 105 B
Sec. 14, T. 7 S., R97W, 6th PM,
Garfield County, Colorado

V. :

.

FRANK W. WINEGAR,
Contestee

SHELL OIL COMPANY,
Intervenor :

14



Status of Bureau of Land Management Contests 359, 360, 361 and
362 Challenging Validity of Unpatented 0il Shale Claims in
Colorado (Continued)

UNITED STATES OF AMERICA, : COLORADO 360, involving the K. C.
Contestant : Schuyler Nos. 2 and 3, and Harold
: Shoup Nos. 1, 2, 3, and 4 placer
V. : mining claims, situated in the
: NE-1/4 and NW-1/4 Sec. 24; SE-1/4,
D. A. SHALE, INC., : NE-1/4, NW-1/4 and SW-1/4 Sec.23,
Contestee : T. 7 S., R97W, 6th PM, Garfield

County, Colorado.

On August 24, 1965, hearing examiner Dalby issued an Order
which stated that the parties in contests 359 and 360 have 90
days for admissions and for motions for production of documents,
and have until November 27, 1965 to respond to all interroga-
tions.

A second pre-hearing conference will be held, but it cannot
be held during the period of this quarterly report. At the
time of this writing, no date for the second pre-hearing con-
ference has been set.

Consultative Work of the National Economic Research Associlates,
Inc. Retained by Interior to Assist in Preparation of Bureau
of Land Management Contest Proceedings on O1l Shale Claims

As 1is indicated by Interior Solicitor Barry's letter of
September 7, 1965, addressed to Senator Allott and reproduced
on the page that follows, Interior has retained National Econo-
mic Research Associates, Inc. to assist in the preparation of
contest proceedings on o1l shale claims.

15



UNITED STATES S-4628
DEPARTMENT OF THE INTERIOR

OFFICE OF THE SOLICITOR
WASHINGTON, D.C. 20240

SEP 7 1965

Hon. Gordon Allott
United States Senate
Washington, D. C. 20510

Dear Senator Allott:

This is in further reference to your letter of August
18 concerning the consultative work of the National
Economic Research Associates, Inc. This firm has been
retained to assist in the preparation of contest pro-
ceedings on the oil shale claims.

We cannot make the results of i1ts study available
without jeopardy to the Government's action in these
cases. When the proceedings are terminated, we will
give consideration to the publication of any material
prepared by our contractor.

Sincerely yours,

/‘/ M 7. BARR’

Frank J. Barry
Solicitor

16



SECRETARY OF THE INTERIOR:

Review of Remarks by Secretary Udall Before the National

Petroleum Refiners Association, Washington, D. C. September
21, 1965

Secretary Udall first discussed the market factors which
will influence the future demands for petroleum products.
These factors were listed as:

People -- by 1980 we may have 245 MM within our borders,
and over half of the people will be in the age
group that consume the most services and demand
the most energy.

Ligquid Fuels -- by 1980 the use of liquid petroleum
products will be around 17-1/2 MM barrels/day.

Transportation -- this industry will provide main hope
for petroleum sales growth, but technology
changes will change the yields from the petroleum
product barrel and the revenue derived from 1it.

Petrochemicals -- manufacture of petrochemicals 1is
expected to increase at a rate four time that
of oil usage, but competition is expected from
Europe and from Japan.

Looking at sources of supply, there is a 200 billion dollar
stake involved in recovery of heavy oils by thermal in situ
methods. Additions to hydrocracking capacity will increase
seven fold by 1970.

Udall stated his belief that before 1980 the richer oil
shale deposits will be commercially developed. Also, before

1980, part of the refinery inputs will come from Appalachian
coal.

With further development and production there must also be
innovation, conservation and restoration. Smog will be a

particular problem as well as the policing the disposal of
contaminated wastes.
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UNITED STATES CONGRESS:

Publication by the Governmment Printing Office of the 0il

Shale Hearings of May 12 Before the Senate Committee on
Interior and Insular Affairs

The Govermment Printing Office has just published the
transcript of the oil shale hearings of May 12, 1965, held
before the Senate Committee on Interior and Insular Affairs.

Senators Allott, of Colorado, and Bennett, of Utah pre-
sented statements at these hearings urging the encouragement
of private industry in development of the oil shale resource
and urging also that certain areas of Federal oil shale lands
be made available for leasing. Captain Lovell, Director of
the Naval Petroleum and Oil Shale Reserves, reiterated Navy's
belief that development of an oil shale industry is necessary
to assure the nation of an adequate supply of liquid fuels for
wartime requirements. Secretary Udall did not appear at the
hearings, nor did he present a statement. Senator Jackson,
who presided at the hearings. had previously stated that the
purpose for the hearings was to give Interior Department offi-
cials the opportunity to express the Administration's position
with regard to future private or government-controlled research
and development work on oil shale.

A Proposal by Senator Douglas (D-I11l.) That Royalties on 0il
Shale be Used to Pay Off the National Debt

In a Senate speech late in October, Senator Paul Douglas
noted that the oil shale lands of Colorado, Utah and Wyoming
contained petroleum worth possibly $3 trillion. A one-eighth
royalty on the value of the federally-owned petroleum would
amount to more than the present national debt of $322 billion
he indicated. Senator Douglas stated that he would introduce
a Bill, to be considered by Congress next year, calling for
such a royalty.

The Public Land Law Review Commission

The selection of the members of the Public Land Law
Review Commission and of the members of the Commission's
Advisory Council, Chairman, Vice Chairman and Staff Director
has been completed and the names of the appointees were
presented in the September 1, 1965 report.
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The Public Land Law Review Commission (Continued)

During the period of this report, liaison officers from
the offices of the Secretaries of Interior, Agricul ture,
Defense, the Attorney General, and others were appointed.
These Federal Liaison Officers are:

Baker, John A.
Assistant Secretary
Department of Agriculture

Carver, John A., Jr.
Under Secretary
Department of the Interior

Fisher, Victor
Assistant Administrator
Housing & Home Finance Agency

Mason, John C.
Deputy General Counsel
Federal Power Commission

Moody, Joe E.
Deputy Administrator
General Services Administration

Niederlehner, Leonard
Acting General Counsel
Department of Defense

Ramey, James T.
Commissioner
Atomic Energy Commission

Weisl, Edwin L.
Assistant Attorney General
Department of Justice

In other actions, Elmer F. Bennett was named general
counsel of the Commission, Robert Foster, Jr. was named
deputy staff director, Neal D. Nelson was named chief of
resources group, and Dennis A Rapp was named chief of the
evaluation group.
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Review of "The 0il and Gas Industry's Interest in Land Law
Review Commission Study”, Presented by Wayne N. Aspinall,
Chairman of the Public Land Law Review Commission, Before

Rocky Mountain 0il and Gas Association, Denver, Colorado,
September 30, 1965

Chairman Aspinall indicated that the first work of the
Commission will be to determine what the law is as it applies
to various lands. The law, as it applies to land, is clouded
by conflicting statutes, and by judicial and departmental
interpretations. The next work of the Commission will be to
determine the adequacy of the law and the problems bothering
those seeking to use public lands. After thorough study, the
Commission will recommend changes and improvements in the law.

In studying the problems of public land use many diverse
requirements will be considered. These include the require-
ments of the military, the effects of imports and domestic
mineral sources, tariffs, quotas, proposed international
commodity agreements and tax implications.

Aspinall stated that the rate of depletion allowance might
make the difference between an economical and uneconomical oil

shale industry in competition with oil obtained fron conven-
tional sources.

Aspinall also indicated in his address that he did not
want the Public Land Law Review Commission to be responsible
in any way for holding up the development of an oil shale
industry if such development were feasible. He further indi-
cated that anyone who delays development of an oil shale
industry could possibly be endangering this nation's security.
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COLONY DEVELOPMENT COMPANY

Colony Development Company opened its commercial-scale
room-and-pillar oil shale mine and its prototype (1000 tons
shale/day) TOSCO process retort plant for public inspection
last June. Since the public showing in June, Colony's opera-
tions have been conducted behind closed gates. The company
has continued mine development, conducted some retorting tests
in its prototype retort and is now revamping the unit after
the initial tests.

Retorting

Operations at the Colony site on Parachute Creek are
presently at a stand-still and most non-technical personnel
have been laid off. The technical and managerial staff has
returned to Colony's Denver office to participate 1in the
redesign of the retort, expected to require 3 to 4 months.

Several new people from Sohio have joined the Colony staff.
These are Dan C. Stoll, Manager of Engineering, James S. Dalton,
Manager of Operations and F. L. Lichtenfels, Assistant to
Manager of Operations. A. F. Lenhart, vice president, engineer-
ing, and John Whitcomb have returned to their posts with The
011 Shale Corporation.

Al though several runs have been made and oil produced,
numerous process and mechanical problems have arisen that
require correction. The ceramic balls used as a heat carrier
media in the Tosco process apparently are a major operating
(and cost) problem owing to breakage and sticking. A specific
research program on balls 1s to be conducted during the shut-
down.

Other problems not of a process nature have included a
rockslide October 12 that damaged several trailers and
vehicles and settling of the foundation of the 190-foot retort
structure.

Whereas previously Colony hoped for a declsion on moving
to commercial scale by January 1966 it would appear that a
delay of 4 - 6 months 1is 1in prospect.
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Mining

Oil shale mining has been the bright spot to date in
Colony's operations. Equipment performance and mine output
have exceeded expectations. Equipment manufacturers are being
presented with specifications for new and improved equipment
by Colony's mining engineers, which, if such equipment can be
built, will make additional improvements possible. Colony has
now mined with its seven-man force more oil shale than Union
in its 1-1/2 years of underground mining.

Hugh Leach, Colony's vice president for mining, has
returned to Cleveland Cliffs Iron Company. T. A. Kauppila,

formerly of Cleveland Cliffs Iron is Manager of Mining for
Colony.
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DENVER RESEARCH INSTITUTE

Formation of the Center for Fundamental 0il Shale
Research at Denver Research Institute

The Denver Research Institute, a department of the
University of Denver, announced on November 10, 1965, the
formation of the Center for Fundamental Oil Shale Research.
DRI had been soliciting the support and the participation
of industry in the formation of this Center for several years.

A three-year program is planned by the new Center for
Fundamental 0Oil Shale Research. Three initial sponsors have
been obtained. They are the Shell Development Company, The
Oil Shale Corporation, and Acquitaine Oil Corporation. Each
participating sponsor will provide $20,000 per year for three
years. The participation of at least three sponsors 1is
required for successful accomplishment of the program. Addi-
tional sponsors may join the program at any time, providing
that each sponsor, regardless of the date on which it becomes
a co-sponsor, agrees to pay for each year of the program that
has been completed. The University of Denver will contribute
from its funds each year 10 percent of amounts contributed
that year by sponsors, but the University's contribution will
not exceed $20,000 per year.

The Center's research program will be directed by Dr. Josef
Schmidt-Collerus, senior research scientist at DRI. A Technical
Advisory Committee composed of sponsors' representatives will
monitor the program.

The area and scope of the research project to be under-
taken will be basic and fundamental research on oil shale and
its derivatives, 1including a scientific investigation into
the following:

(a) the chemical nature of the organic
matter present 1n oil shale, 1including
the molecular and physico-chemical struc-
ture thereof:

(b) the chemical and physical relationships

of such organic matter to tlie inorganic
matter present;
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Formation of the Center for Fundamental 0il Shale Research
at Denver Research Institute (Continued)

(c) the chemical and physical mechanisms
involved in the decomposition of oil shale,
particularly under the action of heat
(pyrolysis) ;

(d) such related chemical and physical
phenomena as may be of interest to and
have an effect upon the foregoing.

The main objective of the project will be the basic and
funadmental research enumerated above, as distinguished from
developmental and applied research having as its objective
the design of commercially useful processes and products.
Sponsors will be kept advised of the progress of the research
project through the medium of the Technical Advisory Committee.
The University will submit brief quarterly reports and a
comprehensive annual report each year, during the progress of
the project, to each sponsor setting forth the activities,
findings and progress of the project. For a period of two
years after communicating a particular research result to
sponsors, the University will not disseminate or publicize
such result without specific consent of the Technical Advisory
Committee except in further reports to sponsors. The
Committee may, however, authorize publication of any portions
of the research results in appropriate technical journals or
other media.

All discoveries or inventions will be assigned to the
University. In the event that one or more sponsors indicates
interest in processing such discovery or inventions for patent,
the University may, at its option, assign 1its right to such
invention to the sponsor or sponsors. Each sponsor will be
granted royalty-free license to utilize any such invention as
may be patented by the University.
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ANVIL POINTS OIL SHALE RESEARCH CENTER

Brief Review

The Colorado School of Mines Research Foundation
leased the Anvil Points facilities from the Department of
Interior in May of 1964. The Foundation then contracted
with Socony Mobil 0Oil Company (research project manager) and
with Humble 0Oil, Continental 0il, Pan American Petroleum,
Phillips Petroleum and Sinclair Research (all "participants")
for an Initial Program for research on oil shale. Stage I of
the Initial Program was to require approximately 18 months for
completion at a cost estimated to be $2 MM. Stage II of the
Initial Program, if undertaken, will require approximately 18
months for completion at a cost estimated to be $3 MM.

Status of the Research Program at Anvil Points

The First Stage of the Initial Program was to have been
completed in 18 months. It should have been completed there-
fore on November 1, 1965. It apparently has not been
completed.

E. H. Crabtree, director of the Colorado School of Mines
Research Foundation, has i1nformed Cameron and Jones, Inc. that
the participants in the program have agreed to continue
investigations within the First Stage of the Initial Program
rather than go into the Second Stage. A six-month period has
been allowed for continuation of the Stage I test program.

General Developments at Anvil Points

Robert Reeder, administrative manager at the Anvil Points
0il Shale Research Center has resigned the position. The
Colorado School of Mines Research Foundation has named Emerson
Kemp to replace Reeder. Kemp has been mill superintendent at
Petrotomics 1in Casper, Wyoming.

In order for research in Stage II of the Initial Program

to be undertaken, it would be necessary to build a new large
retort or to modify the existing No. 3 retort as indicated
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General Developments at Anvil Points (Continued)

desirable from Results of Stage I. No new construction or
modification work has been observed at the site.

Outline of Stage I and Stage II of the Initial Program at the
Anvil Points Center

For reference purposes, an outline of the Initial
Program for oil shale research at the Anvil Points 0il Shale
Research Center is presented below.

STAGE I

1. Activate the Anvil Points Facilities as
needed for Stage I.

a. Establish Anvil Points staff.

b. Modify, as necessary, existing No. 1

(6 T/D) or No. 2 (25 T/D) pilot retorts, or
both, to operate over the range of condi-
tions necessary for Stage I investigation,
and rehabilitate supporting facilities.

c. Crush and screen shale as needed.

2. Perform small scale pilot plant studies of
retorting to investigate its operability and to
better define the importance of several potential
operating and scale-up problems.

a. Conduct studies with No. 1 or No. 2
pilot retort, or both, to:

(1) Investigate the criticality of
uniform gas distribution and particle
size segregation.

(2) 1Investigate criticality of shale
clinkering as it relates to shale rich-
ness and operating conditions.

(3) Investigate effect of shale particle
size and size range.
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Outline of Stage I and Stage II of the Initial Program at the
Anvil Points Center (Continued)

(4) Make process variable investigation
to interrelate effects of shale rate, gas
rate, air rate, dilution gas rate, par-
ticle size and particle size range.

(5) Investigate advantages for preheating
air and dilution gas.

(6) Investigate the problem of dust
carryover in oil product.

(7) Investigate effect of cooling rate
and nucleating agents on oil mist forma-
tion and recovery.

(8) Investigate recovery of oil from
oil mist.

(9) 1Investigate air distribution designs.

(10) Investigate such other problems as
may be indicated or desirable.

(11) Establish the operating conditions
for larger scale retort to be used 1in
Stage II.

b. Build and operate mechanical models as
needed to provide design 1information for
retort scale-up, for example, to:

(1) Investigate effects of shale feed
system design on particle size segregation.

(2) 1Investigate effects of gas distributor
design on shale flow.

(3) 1Investigate effect of gas distributor
designs on gas flow distribution.

(4) Investigate effect of shale draw-off
system on shale flow.
3. Make engineering and economic evaluations as
needed to support development work.
4. Mining

a. Review existing mining facilities; repair
equipment as required, screen and select new
or i1mproved equipment for mine.
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Outline of Stage I and Stage II of the Initial Program at the
Anvil Points Center (Continued)

b. Plan operation of mine as needed for
Stage II.

c. Mine small quantities of shale if and as
needed for Stage 1I.
STAGE 1II

1. Build new large retort or modify No. 3
pilot retort (presently rated at 150 T/D) as
indicated desirable from results of Stage I.
Conduct retort studies as needed to:

a. Investigate operating variables.

b. Investigate shale feed and draw-off
systems.

c. Investigate gas and air distributor
systems.

d. Investigate o0il mist recovery systems.

e. Investigate such other problems as may
be indicated or desirable.

2. Continue small scale retorting studies as
needed to support large pilot retort development.

3. Continue mechanical model studies as and if
needed.
4, Continue engineering and economic evaluations

as needed.

5. Purchase new equipment, 1if needed, and
operate mine to supply shale for large retort.

6. Conduct mining research program, to include:

a. Investigate new and advanced equipment
for drilling, loading, etc.

b. Experiment with new explosives like
aminonium nitrate to determine fragmen-
tation, throw, safety, etc.

7. Investigate, as needed, methods and equipment
for crushing and screening oil shale.
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UTAH OIL SHALE

Actions of the State Land Board Concerning 0Oil Shale Leasing

The Utah State Land Board met on September 9-10, 1965,
and formally adopted a new form of oil shale lease. This new

form was presented in the Appendix section in our September 1,
1965 report, beginning on Page A-128.
)

For those seeking to amend the older oil shale lease form
in order to extend the lease term from 10 to 20 years, a form
entitled "Application to Amend Oil Shale Lease" was prepared
by the Board. Upon receipt of this Application to Amend Oil
Shale Lease, the State Land Board will grant the oil shale
lease terms now permitted. A copy of the application form is

presented in the Appendix section of this quarterly report on
Page A-90.
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WATER FOR OIL SHALE DEVELOPMENT

General Discussion

During the period of this report there has been consider-
able activity on the part of Colony Development Company, Humble
0il, and Red Canyon Corporation in efforts to acquire industrial
water supplies in the o0il shale areas of Colorado. It is
interesting to note the methods by which water supplies for oil
shale are being obtained or guaranteed. These methods are
discussed in some detail in separate sections of this chapter,
but summarized briefly they include:

1. The purchase, from private owners, of reservoir
facilities and water rights related to the
facilities.

2. The agreement (by contract) to purchase water from
a water conservation district of the State of
Colorado.

3. The participation in the actual construction of
reservoir facilities, with such participation being
in conjunction with the Bureau of Reclamation with
a water conservation district of the State.

4. The organization of a reservoir construction project,
in conjunction with a local community, through
formation of a water conservation sub-district.

The Bureau of Reclamation is conducting feasibility studies
of water supply projects of interest to oil shale developers.
Two of these projects, the Bluestone and the West Divide, are in
need of data regarding the amount of water which an oil shale
industry may require. Important features of these projects
are discussed in this chapter. The map which is presented on
the page that follows was prepared in November by the staff
at the Grand Junction, Colorado office of the Bureau of Recla-
mation to illustrate present and potential reservoirs from
which M and I (Municipal and Industrial) water supplies may be
obtained. Notes of special interest have been added by
Cameron and Jones, Inc.
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Purchase, by Humble 0Oil, of the Stillwater Reservoir and
Certain Related Facilities Located in Garfield County,
Colorado

Humble Oil has strengthened its oil shale water supply
position through the purchase of the water facilities listed
below. A memorandum of agreement recorded in Garfield County,
Colorado, as page 543 of the County Recorder's Book 362
discloses that Humble has purchased:

l. The Stillwater reservoir as enlarged, being
structure number 430 decreed in Civil Action
number 999 in District Court in Rio Blanco,
together with water rights awarded to the
reservoir., The reservoir is located in T1N,
R 87 W, 6th P.M.

2. The Stillwater power plant, with rights to
300 ft3 water/second from the S. Fork of the
White River for generating power.

3. The South Fork-Piceance pipeline, being
structure number 432 of Civil Action 999,
together with the right to appropriate 70 ft3
water/second from the S. Fork of the White
River for domestic, industrial and other
beneficial uses.

4. A claim for the site of a proposed water
storage reservoir (called the Fourteen Mile
Reservoir) to be located in the channel of
Fourteen Mile Creek.

Recent Meetings of the Colorado River Water Conservation
District Board

The Colorado Rit :r Water Conservation District, which
will be referred to as the CRWCD, has brot¢d legal powers
vested to it by Colorado's 1937 State Legislature, and over-
sees the development of water projects 1n the drainage basin
of the Colorado River within the State of Colorado. The CRWCD
Board met on several occasions during the period of t' is
report. The subject matter of the meetingswill be discussed
under separate headings which follow.
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The Bluestone and West Divide Projects

A meeting of the CRWCD was held at DeBeque, Colorado on
September 20 to discuss the Bluestone project. The CRWCD
apparently had hoped to learn from individual and company
representatives present the ownership of irrigation lands and
of 0il shale lands in the DeBegque - Grand Valley area and the
estimated water requirements of land owners and of the oil
shale industry. Such information was not available from those
in attendance. The CRWCD was attempting to get these ownership
and water-requirements data in order to propose to the Bureau
of Reclamation that the plans for the Una Reservoir of the
Bluestone project be changed to incorporate additional storage

for M and I water. The site of the proposed Una Reservoir is
shown on the map.

A November 2 meeting was held by the CRWCD at Glenwood
Springs, Colorado, for further discussion on land ownership
and water requirements related to the proposed Una reservoir on
the Colorado River and to the West Divide project which could
supply high-purity water from the Crystal River. Early in
October, and in anticipation of this November 2 meeting, Phillip
Smith, Secretary-Engineer for the CRWCD had mailed a letter to
those oil companies which he knew or assumed owned oil shale
lands in the area. 1In his letter, Smith stated that Title III
of the Water Supply Act of 1958 (Public Law 85-500, S.3910)
permits the Bureau of Reclamation to allocate up to 30 percent
of the water supply to municipal and industrial (M & I) uses.
Smith also asked the companies for some expression from them
concerning their estimated water requirements for oil shale. He
asked that this information be furnished to the Bureau of Recla-
mation using the form letter which we reproduce on page A-97 of
the Appendix. These expressions of water requirements would be
used by the Bureau of Reclamation in the project feasibility
studies now underway by the CRWCD and the Bureau of Reclamation.

Apparently, very little data relating to oil shale water
requirements were received from the companies owning oil shale
lands. It was concluded by the CRWCD that the Bureau of
Reclamation should continue its feasibility studies of the
West Divide project and should consider separating the Bluestone
project into two phases. These phases will be:

Phase I - The possibility of constructing the Mt. Logan
reservoir facility on Roan Creek, north of
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The Bluestone and West Divide Projects (Continued)

DeBeque, to contain 5000 acre feet as
M and I water and 2500 acre feet as
irrigation water.

Phase II -~ The possibility of constructing the Una
reservoir facility on the Colorado River
near DeBeque. This reservoir could con-
tain a maximum of 196,000 acre feet, of
which 22,500 must be considered as "dead
pool". Power generated at the facility
could be used to pump water via pipeline
to the Mt. Logan reservoir.

It was mentioned that nearly all of the Una reservoir
supplies of M and I water could be available for o0il shale
development, and the Mt. Logan reservoir could be enlarged
to 25,000 acre feet capacity, 1f desired. The Bureau of
Reclamation will continue to seek expressions of interest in
these projects from potential users of water and will continue
to seek data from companies concerning specific water require-
ments. Before actual construction of the Bureau of Reclamation
projects could begin, firm contracts for purchase of M and I
water would be required of participating companies by the
Bureau. The estimates requested by the Bureau of companies
concerning their estimated water requirements are used only
for feasibility studies.

The Quality of the Water Which Could be Furnished from the
Proposed Una Reservoir and from the Proposed West Divide

Project

It was stated at the November 2 meeting of the CRWCD that
the waters of Roan Creek (Mt. Logan Reservoir site) and the
waters of the Colorado River (Una Reservoir site) contain sus-
pended solids and dissolved solids. Dissolved solids approach
4000 parts/MM at various times of the year. Water from the
West Divide project would be of exceptional purity, would
generally contain dissolved solids in quantities less than
100 p.p-m. and would contailn practically no suspended solids.
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Humble Oil Company Contracts with Colorado River Water

Conservation Board for Unneeded Irrigation Water from the
Bluestone Project

A contract between the Colorado River Water Conservation
District and Humble 0il Company was discussed at an October 19
meeting of the CRWCD. The District had filed for water for
the Bluestone project in order to establish early rights to
the water. It was intended that such waters would be supplied
to arable lands by the Havemeyer Canal.

When some of the land in the district would not qualify as
arable lands suitable for irrigation under reclamation standards,
the amount of water required for the project lessened. The
CRWCD approved a contract with Humble by which Humble purchased
rights to use some of the water not now needed for irrigation.
Critics claim Humble obtained water rights ahead of other oil
shale interests, a claim which the CRWCD rejects, stating that

that Board will sell water to anyone willing to sign firm
contracts.

Humble Oil Company Contracts for Rio Blanco Reservoir Water

The Colorado River Water Conservation District Board at an
October 19, 1965 meeting approved a contract with Humble Oil
Company for the construction of Rio Blanco Reservoir. The
reservolr site 1s 1indicated on the map presented earlier in
this chapter. The Board chairman, A. Allen Brown, asked that

a summary of the terms of the contract be given. The summary
was as follows:

1. Humble pays all costs for construction of Rio
Blanco Reservoir but can be reimbursed for part
of the costs if reservoir 1s used by others.

2. Humble pays $15,000 per year until 1980.

3. The CRWCD reserves 4/9 of the reservoir and
Humble 5/9.

4. If CRWCD does not use its 4/9 of reservoir then
Humble can use 1t.

5. At campletion of reservoir Humble pays $100,000 x
5/9 (Humble's: interest is 5/9 of the reservoir).
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Humble 0Oil Company Contracts for Rio Blanco Reservoir Water
(Continued)

6. Humble assigns to the Board the right to use down-
stream facilities owned by Humble.

7. 1If the South Fork reservoir site proves to be a
better site, the district will transfer to the
better site from the Rio Blanco site.

Colony Development Company to Participate in Construction of
Yeoman Park Reservoir as Source of Water for 0Oil Shale

The Colorado River Water Conservation District Board, at
1ts October 19 meeting at Glenwood Springs, Colorado, directed
1ts counsel to enter into a contract with Colony Development
Company for the construction of Yeoman Park Reservoir.

As indicated on our map, the reservoir will be located
on East Brush Creek, providing the site proves acceptable.
Colony hopes to determine the suitability of the site before
winter. The reservoir will hold 6,500 acre feet, of which a
maximum of 500 acre feet may be used by the town of Eagle,
Colorado. Gene Young, administrative assistant for Colony,
indicated the cost of water from this facility would be $10 -
$15 per acre foot.

A summary of the terms of the proposed contract was given.
The contract will contain the following terms:

1. The contract life will be five years
2. Colony will pay $1,000 per year

3. Colony proposes to pay all the expenses
of forming a subdistrict for constructing
the reservoir.

4. Colony will use 1its o1l shale properties
as collateral for financing, proposing that
warrants will be issued by the subdistrict
which will be sold. If the warrants are
not all sold, Colony will purchase the
remaining ones.
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Colony Development Company to Participate in Construction of
Yeoman Park Reservoir as Source of Water for 0Oil Shale
(Continued)

5. The sale of water from the unit will repay
the warrants.

6. A provision will be included in the contract
to allow the exchange of water with other
water conservation districts or subdistricts.

Colony proposes to form a subdistrict within a conven-
tional water conservation district and proposes to sell warrants
in order to finance the facility. If the warrants do not sell,
Colony agrees to purchase them. The method is acceptable to
the CRWCD Board and is allowed under the laws which govern
water conservation districts.

General Statements Concerning Water Requirements for Oil Shale

Cameron and Jones, Inc. studied the water requirements for
an oil shale industry at the request of the Colorado Water
Conservation Board. A report by Cameron and Jones, Inc. to
the Board 1/ was issued in July 1959 and indicated that for a
1,250,000 barrel per day plant, water consumed in shale o1l
production (mining and retorting) and refining would be
114,000 acre feet per vyear.

Humble Oil Company, in its application for an oil shale
lease to Secretary of Interior Udall, 1963, included an estimate
of the water requirements for in situ production of oil from oil
shale by a process that uses superheated steam. Humble indi-
cated that for a 100,000 barrel per day in situ operation the
estimated water consumption would be 5,000,000 gallons per day
plus 3,000,000 gallons per day consumed for hydrogenation and
coking, giving a total requirement of 8,000,000 gallons per day.
For a 1,250,000 barrel per day unit this would be 1,120,000
acre feet per year of water consumed.

1/ Water Requirements for Oil Shale 1960-1975, A Study for the
Colorado Water Conservation Board, July 1, 1959
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Regume of Conditions for Acquisition of 0Oil Shale Water
Supplies Through Contract With the Colorado River Water
Conservation District

In the Appendix section of this report, pages A-91
through A-96, we reproduce information we have received from
the Colorado River Water Conservation District concerning the
method by which interested companies may participate in the
acquisition of industrial water supply claims now filed by
Colorado River Water Conservation District.

Presented on page A-96 is a table showing the unobligated
water claims now filed by the CRWCD for water supplies that
could be available to companies for oil shale and industrial
use. The locations of the structures and facilities from
which the unobligated water supplies could be obtained are
shown on the map presented on page A-95.

The contract provisions suggested by the CRWCD for
acquisition of the unoblicated water supplies are listed on

pages A-93 and A-94. The provisions suggested by the CRWCD
include:

a. The CRWCD grants an option to purchase water
supplies
b. The interested company advances a specified

sum annually to allow the CRWCD to perform
due diligence, required by the courts.

c. If the option is exercised the company (or the

CRWCD) may construct and operate the facility
subject to the company's call for water.
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Miscellaneous Water Developments:

lo

Colony Development Company's contract with the U. S. Bureau
of Reclamation for purchase of water from Green Mountain
reservoir is still in Washington awaiting approval of the
Department of Interior. When finalized, a copy will be
presented in this quarterly report.

The U.S.G.S. is installing a water gaging station on
Piceance Creek for Humble Oil.

Getty Oil has filed a revised claim to 48 ft3 of water per
second to be pumped over the Book Cliffs for oil shale use.
The CRWCD opposes the filing. The District's opposition is
due to the fact that Getty is attempting to keep a 1951
date on the application, and is asking that the point of
diversion be moved 5 miles upstream. The new diversion
point might jeopardize the full development of the Una
reservoir. Counsel for the CRWCD was authorized at the

October 19 meeting of the District to work out a compromise
with Getty.

Himes Drilling Company has completed three of four holes
at the Iron Mountain reservoir site.

Colony, Humble and Red Canyon Corporation are participating
in the Bear Wallow reservoir project on Canyon Creek. The
reservoir site 1is shown on the map. The newly-formed Red
Canyon Corporation lists John Savage, who 1is prominent in
oil shale land ownership, as an officer.

An agreement between Humble Oi1l, Colony Development and
the Colorado River Water Conservation District relative to
the Azure Reservoir 1s being drawn up. No data are avail-
able on terms of this agreement.
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NOTES ON THE STATUS OF EQUITY OIL COMPANY'S

IN-SITU PROJECT IN OIL SHALE

Equity Oil Company has been actively conducting an in-
situ oil recovery project (in oil shale) for the past year.
The project is located at T. 3S., R. 98W., 6 P.M. near
Black Sulphur Creek in Rio Blanco County, Colorado. Holes
have been drilled in what appears to be a 5-spot pattern
measuring 500 feet on a side.

Recent (and fragmentary) information we have received
indicates that one well is apparently pumping 30 barrels of
01l per day. The o0il is said to be a clear crude of 41
gravity.

Equity 1s said to be circulating hot methane between
holes 500 feet apart, and to have good circulation at low
pressures. Pressures of from 600 to 800 psi have been men-
tioned, and these seem low enough to indicate that some suc-
cess is being achieved in circulation of gases.

Professor George Hill, of the University of Utah, who 1s
assisting i1n Egquity's project, has informed us that the
process has been field tested and a patent for the process
is expected Lo be issued within several months. Hill con-
firmed that the o1l produced was of 41 gravity, had a pour
point of -20°F, and that 2/3 of the laboratory Fischer assay
yield was obtained. He stated also that engineering and
development work 1s continuing in the field.

Hill is preparing a technical paper on this project, and

will present the paper at the national meeting of the American
Chemical Society in Pittsburgh during March of 1966.
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NOTES ON THE PYROCHEM PROCESS

Briefly reviewing past notes on this o0il shale distilla-
tion method, the Pyrochem process was described in detail in
the September 1, 1964 report. The process was patented
(U. S. #3,106,521) in October of 1963 by M. G. Huntington, an
officer of the Pyrochem Corporation. The patent claims are
based on the recycling of hydrocarbon gases to a hydrocarbon
cracker which yields hydrogen and elemental carbon. The flow
sheet for the Pyrochem process was presented on page 70 of our
September 1, 1965 report. The hydrogen is recombined with
0il vapors to yield hydrocracked liquid products. It is
claimed that liquid yield is increased to 130 volume percent
of Fischer assay. Certain discrepancies in the theoretical
material balances and flowsheets of the patentee were dis-
cussed in the October, 1963 quarterly report.

In September of 1965 we reported data then available con-
cerning batch-scale research on the Pyrochem process at
Battelle Memorial Institute, the work being sponsored by the
Pyrochem Corporation. Cameron and Jones, Inc. has recently
received from J. H. Morgan, Jr., an officer of the Pyrochem
Corporation, a copy of the results of Battelle's laboratory
work on the Pyrochem process. This report is reviewed briefly
on the pages that follow.

Review of "A Laboratory Study of a Pyrochem Process for
Converting Oil Shale to Stable Hydrocarbons'", a Summary
Report Writcen by James E. Flinn of Battelle Memorial Insti-
tute for M. G. Huntington of the Pyrochem.CqQrporation

The primary goal of this exploratory research project was
to confirm that a stable hydrocarbon liquid product could be
obtained from oil shale by the Pyrochem process. Later
objectives of the project were to characterize any such pro-
duct obtained in terms of distillation data, color, sulfur and
nitrogen content, and to obtain a volumetric yield of hydro-
carbon liquid which would equal or surpass the Fischer assay
value.

Thirteen experimental runs were made using a laboratory
batch reactor of small size. Only 60 to 75 grams of shale
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Review of "A Laboratory Study of a Pyrochem Process for
Converting 0Oil Shale to Stable Hydrocarbons”, etc. (Continued)

were used in the individual tests. The product hydrocarbon
was a clear, volatile, low viscosity stable liquid, and con-
tained only small amounts of sulfur and nitrogen. Volumetric
yields of liquid hydrocarbon from all experiments, except the
last, were less than Fischer assay value.

Reproduced on the pages that follow are the data for the
final (and best) series of tests made by Battelle during the
test program and a drawing of the Pyrochem batch reactor
system used in the tests. For reference purposes, however,

a copy of the complete report by Battelle is reproduced in the
Appendix, beginning on page A-98.

Our conclusions concerning the Pyrochem process remalin
somewhat reserved. Apparently, a stable hydrocarbon ligquid
product of low viscosity boiling near the gasoline range has
been produced in these tests. No material balance or carbon
balance results have yet been examined. Additional research
1s obviously needed to obtain information and clarify the
effect of variables influencing yield and quality and to
obtain reliable material balances.
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TABLE 6. FINAL SERIES OF OIL-SHALE EXPERIMENTS

Run: 629 707 709(®) 13
Operating Conditions

Shale Assay, gal/ton 23.0 39.3 23,0 23.0
Shale Quantity, g 60 60 75 60
Catalyst Quantity, g 90 90 90 90
Shale Temperature, F 850 850 850 850
Catalyst Temperature, F 700 700 700 700/850(°)
Pressure, psig 286 288 281 286
Average Heating Rate, F/min 15 16 17 13
Shale Preheat Temperature, F 341 343 368 427
Total Run Time, min 192 134 200 210
Total Hydrogen Flow,(d) cc/sec 8.8 16.1 9.2 8.3
Detector Flow (% of Total Hj) 5.4 3.6 0 0

Product Data

Volume Yield, cc 3.9 5.5 5.1 5.6
% of Fischer Assay Volume 67.5 56.1 70.9 97.3
Hydrocarbon Vapor Volume

from Liquid N, Trap at 75 C,

760 Mm Hg, cc 570 600 890 1080
Color Water Nearly Nearly Yellow -
white water water darkened
white white on standing

(a) The shale was mixed with an equal volume of clean 12 /20 mesh sand for this run.

(b) A borosilicate rod 11 mm in diameter was centered in the shale bed.

(c) A 30-g portion was in the upper reactor zone at 700 F; the remaining 60 g of catalyst was mixed with the shale and was at
850 F.

(d) At75F, 1 atm.
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OIL SHALE MINING

Trends in Large Tonnage Truck Haulage Units

In a talk at the oil shale symposium in Denver last
April, Dr. Tell Ertl advocated development of the thick rich
oil shale in the central part of the Piceance basin by open
pit methods. With a thousand feet of overburden over two
thousand feet of minable shale, the tonnages of overburden
and of shale to be mined, and the requirement to mine oil
shale at record low costs pose problems of astronomical pro-
portions. While no specific equipment was discussed to do
this job, the marked trend in the open pits to larger loading
and haulage units are indicative that Ertl's views on the

need for super-capacity equipment are shared by those engaged
in conventional mining operations.

Unit Rigs Lectra-Haul M-120 boasts a 120-ton payload with
engine options up to 1200 horsepower. This unit utilizes a
diesel-electric power generation system which delivers elec-
tricity to the traction motors which are built into the wheels.
The photograph of the Lectra Haul presents the M-85, 85-ton
model which is very similar in appearance to the M-120. The
additional capacity of the larger unit is achieved principally
by its 3 foot wider box.

The KW Dart D6651 is rated at 125 tons. Its novel rear
dumping arrangement allows the rear wheels to be drawn forward
during dumping as shown 1in the photograph.

The Caterpillar prototype shown in the photograph on the
on the page that follows, was photographed negotiating a tight
60-foot diameter circle turn. It 1s Caterpillar's 100-ton
Model 783 side dump. This truck 1s powered by a 1000 horse-
power V-12 diesel engine which turns a DC generator. This
system provides power for the traction motors which are
mounted in line 1in the rear axle.

The Caterpillar 240-ton coal hauler shown in a photo-
graph on a following page, serves as an indication of the
possible size of future-haulage equipment for open pit (or
large underground) oil shale mines. Just as this prototype
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