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EBB

HIGHLIGHTS

Colorado House and Senate Approve Water/Air Pollution

Bills

On February 24, 1966, the Colorado State Legisla

ture closed. In session for 51 days, both houses saw

83 bills introduced, of which 46 were passed. Governor

John Love has signed 22 of those that passed, but he

has not signed the two of prime interest to the industry

H.B. No. 1024 Air Pollution, and S.B. No. 2 Water

Pollution. It is apparent that Governor Love will sign

the bills at the same time he announces appointments to

the Water Pollution Control Commission, and the Air

Pollution Variance Board. Names for appointments to

these groups are being reviewed for recommendations at

this time. Copies of both bills have been included in

the Appendix.

Director of Naval Petroleum Reserves Retires

On 1 January 1966, Captain K. C. Love 11, CEC, USN,

was relieved as Director of Naval Petroleum and Oil Shale

Reserves by Commander O. R. Butterfield, CEC, USN.

Captain Lavell has joined the Ballinger Company as pro

ject manager for a Philadelphia, Pa. harbor development

project.

Commander Butterfield stated in a recent letter,

"I certainly do not envision any changes either in our

policy or in the day-to-day routine of our operations

any day soon. We are engaged in the continual steward

ship of our oil reserves and will be most interested in

intensified shale research and the arrival of a healthy
shale-oil

industry."

Colony Development Company (Page 8 )

Colony Development will have the prototype TOSCO

oil shale retort back in operation in February. Plans

are to investigate alternate retorting processes.



Anvil Points Oil Shale Research Center (Page 9 )

Colorado School of Mines has submitted its annual

report to the Secretary of the Interior. With an in

crease in funding up to $2.7 million, studies will be

expanded in the early part of 1966. A goal for this

year will be expanded knowledge and data on retorts,

with a view to larger scale models.

U. S. Department of the Interior (Page 18 )

The Bureau of Mines has issued its revised five-

year mineral commodity report as Bulletin #630, and has

included a chapter on oil shale. The Pittsburgh Coal

Research Center has also submitted a vitally interest

ing report on Hydrorefining of Coal Oils. The 58th

National meeting of AIChE heard a report by Messrs.

Carpenter and Cottingham on Hydrogasif ication of Shale

Oil, and a comprehensive report on the results of in

vestigations by the Laramie Station.

A particular eye-opener is the U.S.G-S. survey on

World-wide Oil Shale occurrences. It contained an esti

mate that "23 trillion barrels of oil equivalent exists

in deposits yielding more than ten gallons per
ton."

Oil Shale Civil Actions (Page 25)

Court actions have finally started. This issue

presents the latest cases handled by Judge William E.

Doyle.

Detailed Review of Oil Shale (Page 37)

A detailed, comprehensive report on the Laramie

Petroleum Research Center activities informs us that

the Center plans to devote about two-thirds of their

time and funds to oil shale studies. Included is an

outline of the various studies to be made. An above-

ground retort has been completed, and will be used for

studies of retorting of ungraded oil shale fragments,

similar to the fragmentation expected in a nuclear

rubble filled chimney.



EBB

Sodium Mineral Occurrences in Green River Oil Shale

(Page 47)

A long, hard look is being taken at exploratory

drilling for soda mineral evaluation, which has dis

closed interesting and feasible economic prospects.

New discoveries of sodium mineral occurrences indicate

a need for viewing the Green River oil shale formation

with greater importance. The soda ash industry is facir:

an economic upswing by moving westward.

Geological Survey Reports Unusual Characteristics of

Alaskan Oil Shale (Page 67)

H. A. Tourtelot, U. S. Geological Survey, reports

on remote Alaskan oil shale deposits, surprisingly high

in metal content. The report has not been published

by the U. S. Geological Survey, but this report is repro

duced in the Appendix of this volume.



COMING EVENTS - OIL SHALE AND RELATED FUELS

March 22-31

American Chemical Society 151st National

Meeting, Pittsburgh, Pennsylvania.

Program Highlights

Symposium on Pyrolysis Reactions of Fossil Fuels:

March 24 - R. T. Struck, P. J. Dudt, E. Gorin.

Small Continuous Unit for Fluidized

Coal Carbonization.

J. B Howard, R. H. Essenhigh.

Pyrolysis of Coal Particles in a

Pulverized Coal Flame.

F. S. Karn, A. G. Sharkey, Jr.

Distribution of Gaseous Products from

Laser Pyrolysis of Coals of Various

Banks .

March 25 - G. R. Hill, D. J. Johnson, L. C. Miller,

J. L. Dougan. The direct Production of

a Low- Pour- Point, High-Gravity Shale Oil.

J. J. Cummins, W. E. Robinson. Pyroly

sis of Kerogen Concentrate in the Pres

ence of Calcium Hydride.

J. F. Jones, P. D. Barrick, J. H. Blake.

Pyrolysis of Oils Derived from Coal and

Oil Shale in a Fluidized Bed of Catalysts

N. Berkowitz, W. J. Mullin. The Kinetics

of CH4 and CO Formation During Pyrolysis

of Coal in the Temperature Range 570-

670.

W. H. Wiser, G. R. Hill, N. J. Kertamus.

A Kinetic Study of the Pyrolysis of a

High-Volatile Bituminous Coal .

G- P. Curran, R. T. Struck, E. Gorin.

Mechanism of H-Transfer to Coal and Coal

Extract.



Symposium on Characterization and Processing of

Heavy Ends of Petroleum:

March 25 - P. L. Cottingham, H. C. Carpenter.

Hydrocracking Prehydrogenated Shale

Oil.

J. Knotnerus. Constitution of Asphal-

tic Bitumen. Characterization of Bitu

mens by Means of a Combination of

Pyrolysis and Gas-Liquid Chromatography

April 19

Colorado River Water Conservation District, Regular

Quarterly Board Meeting, Glenwood Springs, Colo

rado.

April 14-15

Colorado School of Mines, American Institute of

Mining, Metallurgical and Petroleum Engineers, and

the Colorado School of Mines Research Foundation.

Third Annual Oil Shale Symposium, Hilton Hotel,

Denver, Colorado.

Program Highlights (Tentative)

John C. Winger, Vice President, The Chase Manhattan

Bank, will discuss in depth the United States

energy market, nationally and regionally, and the

possible role oil shale may play in it.

Commander 0. R. Butterfield, U. S. Navy, will pre

sent a paper on History, Present Status, and Con

templated Use of Naval Oil Shale Reserves.

Neal Nelson, Chief, Resources Group, Public Land

Law Review Commission, will speak on the current

status of activities of the land review commission.

Thomas Hildt, Jr., Bosworth, Sullivan and Company,

Denver, Colorado, will present the oil shale pic

ture from the investment banker's viewpoint.

Raphael J. Moses, Attorney, Boulder, Colorado, will

present a review of the present sources of water



for oil shale, including appropriation, conversion

of existing rights and contracts with the Bureau

of Reclamation for water in reservoirs presently

constructed or reasonably anticipated.

Kenneth E. Stanfield, Project Coordinator, Bureau

of Mines, Laramie, Wyoming, will present a paper

on Progress Report on Bureau of Mines Corehole,

Rio Blanco County, Colorado.

John J. Reed, Head, Mining Department, Colorado

School of Mines, will speak on The Economics of

Rock Mechanics.

H. F. Coffer, Vice President, Geonuclear Corpora

tion, Las Vegas, will speak on Commercial Applica

tions of Nuclear Explosives . . . The Answer to Oil

Shale?

M. A. Lekas, Special Projects Division, Atomic

Energy Commission, will speak on New Information

on the Use of Atomic Explosions for Recovery of

Shale Oil.

Clifford B. Farris, Colorado School of Mines, will

speak on operating characteristics and optimiza

tion of a gas-combustion oil shale retort.

T. N. Williamson, Director, Industrial Research

Department, Hughes Tool Company, Houston, Texas,

will present a paper on Speculative Concepts for

Mechanical Shale Mining Systems.

LeRoy Berti, Colorado School of Mines, will discuss

the use of a spouting bed reactor to produce shale

oil from oil shale.

May 8-11

American Mining Congress 1966 Coal Convention,

Pittsburgh, Pennsylvania

Program Highlights:

A New Look at Coal

By the Electric Utility Industry

J. K. Busby, Pennsylvania Power & Light



By the U. S. Bureau of Mines

W. P. Hibbard, Director, U. S. B. M

By the Investment Community

F. McCarthy, Adams Express Company

Application of Wheel Excavators

R. Hulette, McDowell-Wellman Company



COLONY DEVELOPMENT COMPANY

The prototype TOSCO process oil shale retort will

resume test operations in February. The conditions which

caused the foundations of the retort structure to settle

have been corrected, and the structure itself, which

was leaning, has been righted. Indications are that

the retort will be put into operation using stainless

steel, rather than ceramic balls, as the heat-transfer

media. If this is done, it should be regarded more as

a stop-gap measure to permit resumption of test opera

tions rather than a final solution to the ceramic ball

breakage problem.

Colony has set up a group to investigate alternate

retorting processes. The group is headed by Keith

Campbell, who reports to engineering manager Don Stoll.

Plant operators employed by Stearns-Roger Corpora

tion, the operating agent for Colony, have elected union

representation by the Millwrights Local 2834. In an

election held February 8, the Millwrights Local won out

over the Oil, Chemical, and Atomic Workers Union, and

the International Union of Operating Engineers .

Colony has remained active in its efforts to secure

water supplies for its oil shale developments. Colony's

specific actions are further defined in the "Water for

Oil Shale
Development"

section of this report.
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ANVIL POINTS OIL SHALE RESEARCH CENTER

Colorado School of Mines Research Foundation Submits

Annual Report to Secretary of the Interior

In accordance with Article III and Appendix I of

the Lease Agreement of May 1, 1964, the Colorado School

of Mines Research Foundation is required to submit an

annual report to the Secretary of Interior on the status

of the Initial Program at Anvil Points. On February 10,

1966, the Research Foundation submitted its annual re

port for the period January 1 - December 31, 196 5. The

salient features of the annual report are discussed

below.

The funding for Stage 1 of the Initial Program was

increased to $2,720,000 by unanimous consent of the

Participating Parties. It was estimated that these funds

will be expended by about 1 May 1966.

During 1965, many additional runs were made with

the smallest pilot retort (No. 1) , which had been modi

fied substantially in 1964. Studies were made to

further determine a,nd improve understanding of the ef

fects of shale rate, air rate, recycle gas rate, dilu

tion gas rate, preheated combustion air, shale bed

height and shale particle size on oil yield, oil quality
and operability. During 1966, these studies will be

continued and expanded to include investigation of the

effects of shale richness, to improve understanding
of the process and to investigate other problems which

may be indicated to establish operating conditions for

larger scale retorts .

Mechanical models were constructed and operated

during 1965 to investigate shale feed systems, shale

flow, shale drawoff, air-gas distributor design and

other problems affecting retorting. The results of

these investigations have been incorporated in Retort

No. 2 modifications. During 1966, these studies will

be continued to provide equipment design information

for larger scale retorts.



Colorado School of Mines Research Foundation Submits

Annual Report to Secretary of the Interior (Continued)

Based on the results obtained from Retort No. 1

and the mechanical model studies, Retort No. 2 (the

intermediate-sized pilot retort) was substantially

modified and operated during a large part of 1965.

Bureau of
Mines'

Run 21 was reproduced. Many runs were

made to determine the effects of air-gas distributor

configuration; air dilution and recycle gas rates; pre

heated combustion air; gas cooling rate and shale rate

on oil recovery. Investigations of the recovery of oil

and oil mist and the problem of dust carry-over in the

oil product were also made. During 1966, these studies

will be continued and be expanded to include the effect

of shale particle size range on oil yield, oil quality

and operability and to establish operating conditions

and equipment for larger size retorts.

The Anvil Points mine was reactivated during 1965

to supply shale for pilot retort operation. Mining

engineers were added to the staff and are engaged in

limited mining research. The work will continue during

1966.

Engineering and economic evaluations have been and

will continue to be made to guide the research program.

Several inquiries as to the possibility of using

the Anvil Points facility for work other than the Initial

Program have been made. The possible research by the

Caterpillar Tractor Company (for ripping of oil shale

in place) did not materialize. No other research work

outside of the Initial Program was done at Anvil Points

during 1965.

The Research Foundation's report stated that no

patents have resulted from the work at Anvil Points

during last year's operation or indeed from the start

of the program in May 1964.

10



Colorado School of Mines Research Foundation Submits

Annual Report to Secretary of the Interior (Continued)

During last year about $1,403,000 was expended on

research work. Most of this was spent on operating.

Research expenditures through 1965 total about $2,186,000

Table 1, on the page that follows, shows the project ex

penditures for 1965.

As of 31 December 1965 the participating oil com

panies had 21 engineers and observers present on the

job.

The organization chart for the operation on 20

December 1965 is presented as Figure 2 on a page that

follows.

The Research Foundation's annual report did not

mention the fact that the First Stage of the Initial

Program was to have been completed on November 1, 1965,

and that a six-month period had been allowed for con

tinuation of the Stage I test program. The report

did not predict whether or not the Stage II program would

commence on May 1, 1966, the end of the six-month exten

sion allowed for the Stage I program, although it did

estimate that funds for the Stage I program would be

expended by about May 1 of 1966.

11



Accompanied 196$

Annual Report to

Honorable Stewart

L. Udall

TABLE 1

Project Expenditures Through 31 December 196 5

Total Rehabilitation Operating

Expenditures prior to start-up

of operations 1 April 1964-

31 August 1964 $ 261,305.86 $ 217,255.62

Expenditures 1 September 1964-

31 December 1964

Expenditures During the Year

196 5

Tatal iroject Expenditures

521,646,79

1,402,671,53

105,673.74

47,953.90

$ 44,050.24

415,973.05

1,354,717.63

$2,185,624.18 $ 370,883,26 $1^814,740.92

Analysis of Project Expenditures Through 31 December 1985

Salaries and Wages

Other Employee Expenses -

Fringe benefits, living

allowances, travel, moving

and miscellaneous

Purchases of Equipment ,

Materials and Supplies

Leased Equipment and Sub-

Contracts

Other Project Expenditures

Total Project Expenditures

Total Rehabi li tat ion Operating

$1,017,107.42 $ 142,339.92 $ 874,767.50

316,719.80

507,358,61

106,679,85

237,7 58.50

40,446.44

107,985.99

30,093.71

50,017,20

276,273.36

399,372.62

76
,
586 . 14

187,741.30

$2, 185,624.18 $ 370,883.26 $1,814,740.92
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Oil, Chemical and Atomic Workers Win Election at Anvil

Points

The OCAW received 44 of 60 ballots counted to win

a union representation election which was conducted

among employees of the Colorado School of Mines Research

Foundation, Inc. , lessee and operator of the Anvil Points

Oil Shale Research Center.
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THE UNITED STATES CONGRESS

Federal Legislation Enacted Concerning Solid Waste

Disposal

Indicating that the problems of waste disposal

have become national in scope, the 89th Congress enacted

Public Law 89272, which amends the "Clean Air
Act"

and

which creates the "Solid Waste Disposal Act". The term

"solid
waste"

means discarded solid materials resulting

from industrial, commercial, and agricultural operations.

The significant provisions of this Act are reviewed

here because of the potential importance that this, and

subsequent legislation will have relating to the disposal

of spent shale from future commercial oil shale operations

The purposes of the Solid Waste Disposal Act are

stated to be:

(1) To initiate and accelerate a national

research and development program for

new and improved methods of proper and

economic solid-waste disposal, including

studies directed toward the conservation

of natural resources by reducing the

amount of waste and unsalvageable materials,

and by recovery and utilization of potential

resources in solid wastes; and

(2) to provide technical and financial assis

tance to State and local governments and

interstate agencies in the planning,

developme nt, and conduct of solid-waste

disposal programs.

The Act directs the Secretary of Interior and the

Secretary of Health, Education, and Welfare to cooperate

with, and render financial and other assistance to public

and private agencies, and to individuals in the promotion

15



of investigations, experiments, and studies relating to

methods of solid-waste disposal concerning appropria

tions. Section 210 of the Act states:

(a) There is hereby authorized to be appro

priated to the Secretary of Health,

Education, and Welfare, to carry out this

Act, not to exceed $7,000,000 for the

fiscal year ending June 30, 1966; not to

exceed $14,000,000 for the fiscal year

ending June 20, 1967; not to exceed

$19,200,000 for the fiscal year ending

June 30, 1968; and not to exceed $20,000,000

for the fiscal year ending June 30, 1969.

(b) There is hereby authorized to be appro

priated to the Secretary of the Interior,

to carry out this Act, not to exceed

$3,000,000 for the fiscal year ending

June 30, 1966; not to exceed $6,000,000

for the fiscal year ending June 30, 1967;

not to exceed $10,800,000 for the fiscal

year ending June 30, 1968; and not to

exceed $12,500,000 for the fiscal year

ending June 30, 1969.

Representative Aspinall Discusses Political Aspects of

an Emerging Oil Shale Industry

Wayne N. Aspinall, long-time Representative of

Colorado's Fourth Congressional District, in a major

address before the 95th Annual AIME meeting in New York

City, March 1, 1966, recommended that "experimental and

research"

leases of federal oil shale lands be granted.

Aspinall'

s address was entitled, "Political Aspects of

an Emerging Oil Shale Industry".

Aspinall is Chairman of both the powerful Interior

and Insular Affairs Committee of the House of Represen

tatives, and the Public Land Law Review Commission,

established by the Congress in 1964. Aspinall reasons

that the Secretary of the Interior, under present

16



authorization, should be able to come up with a lease

that would permit research and development and still

would protect the public interest. He notes that

development requirements frequently are written into

leases as are provisions for minimum expenditures and

annual production requirements.

Regarding the depletion allowance question, Aspinall

mentioned his sponsorship of legislation in the past to

clarify the point of application. He states that, "for

the present, at least, the problem may not be one of

legislation but positive and constructive action on the

part of administration officials to implement legisla

tion"

. Presumably he refers to Treasury Department

officials in this case.

Aspinall clearly stated his belief that private

industry should develop oil shale and pledged his support

and assistance in helping to resolve the problems of

creating a viable oil shale industry in our competitive

free enterprise system.
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UNITED STATES DEPARTMENT OF THE INTERIOR

Bureau of Mines Reports on Hydroref ining Coal Oils to

Jet Fuel

Results of laboratory scale experiments on the

desulfurization and hydrogenation of distillable oils

derived from coal were reported by the U. S. Bureau of

Mines Pittsburgh Coal Research Center as Report of

Investigations #6655 by Hawk, C. 0., et al, entitled,

Hydroref ining Coal Oils to Fuels for Supersonic Aircraft.

This report is an account of experiments whose objective

was to improve the two-step desulfurization-saturation

process employed in an earlier work reported by

Schlesinger, M. D., in U. S. Bureau of Mines Report of

Investigation #5902, Synthetic Fuel From Coal for

Supersonic Aircraft.

In one set of experiments, a distillable oil frac

tion rich in aromatics, produced by
low- temperature

carbonization of high-volatile, "A"-bituminous, (hvab) ,

coal was desulfurized at twice the oil feed space velo

city; then hydrogenated to a naphthenic jet- fuel fraction

at three times the oil feed space velocity reported in

R.I. #5902, a study with a similar oil. The yield of the

final product was slightly more than 1 percent of the

weight of coal carbonized.

In similar experiments with a distillable aromatics-

rich fraction from the liquid phase hydrogenation of

high-volatile, "C"-bituminous (hvcb) , coal, the desulfuri

zation was done at 3 times the space velocity of the

original tar oil experiments, but the feed rate in the

hydrogenation step could not be increased above the

originally reported value. The final product from these

experiments was also naphthenic, and the yield was about

12 percent of the weight of coal hydrogenated.
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Bureau of Mines Includes "Oil
Shale"

Chapter in 1965

Edition of "Mineral Facts and
Problems"

At five-year intervals, the U. S. Bureau of Mines

issues a revised edition of Mineral Facts and Problems,

a bulletin intended to present broad background infor

mation on mineral commodities. The 1965 edition of

Mineral Facts and Problems has just been published as

U. S. Bureau of Mines Bulletin #630. The 1965 edition

contains a chapter on oil shale. The highlights from

this oil shale chapter are summarized below.

The Bureau of Mines predicts that shale oil will be

utilized in much the same manner as petroleum, and will

become a supplemental source of liquid fuels. Gasoline,

jet fuel, diesel fuel and fuel oils should be the major

shale oil products.

The Bureau states that the industry and government

must overcome many major problems that now confront them.

These problems include:

1. Unsolved legal matters and questions of

public policy

2. The need for measures to insure conservation

and multiple use of the several natural

resources involved, which are:

a. Oil and gas

b. Sodium minerals

c. The land itself, its esthetic and

recreational values.

3. Problems of stream and air pollution and spent

shale disposal.

Bureau of Mines Reports on Hydrogasif ication of Shale Oil

H. C. Carpenter and P. L. Cottingham of the U. S.

Bureau of Mines, Laramie, Wyoming, presented a paper
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Bureau of Mines Reports on Hydrogasification of Shale

Oil (Continued)

entitled Hydrogasification of Shale Oil , at the 58th

National Meeting of A.I.Ch.E., Dallas, Texas, February

1966.

The paper reported the results of investigations by
the Laramie Bureau of Mines Station to determine methods

of obtaining pipeline gas from Colorado oil shale crudes.

This oil contains high percentages of sulfur, nitrogen

and oxygen-containing compounds; therefore, thermal

methods to produce liquid or gaseous fuels from crude

shale oil must be considerably more complicated than with

conventional petroleum crudes. This report dealt pri

marily with catalytic hydrogasification of the raw shale

oil, whereas, previous investigators have shown that

pipeline gas may be produced by thermal or non-catalytic

hydrogasification.

Previous work by the Bureau of Mines indicated that

high yields of products suitable as charge stocks for

additional refining by conventional techniques can be

produced by catalytic hydrocracking at pressues above

3000 psig. Attempts to duplicate these results at lower

pressures indicated that catalytic hydrocracking below

2000 psig resulted in lower liquid recoveries and an

increase in the production of methane and ethane. This

result suggested that the use of lower pressures might be

beneficial in the production of pipeline gas by hydro

cracking shale oil. However, preliminary investigation

indicated that low-pressure operation, in the neighborhood

of 500 psi, resulted in the production of large quantities

of coke. Therefore, a pressure of 1000 psi was selected

for the experiments presented in the report. At this

pressure, gas yields were high, and coke production was

minimized. Basic hydrogen equipment utilized for the

experiments at the Laramie Petroleum Research Center has

been previously described in Bureau of Mines publications

and modifications thereto were completely described in the

paper .
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Bureau of Mines Reports on Hydrogasification of Shale

Oil (Continued)

The products from the reactor were separated in two

high pressure separators operating in series as hot,

(around 350F) , and cold, (around 40F) , receivers. At

the conclusion of each experiment, liquid products

from both receivers were combined and separated by
distillation into three major product categories: A

low boiling material collected by chilling with dry
ice and acetone; a naphtha fraction boiling up to 400F;

and a recycle oil fraction containing everything boiling
above 400F.

Two feed stocks were used in the experiment, a crude

shale oil and a prehydrogenated shale oil. The crude

shale oil was prepared from Green River oil shale by
Gas-

Combustion retorting. It was filtered to reduce the ash

content prior to utilization in the experimental appartus

The prehydrogenated oil was prepared from the crude shale

oil by hydrogenation at 657F and 1000 psig, using one

volume of oil per volume of catalyst and six cubic f~et

of hydrogen per barrel of oil, in the presence of cobalt

molybdenum catalyst. The hydrogen, oxygen, and essentially

all of the iron, zinc, and arsenic originally present in

the oil were removed in this manner. Carbon residue was

also reduced.

The catalyst used in hydrogasification was a 2.1%

cobalt oxide and 9.1% molybdenum trioxide on an aluminum

carrier. Fifteen experiments were made involvinq once-

through operations with the crude shale oil at max Lmum

temperatures from
989

to 1226F. Four experiments were

made with the prehydrogenated shale oil in once- through

operations at temperatures ranging from
1154

to 1209F.

Twelve of the catalytic hydrogasification experiments were

made in the presence of the cobalt molybdate catalyst, and

three were thermal experiments with inert alundum granules

substituted for the catalyst. Of the four experiments

with the prehydrogenated oil, two were thermal and two

were catalytic. Each experiment was run for six hours at
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Bureau of Mines Reports on Hydrogasification of Shale

Oil (Continued)

1000 psig pressure with 12,000 scf of hydrogen per barrel

of charge stock, and space velocities ranging from .25 to

1.0 volume of oil per volume of catalyst per hour.

Hydrogen feed rate was slightly more than stoichiometric.

Results from the experiments indicated that at any

given temperature the highest gas yield was obtained at

the lowest space velocity, and, at any given space

velocity, the highest temperature gave the greatest con

version to gas. In general, the yields of pipeline gas

produced from the catalytic hydrogasification process were

greater than those obtained in the thermo-hydrogasif ication

experiments. A complete listing of the properties of the

effluents from all the major experiments are indicated in

the report graphically as: "Weight Percent Methane versus

Percent Liquid Product", and "Total Hydrocarbon on Gas

Yield in Standard Cubic Feet per Barrel versus Processing

Temperature for Various Space Velocities".

It was suggested that a further study using a wider

range of conditions would be required to select the most

desirable operating conditions. Following the presenta

tion the author pointed out that the purpose of the

experiments was not to select
an1 economical method for

producing pipeling gas, but rather to investigate methods

which may, in the future, be important.

U.S.G.S. Publishes Literature Survey on Worldwide Oil

Shale Occurrences.

Geological Survey Circular 523 J/ is a comprehen

sive, useful review of published literature on occur

rences of oil shale and other rocks containing organic

1/ "Organic-Rich Shale of the United States

and World Land
Areas"

by ponald C. Duncan

and Vernon E. Swanson, 19^5.
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U.S.G.S. Publishes Literature Survey on Worldwide Oil

Shale Occurrences (Continued)

matter. The list of references cited should be of value

to geologists and others concerned with oil shale ex

ploration.

Some publicity at the time the report was r e It ^ :;:::!

was given the estimate by the authors that 23 trillion

barrels of oil equivalent exists in deposits that will

yield more than 10 gallons per ton. This figure is

largely meaningless as are other "total resource esti

mates"

in that, economic factors, such as, depth, thick

ness, location, etc., are not taken into account.

The bulletin contains an estimate of 80 billion

barrels of oil equivalent "in parts of higher grade ac

cessible deposits that are considered recoverable under

present conditions". Even this estimate loses soir.d

value when the authors note that the estimate is based

on the flat assumption that "about 50 percent of the ci)

shale in place is assumed to be minable under present

conditions". Since it is certain that very little of

the 80 billion barrels of oil will be produced under

"present
conditions"

what real value does the estimate

have? Suffice to say, all estimates of oil shale re

sources have long since established that shale oil re

serves are large. The tabulation that follows gives

the U.S.G.S. estimate of resources of organic-rich shale

worldwide .
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OIL SHALE CIVIL ACTIONS

Government Wins Oil Shale Civil Action Case

On February 16, 1966, United States District Court

Judge William E. Doyle issued his MEMORANDUM OPINION AND

ORDER in Civil Action Case 8542, ruling in favor of the

defendant, the Secretary of the Interior, that oil nhale

is covered by the term
"oil"

under the Act of certain

mineral rights on homestead patents to the United States.

The issues before the Court in this civil action

are unique and separate from those of any of the other

13 oil shale civil action cases now before the United

States District Court in Denver. In order that the

issues in this civil action may be best understood,

certain excerpts from Judge Doyle's MEMORANDUM OPINION

AND ORDER of February 16th, are reproduced below.

"Involved herein is the question of whether the

plaintiff, (C. W. Brennan) ,
is entitled to the oil

shale content of certain lands obtained by plaintiff's

predecessor in title through a patent pursuant to the

Homestead Act (43 U.S.C. 161), and subjected to the

conditions of the Act of July 17, 1914, (30 U.S.C.

121, et. seq. ) .

"Application for the
'Baxter'

patent was made in

1907 by George Baxter, who described the land as non-

mineral. On December 18, 1909, Baxter filed with the

Land Office at Glenwood Springs, Colorado his formal

application to enter the land under the 1891 Homestead

Act. On July 17, 1914, Congress passed a statute 'to

provide for agricultural entry of lands withdrawn,

classified, or reported as containing phosphate, ni

trate, potash, oil, gas, or asphaltic minerals', (30

U.S.C. 121). The controversy here centers around the

meaning and applicability of this statute. This 1914

Act allowed homestead entry of lands classified as
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mineral provided that the entryman would agree to

reserve to the United States title to the mineral for

which the land was classified as valuable. Its purpose

was, therefore, to allow the issuance of agricultural

patents on mineral lands provided an appropriate reser

vation was made. Subsequently, on May 23, 1916, the

Commissioner, General Land Office, acting pursuant to

the 1914 Act, classified some 87,000 acres of oil shale

land in Colorado as mineral land, valuable as a source

of petroleum and nitrogen.

"Baxter's land was among the tracts which were

classified by the Commissioner on this occasion. On

June 29, 1916, the Commissioner advised the Register

and Receiver at Glenwood Springs, Colorado, that the

classification had been made without withdrawal and

would be operative under and subject to the provisions

of the act of July 17, 1914. Baxter did not receive

the letter classifying his land as oil shale land, nor,

apparently, a copy of the Commissioner's letter advis

ing the Register and Receiver in Glenwood Springs, that

the classification had been made pursuant to the 1914

Act.

"In any event, when Baxter applied to make final

proof before the Glenwood Springs Register, he was

advised that he would have to sign a 'petroleum waiver'.

In making final proof on January 13, 1917, Baxter cer

tified that to his knowledge there was no indication of

any kind of minerals on the land. The final certifi

cate, issued to Baxter January 25, 1917, contained a

notation that the patent was to contain provisions,

reservations, conditions and limitations in accordance

with the Act of July 17, 1914, 'as to nitrates, oil and

gas'. Consequently, on September 22, 1917, Baxter was

issued a patent.

"Following the issuance of the patent there appar

ently were no noteworthy happenings until October 27,

1963. The plaintiff herein at that time petitioned the

Director, BLM, demanding a decision that 'oil
shale'

was not included as 'oil, gas or
nitrate'

as used in
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the 1914 Act. The BLM issued an opinion which became

the final decision of the Department of Interior, re

corded on January 14, 1964. We are called upon to

determine the correctness of this decision.

"Plaintiff advances several arguments in support

of his theory that the Department's decision is invalid

and must be reversed. First, that the patent itself

must be strictly construed; that it fails to contain

any mention of oil shale and at this late date cannot

be changed. Secondly, that the Secretary of Interior

lacked authority to make any kind of reservation under

the 1914 Act in Baxter's patent; that the Secretary

lacked power to make any kind of a classification in

1916 inasmuch as Baxter had already entered the land

and occupied it under the 1891 Homestead Act. In this

connection, plaintiff calls attention to the "Pickett

Act'

of June 25, 1910, (43 U.S.C. 141). This ex

pressly prohibits the President from withdrawing lands

entered in good faith under the homestead laws prior to

the attempted withdrawal. The crux of the plaintiff's

argument in this regard is that the Secretary's power

to classify lands cannot be broader than the President's

power to withdraw lands.

"Plaintiff also argues that the 1914 Act could not

in any event be applied to the Baxter land in that it

does not and cannot have any retroactive effect.

"Plaintiff's third point is that the reservation

in question did not reserve oil shale; that the 1914

Act under which the reservation was made, reserves oil

and gas and that this does not and cannot result in a

reservation of oil
shale."

Whether the Secretary Had Power to Classify the Land in

Question:

"We conclude that as long as the United States

continues as the true owner of lands entered pursuant
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to the Homestead Act, those lands must be regarded as

public within the meaning of the 1879 Act and subject

to classification and reservation of minerals.

We conclude merely that Baxter's right was not a right

to unrestricted patent on the homestead to which he had

not filed final proofs. It follows therefore, that

neither the classification of Baxter's land nor the

insertion of the reservation to the U. S. of minerals

discovered thereon were rendered invalid by reason of

Baxter's prior
entry."

II

Whether the 1914 Act by Its Terms Applies to Entries

Made Prior to Its Enactment:

"It must be concluded that the 1914 Act embraced

within its terms lands entered prior to classification

and prior as well to the passage of the Act. It

applied to Baxter's lands and it did not deprive hint of

any constitutional
right."

Ill

Whether
"Oil"

as Used in the Act and in the Patent

Embraces Oil Shale:

"In sm, we hold that the plaintiff has failed to

sustain his burden of proof. We must, therefore, con

clude that the term
'oil'

as used in the 1914 Act per

mitting homestead surface patents to issue on mineral

lands withdrawn or classified as
'oil'

or valuable for

'deposits'

thereof, with a mineral reservation to the

United States 'of the deposits on account of which the

lands were withdrawn or classified or reported as valu

able', was used by Congress in a broad generic sense

and that it encompasses all sources of oil which were

then known.

"It follows that oil shale is covered by the term

'oil'

as used in the Act, and that the reservation in

Baxter's patent under the 1914 Act reserved the rights
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to the oil shale content of his land to the United

States."

This civil action case is totally unrelated to all

other civil action cases before the United States

District Court. The decision, rendered in favor of the

government, does not infer that the government has won

the "first
round"

in the issues involved in the other

civil actions. Civil Action 8542 was concerned only with

those homestead lands taken to patent at a time which

caused them to be affected by the reservations stipulated

in the 1914 Act. The wording of the reservations varied

from patent to patent. On some patents, only oil and gas

were reserved. On others, oil, shale, and asphaltic

minerals were reserved. The plaintiff in this civil

action argued that the government had no authority to

withhold or reserve oil shale from the homestead patents.

While no estimate of the total acres of homestead lands

affected by the 1914 Act will be made, the decision in this

case could certainly have affected more than "Baxter's

160-acre homestead", and the decision here is significant

in that the oil shale rights on such lands have been defined.

The Humble Oil Company had optioned some of the

homestead lands affected by the 1914 Act, and undoubtedly

hoped that a favorable decision by the court would afford

a means by which Humble could acquire rights to the oil

shale deposits contained on such lands.

Four Colorado Oil Shale Civil Action Cases Consolidated

for Trial

On February 15, 1966, Judge William E. Doyle of

the United States District Court in Denver issued his

ORDER consolidating civil action cases 8680, 8685, 8691

and 9202 for trial. In each of these cases, plaintiffs

had entered MOTIONS for consolidation of the cases.

No trial date has been set.

The issues in these cases are basically similar,

and are concerned with contesting the April 17, 1964
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rejection of unpatented oil shale placer claims by the

Department of the Interior on grounds that the claims

were declared null and void in the early
1930'

s for

failure of the claimants to perform annual assessment

work. This rejection decision was made even though a

Supreme Court decision (Ickes vs. Virginia-Colorado

Development Corporation, 295 U.S. 639, 1935) held that

failure to perform annual assessment work was not a

ground for cancellation by the government of unpatented

oil shale mining claims. The Department, however, con

tends that even though their original cancellations (in

the mid-1930 's) were incorrect, under the principles of

finality of administrative action, estoppel by adjudi

cation, and res judicata, the decisions cannot now be

challenged .

Last year, the government attorneys entered a

MOTION for dismissal of civil action case #8680 which

Judge Doyle denied, it being a MOTION which Doyle

described as "wholly lacking in merit".

Plaintiffs in these four civil actions are:

#8680 TOSCO

#8685 Wasatch Development

#8691 Barnette T. Napier

#9202 P. C. Brown/TOSCO
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WATER FOR OIL SHALE DEVELOPMENT

General Discussion

The seven states within the Colorado River Basin

are engaged in controversies resulting from the pend

ing approval of legislation which will authorize the

Central Arizona Project. The CAP will put to use

essentially all of Arizona's allotted share of Colo

rado River water. California has long consumed more

than its allotted share, while several of the Upper

Basin states still do not consume all that is allotted

to them. Recent studies indicate that the Upper Basin

states will encounter shortages of water. Rhubarbs

between the Upper and Lower Basin have developed, and

also between New Mexico and Arizona, between Colorado

and other Upper Basin states, etc., concerning the

amount of water left over for the Upper Basin after

the Lower Basin uses all of its allottment. At this

writing, one can only hope that amicable agreements can

be reached which will allow construction of the CAP as

well as water projects in the Upper Basin and in West

ern Colorado. Numerous hearings and conferences have

dominated the time and efforts of the Federal and state

water agencies of the area.

Nevertheless, some activity has occurred in Colo

rado concerning the acquisition of water supplies for

oil shale, coal, and other industrial uses. Highlights

of these activities are shown on the fold-out map pre

sented on the following page.

Exploratory Drilling to Start at Site of Bear Wallow

Dam.

Colony, Humble, and Red Canyon Corporation are

participating in the construction of the Bear Wallow

reservoir project on Canyon Creek, ENE of Rifle, Colo

rado. The site is indicated on the fold-out map on

the following page.
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Exploratory Drilling to Start at Site of Bear Wallow

Dam (Continued)

Boyles Bros. Drilling Company will do exploratory

drilling at the damsite this coming field season.

Controversey Arises Over Rio Blanco Reservoir Site.

The Federal Power Commission has granted the Colo

rado River Water Conservancy District the right to

intervene in special hearings, scheduled for May 23, on

an application by Rocky Mountain Power Company for per

mission to build a $130 million water storage/power genera

tion facility in three Western Slope counties. The

Conservancy District's petition to intervene stated

that Rocky Mountain Power Company's project would inter

fere with the District's plan to develop the Rio Blanco

reservoir on the South Fork of the White River in Rio

Blanco County. Rocky Mountain Power proposes to build

the
"Meadows"

dam at the same site as is proposed by

CRWCD for its Rio Blanco dam.

The CRWCD had previously approved a contract with

Humble Oil Company whereby Humble would pay all costs

for construction of the Rio Blanco reservoir facility,

and would be reimbursed for 4/9ths of the cost of the

facility, which would ultimately be used by others.

Colorado River Water Conservation District Withdraws

Objection to Amendment of Water Filing by Getty Oil.

The CRWCD approved a revised claim by Getty Oil

for 48 cubic feet of water per second to be diverted

from a point along the Colorado River that would fall

within the area covered by the proposed Una reservoir.

Getty, through its attorney, Warren Turner of Grand

Junction, asked the CRWCD to withdraw its objection in

exchange for:

1) Getty not asking for any compensation

should its intake structure be flooded

by Una reservoir.
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Colorado River Water Conservation District Withdraws

Objection to Amendment of Water Filing by Getty Oil.

(Continued)

2) Changing his point of diversion to the tail

race of Una Reservoir should that feature

be constructed first .

3) Changing his filing date from 1950 to

November, 1956.

By a vote of the members at a January 18 meeting

of the Board, the CRWCD withdrew its objections

to Getty's amendment of its filing.

U. S. Geological Survey Folder Shows Water Investiga

tion Areas.

The U.S.G.S. has published a 10-page folder en

titled, Water Resource Investigations in Colorado, 1965,

which presents basic data on studies underway in Colo

rado for the collection of water information. The folder

can be obtained free from the Geological Survey office,

Denver Federal Center, Bldg. #25. Reproduced on the

page that follows is a map from the folder which shows

areas within Colorado where water investigations were

in progress in 1965.

Three Firms Indicate Interest in Purchasing Water from

Proposed Rangely Reservoir.

Feasibility studies are nearly completed by the

Bureau of Reclamation on the Rangely project, which

includes a proposed reservoir called the Rangely reser

voir, capable of impounding 100,000 acre feet of wa
3."

for municipal and industrial use. The reservoir w:.ll

be located on the White River near the town of Rangely,

Colorado. Three firms have requested permission to

purchase water from the proposed Rangely reservoir,

through contract arrangements with CRWCD. These firms

are:
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Three Firms Indicate Interest in Purchasing Water from

Proposed Rangely Reservoir (Continued)

1. Atlantic Refining Company proposes to pur

chase 30,000 acre feet of water per year.

(Atlantic has coal reserves in the area) .

2. American Hydrocarbons Company proposes to

purchase 25,000 acre feet of water per year.

(American has coal reserves in the area) .

3. Industrial Resources proposes to purchase

38,000 acre feet of water per year.

Colony Contracts for 7200 A.F. Water/Year from Green

Mountain Reservoir.

The Colony partners have signed a contract with

the Bureau of Reclamation for water from Green Mountain

reservoir for use in oil shale development. The con

tract, which is renewable, will run for 40 years be

ginning with the first water delivery. The contract

calls for a payment of a $4250 annual "readiness-to-

serve"

fee, or $8.50 per acre foot for a minimum of 500

acre feet per year. A maximum of 7200 acre feet/year

are available to Colony at the $8.50/A.F. figure. The

$8.50/A.F. charge will apply for the first five years.

The charge will be increased each succeeding 5-year

period up to a $10.46/A.F. charge which will apply to

the final 5-year period. Colony must pay $1000 per

year until it makes its first request for water.

Water released from Green Mountain reservoir for

Colony's use will flow down the Blue River to the Colo

rado River, then down the Colorado past the Rifle area.

Water will then be delivered to the Colony site by

pump and pipeline which takes the water from the Colo

rado in a quantity equal to the release from Green

Mountain.
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Bureau of Reclamation Considers Tying Water Supplies

Together.

When municipal and industrial water supplies are

Stored behind Reudi dam, now under construction on the

Fryingpan River, this new supply will be considered as

a source of water for supplying demands of future water

contracts with the Bureau of Reclamation. As explained

by the contracting officer of the Denver office of the

Bureau of Reclamation, this would permit the Bureau to

contract for delivery of water which could be supplied

from either or both reservoirs, at the discretion of

the Bureau.

Interior Establishes Uniform Charge for Municipal and

Industrial Water

The
"mainstem"

reservoirs of the Colorado River

Storage Project (CRSP) are Glen Canyon, Flaming Gorge,

Navajo, and the three Curecanti reservoirs. While none

of these mainstem reservoirs are located in the oil

shale area of western Colorado, it is of interest to

note that Interior has established a uniform rate of

$7 per acre foot for diversions of municipal and in

dustrial water from these reservoirs.

Taking into account existing water uses and poten

tial upstream withdrawls by participating projects in

future years, Interior estimates that about 2,000,000

acre feet of water remain that can be withdrawn from

or below the
"mainstem"

reservoirs.

Colony Completes Studies on Yeoman Park Reservoir

Project

A project, sponsored by Colony Development Company
and the town of Eagle, Colorado, for construction ox

the Yeoman Park reservoir facility, is still under

consideration. Colony engaged the firm of Wright Water

Engineers to study the project. The studies have been

completed.
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Construction Proceeds on Reudi Dam

One full year's construction has been done on the

Reudi dam project located on the Frying Pan River in

Pitkin County. A by-pass tunnel has been completed

which will divert the Frying Pan River during construc

tion of the dam. Stripping of material from the founda

tion area is underway. When completed, this reservoir

should impound 100,000 acre feet of water per year for

municipal and industrial use; water which will be avail

able for contract purchase from the Bureau of Reclama

tion.

Bureau of Reclamation Completes Drilling of Sites

Exploratory drilling at the sites of the proposed

Una and Mt. Logan dams in the heart of Garfield County's

oil shale area have been completed. Apparently, founda

tion conditions at the Una dam site are very good.

Feasibility studies on these facilities are continuing.

Colorado Legislature Approves Water Pollution Measure

Senate Bill No. 2, a Bill to prevent, abate, and

control the pollution of the waters of the state, was

forwarded to the Governor for his signature. The Bill

creates an eleven-member Water Pollution Control Com

mission. Members will be chosen from:

a. State Board of Health, 1 member.

b. Water Conservation Board, 1 member.

c. Natural Resources Coordinator, 1 member.

d. Public at large, 7 members, of which,

1 will be from agriculture

1 from city or county government

1 from industry

4 at large

Presented in the Addendum section of this

report is a reproduction of Senate Bill No. 2

as forwarded to the Governor for his signature

Governor Love is expected to sign the measure.

36



A DETAILED REVIEW OF CURRENT OIL SHALE RESEARCH

PROGRAM AT LARAMIE PETROLEUM RESEARCH CENTER

Introduction

For Fiscal Year 1966, the Bureau of Mines received

an appropriation of $3.3 million to conduct its petro

leum and oil shale research program. The Laramie Petro

leum Research Center has been allocated $1.2 million

from this appropriation. The Laramie Center has also

received about $155,000 from industry and from other

government agencies in support of cooperative programs .

The research program at Laramie is devoting about

one-third of their effort to petroleum and about two-

third's to oil shale.

That portion of the Laramie Center's research pro

gram that concerns oil shale is discussed herein under

separate headings .

Determination of Characteristics of Oil Shale

For the derivation and accumulation of information

concerning the character, composition and properties of

oil shales, the Center's level of effort utilizes appro

ximately 5 chemists, 1 geologist, 1 technician and 3

aides. The characterization studies in progress consist

of:

(1) Determination of the oil yield of samples of

unevaluated domestics oil shale deposits.

Results, as collected, are published in a

continuing series of publications known as

Bureau of Mines "Report of Investigations".

(2) Determination of physical properties of oil

shale and the nature of its occurrence in

deposits .

(3) Determination of the thermal properties of

oil shale and the thermal reactions of oil

shale .
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Determination of Characteristics of Oil Shale

(Continued)

(4) Determination of the amounts and types of

organic and mineral components in oil shale,

their chemical compositions and reactions.

(5) Investigations concerning the geo-chemistry

of oil shale, the mechanisms and the processes

involved in the formation of oil shale deposits

Research Concerning Constitution and Reactions of

Kerogen and Shale Oil

The Laramie Center's present research program con

cerning the constitution and reaction of kerogen and

shale oil involves four separate groups. The total

effort requires about 13 chemists, 1 physicist and 3

physical science aides. The studies of the four re

search groups include:

(1) Determination of knowledge necessary to ade

quately describe the raw material, kerogen,

from which shale oil and its products must

be made. Intermediate aspects of this work

concern:

a. Studies of the benzene-soluble organic

material present in oil shale in order

to identify chemical structures.

b. Compositional studies of the hydrolysis

products obtained by reaction of methan-

olic potassium hydroxide and oil shale.

It is believed that data obtainable will

yield information relative to the present

composition of kerogen and to changes that

have taken place since it was first laid

down in ancient lake beds.

c. Studies concerning the change in carboxyl

and ester functional groups with strati-

graphic depth. The Center is attempting
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Research Concerning Constitution and Reactions of

Kerogen and Shale Oil (Continued)

to correlate these data with changes in

the nature of the Fischer assay oil com

ing from shale mined at various depths.

d. Studies of the pyrolysis of oil shale

under controlled temperatures, pressures

and several types of atmospheres.

(2) Composition of shale oil products. The

Center's work on the composition of the heavy

gas-oil fractions is essentially complete.

Detailed analyses of the paraffin,
cyclo-

paraffin, olefin and aromatic fractions of

shale oil will be published during 1966. The

tar bases extracted from catalytically-hydro-

fined naphtha are being investigated in detail.

A report has been submitted to the Journal of

Chemical and Engineering Data concerning a

study of the porphyrins in shale oil.

(3) Reactions in shale oil components. The ob

jective of these studies is to exploit differ

ences between shale oil and petroleum. Ultra

violet light is being used as a means of

changing shale oil components, attempting to

demonstrate that shale oil can be beneficiated

by the specific reactions initiated by appli

cation of ultraviolet light.

(4) Spectroscopic research. By spectroscopic

methods, the Center is seeking information

concerning molecular structure of the highly-

complex materials encountered in oil shale.

Conversion of Oil Shale and Shale Oil

The current work concerned with converting kerogen

to shale oil and with converting shale oil to useful

products requires the services of about 4 chemists,
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Conversion of Oil Shale and Shale Oil (Continued)

7 chemical engineers, 1 geologist, 1 administrative

representative and 3 technicians or aides. Under con

sideration at the present time are:

(1) Laboratory studies of situ retorting
pro-

lems. The purpose of this project is to

obtain fundamental data needed for the engi

neering and design of an situ retorting

project. Studies are underway concerning

thermal conductivities, diffusivities of

various grades of oil shale , spent shale and

burned shale, and concerning the effects of

air and shale rates, particle size and other

variables on combustion of residual carbon.

(2) In situ retorting of oil shale. The Center's

purpose here is to investigate non-nuclear

methods of creating permeability and to study

and design iji situ retorting procedures.

Methods under consideration include:

a. Acid leaching

b. Electro- fracing techniques

A field test of the electro-carbonizing or

electro-fracing technique is being set up

between Rock Springs and Green River, Wyoming.

Five holes, 125 feet deep, were drilled in an

unsymmetrical pattern designed to provide dis

tance between electrodes of from 25 feet to

100 feet. (Anything less than 25 feet is not

worthwhile, and anything greater than 100 feet

is too much to hope for) . Initial drilling

at the site encountered considerable water,

and some of the holes were relocated at an

"up-dip"

position from the original holes

drilled. All holes were finished early in

February. At the time of this writing, it

was planned to put the voltage to the elec

trodes within possibly 3 week's time. The
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Conversion of Oil Shale and Shale Oil (Continued)

presence of water in the chosen area for the

tests was a surprise. The effect of the water

on the results of the future tests can only

be contemplated. One school of thought supports

the contention that water in the formation

provides necessary conductivity.

Representatives from the Bartlesville station

of the Bureau of Mines will observe the elec-

tro-fracing tests in oil shale and will possibly

decide to test their
"nitro-fracing"

technique

in oil shale if conditions should be favorable

after completion of the "electro-f
racing"

tests.

(3) Use of nuclear energy for processing oil shale.

This investigation, in cooperation with the

A.E.C., involves studies of the use of nuclear

explosives to fracture and fragment oil shale,

preparing it for situ retorting.

An above-ground retort has just been completed

and it will be used for studies of the retort

ing of ungraded oil shale fragments similar

to those expected in a nuclear rubble-filled

chimney. The retort dimensions are 60-inch

I.D. x 10 feet high. Ungraded shale of sizes

up to 20-inch maximum fragment size will be

retorted. The coarse, ungraded shale will

be hand-loaded into the retort from the top.

When full, the retort will be closed and the

shale retorted. Retorted shale will be re

moved from the kiln by hand unloading, a

reasonable procedure when one of the objectives

of the program will be the close examination

of the retorted fragments.

If results from retorting of 20-inch ungraded

shale indicate the need for more information,
a simulated nuclear fracturing experiment

will be designed and a site for such an experi

ment will be selected.
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Conversion of Oil Shale and Shale Oil (Continued)

The current program presumes that a possible

nuclear detonation in oil shale can be accom

plished in Fiscal Year 1968.

(4) The physical chemistry of oil shale. In this

effort, information is being obtained concern

ing particle size, size distribution of mineral

constituents, surface area, pore structure,

pore volume, the nature of the distribution

of the organic matter within mineral matrice

and the nature of the bonding of organic

matter to the mineral phase.

Because the organic matter is not uniformly

distributed in the different shale beds, the

formations may be considered to encompass

many oil shales, each characterized by its

inherent organic content, structure and physi

cal properties. Studies are being made,

therefore, on many shale samples ranging in

grade from 1 to 60 gallons of oil per ton.

A paper is in preparation discussing some

of the current information developed.

(5) Observation of research operations at the

Anvil Points Research Facility. Pursuant

to the lease agreement between the Department

of Interior and the Colorado School of Mines

Research Foundation, the Bureau of Mines must

station observers at the Anvil Points facil

ities to observe and evaluate any research

projects undertaken.

This effort requires 2 or 3 chemical engineers

and 1 administrative representative. Follow

ing the legal waiting period, the Bureau of

Mines will publish any significant results

which have not been published by the research

organization.
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Conversion of Oil Shale and Shale Oil (Continued)

(6) Conversion of shale oil. This research effort

has the objective of investigating methods

for converting shale oil to an oil more nearly

resembling petroleums for which refining

methods are available. Removing the sulfur,

nitrogen and oxygen from shale oil, lowering

the molecular weight, and saturating the more

unstable hydrocarbons are the principal means

for producing a refinable synthetic crude.

To accomplish these objectives, the Center is

currently investigating:

a. Low-pressure hydrocracking of crude shale

oil to reforming and cracking feedstocks.

(This is being studied as an alternative

to high-pressure hydrocracking) .

b. The effects of pressure on product distri

bution.

c. Adsorbent extraction and solvent extrac

tion of hydrocracked shale-oil products

for removal of small quantities of im

purities .

d. Depleted uranium is being studied as a

hydrocracking catalyst for shale oil.

e. Catalytic hydrogasification, using cobalt

molybdate catalyst, and thermal hydro

gasification are being studied.

Papers describing the low pressure hydrocrack

ing of crude shale oil and the use of depleted

uranium as a hydrocracking catalyst for shale

oil are in preparation.
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Field Testing Electro-Carbonizing and Nitro-Fracing

Processes

The laboratory testing of the use of high-voltage

electricity for creating communication between separate

wells drilled in oil shale will be transferred to larger-

scale field testing at a site which is between Rock

Springs and Green River, Wyoming. The field tests con

template the use of five holes drilled in a pattern which

varies the distance between holes from a minimum of 25

feet to a maximum of 125 feet. Electrodes now being in

stalled in the holes, will permit testing of the "electro-

fracing"

technique for controlling the carbonization of

oil shale between electrodes. Bureau engineers regard

electrode distances of less than 25 feet as not worth

while, and any distance greater than 125 feet as too

much to hope for.

Ground waters were encountered in several of the

test holes, necessitating the drilling of additional

test holes up-dip from the wet holes. The presence of

ground water in the oil shale formation will have some

effect on the tests, and the "artesian
well"

holes are

to be abandoned in favor of dry holes. The conductiv

ity of an oil shale formation is probably due mainly

to the presence of some water or moisture in the rock.

Bartlesville engineers will evaluate the electro-

carbonization tests to determine if the formations are

left in condition for the introduction of de-sensitized

nitroglycerin. The detonation of thin films of nitro

glycerin in rock fractures is under investigation by

the Bureau of Mines as a possible means for increasing

permeability of rock formations. The technique is known

as
"nitro-fracing"

.

The electrocarbonization field tests should get

underway in mid-February.
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Laramie Research Center Continues Bureau's Program for

Core-Drilling of Green River Oil Shale Formation

The Laramie Petroleum Research Center is conduct

ing a program of core drilling of oil shale formations

at potential sites for large-scale in situ retorting

experiments. Knowledge of the formations is necessary

for planning of such experiments; however, the data

known concerning the oil shale deposits in some areas

are vague. Two coreholes have been completed; and

possibly three additional coreholes will be drilled.

One corehole in Colorado's Piceance Basin (Sec. 13,

T.1N., R.98W., 6th P.M.) is in an area where the oil

shale formations are known to be very thick and deeply
buried. While the Fischer Assay work on the recovered

cores has not been completed, oil shale was cored from

950 feet to 2600 feet below the surface. Preliminary
estimates by the Bureau, based on density logs of the

hole, suggest that the oil shale should be of higher

grade than was generally considered for the deposit.

A second corehole may be drilled in Colorado.

The corehole in Wyoming's Bridger Basin (Sec. 30,

T. 23 N., R.107W., 6th P.M.) is also in an area where

better information concerning the deposits is needed.

Fischer assays have not been completed on the recovered

cores, and no data concerning the cores are available.

A second corehole may be drilled in Wyoming.

The Bureau plans to drill a corehole in Utah's

Uinta Basin oil shale area, and is seeking a suitable

site, free of oil, gas and other mineral leases.

Supporting Services

A technical services group furnishes conventional

analyses that are conducted by conventional procedures

for the various research projects. Concerning the

modified Fischer assay of oil shale, approximately

110,000 assays have been made at the Center.
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Supporting Services (Continued)

Mechanical and administrative services provide

the usual support for the needs of the research pro

jects .

The research facility was constructed in 1946 at

a cost of $500,000 and has a floor space of 56,000

square feet. The Center has 37 laboratories of various

types, as well as a cold room, and a library. The

Center contains a broad assortment of major items of

scientific equipment having a value of about $1.25

million.

Specialized equipment which has recently been con

structed at the Center for use as an integral part of

a particular research project includes:

Spent shale burner with a throughput capacity of

approximately 300 pounds per hour, used to obtain

data on the heat available from the burning of

the fixed carbon contained in the spent shale.

Batch-type retort with a capacity of 8 to 10 tons

used to study situ retorting possibilities.

Hydrogenation unit used to study hydrocracking

and hydrofining of crude shale oil.

Electrically heated and controlled modified Fischer

assay unit capable of handling 12 samples per run.

Core-burning unit with a capacity to hold a 6-inch-

diameter core, 10 feet long, used to simulate in

situ retorting.
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SODIUM MINERAL OCCURRENCES IN THE

GREEN RIVER OIL SHALE FORMATION

New Importance Assigned to Sodium Occurrences in Oil

Shale Deposits

The soda ash industry is engaged in a revolutionary

mass migration from its long-established eastern bases

to the Bridger Basin area of the Green River formation

in southwestern Wyoming. This is a development that is

related in a significant way to the economics of and

the development of the oil shale industry.

In order to capitalize on the low cost for produc

tion of soda ash (anhydrous sodium carbonate) from trona,

(Na2C03NaHC03 2H2O) ,
a mineral found in abundance in the

oil shale measures of the Bridger Basin area, much of the

soda ash industry has been transferred into the area.

Exploratory drilling for soda mineral evaluation

has disclosed the occurrences of interesting and possibly

economic deposits of sodium minerals in the Piceance

Basin area of Colorado. This drilling actively is dis

cussed in detail in this chapter, but companies inter

ested in oil shale should note that new importance should

be assigned the possibility for joint development of oil

shale and soda values present in many areas of the Green

River formation.

The new discoveries of sodium mineral occurrences,

the progress of sodium exploration activities, and the

spectacular recent growth of the soda ash industry in

the area all combine to show a need for assigning a new

importance to the sodium mineral deposits which occur

in the Green River oil shale formation.

A Review of the Data Concerning Sodium Mineral Occurrences

in the Green River Formation

The approximately 17,000 square mile extent of the

Green River formation, which covers portions of NW

Colorado, NE Utah and SW Wyoming, is shown on the map

presented on the page that follows. Hatching indicates

the area of commercial sodium mineral occurrences in

Wyoming and the area in Colorado's Piceance Base which

contain sodium mineral deposits of potential importance.
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A Review of the Data Concerning Sodium Mineral Occurrences

in the Green River Formation (Continued)

The Green River formation consists of a sequence

of lake-bed sediments which were deposited by three lakes

that existed in the Eocene period. Deposits from Lake

Uinta form the Green River sediments of the Piceance

Basin of Colorado, and the Uinta Basin of Utah. Deposits

from Lake Gosiute form the Green River sediments of the

Washakie, and Bridger Basins of Wyoming. Deposits from

an unnamed lake form the Green River sediments in the

Fossil Sync line of SW Wyoming.

As each lake had its own particular sedimentation

features, subtle differences in sedimentation and en

vironment occurred, resulting in noticeable differences

in the deposits of sodium minerals at various areas with

in the Green River formation. The saline mineral facie s

is noted to coincide with the oil shale facies through

out the Green River formation. The oil shale bearing

member is intercalated by several beds of altered volcanic

siliceous tuff. The decay of this tuff in the lacustrine

(lake) basin is thought by Jaffe 1/ to have provided

the elements necessary for extraordinary development of

plankton which later was converted into kerogen. Milton^!/

also noted that the beds of siliceous tuff underwent

strange environmental changes. These changes, in com

bination with probable concentrations of CO2, NH3 and

amines, provided conditions for the formation of many

minerals not previously known to form within sediments*

The Green River formation has become a classic region

for study of
authigenic* minerals and their mode of

formation.

1/ Ja f fe ,
F . C . , Geology and Mineralogy of the Oil Shales

of the Green River Formation, Colo. School of Mines,

Mineral Industries Bulletin, Vol. 5, No. 3, May 1962.

2/ Milton, Dr. Charles, U.S. Geological Survey, Unpub

lished Lecture on Sodium Mineral Occurences, Denver,

October 1965.

* Authigenic minerals are those mineral constituents

of a rock that crystallized in the place where they

are found .
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A Review of the Data Concerning Sodium Mineral Occurrences

in the Green River Formation (Continued)

Presented on the fold-out sheet which follows is

a tabulation of the authigenic sodium minerals which

have been identified in the Green River formation.

Several "rule-of-
thumb"

conclusions have been

formulated concerning specific occurrences of sodium

minerals in different areas of the Green River forma

tion. These include:

1. Trona, the sodium mineral of economic importance in

Wyoming, is seldom observed in Colorado or Utah.

2. No Shortite occurs in Colorado.

3. Dawsonite occurs only in Colorado.

4. No Leucosphenite occurs in Colorado.

5. Nahcolite, common in Colorado and Utah, is seldom

noted in Wyoming.

6. Analcite is present in enormous quantities and high

concentrations in Colorado, Utah and Wyoming.

The occurrence of Dawsonite in Colorado is of special

interest. This mineral has been noted to form up to

20 percent of the mass of rock in a 300- foot-thick zone,

and in thinner intervals, apparently pure Dawsonite

deposits occur. Often, the mineral is completely over

looked, it being necessary to use X-ray methods for

identification. Although Dawsonite is a water-soluble

mineral, the hydrocarbons associated with Dawsonite tend

to prevent its dissolution in water. Pure Dawsonite

mineral contains 16 percent sodium (36.9 percent ex

pressed as sodium carbonate) and 18.7 percent aluminum

(35.4 percent expressed as A1203) . The mineral offers

the possibility of recovering not only sodium carbonate

from a water-soluble raw material, but also the possi

bility of recovering alumina from a soluble material!
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A Review of the Data Concerning Sodium Mineral Occurrences

in the Green River Formation (Continued)

The Dawsonite content of drill cutting samples was first

reported by J. Ward Smith 2/ whose data for the Dawsonite

content of cuttings from a shale in Sec. 8 of T2S, R58W,

6 P.M. are presented on the page that follows.

Best known of the sodium mineral occurrences within

the Green River formation are the commercially exploited

trona deposits which occur beneath at least 1000 square

miles of the eastern portion of the Bridger Basin in

Wyoming. Six or seven known beds of trona in the area

are of potential commercial value. The beds vary in the

depths at which they are found, but consist of fairly-

flat, lens-like layers ranging from five to twenty feet

in thickness. Economic trona beds occur in the Bridger

Basin area at depths ranging from 600 to 1200 feet below

the surface.

Milton (op. cit.) reported an orderly occurrence

of sodium minerals at specific depths as observed in a

corehole in Colorado. In one 300- foot section of core,

Analcite was common. For the next 310 feet, Analcite

was absent and sodium feldspar was common. For the

next 250 feet, Analcite and Feldspar were absent and

Dawsonite constituted 6 to 20 percent of the mass of

the rock.

A Comparison of the Conventional Processes for Producing

Soda Ash

For a better understanding of the significance of

discoveries and developments of sodium mineral deposits

in the West, a quick review of conventional processes

for producing soda ash is in order.

3/ Smith, J. Ward, Stratigraphic Change in Organic

Composition Demonstrated by Oil Specific Gravity-

Depth Correlation in Tertiary Green River Oil Shales,

Colorado, American Assoc, of Pet. Geol., Bulletin,

Vol. 47, No. 5, May, 1963.
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Mineral Name

AUTHIGENIC SODIUM MINERALS IN THE GREEN RIVER FORMATION

(After F. C. Jaffe, C.S.M. Mineral Industries Bulletin, Vol. 5, No. 3, 1962)

Chemical Formula Mole. Wt.

Sodium Content

AS % AS %
Na NA2C03

CARBONATES:

Trona

**ElTELITE

?Dawsonite

*burbankite

**Shortite

*PlRSSONITE

Gaylussite

**norsethite

(New Unnamed)
Nahcolite

Thermonatrite

CARBONATE-PHOSPHATES:

**Bradleyite

CARBONATE -CHLORIDES:

NORTHUPITE

SILICATES:

Albite

Analcite

Sepiolite

**l0ughlinite

?Labuntsovite

?ACMITE

*Elpidite

*Magnesioriebeckite

(crocidolite), etc,
Feldspar

BOROSILICATES:

**Reedmergnerite

Searlesite

*Leucosphenite

HALIDES:

**Ne ighbori te

Cryolite

Halite

Na2C0o.NaHC03-2H20

Na2Mg( 003)2
Na3A1(C03)3-2A1(0H)3
Na2(Ca, Sr, Ba, Ca)4(C03)5
Na2Ca2(C03)3
Na2Ca(C03)2*2H20

Na2Ca(C0q)2'5H20

BaMg(C03J2
3NaHC03-Na2C03
NaHC03
Na2C03H20

Na3P04MgC03

Na2C03'MgC03-NaC1

226

432

84

124

NaA1Si30q
NaA1Si206-H20

H6Mg8Si1203o(0H)1o.8H20

Na2MG3Si60-|5'8H20

(K, Ba, Na, Ca, Mn) (Tl, Nb) (Si, A1)2(0, OHj-^O

Na20*FE203*4Si02
Na2ZrSi60153H20

Na2(Mg, Fe)3(Fe, A1)2Si8022(0H)2
Variable Composition

NaBSi308
NaBSi205H20

CABANA3BTi3Sig029

248

262

NaMgF3
Na3A1F6
NaC1

30.5 70.4

16.0 36.9

27.4

37.1

63.1

85.5

27.8 42.7

8.8

210

58

32.8

39.7

** Unique to the Green River Formation

* Known elsewhere only in igneous or metamorphic rocks.





Sodium Mineral Profile of Drill Cuttings Obtained

From Hole at T2S, R98W, 6 P.M., Colorado
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A Comparison of the Conventional Processes for Producing

Soda Ash (Continued)

Although there are variations within processes,

just two essential processes exist for production of

soda ash. These processes are:

1. The Solvay process for producing soda ash from salt

and limestone.

2. The leaching, re-crystallization and calcination

process for production of soda ash from natural

sodium carbonate minerals.

A brief comparison of the processes will be made.

It should be noted from the comparison that the produc

tion of soda ash from naturally occurring mineral sources

is much simpler and requires much less capital invest

ment than for production of soda ash by the Solvay process.

The Solvay Process

Raw materials for the ammonia-soda (Solvay) process

are salt, limestone and coal. Coal is used to supply

coke, which is then charged as fuel to limestone kilns.

Coal also furnished ammonia, required by chemical reactions

involved in the process.

Salt (NaCl) is dissolved in water to form a strong

brine. After purification of the brine, ammonia gas is

passed through. In contact with brine, ammonium hydroxide

is formed:

NH3 (Gas) + H20 ? NH4OH

Burning of limestone yields calcium oxide and CO?:

CaCO + heat ? CaO + C02 (Gas)

The lime-kiln off-gas stream is treated to remove

dust. The cleaned gas stream, high in C02 content, is
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A Comparison of the Conventional Processes for Producing

Soda Ash (Continued)

passed through the ammoniated brine, forming ammonium

bicarbonate .

NH4OH + CO
2

? NH4HCO3

Ammonium bicarbonate, in the presence of salt,

immediately reacts to form sodium bicarbonate and ammonium

chloride:

NH4HCO3 + NaCl ? NaHC03 + NH4CI

Sodium bicarbonate is calcined to form anhydrous

sodium carbonate. Carbon dioxide and water are driven

off during calcination:

2NaHC03 + heat Na2C03 + H20 + C02

Burned lime from the limestone kilns is slaked

to form calcium hydroxide which is then mixed with am

monium chloride and heated to yield ammonium hydroxide

and calcium chloride:

CaO + H20 * Ca(OH)2
Ca(OH)2 + 2NH4CI ? 2NH4OH + CaCl2

The ammonium hydroxide decomposes at the heating
temperature utilized, forming ammonia and water:

NH4OH + heat ? NH3 + H20

In this way, ammonia is recovered as a gas to be

recycled to the incoming salt brine, starting the process

cycle over again.

It is obvious that the many complex operations

required (coke ovens, lime burning kilns, liquid phase

reactions, distillation systems, gas stream handling,

filtration, calcination, etc.) make this a costly pro

cess. No new Solvay plants have been built in this

country since World War II.
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A Comparison of the Conventional Processes for Producing

Soda Ash (Continued)

Soda Ash from Natural Sodium

Carbonate Mineral Sources

Practically all of the new plant facilities built

since 1945 for production of soda ash have been installed

in the Bridger Basin area of Wyoming's Green River forma

tion. While certain process variations are utilized at

different plants, the particular process used by the

Stauffer Chemical Company of Wyoming will be reviewed

here. This plant has a capacity of 400,000 tons of

anhydrous soda ash product per year.

The hot calcined ore is conveyed to the dissolving

section of the refinery and discharged into a leaching

drum for dissolution of soda ash by hot water. The slurry

discharged from the dissolver, consisting of saturated

sodium carbonate solution, undissolved soda ash, and in

soluble material, is charged into a rake classifier.

The classifier separates coarse solids from the slurry

and these coarse solids are sent to a second dissolver

for leaching of the remaining undissolved soda ash. The

classifier overflow slurry (which is about 30% soda ash,

by weight) is sent to a thickene for clarification.

Insolubles from the second dissolver are ground in a

ball mill and pumped to waste.

The heavy mud slurry drawn from the bottom of the

thickener is filtered for recovery of soda ash brine.

The filtrate is combined with the thickener overflow

brine and this combined brine stream is filtered to re

move the last traces of suspended solids. The filtered

soda ash brine, at this stage, has a light straw color

due to organic matter leached from the ore. The straw-

colored soda ash brine is passed through a bed of acti

vated carbon which absorbs the organics and yields a

clear brine feed solution for triple-effect evaporative

vacuum crystallizers .
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A Comparison of the Conventional Processes for Producing

Soda Ash (Continued)

Water is evaporated from the soda ash brine within

the vacuum crystallizers. The soda ash brine becomes

super-saturated, and soda ash crystals form. The size,

shape and bulk density of soda ash can be controlled by

proper operation of the crystallizers. A slurry of brine

and soda ash crystals is continuously withdrawn from the

crystallizers and pumped to a vacuum filter. Filtered

crystals are calcined in a rotary kiln which uses natural

gas as fuel. All brine moisture and any water of hydra

tion are driven off from the soda ash crystals within

the rotary kiln, yielding an anhydrous soda ash product.

About 9 5% of the shipments of soda ash from the

Stauffer plant are bulk shipments which utilize specially

designed 100-ton covered hopper rail cars. The plant

is served by an 11-mile railroad spur from the main line

of the Union Pacific Railroad.

Stauffer 's soda ash refinery and mine require steam

and power which are produced at the site by a 5,000 KVA

turbo generator and by two 80,000 lbs/hr boilers. A

13-mile natural gas line serves the refinery.

The Annual Production and the Price of Soda Ash --

1954 to 1966

Presented below are the annual production figures

and the prices quoted (in Oil, Paint and Drug Reporter)

for soda ash during the 196 5-1966 period. From the

data, it should be noted that a steady increase in pro

duction of soda ash from
"natural"

mineral raw materials

has occurred. Production of manufactured (Solvay process)

soda ash has remained essentially unchanged over the

years. The growth of the industry has been due to the

location of continually increasing production facilities

in the southwestern Wyoming area to take advantage of

low production costs for soda ash derived from natural

sodium carbonate minerals. The data also show that the

price for soda ash has remained steady over the years.
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The Annual Production and the Price of Soda Ash

19 54 to 1966 (Continued)

Production and Price Data for Soda Ash

Produced in the United States

Annual Production, Tons

Year

19 54-19 58 Avg

1959

1960

1961

1962

1963

1964

1965

1966

1967

1980

2000

Price #/100 Lbs.

Dense Soda Ash,
"Solvay" "Natural"

Tons Na2C03 Tons Na2C03 Bulk, C.L. ,Works

1.55

1.60

1.60

1.60

1.60

1.60

1.60

1.60

1.60

No Estimate 2,100,000 (2)

Total Soda Ash to be 11,000,000 (3)

Total Soda Ash to be 23,000,000 (3)

4,718,000

4,904,000

4,558,000

4, 516,000

4,607,000

4,682,000

4,951,000

1

1

615,000

735,000

809,000

806,000

978,000

119,000

275,000

(Data not yet available)

(1)

(1) Oil, Paint and Drug Reporter of February 7, 1966

(2) Capacity of Wyoming facilities after comple

tion of presently-announced additions.

(3) Predictions by U. S. Bureau of Mines,

Bulletin #630, pg. 843.

Economic Factors Dictate That the Soda Ash Industry

"Go
West"

Soda ash is a basic industrial chemical and as such

has a growth characteristic closely related to the growth

of the national economy. Its principal use is in glass

manufacture but its myriad other uses as a source of

sodium and as a pH control agent take it into almost

every branch of manufacturing.

At the end of World War II the first unit of the

present FMC Corporation's soda ash refinery was placed

in operation near Green River, Wyoming. The performance
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Economic Factors Dictate That the Soda Ash Industry

"Go
West"

(Continued)

of this pioneering facility demonstrated that soda ash

manufactured from natural mineral raw material was in

deed competitive with soda ash produced by the Solvay

process .

The development of specially-designed, 90-ton

covered-hopper rail cars has obtained favorable freight

rates for long-distance hauling of western soda ash.

Continuing exploration for soda mineral deposits

has disclosed enormous reserves of trona exist in the

Wyoming's Bridger Basin area, particularly in the area

so designated on the map as containing sodium carbonate.

The capital cost for plants to produce soda ash

from natural mineral carbonates is less than the capital

cost for Solvay process plants.

These are the economic factors which dictate that

the soda ash industry "go West". During recent years

there has been steady migration of the industry from

East to West. The migration seems to be gaining impetus,

as will be discussed below.

The Status of Wyoming's Soda Ash Industry

Presented below is a listing of the companies which

now have significant interests in the
"natural"

soda

ash industry in Wyoming. All plant facilities and land

holdings are within the cross-hatched area shown on

the map on the Bridger Basin portion of the Green River

formation.

Company Company

Name Interest

Stauffer Chemical Operating 400,000 ton Na2C03/

year plant. Announced enlarge

ment to 800,000 tons/year.
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The Status of Wyoming's Soda Ash Industry (Continued)

Company

Name

Company

Interest

FMC Corporation

Texas Gulf Sulfur

Phillips Petroleum

Allied Chemical

Duval Corporation

Diamond Alkali

Church & Dwight

Philadelphia Quartz

Kern County Land

Olin Mathieson

Buttes Gas and Oil

Ruby Company

Armour & Company

25
"Unidentifiables"

Operating 900,000 ton/year plant.

Announced enlargement to

1,250,000 Tons/year *

Exploratory drilling NE of Granger

Leased 2561 acres of Federal

trona lands

Pilot refinery nearing completion

Exploratory drilling near

Little America

Exploratory drilling in

Blacksfork area

Bicarbonate facility on Allied

Chemical property

Federal leases

Federal leases

Federal leases

Federal leases

Federal leases

Federal leases

Federal and state leases

* At 1,250,000 tons/year, this will be the world's

largest soda ash plant.

After the presently announced expansion plans are

completed, the soda ash refineries in the area adjacent

to Green River, Wyoming will be capable of producing

slightly more than 2 MM tons of soda ash per year, or

30 percent of the United States total production. It

is expected that companies now evaluating deposits of

trona in the area will ultimately announce plans for

production facilities.

*

Church and Dwight, producers since 1876 of the

famed "Arm and
Hammer"

brand bicarbonate of soda has

announced its plans for construction of a plant for pro

duction of 45,000 tons of bicarbonate of soda per year.
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The Status of Wyoming's Soda Ash Industry (Continued)

The new plant, to be located adjacent to the facilities

of Allied Chemical Corporation which are currently under

construction, will be completed during the summer of

1966. This is the first
"spin-off"

(one which purchases

and uses materials produced by another firm) industry
to follow soda ash into the Green River area. FMC

Corporation now operates two
"satellite"

plants which

manufacture additional products from its basic product.

The FMC satellite plants produce sodium tripolyphosphate

and sodium sesquicarbonate .

Important Discoveries of Soda Minerals Made in the

Piceance Basin Area of the Green River Formation in

Colorado

Following the discovery two years ago by Marathon

Oil of a thick section of apparently high grade Nahcolite

in the central Piceance Basin, sodium prospecting permits

were applied for by a group of companies. Some prospect

ing permits were granted and on these permit areas, ex

ploratory core drilling for sodium minerals has been

underway.

The map, presented on the page that follows, shows

the sodium prospecting permit areas of the Piceance

Basin area and indicates the approximate sitesof the

known exploratory drilling operations.

The present drilling operations have the purpose

of validating data for obtaining a preference right

lease. A certain urgency exists because of the fact

that sodium prospecting permits arc effective for two

years only, with no provision for renewal. The permits

by Oluf and Irvin Nielsen, and J. E. Dunn expire April 1,

1966, those of TOSCO, J. H. Bridges, and J. T. Juhan

expire May 1, 1966.
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Important Discoveries of Soda Minerals Made in the

Piceance Basin Area of the Green River Formation in

Colorado (Continued)

Scanty data available concerning the exploratory

drilling results indicate that very little really is

known about sodium mineral occurrences in oil shale.

One corehole was reported to have encountered a thick

section of halite (NaCl) , but no Nahcolite, not many

miles distant from a corehole that encountered a thick

section of Nahcolite (NaHC03) ,
but no halite. Dawsonite

reportedly comprises a surprisingly-high percentage of

the host rock, and is apparently closely admixed with

kerogen.

Summary and Conclusions

1. A large, growing soda ash industry has been estab

lished in the area of known soda mineral deposits

within the Green River oil shale formation. All

predictions indicate continued growth for the soda

ash industry based on production of soda ash from

"natural"

mineral sources rather than from salt

and limestone by the Solvay process.

2. Results from exploratory-drilling operations now

underway indicate that new and unusual sodium mineral

occurrences are present in the Piceance Basin, and

the mineralogy of the area is more complex than had

previously been reported. Extensive occurrences of

Dawsonite and Nahcolite have been encountered.

Sincere efforts are being made to obtain validation

data for conversion of sodium prospecting permits

to preference right leases.

3. The knowledge of sodium mineral occurrences in Green

River oil shale deposits is scanty. Much of the

early exploratory drilling for oil shale explora

tion ignored or destroyed evidence of soluble saline

minerals within oil shale deposits.
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SODIUM PROSPECTING PERMIT AREAS
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Summary and Conclusions (Continued)

4. The mineral Dawsonite is difficult to recognize

except by X-ray diffraction methods. Its apparent

extensive occurrence presents an exciting facet

to the appraisal of the potential of oil shale

deposits in the Piceance Basin as it offers the

possibility of commerical occurrences of water-

soluble salts containing aluminum.

5. The potential economic value of soda and alumina

by products from "spent oil
shale"

assigns a new

importance to sodium mineral occurrences in oil

shale deposits.
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IN SITU RETORTING OF OIL SHALE

Bureau of Mines Reports on In Situ Retorting

At the 58th National Meeting of the AIChE held in

February at Dallas, Texas, H. W. Sohns of the U. S.

Bureau of Mines presented a paper entitled Some Tech

nological Considerations of In Situ Retorting. The

paper presented a good general review of that informa

tion which has been made public with regard to work

that has been done in in situ investigations.

Sohns compared ijn situ methods for oil shale re

torting with the conventional situ methods for re

covering petroleum crude oil. The physical character

istics of typical oil shale deposits presents problems

which mus t be overcome for successful situ operations

in oil shale formations. These problems are: the im

permeability of oil shale formations; and the possible

disintegration of spent shale, with corresponding loss

of permeability. The Bureau of Mines has been interested

in investigating techniques which will preclude these

problems, since their solution is considered an essen

tial part of any situ experiment.

The presentation outlined several methods under

investigation for inducing permeability in oil shale.

The first method was acid treatment of the shale struc

ture. This treatment was found to have little affect

on increasing permeability of rich shale structure;

however, the acid treatment of lean shale did appreciably

increase the shale's permeability by the decomposition

of carbonates. A second method being investigated is

the so-called
"electro-linking"

or "electro-
fracturing"

technique. Variations of this technique have been

successfully used on several different hydrocarbon-

bearing materials, and an application of the technique

to the Green River formation shales has received much

recent attention. Laboratory studies at Laramie

have demonstrated that the Green River oil shale of

average, or higher-than-average assay could be readily

fractured by high-voltage electricity. Fracture of
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Bureau of Mines Reports on In Situ Retorting (Continued)

the lean shales by this technique proved difficult,

as they are poor conductors.

A third method under consideration for introducing

permeability is the explosive fracturing, or
"
Nitro-

Fracing"

technique. The concept is to introduce a

desensitized liquid explosive under fluid pressure into

a proper horizontal fracture already produced by hydrau

lic or electro-fracturing techniques. The detonation

of the explosive should then cause secondary fractures

of the bed, and improve permeability.

Another possibility for creating permeability in

oil shale is that of heating the oil shale structure.

This method proved to be advantageous in the rich shales,

but had a very negligible effect in the very lean shales.

Fracturing in average shale beds, those assaying
30-

gallons-per-ton, occurred almost entirely in a direction

parallel to the bedding planes, whereas fracturing in

shales assaying 40-gallons-per-ton or higher occurred

perpendicular to the bedding planes as well as parallel

to the planes. Fracturing by heat proves to be quite

extensive .

Present experiments by the Laramie Station on these

techniques of fracturing have necessarily not involved

the effect that overburden may have on the use of any

of these techniques.

Two methods for in situ shale oil recovery were

described by Sohns. These methods are the counter-

current and the concurrent combustion processes. Under

concurrent combustion process, the formation would be

ignited, and air and recycle gas introduced at injec

tion wells. The flame front and desired products would

move concurrently toward the producing wells, giving

the advantage of an efficient heat utilization. However,
since the oil is moving towards a low-temperature zone

in the structure, it may become more viscous. This is
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Bureau of Mines Reports on In Situ Retorting (Continued)

a definite disadvantage, as it may then block the passages

and reduce permeability.

The counter-current process involved ignition which

would be initiated at the producing well. The air and

recycle gas would be added at the injection wells. The

combustion products and desired products then would move

toward the producing well, and the flame front would

proceed counter-currently toward the source of air. This

process is quite inefficient from a heat utilization

standpoint, however, it does provide a warm path for the

oil to flow through on its way to the producing well.

Consideration of the advantages and disadvantages of both

of these processes led the authors to suggest that a

combination of the two techniques might provide the most

feasible type of operation.

Sohns stated that field experiments which will be

conducted by the Laramie Station in the near future

could well provide solutions to many of the problems

brought out in the paper and provide a basis for deter

mining economic feasibility of the iri situ method of

oil recovery. Of particular interest will be the effect

of overburden stresses which will actually be encount

ered in the field tests.

Discussions with the author following the presenta

tion of the paper revealed that the Laramie Station now

has methods for inducing permeability by the electro-

linking technique, with well-controlled results. The

ability to control the location and the distribution

the fractures is considered an important step in estab

lishing such permeability. The upcoming field tests

will most likely take advantage of this electro-linking,

with the controlled fracturing followed by the liquid

explosive or
"Nitro-Fracing"

technique, using desensit

ized nitroglycerin. This technique has been used in

preliminary tests at a limestone quarry in Bartlesville,

Oklahoma .

64



NUCLEAR DEVELOPMENTS

The Particle Size Distribution and the Bulk Permeability

of Oil Shale Rubble are Predicted by Lawrence Radiation

Laboratory

The University of California's Lawrence Radiation

Laboratory has published UCRL- 14294, a report entitled,

"The Particle Size Distribution and Bulk Permeability

of Oil Shale Rubble", authored by D. B. Lombard. The

paper reports results of a theoretical approach to

providing answers to the two questions normally raised

concerning future iji situ retorting tests of broken oil

shale which would fill the
"chimney"

after the detona

tion of an atomic device within an oil shale formation.

These questions are:

1. What will be the distribution of particle sizes

in the rubble?

2. What will be the permeability of the rubble?

Lombard sought a reasonable estimate of what the dis

tribution and permeability of oil shale rubble might

be, prior to going to the expense of actually conduct

ing a nuclear explosion experiment.

For obtaining the distribution of particle sizes,

Lombard relied on the theory that the sizes of rock

particles crushed by natural or mechanical methods tend to

be distributed lognormally ; that is, the natural logarithms

of particle diameters are distributed normally by number

and by weight above and below the mean value. He ob

tained his data by tabulating the size distribution

values noted by counting (from photographs) individual

fragments of oil shale which were shattered in a roof

fall at the U. S. Bureau of Mines experimental mine at

Rifle, Colorado.

The particle size distributuion was observed to

be approximately lognormal. The theory of particle
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The Particle Size Distribution and the Bulk Permeability

of Oil Shale Rubble are Predicted by Lawrence Radiation

Laboratory (Continued)

statistics was then invoked in a calculation of the bulk

permeability of the rubble. In an extrapolation to an

hypothetical underground nuclear chimney in oil shale,

Lombard estimated that the bulk permeability of the

chimney rubble would be about 3 x 10~5 ft2, expressed

as "specific permeability", or 3 million darcys if ex

pressed in the usual petroleum industry units.

0.1

Lombard's estimate for the particle size distribu

tion of oil shale fragments resulting from roof falls,

expressed as a lognormal curve, is shown below.

0.2 0.4 4.00.6 0.8 1.0 2.0

Particle diameter, ft

Assumed distribution of oil shale fragments resulting from roof falls.

10.0
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GEOLOGICAL SURVEY REPORTS UNUSUAL

CHARACTERISTICS OF ALASKAN OIL SHALE

High Metal Content and Record Oil Content Reported for

Brooks Range Oil Shale Deposits

At the 69th Annual National Western Mining Con

ference in Denver, H. A. Tourtelot of the U. S. Geo

logical Survey reported on his investigations of a

deposit of organic-rich shales which border the north

edge of the western and central Brooks range of Alaska.

Tourtelot'

s paper, entitled Metal Content and Oil

Yield of Shale from Northern Alaska, reports oil yields

up to 144 gallons per ton from these shales and reports ab

normally high assay values for minor elements such as

zinc, copper, gold, silver, selenium, vanadium, boron,

chronium, arsenic, cobalt, lead, uranium, mercury and

nickel.

Tourtelot 's report has not yet been published by
the U. S. Geological Survey, but has been placed on "open

file". Due to the potential importance of the unusual

oil shale deposits described, and due to the obscurity

of the report, the open file copy of Tourtelot 's paper

is reproduced and is presented in the Appendix section

of this report.

Field studies including the collection of samples

were conducted during the summer of 1965. Organic-

rich deposits were examined along the entire north front

of the Brooks Range from the Kivalina River on the west

to the Nanushuk River in the central foothills region.

Outcrops of the shale reportedly are poor and reveal

contorted and highly-disturbed strata with obscured

stratigraphic relationships.

In general, the organic-rich beds of interest occur

in the stratigraphic interval between the Triassic and

the mid-Cretaceous. Oil yields of the field samples

obtained during 1965 ranged from 3 to 144 gallons per

ton, or 1 to 55 weight percent of the rock. The richest

sample consisted almost entirely of disseminules of the
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High Metal Content and Record Oil Content Reported for

Brooks Range Oil Shale Deposits (Continued)

spore-like fossil,
"Tasmanites"

. Organic material

occurring in some of the samples appears to be fibrous,

red to reddish-brown matter, and in other samples the

organic matter appears as a black material, opaque in

thin sections. The oils obtained from the various

samples appear to be similar in composition.

Oil yields and semi-quantitative spectrographic

analyses of five selected samples of shale from the far-

western Brooks range are reported as Table 5 of Tourtelots

paper (see Appendix) . The analytical data, according

to Tourtelot, indicate that many metals are present in

the organic-rich shale in abnormally high concentrations

for such sedimentary rocks. However, this organic-rich

shale should not be considered as an
"ore"

from which

any metal could be extracted, at a profit, by the pre

sent technology of ore beneficiation. To illustrate

this, a tabulation is presented below showing the metal

assay value content of spent shale from the Alaskan

samples, compared with our estimate of the minimum assay

value required for possible economic recovery of that

metal.

For Consideration

as an
"Ore"

of:

Ag

Pb

Zn

Mo

Cu

K

Ti

Mn

Fe

V

Minimum Acceptable Reported Metal

Grade for Profi table Content (Df Spent

Recovery Should Be: Shale S<

.0001

-

amples

.01% .001%

1. % .001

-

.015%

1. % 0 -

.05 %

.2 % .001

-

.03 %

.3 % .007
-

.01 %

10. % 1 -

.2

-

3 %

.5 %

10. % .01

-

.07 %

30. % .2

- 5 %

1. % .01

-

.5 %
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High Metal Content and Record Oil Content Reported for

Brooks Range Oil Shale Deposits (Continued)

It is apparent that these organic-rich shales

should be of interest. Tourtelot has emphasized that

very little is known concerning the deposits. They

apparently occur over a vast area, and only a prelimi

nary examination of poorly- revealed outcrops has been

made. Tourtelot 's data should be considered as sub

ject to revision as more comprehensive examinations are

made, but his data are useful in demonstrating the

unusual nature of the shale. The extremely-high organic

content of some samples and the possibility of the

occurrence of economically-attractive by products cannot

be overlooked.

In answer to an inquiry made by Cameron and Jones

in February, 1966, the Department of the Interior stated:

"...There is no authority under existing law to issue

prospecting permits for oil shale exploration. Oil shale

deposits and lands containing such deposits were with

drawn from lease and other disposal by Executive Order

dated April 30, 1930. Although the order was later

modified to permit the leasing of sodium as well as oil

and gas deposits, it has never been modified or revoked

to permit leasing of the oil shale deposits. Lands not

known to contain oil shale at the time of the withdrawal

order which later are found to be valuable for oil shale

are also covered by the
order..."

A copy of the Executive Order appears on the follow

ing page.
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DECISIONS OF THE DEPARTMENT OF THE INTERIOR

WITHDRAWAL OF OIL SHALE LANDS EXECUTIVE ORDER

OF APRIL 15, 1930

Instructions

(Circular No. 1220)

Department of the Interior,

General Land Office,

Washington, D.C., June 9, 1930

REGISTERS, UNITED STATES LAND OFFICES:

By Executive Order (No. 5327) of April 15, 1930f

made under authority and pursuant to the provisions of

the act of June 25, 1910 (36 Stat. 847), as amended by

the act of August 24, 1912 (37 Stat. 497), and subject

to valid existing rights, the deposits of oil shale and

lands containing such deposits owned by the United States

were temporarily withdrawn from lease or other disposal

and reserved for the purposes of investigation, examina

tion and classification.

In order to identify for administrative purposes

the known areas affected by the order, the Secretary

has approved maps prepared by the Geological Survey

designating the lands containing oil shale of recognized

commercial importance, in Colorado, Wyoming, and Utah.

Copy of the map showing the designations is transmitted

herewith to the register of each district in which

designations have been made.

The oil shale deposits and the lands so designated,

title to which is in the United States, are by the order

withdrawn from lease, entry, selection or other form

of disposal, and you will therefore reject all applica

tions for such lands, except applications for patent

under the mining laws for metalliferous mining claims,

or applications under other public land laws which are

based on claims to the lands initiated prior to the date

of the withdrawal.

(COPY)
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Lands not designated on the map as oil shale, but

which are in fact valuable for their oil shale deposits

are also withdrawn by said order. Affirmative proof

of the nonoil shale character of lands not designated

on the maps as oil shale, other than the regular nonmin-

eral affidavit, will not be required.

However, if your records show any land not designated

on the map to be in fact oil shale in character, you will

reject any application therefor. Any entry, filing, or

selection allowed for lands which are thereafter, and

prior to patent, found to be valuable for oil shale, will

be subject to cancellation by appropriate proceedings.

Approved: C. C. Moore, Commissioner.

Ray Lyman Wilbur,

Secretary

(COPY)
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OIL SHALE RESEARCH

Oil Shale Pyrolysis

At the AIChE 58th National Meeting held at Dallas,

Texas, in Feb uary 1966, V. Dean Allred, of Marathon

Oil Company's Colorado office, presented a paper entitled

Some Considerations on the Kinetics of Oil Shale Pyrolysis

Dr. Allred pointed out that the work done on the

kinetics of pyrolysis over the past 50 years has gener

ally led to the conclusion that the heating of the kero

gen decomposes by a two-step process: first into bitu

men, the bitumen, in turn, decomposing to form the final

products of oil, gas, and a carbonaceous residue on the

spent shale.

The reaction rates have generally been treated as

though they were first-order with respect to the con

centration of the kerogen in the formation of the bitu

men, and also first-order with respect to the conversion

of the bitumen to oil and gas.

Allred examined data from previous work, particularly

that done by Hubbard and Robinson of the U. S. Bureau of

Mines. Critical examination of this data demonstrated

that the reactions were not first-order, but rather in

volved a more complex kinetics mechanism. Further exam

ination of this past work led to the observation that

the weight fraction of the total kerogen appearing as

bitumen, plus oil and gas, became constant as the bitumen

concentration reached a maximum. This was interpreted

to mean that little or no carbonaceous matter is formed

after this time, and it was also interpreted to indicate

that all of the kerogen had been converted to bitumen,

gas, and carbonaceous residue at this point in the pro

cess .

The second observation was that the weight fraction

of the oil and gas combined is nearly equal to the weight

fraction of the bitumen disappearing at the time the

bitumen concentration reached a maximum. Further, that
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Oil Shale Pyrolysis (Continued)

about one-half of the total product was produced during

the latter period of time. This would indicate that

the kinetics of bitumen pyrolysis should be directly

related to the appearance of volatile matter during the

last half of the reaction.

Dr. Allred conducted a number of experiments, and

with the resulting data computed heat and material balance

calculations to attempt to better describe the kinetics

of pyrolysis. The experimental technique used by the

author was the thermo-gravimetric analysis, or
"TGA"

technique, which has been previously reported in papers

presented by Dr. Allred. The sample for testing was

a finely ground Colorado oil shale, which was sandwiched

between aluminum foil to promote heat transfer when the

sample was placed in a preheated furnace. The purpose

of the experiment was to develop a steady-state pyrolysis

by slowly heating up the sample in order to attain time-

weight loss correlations, and temperature-weight loss

correlations. Correlations resulting from plotting the

heat and material balance results from Dr.
Allred'

s data

demonstrated that the two-step reaction was, in fact,

not a first-order reaction.

Dr. Allred concluded that the pyrolysis of the kero

gen could be represented more realistically by a three-

step reaction. The first step involved the kerogen

converting to gas, bitumen, and the carbonaceous residue;

the second step, where the bitumen coverts to the oil,

and gas as liquid phase; and the third step, where the

oil and gas in liquid form would convert to a vaporized

oil and gas. Further conclusions were that the vola

tilization and pyrolysis of kerogen was generally quite

slow at temperatures below 900F. Dr. Allred computed

rate constants for the three steps described. However,

the first step, wherein the kerogen is converted to

bitumen and a simultaneous conversion of bitumen to

gas and carbonaceaous residue, is a dual process involv

ing a complex rate constant. The rate constants pre

sented in the paper result from examing the first two
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Oil Shale Pyrolysis (Continued)

steps as logistic, or error type functions, and the last

step, wherein the liquid from the bitumen conversion

is volatilized to gas and oil, as a first-order reaction,

and apparently rate controlling.

In conclusion, it is felt that the paper presented

by Allred was an important step forward in understanding

the kinetics of pyrolysis, and demonstrates that this

conversion of the organic matter in oil shale to the

products is a rather complex conversion process. However,

with the data given by Allred, it is considerably better

understood.
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FOREIGN OIL SHALE

CANADA

A Canadian oil shale land play began in July of

1964 when Sun Oil Company announced that it had obtained

exploration permits on 3.5 million acres in the Province

of Manitoba, and 1.5 million acres in the Province of

Saskatchewan. Other companies have now obtained oil

shale exploration permits, and the maximum area being

explored increased to approximately 7 million acres in

Manitoba and 3 million acres in Saskatchewan.

The Province of Manitoba and Saskatchewan each had

to formulate a set of oil shale regulations to accommo

date the interest in oil shale exploration. These regu

lations were presented in our report for December of

1964.

Since August of 1965, no new exploration permits

have been granted in either of the Canadian provinces

Sun Oil Company has maintained its permit areas in both

provinces, but many other companies have been dropping
their permits. For the last six months, there have

been no major changes, and the maps presented in our

report of September, 1965 are still applicable.
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TARS SANDS/BITUMINOUS SANDS

CANADA

Great Canadian Oil Sands Project Described

i

At the 9 5th Annual Meeting of the A.I.M.E. in New

York City in February, A. E. Moss, Vice President of

Great Canadian Oil Sands Limited, presented a paper,

(SPE-1392) , entitled, Great Canadian Oil Sands Project.

Moss'

paper presents an interesting review of the geol

ogy and the characteristics of the tar sands deposit of

Northern Alberta, and presents also an authoritative

review of the background, overall scheme and status of

construction of the Great Canadian Oil Sands project.

A major point of interest relative to the Great

Canadian project is the information on the McMurray

Formation. Occurring at the base of the Cretaceous

strata, the McMurray formation contains the tar sands,

a large percentage of which have more than 2 50 feet of

barren material lying above them; and in other instances

may occur more than 2000 feet below the surface. Dis

tribution and concentration of bitumen is most erratic,

and rarely exceeds 18 percent of the sand deposits by
weight.

The origin of the bitumen in the sands has not been

established. There are many ideas on its migration, one

of which is that the oil migrated to the sands, which

are a suitable porous reservoir, from underlying Devonian

strata. Other theories are that it migrated to its

present location from the overlying Cretaceous beds;

and another theory is that the bitumen was formed in

situ. However, none of the theories adequately define

why only selected portions of the McMurray Formation

were impregnated with bitumen.

The mining operation of the Great Canadian project

involves excavation of over 50 million tons of material

per year, of which 30 percent of this tonnage is over

burden. Of prime importance is the selection of earth
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Great Canadian Oil Sands Project Described (Continued)

moving equipment, and equipment for delivery of tar sands

to the extraction plant. The equipment must operate all

year in temperature ranges from 90F to -60F.

At this date, Moss reports, there are some 1200

construction workers at the site and construction has

passed the 3 0 percent completion work. Shipping of the

first components of the two 9000-ton/hr. bucket wheel

excavators will commence this April, and erection of

the excavators will commence in August. The first

bucket wheel excavator should be assemblyed by January

of 1967.

No U.S. Funds Allocated for Nuclear Experiments in

Athabasca Tar Sands During Fiscal Year 1967.

The fiscal year 1967 budget for the Atomic Energy
Commission is now before the United States Congress for

authorization, and there is no request in this budget

for funds to conduct any experiments for recovery of

oil from the Athabasca tar sands with (or without)

nuclear explosions.

According to Representative Wayne Aspinall, in

last year's hearings before the Joint Committee on

Atomic Energy there was a discussion concerning the use

of nuclear explosives for recovery of oil from the

Athabasca tar sands, and Richfield Oil had earlier urged

such an experiment with the AEC. For the current and

next fiscal year, however, there are no requests for,

or authorizations of funds for such a project.

Current Listing of Bituminous Sands Leases and Pros

pecting Permits

Presented on the pages that follow is a listing
of the current (February, 1966) bituminous sands leases

and prospecting permits in the Province of Alberta.

The permit and lease areas are shown on the fold-out

map which follows the listing.
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COAL AND LIGNITE

WESTERN DEVELOPMENTS

UTAH

Resources Company Leases Coal on Kaiparowits Plateau

After extensive drilling, Resources Company, agent

for Arizona Public Service Company, San Diego Gas and

Electric Company, and Southern California Edison Company,

has converted coal prospecting permits to preference

right leases on 36,717 acres of Utah's Kaiparowits Plateau

The location of the Resources Company leases is shown

on the fold-out map entitled, "Current Coal Developments

in Utah and Colorado". Information in greater detail

concerning these coal lands is presented as Table I

on the page that follows.

The conversion of this coal acreage from prospect

ing permits to lease represents another step toward cul

mination of plans for a 5,000 megawatt coal fueled elec

tric power generating facility on the north shore of

Lake Powell. Resources Company also has obtained state

and Federal approval of an allocation of 102,000 acre

feet of water per year for the proposed plant.

The rental on the Resources Company coal leases are

25 cent9 per acre for the first year; 50 cents per acre

for the 2nd, 3rd, 4th, and 5th years; then $1 per acre

thereafter. The royalty will be 15 cents per ton by

underground mining, and 17-1/2 cents per ton for surface

mining for the first 10 years. These royalties will in

crease to 17-1/2 cents and 20 cents respectively for

the second 10 years. Minimum production royalty must

be $1 per acre beginning with the sixth year.
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BLM Offers Three Parcels of Utah Coal Lands for

Competitive Bids

In January 1966, the Bureau of Land Management,

through its Land Office at Salt Lake City, Utah, offered

three parcels of Federal coal lands for lease by com

petitive bidding. Sealed bids will be opened on April 6,

1966, The three parcels of coal land will go to the

bidder offering the highest cash bonus per acre for the

privilege of leasing. Each lease requires a minimum

bid of $3-00 per acre.

Royalty payments on the leased lands for the first

10 year period will be .15 cents per short ton for coal

mined by underground methods, and 17-1/2 cents per short

ton for coal mined by surface methods. Beginning with

the sixth year of the lease, a minimum annual royalty

payment of $1.00 per acre will be required.

Most of the coal lands are located in southwestern

Utah, and their location relative to the Resources Com

pany coal lands is shown on the preceding page map.

Detailed information concerning these lands is presented

in Table 2.

Kanab Field Coal Leases Sold to Utah Construction and

Mining Company

W. J. Smirl and Cloyd W. Swapp have sold their

leases on 7500 acres of Federal coal lands in Kane County
to Utah Construction and Mining Company. The sale price

was $165,000 plus an overriding royalty. The lands

are located in T40S, Ranges 4, 4-1/2, and 5W, SLM.
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TABLE 1

RESOURCES COMPANY COAL LAND LEASES

Lease

Acres

2061

LandI Locat ion (All Salt Lake Meridian

Number Twp

40S

Ranqe

4E

Sections

U-087805 31:all

41S 4E 5:all, 6:all

U-087806 194 5 4 IS 3E l:all, 12:all

4 IS 4E 7:all

U-087807 1920 41S 4E 8:all, 9:all, 10:all

U-087828 2560 41S 3E 14:all,

25:all

, 23:all, 24rall,

U-087833 2515 41S 4E 18:all,

21:all

19:all, 20:all,

U-087834 2560 41S 3E lOrall,

15:all

ll:all, 14:all,

U-087835 1920 40S 3E 13:all, 24:all, 25:all

U-087836 1280 40S 3E l:all, 12:all

U-092138 1891 4 IS 3E 19:all, 30:all, 31:all

U-092139 1936 41S 3E 6:all, 7:all, 18:all

U-092140 2022 4 IS 3E 3:all, 4:all, 9:all

U-092142 1750 42S 3E 7:all, 17:all, 18:all

U-096486 640 41S 4E 17:all

U-096494 2560 40S 3E 26:all, 33:all, 34:all,

U-096495 2559 40S 3E

U-096496 2560 40S 3E

U-096497 2560 40S 3E

U-096509 1478 42S 3E

35:all

28:all, 29:all, 30:all

31:all

lOrall, llrall, 14:all

15:all

21:all, 22:all, 23:all

27:all

5:all, 6:all, 7:NE-l/4

8:W-l/2
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TABLE 2

FEDERAL COAL LANDS IN UTAH FOR LEASE BY

COMPETITIVE BIDDING APRIL 6, 1966

General

Lease

Unit

Approx.

Acres

Location of Land

Number Twp Rainqe Meridian

U-0144823-35 1 2020 4 IS 8 and

9W

SLM

2 204 5 40 and

41S

8W SLM

3 2045 40S 8W SLM

4 1920 40S 8W SLM

5 2579 40S 7W SLM

6 2019 41S 7 and

8W

SLM

7 949 41S 7W SLM

U-0147570 2092 13S 6E SLM

U-0147999 320 40S 4-
-1/2W SLM
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Ashmar Oil Bids Over $400 Thousand to Obtain Lease

John A. Howell of Ashmar Oil Company, Denver,

bid $400,881 to the U. S. Bureau of Land Management

for coal leases on 17,878 acres in Sevier County, Utah.

The lease offer was held in Salt Lake City on December 15,

1965. Data concerning the coal lands and the bid prices

are shown below.

Unit Acres

4080

2508

2619

3674

Bid Price

Accepted

$94,941

$43,324

$40,004

$41,405

4996 $181,205

Land Location

T21S, R5E,SLMr

Portions of Sections 21,

22, 23, 24, 25, 26, 27

and 28.

T21S, R5E, SLMr

Portions of Sections 26,

27, 28, 33, 34 and 35.

T22S, R5E, SLMr

Portions of Sections 3

and 4.

T22S, R5E, SLMr

Portions of Sections 4,

5, 6, 7, 8, 17 and 18.

T22S, R4E, SLMr

Portions of Sections 13,

24, 25 and 36.

T22S, R5E, SLMr

Portions of Sections 29,

30, 31 and 32.

T22S, R4E, SLMr

Portions of Sections 22,

23, 24, 25, 26, 27, 34,

35, and 36.

T23S, R4E, SLMr

Portions of Sections 1,

2 and 3 .
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EJ

Ashmar Oil Bids Over $400 Thousand to Obtain Lease

(Continued)

There is a yearly rental of 25 cents per acre for

the first year, 50 cents per acre for the second through

the fifth years, and $1 per acre in succeeding years.

There is a royalty of 15 cents per ton on coal mined

underground, and 17-1/2 cents per ton for surface-

mined coal during the first 10 years.
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COLORADO

REA Coal-Fueled Power Plant at Hayden Declared Illegal

The Colorado-Ute Electric Association plans to

file a petition for rehearing in the Colorado Supreme

Court of that Court's 6 to 1 decision that construction

of the completed $30 million Hayden coal- fueled power

station was illegal. The Court's decision that the

REA-financed plant was constructed and operated illegally
means that Colorado-Ute cannot operate the plant for

its 13-member REA cooperatives .

The plant generates 160,000 KW, an additional

225,000 KW of generating capacity are planned, and more

than 700 miles of transmission lines are in operation.

Large Coal Acreages Acquired in Western Colorado

American Hydrocarbons Company acquired Federal

coal prospecting permits on about 50,000 acres of coal

land in Rio Blanco county, but has relinquished all

but 10,000 acres. The company has asked permission to

purchase 25,000 acre feet of water per year from the

proposed Rangely reservoir.

Industrial Resources Company has acquired Federal

coal prospecting permits on 15,000 acres of coal land

in Garfield county having an estimated reserve of 200

million tons of coal which occurs in a seam estimated

to be from 18 to 21 feet thick. In addition, water

filings have been made for sufficient water from the

Colorado river to generate 2 million KW of electric

power .

A. R. Gilbert has acquired Federal coal prospect

ing permits and 10-year State coal leases on approxi

mately 20,000 acres of coal land in Moffat county.

J. J. Wanner has acquired Federal coal prospecting

permits and 10-year State leases on approximately 18,000

acres of coal land in Moffat county.
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ARIZONA

Peabody Signs Coal Supply Letter-of-Intent Agreement

The Southern California Edison Company announced

jointly with the Department of Interior that a letter-

of-intent agreement between Peabody Coal Company and

SCE had been signed whereby Peabody would deliver a

minimum of 117 million tons of coal over a 35-year

period to the first units of the proposed Fort Mohave

power plant in Nevada. The coal to be supplied under

this agreement will be mined from Navajo and Hopi

Indian coal deposits located on Arizona's Black Mesa.
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NEW MEXICO

The "Four
Corners"

Project

Six utility companies, all members of WEST, Asso

ciates, plan the construction of two 750 MW coal- fueled

mine-mouth power generating units at the site of Arizona

Public Service Company's operating plant near Farmington,

New Mexico. The project is known as the "Four
Corners"

project. It is planned to have the first 750 MW genera

tor in service in 1969, and second 750 MW generator in

service in 1970. The plant will be built by Bechtel

Corporation and will use coal supplied by Utah Construc

tion and Mining Company from a deposit owned by the

Navajo Indians. The percents of ownership and of rated

generation capacity are as follows r

Company

Tucson Gas and

Electric

El Paso Electric

Salt River Project

Public Service of

New Mexico

Arizona Public Service

Southern California

Edison

Distance

Owner Rated From Load

ship, % Capacity Center,Miles

7.0 105 MW 400

7.0 105 400

10.0 150 290

13.0 195 160

i 15.0 225 290

48.0 720 600

100.0% 1500 MW
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WYOMING

Pacific Power and Light, Wyoming Division, Joins WEST

Associates, Lines Up New Coal Reserves

Pacific Power and Light, Wyoming Division, has

joined WEST, Associates, bringing to 21 the number of

investor-owned utilities which now cooperate in long-

range planning of generating and transmission facilities

for the southwestern quarter of the United States. The

WEST program calls for some 36 million kilowatts of

new generating capacity over the next 20 years. The

participation by P.P. and L. in the WEST, Associates

program infers that some capability or project of

P.P. and L. may be of interest.

Of interest in this respect are the recent leases

by P.P. and L. of about 4000 acres of Federal coal lands

in T19 and 20N, R92W, an area located about 25 miles

west of Rawlings , Wyoming. Due to distance, these coal

reserves are not logically related to the 420,000 KW

Dave Johnston generating plant now operated by P.P.

and L. north of Glenrock, Wyoming.

Federal Coal Lands in Wyoming Offered for Lease by

Competitive Bidding on March 11, 1966.

The Bureau of Land Management, through its office

at Cheyenne, Wyoming wil offer 4821 acres of coal land

in Johnson and Sheridan counties for lease by competi

tive bids to be opened March 11, 1966. The lands are

shown on the fold out-map, on a page that follows, and

are described below.

Document Acres Legal Description of Lands

Reference Twp Range Meridian Section

W-0321120 4821 52N 82W 6th PM 4: all

5r Lot 2,

S-1/2NE-1/4

9r N-l/2,SE-l/4,

E-1/2SW-1/4
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Federal Coal Lands in Wyoming Offered for Lease by

Competitive Bidding on March 11, 1966. (Continued)

Document Acres Legal Description of Lands

Reference Twp Range Meridian Sections

53N 82W 6th PM 27 r SW-l/4

SW- 1/4

28 r E-1/2SE-1/4

29 r N-l/2,

W- 1/2SW-l/4,

W-1/2SE-1/4

30r Lots 1, 2,
NE- 1/4 ,

E-1/2NW-1/4,

NE- 1/4SW-l/4,

N-1/2SE-1/4

1 *
:
SE- 1/4 SW] '4

53N 83W 6th PM 13: all

14 r S-l/2,

S-1/2NE-1/4

15: S-1/2NW-1/4,

NW-1/4NW-1/4

23 r
NW- 1/4SW-l/4,

W-1/2NW-1/4,

NE-1/4NW-1/4,

NE- 1/4
,

N-l/2 SE-1/4,

SE-1/4SE-1/4

24: N-l/2, SW-l/4,

W-1/2SE-1/4,

NE-1/4SE-1/4

25: NW-1/4,

SW-1/4NE-1/4

Large Acreage Involved in Transfer of State Coal Leases

Wyoming state coal lease rights on approximately

one quarter million acres have recently been transferred

from Page T. Jenkins, a geologist from Casper, to

"C. R. Hocker, Trustee". No company affiliation is

known for C. R. Hocker. All of the assignments have

an overriding royalty reservation of three cents per

short ton.
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Large Acreage Involved in Transfer of State Coal Leases

(Continued)

The state lands are scattered sections (normally
sections 16 and 36) in about sixty townships in Sheridan

and Johnson counties, as shown on the fold-out map on

a page that follows.

Coal Prospecting Permits Obtained for Federal Lands in

Campbell County

About 40,000 acres of Federal lands are affected

by coal prospecting permits obtained by Page T. Jenkins

This is just north and east of Federal coal lands leased

by Kerr-McGee Industries last year. These areas are

indicated on the fold-out map which follows.
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COAL AND LIGNITE

NATIONAL DEVELOPMENTS

Office of Coal Research Contracts for Study

On December 18, 1965, OCR awarded a $109,000 con

tract to the consulting firm of Booz-Allen and Hamilton,

Inc., Washington, D. C. for a study to determine the

potential of industrial markets for coal. It is esti

mated that the industries under study will represent a

market for about 20 percent of the United States coal

production.

The Booz-Allen and Hamilton study will require a

12 month span, and will encompass the potential indus

trial coal market in the eastern half of the United

States for the next ten years .

Office of Coal Research Extends Contract for Project

"COED"

An additional $478,000 to provide ten month's addi

tional work on Project COED (Char Oil Energy Development)

was made available to the FMC Corporation. The addi

tional funds are for further operation of the existing

one-ton per day Process Development Unit to develop
additional data on the commercial feasibility of the

multiple-stage fluidized bed pyrolysis process. The

original contract, for the first liquid-fuel project

to be supported by OCR, had been signed in May of 1962,

and furnished $1,121,000 for a 43-month project.

Nathan Submits Report on Markets for Western Coal

Robert R. Nathan Associates, Inc., has submitted

its report entitled, The Potential Market for Far Western

Coal and Lignite, to the Office of Coal Research. The

report was prepared in accordance with a $169,000 con

tract (No. 14-01-0001-475) which assigned to Nathan the

task of "appraising the potential markets for Western

coal, the factors favorable and the problems and obstacles

to the achievement of that
potential"

.

90



Nathan Submits Report on Markets for Western Coal

(Continued)

This is the most comprehensive and most useful re

port available anywhere concerning the potential market

and uses for Western coal.

One important omission occurs, however. The re

port did not include any consideration of the potential

market for coal which could develop from processes which

would produce liquids from coal. This aspect for coal

utilization was omitted from the Nathan studies, accord

ing to Nathan representatives, because there were no

economic studies or related data available. Hence, to

avoid pure speculation on the subject, no consideration

of this potential use was included.

Concerning markets for Western coal, the Nathan

report estimates that the potential for coal and lignite

from the 10 far-western states will expand as shown

be low.

1963 1980

Electrical Utilities 5.4 MM Tons 75-102 MM Tons

Steel Industry 3.8 7.0

Other Manufacturing 1.6 15- 25

10.8 97-134

The largest single market for Western coal will obviously

be for use as fuel in large-capacity thermal electric

power plants.

Concerning the cost of mining coal, the Nathan re

port states that a mine cost of less than 13 cents per

million Bcu is attainable at eight of twelve Western

sites for which engineering studies were made, the lowest

cost being 9.8 cents per million Btu, and the highest

being 20.1 cents per million Btu.
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Nathan Submits Report on Markets for Western Coal

(Continued)

Depending on mine design, Nathan's studies indicate

that the total investment necessary to assure a four

million ton annual output of coal ranged from a low of

$10.1 million to a high of $32.4 million for open pit

mines and from a low of $10.7 million to a high of $17.0

million for underground mines.

The present (actual) and future (projected) usage

of the various fuels for power generation west of the

continental divide is of interest and Nathan's tabula

tion of these estimates are shown a? Table 1.

Nathan's studies show that coal slurry pipelines

will be the most economical means for transporting large

tonnages of coal over great distances. Nathan's compara

tive costs for transporting coal by pipeline and by rail

road between selected origins and destinations are pre

sented in tabular form as Table 2.

The Nathan report to the Office of Coal Research

is being re-printed by the Government Printing Office

as The Potential Market for Far Western Coal and Lignite,

Vol. I and Vol. II. It should be available for distri

bution in April, 1966.
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George Fumich, Jr., Addresses Southern Coals Conference

At the Annual Meeting of the Southern Coals Con

ference, Inc., Cincinnati, Ohio, on February 17, 1966,

George Fumich, Jr. ,
Director of the Office of Coal

Research discussed the four projects which are now under

investigation by OCR for producing gasoline from coal.

An abstract of Mr. Fumich
'

s discussion concerning progress

by the OCR contractors investigating the four gasoline-

from-coal processes follows.

1. "The largest OCR liquid fuel undertaking is "Project

Gasoline"

being performed under contract to us by

the Consolidation Coal Company. This Company

sometimes with Standard Oil of Ohio, had been work

ing for a number of years on the basic development

of a coal to gasoline process. In 1963, OCR

executed a $10,000,000 contract with Consol to

proceed with bench-scale development and, if it

were successful, the construction and operation

of a pilot plant. Ground for the pilot plant at

Cresap, West Virginia, was broken last fall and

we hope to have it operating by late 1966*. Several

years of operation will be needed to produce the

engineering and cost information required for commer

cial application.

"Detailed evaluation of the process, made with the

assistance of The Ralph M. Parsons Company before

the contract was executed, indicated a good poten

tial for producing gasoline from coal at a competi

tive price. Since then the results of the bench-

scale work and consequent process improvements indi

cate appreciable cost reductions below the original

estimates. Among the later developments is the use

of a zinc chloride catalyst for which a patent is

pending. All present indications, which of course

* Presented on the page that follows ia a photo

graph of a scale model of the pilot plant now

under construction at Cresap, West Virginia.
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George Fumich, Jr., Addresses Southern Coals Conference

(Continued)

are yet to be proven by the pilot plant operation,

are that Project Gasoline will result in a useful,

in the broadest sense of the word, coal-to-gasoline

process .

"The basic method followed here is to dissolve the

coal in a liquid which itself is produced in the

process. Ash and the less reactive parts of the

coal are filtered out and the remaining extract

catalytically hydrocracked to produce a refinery

feed stock. The refinery feed stock is then pro

cessed in a more or less standard manner to produce

gasoline, and a few miscellaneous by-products.

The major-end products of the process will be high-

octane gasoline and the previously mentioned char.

While the general method has been simply described

here, there are many details of equipment, process

conditions (time, temperature, and pressure) ,

catalysts, and many other variables which have re

quired years of intensive study for optimization.

This same work must be continued, verified, and

improved during the pilot plant
phase."

2. "The H-Coal Process is another method of producing

gasoline from coal which is being developed under

a $2,000,000 OCR contract by Hydrocarbon Research,

Inc. This is a variation of one of this Company's

processes which has been commercially applied to

producing gasoline from residual oils. Coal is

introduced into a so-called
'

ebullating
bed'

of

catalyst in the presence of hydrogen to convert

it into a liquid.

"Bench-scale work has produced yields of the order

of 80 percent coal conversion and the work is pro

ceeding to pilot plant scale in the contractor's

existing equipment. A feasibility study of full-

scale plants based on the bench-scale data, which

was recently completed by the contractor, indicates
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George Fumich, Jr., Addresses Southern Coals Conference

(Continued)

that in certain coal producing areas of the country

the process has the potential of being commercially

practical. We hope to publish this study in the

near future.

"It should be noted that to be commercially practical

the coal-gasoline refineries must be large - in

the size range of 30,000 to 100,000 barrels a day
output - similar to many present oil refineries.

This means that when the pilot plants have brought

these processes to the level of normal commercial

risk, as we have every hope they will do, large

long-term coal reserves must be assembled to serve

one plant and substantial amounts of capital be

accumulated to build the
plant."

3. "A third method OCR is investigating is Project

Seacoke being investigated by The Atlantic Refining

Company under a $900,000 OCR contract. This process,

if it can be successfully demonstrated, has attrac

tive possibilities in that it has the potential of

substantially increasing coal demand in existing

markets without requiring new marketing channels

or large accumulations of capital for new "grass
root"

plants.

"The concept is, where large coal-fired electrical

generating plants and oil refineries already exist

in a local area, to divert the power plant coal

fuel to a nearby oil refinery. There the coal

is "topped
off"

in an adaption of the present oil

refinery fluidized coking process. The topped off

fractions of the coal are converted to gasoline

and the char, still a large part of the original

coal, continues to the power plant to serve as

fuel. We have estimated that the successful appli

cation of this process to all of the refineries

and power plants in the metropolitan Philadelphia

area, for example would result in a significantly
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(Continued)

large increase in coal consumption there. Of

course, there are other locations where large power

plants and oil refineries are commonly located

such as around New York City and Chicago.

"This process has been demonstrated to be technically

feasible. That is, coal has been topped and char

produced in bench-scale fluidized cokers . We have

not yet determined whether it is commercially feas

ible and are presently engaged in investigating

yields and the utility of the products. If this

is encouraging, we plan to go to larger-scale

operations .

"

4. "The fourth, and oldest, contract in this area is

Project COED undertaken by FMC Corporation. The

initial cost was $1,121,000 and the contract amount

was recently increased by $478,000 and the term

extended. This process is the multiple-stage

fluidized bed pyrolysis of coal which produces a

liquid, residual char and some gas. The initial

concept was to mix the char with the liquid and

then pipeline the mixture from mine-mouth to market.

The char would then be separated and used as a

boiler fuel and the liquid would be used as a

refinery feed stock. The gases can be used as fuel

or to produce hydrogen - some of which is required

to reduce the viscosity of the liquid for pipelining.

"A $250,000 Process Development Unit, designed with

a feed capacity of about one ton of coal a day,

was built by the contractor and operated during

most of 1965. The results confirmed the initial

estimates as to operability and yield for a number

of coals. Upon evaluation, as the contract term

was ending, we decided that further operation of

the Process Development Unit with other coals could

produce much useful information, plus needed addi

tional quantities of products for their evaluation.
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As noted, the contract has been extended for this

purpose and we hope the additional work will pro

vide the basis for a further extension of the pro

ject to a larger scale.

These four projects are the ones OCR has underway

at the present time which are intended to lead to

practical processes for producing gasoline from

coal."

Fumich discussed the "Future Needs for
Coal"

in

a talk presented before the Paonia, Colorado, Chamber

of Commerce during February, 1966. Fumich noted that

"coal's eggs are presently in one basket", a fact

which should be of concern to the coal industry. Forty-

five percent of coal's market is in the electric utilities,

and this particular market is expected to increase to

seventy-five percent of coal's total market by 1980.

Also, by 1980, severe shortages are to be anticipated

in United States fuel reserves. Consumption of gaso

line and oil were predicted by Fumich to become 1-1/2

times greater in the next 15-year period than they have

been in the entire 106-year history of the nation's

oil industry. The correct approach for the Office of

Coal Research to take to insure increased markets for

coal and to provide future supplies of liquid fuels

is to investigate processes for conversion of coal to

liquid fuels .
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known as the "Air Pollution Control
Act"

.
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known as the "Water Pollution Control Act".
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Oil yield and chemical composition of shale

from northern Alaska

By Harry A. Tourtelot and Irvin L. Tailleur

U.S. Geological
Survey-'

' The U.S. Geological Survey is continuing the study of northern

Alaska oil shales in cooperation with the Office of Naval Petroleum and

Oil Shale Reserves, U.S. Navy, Washington, D. C.

The Arctic Research Laboratory, Barrow, Alaska under contract to

the Office of Naval Research provided substantial logistic support in

both the 196^ and 1965 seasons.

In a paper published in 196^, Tailleur reported oil yields of 1*4-6

and ikk gallons per ton from two samples of marine organic-rich shale

from northern Alaska. Such oil yields are exceptionally large; oil

yields of about 25 to 50 gallons per ton were obtained from 5 other

samples, and 1 sample yielded 7 gallons per ton. Semiquantitative

spectrographic analyses of these samples indicated that vanadium, zinc,

and molybdenum, as well as some other metals, were present in unusually

large amounts compared to other oil shales. The data were so unusual

that Tourtelot, in collaboration with Tailleur, obtained additional

spectrographic analyses from the small remaining hand specimens of the

original samples and made other studies. It became apparent that the

shale samples were of considerable geochemical interest.



In the summer of 196W
,
Tailleur was able to collect 12 samples,

'
Field studies including collection of samples were continued in

the season of 1965. Organic-rich rocks were examined and sampled along

nearly the entire north front of the Brooks Range from the Kivalina River

on the west to the Nanushuk River in the central foothills region.

each from 1 to 10 pounds, from some of the localities in the central

Brooks Range on which he had first reported, and from other localities

from which samples had not been analyzed previously. An integrated

investigation of their oil yield, chemical composition with respect to

both major constituents and minor elements, mineralogy, and petrology

was then undertaken. The large oil yields of 75 to 150 gallons per ton

came from an unusual type of organic-rich shale called tasmanite, which

consists almost entirely of the fossil remains of a sporelike alga,

Tasmanites. The preliminary results of this investigation are presented

in tables 1, 2, and 3 and the locations of samples on figure 1.

In addition, oil yields and semiquantitative spectrographic analyses

of five samples from Tailleur 's current map area in the far-western Brooks

Range are reported in tables k and 5 and figure 1. Also shown on figure 1

are the locations of hand specimens of organic-rich shale from the western

and central Brooks Range contained in available collections at the Menlo

Park Center of the Geological Survey. Although analyzed only microscopi

cally, these samples showed that tasmanite is present at two more localities



and as clasts in younger detrital rocks and that many of the shale specimens

are comparable petrographically in kind and amount of organic material to

shale that assayed 25 to 50 gallons per ton.

J. M. Schopf identified the rich oil shale as tasmanite, and provided

valuable descriptions of some samples and much helpful information on the

nature of the organic material in the samples. R. M. Kosanke has aided

Tourtelot in the study of the thin sections and given useful comments on

the organic components of the samples.

Geology

Organic-rich shales are widespread in a belt of intensely and

complexly deformed rocks bordering the north edge of the western and

central Brooks Range. Outcrops of the shale are poor and reveal contorted,

highly disturbed strata with obscured stratigraphic relationships. In

general, the beds of interest occur in the stratigraphic interval between

the Triassic and the mid-Cretaceous j their special depositional conditions

suggest that they are synchronous deposits yet evidence is contradictory.

Associated rocks make up different assemblages of chert, shale, and/or

wacke that probably represent several stratigraphic sequences juxtaposed

by large-scale overthrusts.

Although much of the geology of the oil shales remains to be under

stood, some order within the samples that have been examined is discernible:

The oil shale at localities 1 and 3 underlies with slight unconformity

wacke and mudstone equivalent to the Fortress Mountain Formation (Albian-

Cretaceous) and appears to be at or near the top of a section of clay

shale that contains Early and Late Jurassic (R. W. Imlay and D. L. Jones,



written communications, 1963 and 1964) fossils. The organic shale at

locality 2 is associated with clay shale and with coquinoid limestone

beds of Buchia assigned to the Valanginian (Cretaceous) (D. L. Jones,

written communication, 1964) and underlies the same Fortress Mountain-

equivalents that are present at localities 1 and 3* The oil shale at

localities 5, 6, 7, and 8 is interbedded in a chert section that

apparently succeeds the Triassic Shublik Formation and underlies somewhat

arenitic rocks with Valanginian Buchia as well as equivalents of the

Fortress Mountain Formation; the organic beds at locality 4 could represent

either the same section or the lower part of the Shublik Formation. The

tasmanite, Tasmanites itself being nondiagnostic as to age, at localities

12, l4, l6, 22, and 23 is included in a section of varicolored chert that

lies between carbonate and lutitic rocks which are of Late Paleozoic age

and the Okpikruak Formation which contains Buchia assigned to the Berriasian

(Early Cretaceous). The oil shale or organic-rich shale at localities

11, 13, 21, and 24 is associated with chert which apparently underlies

a section of clastic rocks that is characterized by wacke with spherical

(cannonball) concretions and that could be equivalent to the Okpikruak

Formation; nearby blocks of the generally clastic Nuka Formation of Late

Paleozoic age suggests a stratigraphic relationship with that formation.

The oil shale at localities 10, 15, 18, 19, 20, 26, and 27 is included

in a thin section of fine-grained deposits containing fossils of probable

Jurassic, possibly Early (R. W. Imlay, written communication, 1964) age,

that succeeds the Shublik Formation without recognizable interruption

and is succeeded by clay shale with the same coquinoid limestone as at

locality 2 and then by the Fortress Mountain Formation.
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Chemical composition

Analyses for samples from the central Brooks Range (tables 2 and

3) differ from those for samples from the western Brooks Range (table 5),

and data from the two areas will be discussed separately.

Central Brooks Range

Sample processing

The 12 samples collected by Tailleur in 1964 (tables 1, 2, and 3)

were received from the field in blocks and pieces from 3 to 8 inches in

maximum dimension and thickness depending on the fissility of the shale.

The samples were collected in the field to represent a specific rock type

at a specific place. Representative splits were taken in the laboratory

from each field sample to represent the lithology of the sample as a

whole and set aside for reference and for thin sectioning. Specimens

of concretions or those showing other different characteristics of the

sample also were set aside.

The remainder of the sample was then rough-crushed and mixed. A

half-pint was split out mechanically and ground on a ceramic buckboard

to standard analytical fineness. This material was divided into two

parts, one for chemical and spectrographic analyses, and one for X-ray

analyses. A full pint was split out for Fischer assay and reduced to

minus 8 mesh by hammer mill. In this way, the sub-samples for analysis

in the several laboratories were made as uniform as possible with respect

to the sample received from the field.



Oil yields and related data

The oil yields of the samples from the central Brooks Range range

from about 3 to 144 gallons per ton, or 1 to 55 percent of the rock.

The three richest samples came from localities 14 (l44 and 89 gals /ton)

and l6 (75 gals/ton). Th richest sample consists almost entirely of

the disseminules of the sporelike fossil, Tasmanites. Small amounts of

quartz and barite are the only evident nonorganic material. The lesser

yields of 89 and 75 gallons per ton also were obtained from tasmanite
,

but in these samples, the organic material is diluted with quartz that

was deposited within the hollow disseminules of the Tasmanites before

much compaction had taken place. The oil from the tasmanite has a

specific gravity of about 0.91 at 15.6C and the oil flows freely at

temperatures a little about 0C. About 88 percent of the oil remains

after heating approximately 1 hour at 55C. As determined by chromato

graphic separation on silica gel, almost half of this residue consists

of aromatic hydrocarbons
,
a quarter of saturated hydrocarbons

, and the

remainder of nonhydrocarbons . From 50 to 85 percent of the organic

carbon in the raw shale is evolved as oil or gas in the Fischer assay,

which are larger proportions than in any of the other samples that were

studied.

The samples from localities 11 and 13 that yield about 45 gallons

per ton contain fibrous-appearing red to reddish-brown organic matter.

The sample from locality 25, however, that also yields about 45 gallons

per ton contains black organic matter that is opaque in thin section.

The oils from these samples are similar in composition and character as



far as the present data indicate, but the oil from the sample from

locality 25 is exceptionally light, having a specific gravity of 0.86

at 15.6C. Less than 40 percent of the organic carbon in the raw shale

of these samples is evolved as oil and gas. Possibly different retorting

methods would increase the yield from these samples.

The thin sections of the two samples from locality 11, samples

64ATr207A and 207B, look very similar, both samples appearing to consist

almost entirely of fibrous red organic matter. The apparently greater

degree of weathering of sample 207B may be the reason why this sample

yields only 26 gallons per ton as compared to sample 207A which yields

45 gallons per ton.

Major constituents

The major constituents in the chemical compositions of the samples

from the central Brooks Range (table 3) reflect the mineralogical

composition of the samples as indicated by X-ray analyses and petrographic

study. All the samples contain small amounts of clay, generally less

than 25 percent, except for samples 64APa201D-l and 64APa201D-2. The

alumina contents of these two samples are 11.6 and 14.0 percent

respectively, compared to a range of 1.2 to 7 percent for the other

samples. Sulfur, reported as total sulfur as SO
,
occurs mostly in

pyrite in samples 64ATr207A and 207B, in pyrite and barite in samples

64ATr305B and 305C, as well as in small amounts of gypsum in several of

the samples. Some of the sulfur in each of the Alaska samples, however,

occurs in the organic matter in the shale. The behavior of this sulfur

in the distillation process has not been investigated. Some iron probably

also is found in the organic matter.

7



Shale sample 64APa201D-l contains an anomalously large amount of

barium, equivalent to 11 percent barite. Other samples, however, such

as 64ATr209B, 64ATr305B, 64ATr305C, contain 3 percent or more barite so

that the occurrence of barite must be regarded as common for this group

of rocks. Sample 63ATr230 from locality 7 in the western Brooks Range

(tables 4 and 5) also contains much barite.

Minor elements

As a group, the samples of oil shale from the central Brooks Range

are unusual with respect to their minor element content compared to

other oil shale. In general, the shale approaches marine organic-rich

shale in its content of zinc, molybdenum, and vanadium, although the

amounts of the individual elements is variable; samples otherwise

similar have greatly different zinc contents, for instance. The minor

element analyses (table 3) indicate the content of the whole sample and

not merely the ash of the organic-rich rock. In considering the amounts

of minor elements that might be recovered in connection with distillation

processes, and assuming that little or none of most elements would be

distilled as organic compounds, the amounts in the whole sample can be

calculated to the amounts in the spent shale remaining after Fischer

distillation assays (table 2) or to the amounts in the ash if the spent

shale were ignited. Sample 64ATr209A, for instance, contains 110 ppm

molybdenum, yields 144 gallons of oil per ton, and 26.8 percent of the

sample remains as spent shale after distillation. The spent shale thus

would contain about 440 ppm molybdenum, an enrichment of about 4 times.

The minor element content of the other samples should be similarly

8



enriched in the spent shale by factors of 1.1 to 1.7, according to the

percentage of spent shale (table 2). The minor element content of the

ash of the whole rock can be estimated by using factors of 1-3 to 7,

obtained by dividing 100 by the percent ash in raw shale shown in table

2. The molybdenum content of the ash of sample 64ATr209A would thus be

about 630 ppm. The content of minor elements in the ash of some samples

is significantly high and should add considerably to the economic value

of the shale if the elements can be recovered as a by-product of

distillation.

Sample 64ATr305C is richest in copper (380 ppm), selenium (200 ppm),

zinc (7000 ppm), silver (4000 parts per billion), and equivalent uranium

(70 ppm). The amounts of all these elements, except the uranium measured

as equivalent uranium, are more than twice as large as the generally

accepted average for black shale. Arsenic (110 ppm), nickel (400 ppm),

and vanadium (1700 ppm) also are present in very large amounts, although

other samples of Alaska oil shale contain somewhat larger amounts. The

minor element content of the closely associated sample 64ATr305B is not

unusual except, perhaps, for zinc (420 ppm).

Zinc, copper, and silver are present in large amounts in many marine

black shale beds in which fish remains are abundant, the Kupferschiefer

being a well-known example. Judging from the phosphorus content of the

Alaskan oil shale samples (table 3), fish remains are almost 4 times as

abundajib in sample 64ATr305C as in sample 305B which is much less than

the differences in minor element content between the samples.



The closely related samples 64APa201D-l and 201D-2 contain large

amounts of vanadium (3100 and 1200 ppm), boron (250 and 270 ppm), and

chromium, (280 and 430 ppm). The vanadium content of 64APa201D-l is

the highest found and Is unusual in that the sample contains the smallest

amount of carbon and yields the smallest amount of oil (12. 3 percent and

2.9 gallons per ton, table 2) of any of the samples. The relatively

large amounts of boron in these samples perhaps is contained in the

relatively large amounts of clay.

Of the associated samples 64ATr207A and 207B, sample 207B is

anomalous in its contents of arsenic (200 ppm), copper (320 ppm) cobalt

(150 ppm), lead (80 ppm) molybdenum (220 ppm), and nickel (450 ppm).

Most of these elements commonly occur in sulfide minerals and the sample

is rich in pyrite (table l). Sample 64ATr207A, however, also is rich in

pyrite, and its minor element content is not remarkable. No differences

between the samples can be made out that would explain the difference in

minor element content. The samples are similar in that each contains 150

ppb (parts per billion) gold, the highest amounts found in any of the

samples.

The amounts of arsenic (63, 67, and 110 ppm) and molybdenum (110,

170, and 450 ppm) in the three tasmanite samples, 64ATr209A, 209B, and

210 are unusual chiefly in comparison to other marine organic-rich shale

inasmuch as the values, except for the 450 ppm molybdenum, are exceeded

in other samples of Alaska oil shale. Pyrite is present only in trace

amounts in sample 20A so these elements are not related to pyrite. The

three samples are uniform in the nature of their organic material. Sample
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210 contains the largest amounts of arsenic and molybdenum as well as

the largest amount of ash of the three samples (54.1 percent, table 2)

but the available mineralogical data do not suggest any mineral known to

contain these elements.

Mercury is surprisingly abundant in all samples. Although data on

the average mercury content of shale and other nonmineralized rocks are

few, unpublished data furnished by J. Howard McCarthy (oral communication)

of the U.S. Geological Survey indicate that the expectable mercury back

ground content is less than 100 ppb. The lowest amount of mercury found

in the Alaska oil shale samples, 650 ppb in sample 64APa208, if found in

soil samples, would suggest a mercury anomaly in mineralized areas,

according to Mr. McCarthy. In addition, he adds that soil samples from

the center of mercury anomalies near some known deposits do not contain

as much as the 3000 ppb mercury reported for samples 64ATr207A and

64ATr209B .

The geochemistry of mercury in black shale is virtually unknown.

Organo-mercury compounds seem plausible sources of mercury in such rocks

although no relation between the amounts of mercury and amounts of carbon

or oil yield is evident in the data on the Alaska oil shale samples. It

may be that the climate of northern Alaska minimizes losses of mercury by

vaporization on the outcrop, which is a possible cause of loss of mercury

from outcrops in warmer climates. It is thus possible that the mercury

content of the Alaska oil shale samples represents startling syngenetic

concentrations .
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The gold content of most sedimentary rocks as well as the earth's

crust is generally considered to be on the order of x ppb (O.OOx ppm).

The values for gold reported in table 3 thus are distinctly anomalous.

Sample 64ATr207A has one of the highest gold contents, 150 ppb; and one

of the highest mercury contents, 3000 ppb. There is no evident relation

between gold and mercury except that all samples contain anomalous amounts

of both elements. Nor is there any evident relation between gold and

other elements or other characteristics of the samples. According to

Garland B. Gott (oral communication), gold values approaching 100 ppb

from soil samples seem to outline gold anomalies associated with known

gold mineralization in the few areas where gold has been used as a guide

element in geochemical prospecting.

The geochemistry of gold in sedimentary rocks, like that of mercury,

is virtually unknown. It may be that 100 ppb or so of gold represents

the average gold content of metal-rich black shale, such as the Alaska

oil shale. Many additional analyses are needed*

The possibility that both the gold and the mercury contents represent

epigenetic mineralization cannot be ignored, however. The large difference

in zinc and arsenic contents between the associated samples 64ATr305B and

305C, and the differences in arsenic and molybdenum contents among the

tasmanite samples, and other similar variations, suggest that the minor

element distribution in these samples is perhaps partly the result of

processes other than those expected for marine black shale- The alter

native hypothesis of epigenetic mineralization may explain the erratic
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distribution of elements in the samples, but it is not clear why some

samples should be more highly mineralized than others.

Western Brooks Range

The five samples analysed so far from the western Brooks Range have

low oil yields, only two yielding more than 20 gallons per ton and the

maximum being 24 gallons per ton. In thin sections, the organic matter

is reddish brown and fibrous or black and opaque similar to that in thin

sections of shale from the central Brooks Range that yield twice as much

oil.

Pyrite is in all samples from the western Brooks Range and in larger

amounts than in the samples from the central Brooks Range. Dilution of

the organic matter by detrital minerals as well as by the pyrite also

is more evident and may partly explain the lower oil yields of the

western samples.

Sample 63ATr230 from locality 7 contains about 5 percent barite
,

thus indicating that barite in considerable amounts can be common in

organic-rich shale in the western Brooks Range as well as in the central

part of the range.

The minor element content of the five samples are indicated only by

semiquantitative spectrographic analyses, so the data are subject to

revision. A split of each of the original samples and the ash of each

sample were analysed separately and both analyses are reported in table 5.

The amounts of most minor elements are larger in the ash analyses than in

the original analyses within the limits of precision of the semiquantitative

spectrographic method.. The differences between amounts of elements in the

analyses of the ash and in the analyses of the original rock are a function

of the ash content of the samples.
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The minor element contents of these five samples, as a group, are

not so strikingly different from the expectable composition of shale as

those in the samples from the central Brooks Range.

Antimony and tin were reported in sample 6lATr28A, the tin being

detectable only in the ash of the sample. Antimony, in particular, is

an unusual constituent of shale and subsequent analyses indicate that,

if actually present, it is very erratically distributed in the rocks.

Silver is reported in the analyses of all samples in larger amounts

than could be found in the central Brooks Range samples by more sensitive

analytical methods. Molybdenum in amounts of 0.001 to 0.015 percent in

the original sample is expectable for organic-rich shale. The 0.2

percent vanadium in the analysis of the original sample 6lATr28A is the

largest amount of vanadium found in these samples and represents a

considerable concentration compared to other organic-rich shale. The

0.05 to 0.07 percent zinc in samples 63ATr260A and 260B at locality 4

is unusual, and the presence of zinc in only these two samples suggests

that zinc may not be a syngenetic constituent.

Other localities

A sample from locality 9 on the Kivalina River in the western

Brooks Range (fig. l) has been reported upon by Stadnichenko (1929) and

White (1929) although no oil analyses were given. The sample is described

as a brown oil shale containing "a great many spore exines, many of which

are
twisted"

(Stadnichenko, 1929, p. 824). White (1929, p. 844-845)

described the spore as Sporangites alaskensis. Winslow (1962, p. 8l)

later studied the same material and assigned the species to the genus

Tasmanites.

14



Stadnichenko and White both discuss float samples from the mouth of

the Meade River near Point Barrow and from the Etivluk River that are

identical in every way with the tasmanite samples from localities 12

and 14. Stadnichenko (1929, p. 824) compares the material to tasmanite

but does not apply the name. White (1929, P 845) named the
"spore"

Sporangites arctica and does not refer to either the genus Tasmanites or

to the rock type
,
tasmanite .

In addition, Stadnichenko and White describe a sample of boghead

or algal coal collected as float near the head of the Meade River.

Most boghead coals yield large amounts of oil on distillation. No

material of this kind has been found so far in the present investigations

of the organic-rich shale in the Brooks Range.

An unusually rich oil shale from the Christian River area on the

south side of the Brooks Range (loc. 28, fig. l) was reported by Mertie

in 1930 (1930a, p. 138-139)* The sample presumably was collected from

float and it yielded 122 gallons of oil per ton on standard distillation

analysis, ^his is the highest oil assay reported from North America

until
Tailleur'

s 1964 report. The remarkably large oil yield implies

that the sample was a tasmanite or a boghead coal. The area has been

revisited (W. Brosge, oral communication) and no similar organic-rich

rocks have been found.

Mertie (1930b, p. 131-132) also reports organic-rrich shale of

Triassic age from Trout Creek (not shown on fig. l) near the confluence

of the Nation River with the Yukon River almost 200 miles southwest of
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locality 28, that yielded 28 gallons of oil per ton. Stadnichenko

(1929, p. 824, 836-838) and White (1929, p. 843) make some additional

comments on this sample, White inferring that its oil content was

derived from scattered algal colonies.
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TABLE 1

Location and Description or Samples of Oil Shale From Central Brooks Range, Northern Alaska

(Location, description of outcrops and stratigraphic assignment by I. L. Tailleur. Megascopic description of lithology

of sample based on observations by J. M. Schopf and H. A. Tourtelot. Petrographic and mineralogic data by H. A. Tourtelot)

Locality

No.
Location

11

13

14

Howard Pass Quadrangle,
68*42

f25"

N.,
15827'45"

W,

Kiligwa River; high bank,

west side, 1.3 miles below

junction of Rolling Pin

Creek. (Same locality as

assay No. 4, p. D132,

Tailleur, 1964.)

Howard Pass Quadrangle,
6839*30"

N.,
15827'45"

W.

High bank at eoge of

terrace on east side of

Kiligwa River about 2 miles

above junction of Rolling

Pjn Creek. (Approximately

same locality as assay No.

3, p. D132, Tailleur,

1964.)

Howard Pass Quadrangle,
68*40*05"

N.,
157*33'45"

W.

South of Monument Ridge,
1-1/2 mile east of Cutaway

Creek. Cutbank on south

end of curved hill on north

side of small tributary to

Cutaway Creek. (Same

locality as assay No. 2,
p. D132, Tailleur, 1964.)

Description of Outcrops and Stratigraphic Assignment

South end of high bank shows the following south-dipping

units from south to north: (1) talus of fine-grained

greenish-gray, soft, non-stratified wacke with spherical

(cannonball) CALCAREOUS CONCRETIONS, 10 FT.; (2) OIL SHALE,
WEATHERED DARK-GRAY, CRUMPLED, AND CONTAINS SEVERAL THIN

ZONES OF CLAY GOUGE, 5 FT.; (3) SHEARED SHALE WEATHERED TO

CLAY, 10 FT.; (4) CLAY SHALE, RUSTY AND GRAY-COLORED,
INTER-

LAYERED WITH CLAY, 5 FT. AND (5) CLAY SHALE, WEATHERED RED,
30 ft. Strongly deformed mudstone, varicolored chert, and

dark brownjsh-gray, thinly laminated limestone also are

exposed along bank.

Tentatively considered part of a concretion-dearing

wacke assemblage of presumably late jurass i c or earliest

Cretaceous age.

Sample 64ATr207A from 1-ft. layer at top of oil shale

zone.

Sample 64ATR207B from 1-ft. layer in lower part of

oil shale zone.

Bank consists of outcrop and talus chiefly of vari

colored CHERT. A ZONE ABOUT 5 FT. THICK OF BLACK, PAPERY

to bookish weathering oil shale is partly exposed at and

below the lip of the southern end of the bank. rubble

traces about 100 yards to the east consist of similar oil

shale associated with chert and light green i sh-gray-weather-

ing wacke. Other outcrops of oil shale were observed on

adjoining bluffs in 1951.

The ASSOCIATION OF varicolored cherts and CONCRETION BEAR

ing wacke suggests correlation with the same sequence as at

locality 11.

Sample 64ATr208 from 5-ft. oil shale zone.

Talus and outcrops of northwest-dippjng rocks indicate

more than 20 ft. of mafic igneous rock structurally above

more than 50 ft. of red chert and cherty mudstone. a 1-ft.

bed of tasmanite projects through chert talus.

These rocks are mapped as Rart of an unnamed cherty unit

strati graphically between the okpikruak formation (early

Cretaceous) and the Lisburne Group (Mississippi an) with

mafic sills. The assemblage is the same as that present at

locality 12 (Assay No. 1, p. D132, Tailleur, 1964) and is

extensively overthrust in the region.

Sample 64ATr209A from upper half of tasmanjte bed.

Sample 64ATr209B from lower half of tasmanite bed.

Sample Description

64ATr207A - Shale, black,
weathered papery. Frac

ture SURFACE HAS SATINY

LUSTER SIMILAR TO ATTRITAL

coal. Bedding is smoothly

undulating on scale of 2-4

inches. Contains abundant

pyrite in lenses 1/2 x 2

mm. Minute gypsum crys

tals COAT WEATHERED BED

DING planes. Obscure

PLANT FRAGMENTS AND PRINTS

OF FISH SCALES ARE

PRESENT.

64ATR207B -

Shale, black,
WEATHERED PAPERY. Is

SIMILAR TO 64ATR207A, but

CONTAINS MORE IRON OXIDES

ON WEATHERED JOINTS AND

BEDDING PLANES. CONTAINS

A FEW CONCRETIONS OF CALCITE.

Petrographic and Mineralogic Data

64ATr207A - Chiefly composed of closely packed red

organic material with fibrous aspect as viewed in thin

section by transmitted light. cell structure was not

observed. Minor amounts of quartz occur in lenses with

the pyrite. x-ray analyses show less than 10 percent

clay that consists mainly of illite with lesser amounts

of kaolinite and mixed-layer i l l ite-montmor i llon 1 te .

64ATr207B - Organic fibers are brown-red and seemingly

MORE ALTERED IN COMPARISON WITH THOSE IN 64ATr207A. THE

calcite concretions consist of phosphatic fish bones and

coprol1tes surrounded by and partly replaced 3y calcite.

Quartz and pyrjte are more abundant than in 64ATr207A.

contains about 25 percent clay by x-ray analysis made up

of illite, kaolinite, and mixed-layer i ll i te-montmor i llo-

nite. The clay is not evident in thin sections.

64ATr208 - Shale, black,

weathered papery. Frac

ture surface is fairly

lustrous; rock verges on

impure coal. Bedding is

undulatory on scale of

INCHES.

64ATr209A - Tasmanite, an

organic-rich rock made up

almost entirely of spore

like disseminules of

Tasmanites. The rock is

brownish-gray with tawny

hornlike luster on frac

TURE SURFACES. It IS

very tough and hard to

break. This and other

tasmanite samples from

Alaska yield much more

oil by distillation than

any samples reported from

Tasmania.

C MATERIAL WITH

ACCOUNT FOR ITS

64ATr208 - Closely packed red organ

fibrous aspect make up the rock and

fissility. Bedding distorted on small scale from

slumping or adjustment to compaction. pyr i te not

observed and other visible minerals very sparse.

64ATr209A - Rock is a solid mass of compacted spore-like

disseminules botan1cally identified with tasmanites,, a

problematic type of planktonic alga. the compressed dis

seminules are discqidal, about 400 microns in diameter.

The spore-uke bodies appear grayish yellow in reflected

light but a few are
brownish-

red. the organic matter

composing them is anisotropic throughout ( strain

anisotropism), independent of the individual spore-uke

BODIES. NO CLAY IS EVIDENT. QUARTZ FILLS A FEW PARTLY

compacted sporelike bodies and several are filled with

barite. Tiny twinned plagioclase grains appear to be

INTERSTITIAL TO THE DISSEMINULES. MATERIAL OF THIS KIND

was described by White (1929, p. 841-848)





Table 1 (Continued)

Locality

No.
Location Description of Outcrops and Stratigraphic Assignment Sample Description Petrographic and Mineralogic Data

16 Howard Pass Quadrangle,
6841'30"

N.,
15717'40"

W.

Cula Creek just north of

edge of hilly terrane, low

cutbank west side of stream.

(Same locality as assay No.

5, p. D132, Tailleur,

1964).

19 Howard Pass Quadrangle,
6837'40"

N., 156o42'00"W.

The MIDDLE part of the cut exposes strongly-sheared dark-

colored gray-weathering shale that contains gouge layers,

zones of hard, ferruginous and cherty layers, flaky,
organic-

rich shale, and blocks of tasmanite. At the north end of

the cut is a block of contorted varicolored chert and float

of the Shublik Formation (Triassic); at the south end of the

cut is muostone comparable to that in the Fortress Mountain

Formation (Early Cretaceous).

Rocks included in more than one assemblage probably have

been mixed tectonically here and originally the tasmanite

was likely to have been part of the assemblage present at

localities 12 and 14.

Sample 64ATr210 from apparently detached block 1 ft.

thick near creek level in north third of the cut.

Section of south-dipping rocks along low cutbank shows

from top: (1) clay, weathered red, more than 15 ft.; (2)
black, woody-appearing organic shale that weathers silvery

gray in layers 0.2-0.8 ft. thick separated by 0.1-0.3 ft.

layers of black flinty chert, 15 ft.; 3-ft. thick zone of

platy, calcareous oil shale with laminae of prismatic cal

cite (crushed inocsramus shells?) and abundant belemnites

near middle; (3) platy oil shale, weathered brown, very

finely stratifieo, 3 ft.; (4) organic-rich shale, black,

interbedded with black chert and dark-colored cherty cal-

cilutite; contains pelecypod cf. Otapiria and Inocsramus

lucifer (r. w. imlay, written communication, 1964), more

than 15 ft. thick; (5) poorly exposed interval similar to

overlying units, less than 50 ft.; and (6) poorly exposed

calcilutite of the shublik formation.

Most of this section is lithogenetically like the under

lying Shublik Formation and it has been included with the

Shublik at the few places it has been recognized previously.

However, the apparently undisturbed association of oil shale

with chert and lutitic rocks bearing a fauna younger (Early?

Jurassic, R. W. Imlay, written communications, 1964, 1965)
THAN THAT OF THE SHUBLIK INDICATES A HITHERTO UNRECOGNIZED

SUPRA-SHUBLIK STRATIGRAPHIC UNIT.

Sample 64ATR305B from unit 3 above.

Sample 64ATr305C, from 3-ft. oil shale zone in unit 2 above,

64ATr209B - Tasmanite,
dark gray, with a fluish

cast. is more fissile

than 64atr209a and frac

tures are irregularly

spotted with iron stained

gypsum. Contains lenses

1/4 x 4 inches of lighter

colored quartz -rich

material.

64ATR210 - Tasmanite,
bluish gray with tawny

gray weathered surfaces.

Contains both lenses and

numerous scattered silica-

FILLED Tasmanites dis

seminules.

64ATr305B - Shale, dark

gray, with gypsum and iron

and manganese oxide on

weathered bedding planes.

is very hard and forms

large platy blocks. lami

nated with half-millimeter

layers of organic-rich

shale alternating with

CALCITE.

64ATR305C - Shale, black,
WEATHEREO PAPERY TO PLATY

IN 1 MM LAMINAE. WEATH

ERED BEDDING PLANES

DUSTED WITH IRON AND

MANGANESE OXIDES. CON

TAINS CONCRETIONS AS LARGE

AS 15 MM IN DIAMETER OF

CALCITE AND FISH BONES.

64ATR209B - QUARTZ-RICH LENSES INCLUDE PARTLY COMPACTED

DISSEMINULES OF TASMANITES LINED WITH FIBROUS QUARTZ,

EVIDENTLY DEPOSITED BEFORE MUCH IF ANY COMPRESSION HAD

TAKEN PLACE. REMAINING CAVITIES WERE SUBSEQUENTLY FILLED

WITH FINELY CRYSTALLINE SPHERULITIC QUARTZ. BAR I TE FILLS

SOME OF THE DISSEMINULES. RELATIVELY LOW OIL YIELD (88

GAL.
PER"

TON) MAY REFLECT RELATIVE ABUNDANCE OF QUARTZ OR

OTHER MINERAL MATTER.

64ATR210 - Similar to both 64ATr209A and B, but contains

MINUTE SEMIOPAQUE STRINGERS OF IRON OXIDE. No CLAY

MINERALS EVIDENT. RELATIVELY LOW OIL YIELD (75 GAL. PER

TON) MAY REFLECT PRESENCE OF MINERAL MATTER, OR LOCAL

METAMORPHIC CHANGES.

64ATr305B - Grouno mass consists of red organic material

with frbrous aspect containing some calcite grains,

alternating with layers and stringers of finely crystal

line calcite. the calcite distorts the bedding of the

organic fibers. bar i te found by x-ray but not seen in

thin section. fragments of fish bones and scales and

minute coprolites are fairly abundant. oll yield re

flects dilution with calcite.

64ATr305C - Organic matter similar to that in 64ATr305B.

Some of the thin plates contain no carbonate, but the few

units about 15 mm thick contain both calcite and dolomite

in lamina and grains that distort beoding of organic

material. flsh remains abundant, but concretions of

dolomite and barite surrounding fish bones and phosphatic

coprolites account for most of the p2o5in the chemical

analysis (table 3). bar i te also occurs as isolated crys

tals in the shale. contains about 25 percent clay by

x-ray analysis but clay not evident in thin section.





Table 1 (Continued)

Locality

No.
Location Description of Outcrops and Stratigraphic Assignment Sample Description Petrographic and Mineralogic Data

21

25

27

Killik River Quadrangle,
6831f30"

N.,
153o28'30"

W.

Middle Fork of Okpikruak

River about 0.2 miles below

junction of okanugun creek.

North part of cutbank at end

of craggy spur on east side.

Chandler Lake Quadrangle,
6827'30"

N.,
15055'30"

W.

Welcome Creek, 1 mile below

junction of Erratic Creek;

east bank at edge of terrace

Chandler Lake Quadrangle,
approximately 6831 '

N.,
15023'

W. Cobblestone

Creek about 2 miles below

junction of Peregrine

Creek. Banks along east

wall where canyon cuts a

series of ridges; exact

location undertermined for

lack of visibility.

Poorly exposed unit consists of deformed mudstone with thin

zones of clay and black organic-rich shale that is iron-

stained. Adjacent part of cutbank consists of rubble of

highly green-stained concretion-bearing wacke. a block of

arenaceous limestone exposed directly to the north in 1949

had been covered by a mud slump when seen in 1964.

This sequence is somewhat similar to that at locality 11.

Sample 64APa215 from organic-rich shale.

Outcrops show steeply-dipping contorted varicolored chert.

a bed of oil shale 1 ft. thick projects through talus near

the middle of the bank, and apparently is within a zone of

shale about 50 ft. thick.

These rocks have been considered part of Tiglukpuk Forma

tion (Patton and Tailleur, 1964, p. 439-440) but direct

evidence of their position within mid-Cretaceous to post-

Triassic stratigraphic interval is lacking. The association

of oil shale and chert resembles that at locality 13, 175

miles to the west.

Sample 64APa208 from exposed oil shale bed.

Poor exposures of a north-dipping sequence beneath the

Fortress Mountain Formation Cretaceous age show about

25 ft. of organic-rich and ferruginous shale below clay

shale with Buchia - coquinoid limestone and above organic-

rich beds similar to the supra-Shublik unit of locality 19.

Sample 64APa201D-1 from 1-ft. bed of sheared shale in

upper part of unit.

Sample 64APa201D-2 from more platy, harder shale in

lower part of unit.

64APa215 - Claystone,

shaly, black. breaks into

irregular pieces rather

than flakes. in slightly

iron stained.

64APa208 - Shale or im

pure NONBANDED COAL,

black. Bedding is ap

parent ON weathered sur

face AND FRESH FRACTURES

ARE MODERATELY LUSTROUS

WITH FINELY LAMINATED

APPEARANCE.

64APa201D-1 - Shale,

black, flaky. sample

consists of small flakes.

64APa201D-2 - Shale,

black, flaky. insuffi

cient sample for oil

analysis. loss of igni

tion of about 25 percent

(table 3) suggests a low

oil content similar to

THAT OF 64APA201D-1.

64APa215 - No thin section available. X-ray analysis in

dicates ABOUT 2 PERCENT BARITE. THE CLAY FRACTION (35

PERCENT) CONSISTS OF ABOUT 40 PERCENT MIXED-LAYER CLAY

AND 60 PERCENT ILLITE.

64APa208 - Consists of highly layered opaque black

organic matter with scattered angular quartz grains.

no fibrous organic material evident. x-ray analysis

shows jarosite but it is not evident in thin sections,

64APa201D - No thin section available. X-ray analysis

SHOWS ABOUT 11 PERCENT BARITE, 7 PERCENT PYRITE AND A

TRACE OF GYPSUM AS WELL AS QUARTZ AND CLAY. THE CLAY

FRACTION (50 PERCENT) CONSISTS OF ILLITE AND MIXED-

LAYER ILLITE-MONTMORILLONITE IN ABOUT EQUAL AMOUNTS.

64APa201D-2 - No thin sections available. X-ray analysis

SHOWS ABOUT 2 PERCENT BARITE, 5 PERCENT PYRITE, AND 3

PERCENT GYPSUM AS WELL AS QUARTZ AND CLAY. THE CLAY

FRACTION (60 PERCENT) CONSISTS OF ILLITE AND MIXED-LAYER

ILLITE-MONTMORILLONITE IN ABOUT EQUAL AMOUNTS.

REFERENCES

White, David, 1929, Description of fossil plants found in some "mother
rocks"

of petroleum from northern Alaska: Am. Assoc. Petroleum Geologists Bull., v. 13, pt. 2, p. 841-848.

Tailleur, I. L., 1964, Rich oil shale from northern Alaska: Art. 148 ^n U. S. Geological Survey Prof. Paper 475-D, p. D131-D133.

Patton, W. W., Jr. and Tailleur, I. L., 1964, Geology of the Ki lli k-Itki llik region, Alaska: U. S. Geological Survey Prof. Paper 303-C, p. G409-G500.





TABLE 2

Fischer Assays and Related Data on Organic Maiter for 11 Samples of Oh. Shale From Central Brooks Range, Northern Alaska and Samples of the Green River and Chattanooga Shale

(Analyses by Irving C. Frost. Data in Percent)

Alaska Oil Shale Green

River

Shale 1/

KR62-350X

D115183

Locality Number 11 13 14 16 19 21 25 27
Chattanooga

Shale 2/
LC201Field Number 64ATR207A 64ATr207B 64ATR208 64ATR209A 64ATR209B 64ATR210 64ATr305B 64ATR305C 64APa215 64APa208 64APa201D-1

Laboratory Number D115215 D115216 D115217 D115218 D115219 D11522Q D115221 D115222 D1 15226 D1 15225 D 115223 D112455

Oil, gallons per ton

Sp. Gr. at 15.6C

15.6C

Fischer Assay, percent

Oil

Water

Gas and Loss

Spent Shale

Total

Mineral Carbon, percent

Raw Shale

Raw Shale

Ash at 900C (Calc.)
Total Carbon, percent

Water percent

D ifference

Total

Organic carbon in spent

shale calc. to raw shale

bas is

Percent organic carbon

evolved as oi l &. gas

Percent raw shale

extracted with benzene

Ratio: percent extracted/

percent organic carbon

Percent of extracted

organic matter as:

Saturated hydrocarbons

Aromatic hydrocarbons

Nonhydrocarbons

Percent recovery

Oil residue after heating

approximately 1 hr. at

55C WITH vacuum

Saturated hydrocarbons

Aromatic hydrocarbons

Nonhydrocarbons

Percent recovery

45.2

0.912

17.2

4.5

10.8

67.5

100.0

.01

24.2

51.3

4.5

20.0

100.0

26.5

0.894

9.9

5.0

5.9

79.2

100.0

.04

57.1

28.2

5.0

9.7

100.0

15.8

44

45.1

0.973

18.3

9.8

13.2

58.7

144.3

0.908

54.7

6.5

12.0

26.8

88.5

0.910

33.6

3.0

5.4

58.0

74.6

0.903

28.1

3.0

7.9

61.0

24.5

0.937

9.6

4.0

6.4

80.0

21.5

0.946

8.5

3.6

7.4

80.5

10.6

0.924

4.1

2.8

2.6

90.5

45.1

0.861

16.2

4.0

4.3

75.5

2.9

1.1

3.8

2.1

93.0

24 .1

0 .908

9 .1

r .0

2 .1

87 .8

100.0

.01

14.3

61.1

9.8

14.8

100.0

.01

17.4

63.3

6.5

12.8

100.0

.02

61.0

28.0

3.0

8.0

100.0

.01

54.1

36.0

3.0

6.9

100.0

3.80

55.1

26.7

4.0

14.2

100.0

.78

58.2

26.1

5.6

10.1

100.0

.OT

74.3

17.6

2.8

5.3

100.0

.01

47.3

41.2

4.0

7.5

100.0

.39

78.6

12.3

3.8

5.3

100.0

2.17

76.3

18.3

1.0

4.4

100.0

37.7

100.0

8.09

100.0

5.80

100.0

5.37

100.0

10.5

100.0

14.6

100.0

12.5

38 87 85 54 42 29

2.80 1.28 2.26 1.31 0.62 0.53 1.28

5.46 4.54 3.70 2.07 1.63 1.47 5.61

42 34 4 8 11 31 9

40 45 17 4 7 17 41

18 21 79 88 82 52 50

99.7 98.5 98.0 101.5 101.7 95.5 97.7

83.2 82.4 84.6 88.0 87.4

26 34 13 23 - 24 -

58 49 51 47 - 47 -

16 17 36 30 - 29 -

93.6 104.7 97.3 92.4 - 101.3 -

100.0

24.6

40

1.01

2.45

42

27

31

99.4

100.0

9.39

100.0

21

1.65

11.7

8.2

0.946

3.3

1.2

4.5

91.0

100.0

82.6

13.0

1.2

3.2

100.0

0.29

19 18

18 60

63 22

\J Average mine-run shale from the Bureau of Mines Demonstration Mine near Rifle, Colorado. See Stanfield and others (1951, "composite sample", p. 4, tables 6, 15-20)
FOR DATA ON PROPERTIES AND COMPOSITION OF A SAMPLE OF SIMILAR BUT NOT IDENTICAL SHALE.

2/ Adit, about 1 mile SW on old Tennessee Route 26 (now a boat landing road) from point there it joins Route 26 at top of descent to east end of Sligo Bridge. See

Bates and Strahl (1957) for data on mineralogy of shale from the same locality.





TABLE 3

Chemical Composition of 12 Samples of Oil Shale From Central Brooks Range, Northern Alaska, and Samples of the Green River, Chattanooga, and Pierce and Bearpaw Shales for Comparison

(Analysts and methods: S1O2 and AI2O3, W. D. Goss, colorimetric; FE2O3, MgO, CaO and MnO, john Mensik &. Claude Huffman, atomic absorption; NAgO and K2O, Wayne Mountjoy, internal standard

flame photometer: T1O2 and L.O.I., G. T. Burrow, colorimetric and gravimetric; BaO and SO3, L. F. Rader, gravimetric; As, Se, and V, G. T. Burrow, colorimetric, nephelometric, and colori

metric; B and Pb, Wayne Mountjoy, colorimetric and atomic absorption; Cr, Cu, Sr, and Zn, Claude Huffman &. John Mensik, atomic absorption; Co and Mo, L. F. Rader, colorimetric; Ni, E. J.

Fennelly, colorimetric; eU, H. H. Kipp, alpha-beta count; Hg, Howard Knight, atomic absorption spectroscopy; Ag, Margaret Hinkle, colorimetric field method; Au, H. W. Lakin, H. M. Nakagawa,

&. G. H. Van Sickle; colorimetric field method; Te, J. B. McHugh, colorimetric field method; specific gravity determinations (average of two measurements), R. F. Ganthier. Major elements

REPORTED IN PERCENT; MINOR ELEMENTS REPORTED IN PPM EXCEPT WHERE OTHERWISE INDICATED.)

Alaska 0 l Shale Green

R 1 VER

Chatt

anooga Pierre Bearpaw

Locality No. 11 13 14 16 19 21 25 27 Shale 2/
KR62-350X

Dl 15183

Shale 3/
LC20T

D1 12453

Shale 4/
S57-37-1

259563

Shale 5/
Field No. 64ATR207A 64ATR207B 64ATR208 64ATR209A 64ATR209B 64ATR210 64ATR305B 64ATR305C 64APa215 64APA208 64APA201D- 1 64APa201D-2 G61-16I-1

Lab. No. 0115215 D115216 D115217 D 11 52 1 8 D115219 D1 15220 D115221 D1 15222 D1 15226 D1 15225 D 115223 D115224 298491

S1O2 13.1 39.1 9.22 15.4 42.9 50.7 15.7 30.4 58.0 41.3 44.0 48.1 31.6 46.3 63.0 67.0

A123 .03 5.70 1.25 1.1 1.44 1.34 2.47 7.04 8.34 2.31 11.6 14.0 7.36 8.88 13.2 13.5

Total iron

as FE2O3 3.90 8.60 1.42 0.31 0.77 1.77 3.01 2.28 1.29 2.55 2.30 2.40 2.69 13.9 2.91 5.17

MgO 0.28 0.88 0.17 0.07 0.07 0.17 0.68 1.58 0.60 0.10 1.20 0.90 5.00 0.86 1.08 1.10

CaO 0.75 2.45 0.11 0.06 0.06 0.18 23.1 4.84 0.12 0.14 2.10 1.15 12.6 0.75 0.36 0.29

Na20 0.28 0.62 0.16 0.50 0.71 0.20 0.17 0.75 0.63 0.97 1.14 1.29 2.24 0.44 0.49 0.70

K2O 0.61 1.18 0.43 0.28 0.22 0.28 0.45 0.98 1.76 0.48 2.23 2.60 2.02 2.95 3.45 2.53

Ti02 0.22 0.42 0.18 0.12 0.14 0.10 0.19 0.47 0.36 0.23 0.53 0.59 0.28 0.64 0.73 0.64

P25 0.15 0.55 0.17 0.03 0.03 0.04 0.55 2.10 0.20 0.05 0.40 0.30 0.22 0.63 0.17 0.20

MnO 0.009 0.13 0.003 0.001 0.002 0.01 0.68 0.45 0.005 0.009 0.067 0.009 0.038 0.016 0.006 0.008

BaO 0.07 0.03 0.03 0.36 1.91 0.07 1.81 3.52 0.80 0.26 7.56 0.99 0.10 0.03 0.10 0.07

Total sulfur

AS SO3 13.0 13.6 9.21 2.72 2.87 3.25 7.89 7.97 2.62 2.72 6.27 4.81 1.45 25.2 1.10 0.20

L0I - 1000C 76.1 37.2 86.4 80.4 49.0 48.4 43.6 40.2 24.7 49.2 20.2 24.8 32.0 24.8 12.4 7.3

Total 1/ 111.6 110.5 108.8 101.4 100.1 106.5 100.3 102.6 99.5 100.3 99.6 101.9 97.8 100.6 99.0 98.7

As

B

Cr

Cu

Co

Pb

Mo

Ni

Se

Sr

V

Zn

eU

Hg

Ag

Au

Te

Sp.

(ppb)
(ppb)
(ppb

(ppb

G.

49

52

40

40

9

30

376

72

<1

70

450

52

50

3000

150

150

<50

1.3

200

80

110

320

150

80

220

450

10

100

660

810

30

1400

300

150

<50

1.8

37

53

24

38

2

10

110

22

5

70

240

38

20

1400

200

30

^50

1.2

63

32

18

8

?

<10

110

22

8

80

200

48

20

1200

200

50

<50

1.1

67

35

14

6

8

<110

170

17

*:1

490

70

13

^.10

3000

100

70

^.50

1.5

110

31

16

25

14

^10

430

2

5

42

140

38

<10

1600

200

100

<50

1.2

37

52

19

75

41

20

11

81

3

580

90

420

30

900

300

70

<50

1.9

110 27

110 T80

250 260

480 32

27 ?

10 10

100 36

400 120

200 100

600 200

1700 1200

7000 76

70 20

1500 1000

4000 400

50 70

<50 <50

1.8 1.9

110

60

48

34

12

^10

440

28

20

no

210

34

20

650

300

70

<50

1.7

24

250

280

65

3

<10

23

95

50

860

3100

140

30

750

300

30

100

2.1

29

270

430

100

3

<110

35

93

65

200

1200

280

20

800

300

100

100

2.1

43

140

250

47

60

45

26

960

2

660

70

57

10

240

270

300

88

240

50

280

400

1

75

23

250

80

43

240

150

66

5

25

14

18

5

130

39

42

30

17

240

100

27

15

45

4

21

15

110

20

97

20

Mathematical total. No adjustments, such as oxygen included as Fe 0 if iron is pyrite, or inclusion of sulfur twice, due to measuring as SO and also as LOI, have been made,1/ . .
.

2/ Average mine-run shale from the Bureau of Mines Demonstration Mine near Rifle, Colorado. See Stanfield and others (1951, composite sample, p. 4, tables 6, 15-20) for data

about properties and composition of a sample of similar but not identical shale.

3/ Adit, about 1 mile SW on old Tennessee Route 26 (now a boat landing road) from point where it joins Route 26 at top of descent to east end of Sligo Bridge. See Bates and

STRAHL (1957) FOR DATA ON MINERALOGY OF SHALE FROM THE SAME LOCALITY.

4/ Pierre Shale, Sharon Springs Member, NE 1/4 Section 17, T. 93N, R. 56W, Yankton Co., South Dakota.

5/ Bearpaw Shale, 290 ft. above base, NW-l/4 NW 1/4 Section 3, T. 36N, R. 8W, Glacier Co., Montana.





(Locati on

A. Tourtelot ba

TABLE 4

Location and Description of Samples of Oil Shale From Western Brooks Range, Northern Alaska

, description of outcrops and stratigraphic assignment by |. L. Tailleur. Sample description and petrographic

SED ON VERY SMALL HAND SPECIMENS THAT MAY NOT BE REPRESENTATIVE OF THE MATERIAL FOR WHICH ANALYTICAL DATA ARE

DATA

GIVEN

BY

I N TABLE

Local ity
No.

4.)

Location

DeLong Mountains Quadrangle,
6835'50"

N.,
16426'10"

W.,
Upper Ipewik River; rubble

and bedrock bank on west

side at the head of the

downstream leg of the long

LOOPS.

DeLong Mountains Quadrangle,
6815'20"

N.,
16418'30"

W.

LOW CUTS ON SOUTH AND WEST

BANKS OF CREEK TRIBUTARY

TO THE KUKPUK RlVER ABOUT

ONE MILE DOWNSTREAM FROM

LOCALITY 5.

DeLong Mountains Quadrangle,
6814'40"

N.,
16418'30"

W.

Along short east-flowing

part, near middle, or

tributary draining area

within large north loop

of Kukpuk River.

DeLong Mountains Quadrangle,
6818'10"

N.,
16355'30"

W.

Chert bluffs along south

east side of upper Kukpuk

River valley.

Description of Outcrops and Stratigraphic Assignment

The following section can be interpreted; [ I ; mudstone and

wacke equivalent to the fortress mountain formation of early

Cretaceous age lying with slight angular discordance on

underlying units, not measured; (2) shale with rusty

weathered limestone concretions and bitumen-killed frac

TURES, SURFACE CONSIDERABLY I RON -STA I NED , 6 FT.; (3) SHALE,

BLACK, WEATHERED PAPERY AND STAINED WITH YELLOW BLOOM,
6 FT.; AND (4) OIL SHALE, 8 FT.

THE STRATIGRAPHIC POSITION OF THE ORGANIC ROCKS WITHIN

THE Ml D-CRETACEOUS TO TR I ASS I C INTERVAL IS UNCERTAIN.

The UNIT IS SIMILAR in GENERAL CHARACTER TO ROCKS THAT

contain a Buchia of Late Jurassic age (D. L. Jones,
WRITTEN COMMUNICATION, 1964) FARTHER UPSTREAM; IT IS QUITE

DIFFERENT FROM OTHER SEQUENCES THAT CONTAIN ORGANIC-RICH

SHALE .

Sample 60ATr28A, oil shale unit.

the organic-rich sequence dips south under chert and

CALCILUTITE ASSIGNED TO THE SHUBLIK FORMATION OF TR I ASS I C

AGE, BUT THE RELATION MAY BE ONE OF FAULTING. FROM SOUTH

TO NORTH THE ORGANIC-RICH SEQUENCE CONSISTS OF: (1) 3 TO

18 FT. THICK ZONES OF ORANGE-WEATHERED CHERT INTERBEDDED

WITH BROWN ORGANIC SHALE AND GRAY CHERTY SHALE IN BEDS

0.1-0.4 FT. THICK SEPARATED BY ZONES 2-3 FT. THICK OF DARK

COLORED ORGANIC-RICH SHALE AND SILTSTONE, THE UNIT BEING

ABOUT 50 FT. THICK, AND (2) INTERBEDDED MASSIVE WOODY

ORGANIC SHALE AND FISSILE TO CHIPPY, STONY, LIMONITE-

STAINED ORGANIC-RICH SHALE

UNIT, BE ING 110 FT. THICK.

IN ZONES 1-25 FT. THICK, THE

Sample 63ATr260A, a composite sample of the richer-

appearing WOODY ZONES IN UNIT 2 ABOVE.

Sample 63ATr260B, a composite sample of the inter-

bedded STONY ZONES.

Beds of oil shale as much as 10 ft. thick, exposed

along north bank of stream, appear to lie on crumpled

chert that is at least partly shublik formation.

Sample 63ATr255b, from large block of float.

Rubble scars along the bluffs show black and dark-

gray WEATHERING GRANULAR TO CHIPPY ORGANIC-RICH

shale and chert. chert and subordinate calcilutite

of the Shublik Formation included in the surrounding

TERRANE.

Sample Description

61ATr28A - Dark grayish-

brown fissile shale with

iron-oxide films along

weathered bedding planes

and slightly irregular

fractures .

63ATr260A - Dark brownish-

GRAY WELL-LAYERED SHALE.

63ATr260B - Dark brown ish-

gray shale that splits in

irregular planes that

cross bedding planes.

63ATr255b - Dark grayish-

brown SHALE THAT IS

HIGHLY LAYERED BUT NOT

FISSI LE.

63ATr230 - Dark brownish-

gray SHALE WITH TH IN

COALY STREAKS AND PATCHES,
AND SMALL ELONGATE CRYS

TALS OF BARITE.

Petrographic and Mineralogic Data

61ATr28A - The organic matter is mostly black and opaque

but is highly oriented and occurs as discrete flakes.

The rock is unusual in consisting of about a third

organic matter, a third clay ( i ll i te, a mixed-layer clay,
and kaolinite) and a third quartz that occurs mostly in

grains about half a mm i n diameter with many grains as

large as 2 mm in diameter. these very large quartz

grains range from subhedral suggesting bipyramidal forms

to embayed highly rounded but irregularly shaped grains

suggesting the partly resorbed quartz phenocrysts of

volcanic rocks. some or most of the clay is in lenses

less than a quarter mm thick and about 1 mm long; fine

grained quartz and muscovite occur in these lenses.

Pyrite is associated with the organic matter.

63ATr260A - Organic matter is reddish-brown and fibrous

in thin section. The rock consists of about 25 percent

clay, almost entirely illite and some visible muscovite,
20 percent quartz, 5 percent calcite, and about 5 per

cent pyrite, the remaining 45 percent probably being

ORGANIC MATTER. THE PYRITE IS IN IRRECULAR 10-20 MICRON

AGGREGATES THAT DO NOT DISTORT THE ORIENTATION OF THE

ORGANIC FLAKES OR CLAY. THE QUARTZ AVERAGES 15-20

microns in diameter.

63ATr260B - Organic matter is reddish brown but it

dispersed between other components of the rock and

not fibrous. the clay mineral fraction amounts to

about 25 percent, and consists mostly of mixed-layer

clay with some visible muscovite. dolomite amounts to

about 2 percent and occurs in poorly shaped rhombs about

20 microns in maximum dimension. pyr i te amounts to

about 15 percent according to x-ray analysis and most of

it occurs in aggregates about 5 microns in diameter.

63ATr255b - Organic matter is red and fibrous and probably

AMOUNTS TO 35 PERCENT OF THE SAMPLE. THE REMAINING 65

PERCENT IS MADE UP OF QUARTZ, 20 PERCENT CLAY, 30 PERCENT

( ILLITE AND MIXED-LAYER CLAy), PYRITE, 10 PERCENT, AND

PLAGIOCLASE AND OTHER MINERALS, 5 PERCENT. THE PYRITE IS

IN THE ORGANIC MATTER AS AGGREGATES ABOUT 20 MICRONS IN

DIAMETER. MOST OF THE QUARTZ IS 20-25 MICRONS IN DIAMETER.

63ATr230 - The organic matter is black and opaque; no coaly

STREAKS WCRE INCLUDED IN THE THIN SECTION. BARITE AMOUNTS
TO ABOUT 10 PERCENT OF THE ROCK AND IS PRESENT AS EUHEDRAL
ELONGATE CRYSTALS RANDOMLY ORIENTED APPROXIMATELY PARALLEL
TO THE BEDDING PLANES MARKED BY THE FLAKES OF ORGANIC MATTER
The barite CRYSTALS do NOT distort THE ORIENTATION OF SUR
ROUNDING ORGANIC FLAKES AND CLAY MINERALS. PYRITE IS INTER-

GROWN WITH SOME OF THE BARITE AND IS DISSEMINATED FAIRLY
EVENLY THROUGH THE ROCK. THERE IS NO EVIDENCE THAT THE

BARITE IS RELATED TO THE OXIDATION OF PYRITE IN THE ROCK.
Pyrite amounts to more than 10 percent of the rock.

CLAY MINERAL FRACTION, ABOUT 35 PERCENT, IS MADE UP OF

ILLITE.

IS

IS





TABLE 5

Fischer Assays and Semiquantitative Spectrographic Analyses of

Samples of Oil Shale From Western Brooks Range, Northern Alaska

(Fischer assays by J. W. Budinsky; semiquantitative spectrographic analyses by J. L. Fletcher. In semiquantitative

spectrographic analyses results are reported in percent to the nearest number in the series 1, 0.7, 0.5, 0.3, 0.2,

0.15, and 0.1, etc., which represent approximate midpoints of group data on a geometric scale. the assigned group

for semiquantitative results will include the quantitative value about 30$ of the time. symbols useo are: m = major

CONSTITUENTS GREATER THAN 10$; 0 = LOOKED FOR BUT NOT DETECTED; < , WITH NUMBER, LESS THAN NUMBER SHOWN. In ADDITION,

P, As, Au, Bi, Cd, Ge, Hf, Hg, In, Li, Pd, Pt, Re, Ta, Te, Th, Tl, U, W, Sm, and Eu, looked for but not detected.

Original designates analysis of sample as received; ash designates analysis of ash prepared for spectrographic

analyses.)

Locality Number 1 4 5 7

Field Sample No. 61ATR28A 63ATR260A 63ATR260B 63ATr255b 63ATR230

Laboratory No. D 162447 D 162450 D162451 D 162449 D 16244 8

Oil, gal/ton

Water, gal/ton

Oil, percent

Water, percent

Gas and loss, percent

Spent shale, percent

21.6

12.0

8.8

5.0

1.8

84.5

6.2

5.8

2.4

2.4

1.8

93.3

0.7

6.7

.3

2.8

.9

96.0

23.5

6.2

9.4

2.6

3.9

84.1

13.8

8.4

5.5

3.5

3.6

87.3

Total

Sp. Gr. of oil
15.6C

15.6C

Ash, percent (900C)

100.1

0.958

68.5

99.9

.940

83.1

100.0

.916

91.1

100.0

.956

65.1

99.9

.941

65.3

Original Ash Original Ash Original Ash Original Ash Original Ash

Si

A1

Fe

Mg

Ca

Na

K

Tl

Mn

Ag

B

Ba

Be

Ce

Co

Cr

Cu

Ga

La

Mo

Nb

Ni

Pb

Sb

Sc

Sn

Sr

V

Y

Yb

Zn

Zr

PR

No

M

3.

.7

.3

.05

.5

1.5

.2

.0015

.0007

.01

.07

.0002

0

0

.01

.003

.0007

.007

.015

.001

.007

..003

.015

.0015

0

.007

.2

.001.

<.0005

0
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CONCERNING AIR POLLUTION.

Be It Enacted by the General Assembly of the Slate of Colorado:

Section 1.Short title. -This act shall be known and

may be cited as the "Air Pollution Control Act".

Section2Legislative declaration. It is hereby de

clared to be the policy of the state of Colorado to maintain

a reasonable decree of purity of the air resources of the

state, which shall be consistent with the public health,

welfare, and public, enjoyment thereof, the industrial de

velopment of the state, the propagation and protection of

human, plant, and animal life, and the protection of physical

property and other resources. To that end, it is the purpose

of this act to require the use of all available practical

methods to reduce, prevent, and control air pollution in the

state of Colorado and to maintain a cooperative program

between the state and local units of government. It is further

declared that the prevention, abatement, and control of air

pollution in this state are affected with a public interest

and that the provisions of this act are enacted in the exercise

of the police powers of this state for the purpose of pro

tecting the health, peace, safety, and general welfare of

the people of this state.

Section :*. Definitions. ( 1 ) When used in this act,

Capital letters indicate new material added to existing statutes;

dashes through words indicate deletions from existing statutes

and such material not part of act.



the following words and phrases shall have the meanings

ascribed to them in this section :

(2) "Air pollution variance
board"

means the air

pollution variance board created by section 7 of this act.

(3)
"Division"

means the division of administration

of the state department of public health.

(4)
"Person"

means any individual, public or pri

vate corporation, partnership, association, firm, trust, estate,
the state or any department, institution, or agency thereof,

any municipal corporation, county, city and county, or

other political subdivision of the state, or any other legal

entity whatsoever which is recognized by law as the subject

of rights and duties.

(5) "Air
contaminant"

means a dust, fume, gas,

mist, smoke, vapor (other than water vapor alone), pollen,

or any combination thereof.

(6) "Air
pollution"

means the presence in the at

mosphere of one or more air contaminants in quantities,

of characteristics, and of a duration throughout the state

or throughout such areas of the state as shall be affected

thereby, which are injurious to human, plant, or animal

life or to property, or which unreasonably interfere with

the comfortable enjoyment thereof.

(7) "Air
contamination"

or
"emission"

means the

discharge into the atmosphere of one or more air contami

nants which contribute to a condition of air pollution.

(8) "Air contamination
source"

means any source

whatsoever at, from, or by reason of which there is emitted

or discharged into the atmosphere any air contaminant.

(!)) "Ambient
air"

is the surrounding Or outside air.

(10) "Air cleaning
device"

means any method, pro

cess, or equipment which removes, reduces, or renders less

noxious air contaminants discharged into the atmosphere.

(11) "Area of the
state"

means any geographical

area of the state that may be so designated by the division,
as provided in section 8(1) (c) of this act.

(12)
"Gas"

means a formless fluid which occupies

space and which can be changed to a liquid or solid state

only by increasing pressure with decreased or controlled

temperature, or by decreased temperature with increased

or controlled pressure.

(13)
"Ringelmann"

means the method of estimating

smoke density described in IT. S. bureau of mines informa

tion circular 7718, dated August 1955, by means of the

Ringelmann chart.

(14) "Air pollution control
authority"

means any
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person or agency given authority by the division or by a

local governmental unit with respect to air pollution control.

(15) "Local air pollution
law"

means any law, or

dinance, resolution, code, rule, or regulation adopted by
the governing body of any home rule city, city of the second

class, town, county, or city and county pertaining to the

prevention, control, and abatement of air pollution, in

cluding, but not limited to, the adoption of emission stand

ards such as set forth in section 5 of this act.

Section4.Ambient air standards. ( 1 ) The follow

ing standards of ambient air quality define the limits of air

contamination by particulates and gases above which limits

the ambient air is hereby declared to be unacceptable :

(2) (a) Kind of particulate Measurable limits

averaged for any
three-month period

Suspended particulates 120 micrograms per

cubic meter

Coefficient of haze 0.5 Coh units

( b ) Sampling stations shall be so located and operated
as to conform as nearly as possible to the following criteria :

(i) Located in the central business district of a city

or community and at such other places as the division de

termines desirable, approximately twenty-five to fifty feet

above ground level and where a single emission source is

not the prime polluter of the air being sampled.

(ii) Samples to be collected on a regular three-day
basis.

(3) (a) Gases Measurable limits based on one

per cent of the time during any
three-month period

Total oxidant .. .1 part per million for one hour

using a potassium iodide method

of testing:*D

Oxides of

nitrogen 1 part per million for one hour

Sulfur

dioxide 5 parts per million for one hour

or

.1 part per million for twenty-four

hours

(b) Sites and conditions of gas sampling shall be so

chosen as to realistically represent the exposures of persons

and property which might be affected.
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Section 5. Emission standards in designated areas

of the state. (1) Subject to such variances as may be

granted pursuant to section 11 of this act, the emission

standards set forth in subsections (2) through (6) of this

section shall be in full force and effect in each area of the

state designated by the division pursuant to section 8(1)

(c) of this act, immediately upon such designation.

(2) (a) Xo person shall discharge, or cause or per

mit to be discharged, into the atmosphere, from any single

source of emission, any air contaminant for a period ag

gregating more than three minutes during any hour which

is:

(b) As dark or darker in shade as that designated as

No. 2 on the Ringelmann chart, as defined in section 3 of

this act; or

(c) Of opacity equal to or greater than smoke de

scribed in paragraph (b) of this subsection ; or

(d) Of any shade or opacity greater than that spe

cified in paragraphs (b) or (c) of this subsection and

designated under any other nationally accepted measuring

system which is comparable to the Ringelmann method.

(3) Xo person shall permit solid matter in combus

tion gas from any fuel-burning equipment in excess of

0.85 pounds per one thousand pounds of such gas, adjusted

to twelve per cent carbon dioxide, or solid particulates in

any other gas in excess of 0.85 pounds per one thousand

pounds of undiluted gas, to escape into the atmosphere

or to pass any convenient measuring point in a chimney,

breeching system, or other discharge system.

(4) (a) Xo person shall burn or permit to be burned

on
an}'

open premises owned or controlled by him, or on

any public street, alley, or other land adjacent to such

premises, any rubbish, waste paper, wood, or other flam

mable material, unless a permit therefor shall first have

been obtained from the appropriate authority enforcing air

pollution control standards. In granting or denying the

issuance of any such permit, said authority shall base its

action on the location and proximity of such burning to

any building or other structure, the potential contribution

of such burning to air pollution in the area when the same

may violate any standard in this section, climatic condi

tions on the day or days of such burning, and compliance

by the applicant for the permit with applicable fire pro

tection and safety requirements of the local authority or

area.

(b) This subsection shall not apply to :
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(i) Burning in the course of any agricultural opera

tion in the growing of crops ;

(ii) Fires used for noncommercial cooking of food

for human beings or for instructional or recreational pur

poses ;

(iii) Incineration of paper and other trash on resi

dential premises by the owner or occupant thereof.

(iv) Smokeless flares or safety flares for the combus

tion of waste gases ; or

(v) Flares used to indicate some danger to the public.

(5) (a) (i) Any storage, holding, stationary tank,

reservoir, or other container having a capacity of forty
thousand or more gallons, constructed on or after the ef

fective date of this act and used for gasoline or any petrol

eum distillate having a vapor pressure of one and one-half

pounds per square inch absolute, or greater, under actual

storage conditions, shall be designed and equipped with

one of the following vapor loss control devices, properly
installed, in good working order, and in operation:

(ii) A floating roof consisting of a pontoon type or

double-deck type roof, resting on the surface of the liquid

contents and equipped with a closure seal, or seals, to close

the space between the roof edge and tank wall. The control

equipment provided for in this paragraph shall not be used

if the gasoline or petroleum distillate has a vapor pressure

of eleven pounds per square inch absolute, or greater, under

actual storage conditions. All tank gauging and sampling

devices shall be gas-tight except when gauging or sampling
is taking place.

(iii) A vapor balloon, or vapor dome, designed in ac

cordance with accepted standards of the petroleum industry.

(iv) Other equipment of equal efficiency; provided,

that plans therefor are submitted to ami approved by the

appropriate air pollution control authority.

(b) Propane or butane, and similar products, shall

be stored in pressure tanks maintaining working pressures

sufficient at all times to prevent hydrocarbon vapors or

gas loss to the atmosphere, or at refrigerated low temp

erature, or in low pressure storage equipped with vapor

collection and compression equipment designed to pre

vent loss of hydrocarbon vapor or gas to the atmosphere.

(c) Any petroleum storage tank, other than those

covered by paragraph (b) of this subsection, which is con

structed or extensively remodeled on or after the effective

date of this act shall be equipped with a submerged filling
device.
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(d) All facilities for dock loading of petroleum prod

ucts, other than those pertaining to products covered by
paragraph (b) of this subsection, which are in existence

or constructed on or after the effective date of this act,

having a vapor pressure of one and one-half pounds per

square inch absolute, or greater, at loading temperature

shall provide for submerged filling.

(6) (a) No person shall cause or permit any emis

sion of sulphur dioxide which results in average ground-

level concentrations of sulphur dioxide at any given point

in excess of one part per million, based on volume, of

sulphur dioxide in a twenty-minute period of any hour and

average exposure shall not exceed three-tenths parts per

million, based on volume, in any eight-hour period. Such

limitations shall not apply to ground-level concentrations

occurring on the property from which emission occurs;

provided, that such property, from the point of emission

to the point of any concentration, is controlled by the per

son responsible for such emission.

(b) Except as provided in subsection (6) (a) of

this section, no person shall cause or permit the emission

of gas containing sulphur dioxide in excess of two thousand

parts per million, based on volume. All sampling of ex

haust gases shall be conducted following techniques desig
nated by the appropriate air pollution control authority.

For the purposes of this paragraph, all sulphur present

in gaseous compounds containing oxygen shall be deemed

to be present as sulphur dioxide, and analyses of samples

taken to determine the amount of sulphur dioxide in ex

haust gases shall be made as specified by the air pollution

control authority. Tests for determining compliance with

this paragraph shall be for at least fifteen consecutive

minutes or ninety per cent, of the time of actual source

operation, whichever is less.

(c) (i) Emissions in excess of the limits specified

in paragraph (b) of this subsection shall not constitute a

violation of this subsection so long as the requirements

of paragraph (a) of this subsection and the following con

ditions are met :

(ii) Any person intending to operate under the pro

visions of this paragraph (c) shall so notify the air pollu

tion control authority in writing prior to such emission.

(iii) Any person operating pursuant to this para

graph (c) shall provide for at least three recording sul

phur dioxide monitoring stations, properly located, as well

as a recording meteorological station equipped to record

wind speed and direction.
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(iv) All reports of data obtained from such instru

ments shall be furnished to the air pollution control au

thority at the end of each month. Whenever such data

indicate any emission in excess of the limits specified in

paragraph (a) of this subsection, said person shall furnish

the air pollution control authority evidence that proper

action has been taken to reduce or prevent further such

excess emissions.

Section 6. Local government authority. (1)
Home rule cities, cities of the second class, towns, counties,

and cities and counties are hereby authorized to enact local

air pollution laws. Every such law shall provide for vari

ances, hearings, judicial review and injunctions consistent

with sections 11, 12, 13, and 14 of this act and may include

standards which are the same as or more restrictive than

the standards set forth in this act ; provided, nothing herein

contained shall prohibit any such local law from controlling

any air contamination or air contamination source which

is not subject to control under the provisions of (his act.

(2) All local air pollution laws and orders issued

pursuant thereto in existence at the time this act takes

effect are hereby validated as though adopted pursuant to

the authority of section 6(1); provided, if any such local

law or order fails to meet the requirements of this act, the

governing body under whose authority such law or order

was promulgated shall have until July 1, 1966, to amend.

modify, or repeal the same so that it will meet the re

quirements of this act, but if not so amended, modified,

or repealed, the same shall be superseded by this act.

(3) To the extent a local air pollution law adopted

by a county is more restrictive than such a law adopted by
any city or town within such county, the county law shall

apply in lieu of the city or town law to the extent of the

inconsistency.

(4) Application, operation, and enforcement of valid

local air pollution laws shall be completely independent

of but may be concurrent with the application, operation,

and enforcement of this act. The appointment of an air

pollution control authority by the division shall in no way

affect the duties and responsibilities given the same person

or agency under a local air pollution law, and the appoint

ment of an air pollution control authority by a local gov

ernmental unit shall in no way affect the duties and re

sponsibilities given the same person or agency by the

division.

(5) Any local governmental authority enforcing air

pollution control standards which shall issue any enforce

ment order or grant any variance shall, at the time of such
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issuance or granting, transmit to the division a copy of

such order or variance. Within one hundred twenty days

after the effective date of this act, any local governmental

authority having adopted a local air pollution law prior

to such date, shall transmit to the division a report setting
forth sufficient information concerning any and all en

forcement orders or variances, or both, issued or granted

prior to the effective date of this act.

Section 7. Air pollution variance board. (1) (a)
There is hereby created, as a division of the state depart

ment of public health, an air pollution variance board

which shall consist of nine members appointed by the gov

ernor, except as provided in paragraph (b) (i) of this

subsection :

(b) The nine members of said air pollution variance

board shall be :

(i) One member designated by the state board of

health, to represent said board in matters of air pollution

in the interests of the public health of the people of the

state.

(ii) One member shall be a registered professional

engineer with at least five
years'

experience in the actual

practice of his profession and who is not from industry.

(iii) One member, who is not from industry, shall

be either a physician licensed to practice in this state or

a toxicologist.
'W

(iv) Three members from industry in this state.

(v) Three members, as representatives of the public

at large, not from industry.

(c) Members of such variance board appointed by
the governor shall hold office for terms of four years and

until their successors are selected and qualified, except

that of the appointments first made by the governor, four

shall be for terms of two years each, as designated by the

governor at the time of appointment. The member desig
nated by the state board of health shall serve at the dis

cretion of the state board of health. There shall be no

limitation on the number of terms any appointed mem

ber may serve. The members of the air pollution variance

board shall be appointed within thirty days after the date

of the approval of this act. If any member of the air

pollution variance board appointed by the governor shall

resign or be removed from the air pollution variance

board, the governor shall promptly appoint a new member

subject to the provisions of this act, to fill the vacancy

for the remainder of the term of the member of the air
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pollution variance board who has ceased to be a member

thereof. The governor may remove for cause any member

of the air pollution variance board appointed by him.

(2) (a) The member of the air pollution variance

board designated by the state board of health shall be the

chairman of such variance board for the first year after

the creation thereof, and thereafter the said variance board

shall elect its chairman annually from its members for a

term of one year or to fill a vacancy.

(b) The air pollution variance board shall meet at

least quarterly, keep a record of its proceedings, and de

termine the rules of its own procedures.

(c) Special meetings of the air pollution variance

board may be called by its chairman upon his own initiative

and shall be called by him upon the receipt by him of a

written request therefor signed by two or more members

of said variance board or by the division.

(d) Five members of the air pollution variance board

shall constitute a quorum, and the concurrence of at least

a majority of all members of the air pollution variance board

in any matter within its powers and duties shall be re

quired for any determination made by the said variance

board.

(e) At least three days prior to each meeting, writ

ten notice shall be given to each member of the air pollution

variance board of the time, place, and purpose of such

meeting.

(3) Each member of the air pollution variance board

shall receive a per diem of twenty dollars for each day
actually spent in the discharge of official duties, not to

exceed twelve hundred dollars in any one year; and shall

be reimbursed for necessary and actual expenses which

he shall incur in the performance of his duties under this act.

(4) (a) The air pollution variance board shall have

the duty to :

(b) Grant variances as provided in section 11 of this

act.

(c) On or before December 1 of each year, report to

the members of the general assembly on the effectiveness

of the provisions of this act in carrying out the legis

lative intent as declared in section 2 of this act, and in

clude in such report such recommendations as it may have

with respect to any legislative changes that may be needed

or desirable.

(d) Promptly after every designation of an area of

the state by the division pursuant to section 8 (1) (c) of
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this act, hold a public hearing in such area at which hear

ing the air pollution variance board shall not take any
action but shall hear public comments on air pollution

problems in such area, alleged sources of air pollution in

such area, and the availability of practical remedies therefor.

(5) (a) The air pollution variance board shall have

the power to :

(b) Hold public hearings, conduct investigations,
compel the attendance of witnesses, receive such pertin

ent and relevant proof and other things as it may deem

to be necessary, proper, or desirable in order that it may
effectively discharge its duties and responsibilities under

this act.

(c) Designate a hearing officer to conduct hearings

only concerning violations of this act, which officer shall

have power to issue notices of hearings, issue subpoenas

requiring the attendance of witnesses and the production

of such evidence, administer oaths, and take such testimony
as may be necessary or in conformity with article 16 of

chapter 3, C.R.S. 1963. and section 12 of this act; and

such hearing officer shall certify and file with the air

pollution variance board for adoption or modification by
said variance board such hearing officer's recommended

findings, conclusions, and proposed orders.

Section 8. Powers and duties of the division. ( 1 )
(a) In addition to duties specified elsewhere in this act,

the division shall have the duty to:

(b) Determine, by means of field studies and air

monitoring and sampling, if the ambient air standards are

being violated in any area of the state.

(c) Designate by legal description the area or areas

of the state in which the emission standards set forth in

section 5 of this act shall be in effect. Each area so desig
nated shall consist of an area in which air pollution results

in the ambient air standards set forth in section 4 of this

act not being met and also areas adjacent thereto from

which air contamination does or is likely to contribute to

such air pollution. The determinations as to such adjacent

areas shall be based upon meteorological and topographical

considerations.

(d) On or before December 1 of each year report to

the members of the general assembly on the effectiveness of

the provisions of this act in carrying out the legislative

intent as declared in section 2 of this act. and include in

such report such recommendations as it may have with

respect to any legislative changes that may be needed or

desirable, including changes in standards.
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(2) (a) In addition to authority specified elsewhere

in this act, the division shall have the power to :

(b) Conduct or cause to be conducted studies and

research with respect to air pollution and the control,

abatement, or prevention thereof.

(c) Designate one or more persons or agencies in any

area of the state as an air pollution control authority and

as agent of the division to exercise and perform such powers

and duties of the division as may be specified in such

designation.

(d) Enter and inspect any property, premise, or

place for the purpose of investigating either an actual or

a suspected source of air pollution or air contamination or

ascertaining compliance or noncompliance with any emis

sion standard or any order under this act. Any informa

tion relating to secret process, or methods of manufacture,

or production obtained in the course of the inspection or

investigation shall be kept confidential. If samples of air

or air contaminants are taken for analysis, a duplicate of

the analytical report shall be furnished promptly to the

person who is suspected of causing such air pollution or air

contamination.

(e) Provide advisory technical consultation services

to local communities.

(f) Inform the appropriate governmental agency of

the results of atmospheric tests conducted in its jurisdiction

and notify the city, town, county, or city and county af

fected whenever tests establish that the ambient air or a

source or sources of emission of smoke or air contamin

ant fail to meet the standards established by this act. From

time to time after the local agency has been so notified, the

division shall report and make available to the public such

results, notices to local agencies, and any progress made

by the local agency following such notices.

(g) Furnish such personnel to the air pollution vari

ance board as the air pollution variance board ma.v reason

ably require to carry out its duties and responsibilities

under this act.

(h) Serve as the state agency for the receipt of

moneys from the federal government or other public or

private agencies with respect to air pollution control ac

tivities.

(i) Certify, qualify, or otherwise designate to any

other agency or department of the government of this state

or of any other state or of the federal government that any

facility, land, building, machinery or equipment, or any

part thereof, has been constructed, erected, installed, or
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acquired in conformity with the requirements of this state

or of this act for control of air pollution or in conformity

with the requirements for control of air pollution of any
other state or the federal government.

(3) In the performance of its duties and in the ex

ercise of its powers as set forth in this act the division

shall be subject to the supervision of the state board of

health.

Section 9. Temporary orders prohibiting air pollu

tion of immediate danger to public health. Whenever

the division shall determine, after investigation, that any
person is discharging or causing to be discharged into the

atmosphere directly or indirectly any air contaminant

which constitutes a clear, present, and immediate danger

to the health of the public, the division shall issue its written

order to said person that he must discontinue immediately
the discharge of such contaminant into the atmosphere

and whereupon such person shall immediately discontinue

such discharge. If such person, notwithstanding such order,

continues the discharge of such contaminants into the at

mosphere, the division is authorized to apply to any district

court of this state for the district in which the said dis

charge is occurring for a temporary restraining order,

temporary injunction, or permanent injunction as provided

for in the Colorado rules of civil procedure. Such action

in such district court shall be given precedence over all

other matters pending in such district court. The institu

tion of such injunction proceedings by the division shall

confer upon said district court exclusive jurisdiction to de

termine finally the subject matter of the proceeding.

Section 10. Enforcement. (1) The division shall

enforce compliance with the provisions of section 5 of

this act.

(2) In case any written and verified complaint shall

be filed with the division alleging that, or in case the divi

sion itself shall have cause to believe that any person is

violating any emission standard under this act, the divi

sion shall cause a prompt investigation thereof to be made

and if the division shall find after such investigation that

a violation of any such standard exists, it shall by con

ference, conciliation, and persuasion, endeavor to eliminate

the source or cause of the air pollution or air contamination

which resulted in such violation.

(3) In case of failure by conference, conciliation, or

persuasion, to correct or remedy such violation, the divi

sion shall cause to be issued and served upon the person

allegedly violating any such standard a written order

which shall specify the provision of the emission standards
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of which such person is said to be in violation and a state

ment of the manner in which such person is said to violate

it and such order shall require the person so complained

against to cease and desist from such violation within such

reasonable time as the division may determine.

(4) Within ten days after receipt of such order the

recipient thereof may file with the air pollution variance

board a written request for a hearing as to whether or not

such violation exists or for a variance, or both. Upon the

filing of such a request the order complained of shall be

stayed pending the air pollution variance board's final

determination thereon. In the event the determination per

tains solely to the question of whether or not a violation

exists, the order shall be stayed an additional thirty days

within which the recipient may file a written request for

a variance.

Section 11. Variances. (1) The air pollution vari

ance board may grant a variance, suspending or modifying

the enforcement of any emission standard, or any rule.

regulation, or enforcement order issued pursuant to thus

act against any person, whenever the said variance board

shall determine that such variance would be consistent

with and aid in implementing the legislative policy as set

forth in section 2 of this act.

(2) The air pollution variance board shall grant a

variance suspending or modifying the enforcement of any

emission standard, or any rule, regulation, or enforcement

order issued pursuant to this act against any person, when

ever the said variance board shall determine that strict

compliance with any provision of, or order issued pursu

ant to, this act would result in an arbitrary and unreason

able taking of property or in the practical closing of any

lawful business or activity and such would be without

sufficient corresponding public benefit.

(3) The variance shall be granted, terminated, or

modified only after a hearing before the air pollution vari

ance board held pursuant to the provisions of this act. A

variance may be granted with respect to any existing or

proposed facility, process, or activity, regardless of

whether the same is located within or outside of any desig
nated area of the state. Hearings may be requested either

by the air pollution variance board, the division, or by any

person applying for or having received such a variance.

(4) Any variance granted pursuant to the provisions

of this act shall be granted for such period of time and un

der such conditions as shall be specified by the air pollu

tion variance board. The failure to meet any condition of

the variance without prior written permission of the said
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variance board shall render such variance null and void.

The air pollution variance board shall review, at least an

nually, any variance that has been granted to determine

whether the terms and conditions of said variance have

been complied with, and whether the continuance of the

variance is justified.

Section 12. Hearings general provisions. (1)
Not less than fifteen days after a hearing has been re

quested pursuant to section 11 (3) of this act, the air pollu
tion variance board shall grant such request and set a

time and place therefor. Every such hearing shall be con

ducted pursuant to the provisions of this act and the pro

visions of article 16 of chapter 3, C.R.S. 1963.

(2) The division may appear as a party in any hear

ing before the air pollution variance board and shall have

the same rights to judicial review as any other party.

(3) All testimony taken at any such hearing before

the air pollution variance board shall be under oath or

affirmation. A full and complete record of all proceedings

and testimony presented shall be taken and filed. The

stenographer shall furnish, upon payment and receipt of

any fees allowed therefor, a certified transcript of the

whole or any part of his record to any party in such hear

ing requesting the same.

(4) Any information relating to secret processes,

methods of manufacture, or production, which may be re

quired, ascertained, or discovered shall not be publicly dis

closed in public hearings or otherwise, and shall be kept

confidential by any member, officer, or employee of the air

pollution variance board or the division.

(5) At any hearing, opportunity to be heard with

respect to the subject thereof shall be given to the public

to the extent deemed reasonable and proper by the air

pollution variance board.

(6) After due consideration of the written and oral

statements, the testimony, and the arguments presented at

any such hearing, the air pollution variance board shall

enter its findings and final order, or make such final deter

mination of the matter as it shall deem appropriate.

(7) In all proceedings before the air pollution vari

ance board with respect to any alleged violation of any

emission standard or order, the burden of proof shall be

upon the division.

Section 13. Judicial review. (1) Any final order

or determination by the air pollution variance board (iu-

cludingany final action taken with respect to an application

for a variance as provided in this act) shall be subject to
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judicial review in accordance with the provisions of this

act and the provisions of article 16 of chapter 3, C.R.S. 1963.

(2) Any party may move the court to remand the

case to the air pollution variance board, in the interests of

justice, for the purpose of adducing additional specified

and material evidence, and findings thereon ; provided, that

such party shall show reasonable grounds for the failure to

adduce such evidence previously before the said variance

board.

(3) Any proceeding for judicial review of any final

order or determination of the air pollution variance board

shall be filed in the district court for the district in which

is located the air contamination source affected and shall

be filed within twenty days after the date of said final order

or determination.

Section 14 Injunctions.
-In the event, any person

fails to comply with a ease and desist order that is not

subject to a stay pending administrative review, the divi

sion may request the district attorney for the district in

which the alleged violation exists or the attorney general to

bring, and if so requested it shall be his duty to briim\ a

suit for an injunction to prevent any further or continued

violation of such order In any such suit any finding of the

air pollution variance board shall be prima facie evidence

of the fact or facts found therein. An injunction proceed

ing may be consolidated with judicial review of any final

order or determination of the air pollution variance board.

Section 15.- Penalties.-
-(1 ) Subject to such vari

ances as may be issued pursuant to this act, any person who

in any designated area of the state shall violate any of the

emission standards specified in this act and effective in

such area, shall be guilty of a misdemeanor and, upon con

viction thereof, shall be punished by a fine of not. more

than one hundred dollars. Each day during which such a

violation occurs shall constitute a separate offense.

(2) Subject to such variances as may be issued pur

suant to a local air pollution law. any person who shall

violate any emission standard specified in any local air

pollution law. within the jurisdiction of the local govern

mental unit enacting the same, shall be guilty of a misde

meanor and. upon conviction thereof, shall be punished by
a fine of not more than one hundred dollars. Each day dur

ing which such a violation occurs shall constitute a separate

offense.

(3) Xo person shall be prosecuted pursuant to both

subsections (1 ) and (2) of this section for the same activity

(4) For all purposes of either subsection (1 i or ( 2 >

of this section, each facility, process, and activity that is a
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source of air contamination shall be deemed to be in full

compliance with the emission standards specified either in

this act or in any local air pollution law unless and until a

cease and desist order, issued with respect to such facility,
process, or activity pursuant to this act or such local air

pollution law, has become final by exhaustion of all rights

to administrative and judicial review, including any vari

ance proceedings. Thereafter, the provisions of this subsec

tion shall not be applicable to such facility, process, or

activity.

Section 16. Application of act. (1) The basis for

proceedings or other actions that shall result from viola

tions of any standard inure solely to and shall be for the

benefit of the people of the state generally and it is not

intended to create in any way new or enlarged private rights

or to enlarge existing private rights, or to diminish private

rights.

(2) A determination that air pollution or air con

tamination exists or that any standard has been disregarded

or violated, whether or not a proceeding or action may be

brought by the state, shall not create by reason thereof any

presumption of law or finding of fact which shall inure to

or be for the benefit of any person other than the state.

(3) The provisions of this act shall not apply to air

pollution insofar as such pollution exists within the con

fines of particular commercial or industrial plant, works,

or shop which is the source of such pollution and also shall

not apply or affect the relations between employers and

employees with respect to or arising out of any condition

of air pollution.

(4) It is the purpose of this act to provide additional

and cumulative remedies to prevent and abate air pollution

and air contamination. Nothing in this act contained shall

abridge or alter rights of action or remedies now or here

after existing, nor shall any provision of this act or anything

done by virtue of this act be construed as estopping indi

viduals, cities, towns, counties, cities and counties, or the

state or duly constituted political subdivisions thereof

from the exercise of their respective rights to suppress

nuisances.

Section 17. 66-2-6 (2) and (12), Colorado Revised

Statutes 1963. as amended by senate bill no. 2 enacted by
the forty-fifth general assembly and approved by the gov

ernor, is hereby amended to read :

66-2-6. Powers and duties of health departments.

(2) To administer and enforce the laws pertaining to pub

lic health and vital statistics, and water pollution control,

and the orders, rules, regulations, and standards of the state
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board of health and the state water pollution control com

mission, AND TO ENFORCE THE ORDERS OF THE

DIVISION OF ADMINISTRATION OF THE STATE

DEPARTMENT OF PUBLIC HEALTH WITH RE

SPECT TO AIR POLLUTION CONTROL.

(12) To cooperate with the state department of pub

lic health and the state board of health in all matters per

taining to the public health, ad with the state water pollu

tion control commission in all matters pertaining to water

pollution control, AND WITH THE AIR POLLUTION

VARIANCE BOARD AND THE DIVISION OF AD

MINISTRATION OF THE STATE DEPARTMENT OF

PUBLIC HEALTH IN ALL MATTERS PERTAINING

TO AIR POLLUTION.

Section 18. Severability clause. If any provision of

this act or the application thereof to any person or circum

stances, is held invalid, such invalidity shall not affect other
provisions or applications of the act which can be given

effect without the invalid provision or application, and to

this end the provisions of this act are declared severable.

Section 19. Repeal. Article 24 of chapter 66, Colo

rado Revised Statutes 1963, and chapter 58, Session Laws

of Colorado 1964, are hereby repealed.

Section 20. Appropriation. There is hereby appro

priated, out of any moneys in the state treasury not other

wise appropriated, to the state department of public health,
the sum of fifty thousand dollars ($50,000), or so much

thereof as may be necessary, for the administration and

enforcement of this act. Said appropriation shall be in addi

tion to any other appropriation made to the department for

such purpose, and shall become available on the effective

date of this act and remain available until June 30, 1967.

Section 21. Safety clause. The general assembly

hereby finds, determines, and declares that this act is
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necessary for the immediate preservation of the public

peace, health, and safety.

Allen Dines Robert L. Knous

SPEAKER OF THE HOUSE PRESIDENT OF THE

OF REPRESENTATIVES SENATE

Evelyn T. Davidson Mildred H. Cresswell

CHIEF CLERK OF THE HOUSE SECRETARY OF

OF REPRESENTATIVES THE SENATE

APPROVED.

John A. Love

GOVERNOR OF THE STATE OF COLORADO
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(Senate Bill No. 2. By Senators Hahn, GUI, Hewett, Taylor, Shoemaker,
Brown, Vollack, Clsneros, Sonnenherg. Williams, Hobhs. Donlon, Ma-

pelll, DcBerard. Stockton, Lucas, Decker. Massari, Magnusnn, Lamm,
Bermlnpham, Skifflngton, and Thomas ; also Representatives Llsco, Ad-

cock, Rinaldo, Foster, Fentress, Singer, Jackson, Strait, Wheeler,
Wailes, Compton, LaHaye, and Gollob.)

TO PREVENT, ABATE, AND CONTROL THE POLLUTION OF

THE WATERS OF THE STATE.

Be It Enacted by the General Assembly of the State of Colorado:

Section 1. Legislative declaration.- Whereas the

pollution of the waters of this state constitutes a menace

to public health and welfare, creates public nuisances, is

harmful to wildlife, fish and other aquatic life, and im

pairs domestic, agricultural, industrial, recreational, and
other beneficial uses of water; and whereas the problem

of water pollution of this state is closely related to the

problem of water pollution in adjoining states; and where

as it is the public policy of this state to conserve the

waters of the state and to protect, maintain, and improve

the quality thereof for public wTater supplies, for the

propagation of wildlife, fish and other aquatic life, and

for domestic, agricultural, industrial, recreational, and

other beneficial uses, and to provide that no wastes be

discharged into any waters of the state without first be

ing given the degree of treatment necessary to protect the

beneficial uses of such water, it is hereby declared that

the prevention, abatement, and control of the pollution

of the waters of this state are affected with a public in

terest, and the provisions of this act are enacted in the

exercise of the police powers of this state for the purpose

of protecting the health, peace, and safety, and general

welfare of the people of this state.

Capital letters indicate new material added to existing statutes;

dashes through words indicate deletions from existing statutes

and such material not part of act.



Section 2.Definitions. (1) (a) For the purposes

of this act, the following words and phrases shall have
the meanings ascribed to them in this section :

(b)
"Pollution"

means such contamination, or other
alteration of the physical, chemical, or biological prop
erties of any waters of the state, including change in

temperature, taste, color, turbidity, or odor of the waters,
or such discharge of any liquid, gaseous, solid, radioactive,
or other substance into any waters of the state as will or

is likely to create a nuisance or render such waters harm

ful, detrimental, or injurious to public health, safety, or
welfare, or to domestic, commercial, industrial, agricul
tural, recreational, or other beneficial uses, or to live

stock, wild animals, birds, fish or other aquatic life.

(e)
"Wastes"

means sewage, industrial wastes, and
all other liquid, gaseous, solid, radioactive, or other sub
stances which may pollute or tend to pollute any waters

of the state.

(d) "Sewerage
system"

means pipelines or con

duits, pumping stations, and force mains, and all other

structures, devices, appurtenances, and facilities used for

collecting or conducting wastes to an ultimate point for

treatment or disposal.

(e) "Treatment
works"

means any plant or other

works used for the purpose of treating, stabilizing, or

holding wastes.

(f) "Disposal
system"

means a system for disposing
of wastes, either by surface or underground methods, and

includes sewerage systems, treatment works, disposal

wells, find other systems.

(g) "Waters of the
state"

means all waters within

the jurisdiction of this state including all streams, lakes,

ponds, impounding reservoirs, marshes, watercourses,

watenvays, wells, springs, irrigation systems, drainage

systems, and all other bodies or accumulations of water.

surface and underground, natural or artificial, public or

private, situated wholly or partly within or bordering
upon the state.

(h)
"Person"

means the state or any agency or in

stitution thereof, any municipality, political subdivision,

public or private corporation, individual, partnership, as

sociation, or other entity, and includes any officer or

governing or managing body of any municipality, political

subdivision, or public or private corporation.

(i)
"Commission"

means the water pollution con

trol commission created by this act.
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(j) "Division of
administration"

means the di

vision of administration of the state department of pub

lic health; and "director of the
division"

means the

executive director of the state department of public

health.

Section 3. State water pollution control commission

created. (1) (a) There is hereby created, as a division

of the state department of public health established by
section 66-1-2, C.R.S. 1963, a state water pollution control

commission, which shall consist of eleven members as

follows :

(b) A member of the state board of health or a mem

ber of its administrative staff, designated by said board,
to act as liaison between the commission and the board

in effecting an efficient and correlated use of personnel

and policies of the commission in the administration of

this act ;

(c) A member of the game, fish, and parks com

mission or a member of its administrative staff, designated

by said commission ;

(d) A member of the water conservation board or

a member of its administrative staff, designated by said

board;

(e) The natural resources coordinator or his des

ignee ;

(f) Seven citizens of the state who shall be ap

pointed by the governor, but no more than two of said

seven members shall be residents of the same congression

al district. Of these seven members, one shall be appointed

from industry, one shall be appointed from municipal or

county government, one shall be appointed from agricul

ture, and four members shall be appointed from the pub

lic at large. Said members shall be appointed for terms

of six years, except that of the appointments first made,
three shall be appointed for terms expiring April 1, 1968,
two for terms expiring April 1, 1970, and two for terms

expiring April 1, 1972. Thereafter, the six-year terms of

all such members shall commence on April 1 of the year

of appointment. Any vacancy occurring during the term

of office of any such member shall be filled by appoint

ment by the governor of a qualified person for the unex

pired portion of the regular term.

(2) The governor may remove any member for mal

feasance in office or for any cause that renders such mem

ber incapable or unfit to discharge the duties of his of

fice, and such removal when so made shall be final.
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(3) Each member of the commission not otherwise

in full-time employment of the state shall receive a per

diem of twenty dollars for each day actually and neces

sarily spent in the discharge of official duties, but not
to exceed twelve hundred dollars in any one year; and
all members, ex officio and appointed by the governor,
shall receive traveling and other necessary expenses

actually incurred in the performance of official duties.

(4) The commission shall organize by the election

of a chairman, a vice chairman, and a secretary, from the

membership of the committee, and shall keep a record of

its proceedings. The commission shall hold regular public

quarterly meetings each calendar year and may hold

special meetings on the call of the chairman or vice chair

man at such other times as deemed necessary. Written

notice of the time and place of all meetings shall be

mailed at least five days in advance of any such meetings

to each member by the secretary.

(5) All members, both ex officio and appointed by
the governor, shall have a vote. A majority of the com

mission shall constitute a quorum and the concurrence

of a majority of the commission in any matter within its

powers and duties shall be required for any determination

made by the commission.

(6) The commission is hereby designated as the

state water pollution control agency for this state for

all purposes of the Federal Water Pollution Control Act,
as amended, including the Water Quality Act of 1965, and
is hereby authorized to take all action necessary and ap

propriate to secure to this state, its municipalities, or in-

termunicipal or interstate agencies, the benefits of said

acts and amendments thereto within the limits of ap

propriations made therefor and within the authority of

the commission with respect thereto.

Section 4. Administration of act. The division of

administration and the director of the division shall, un

der the supervision and direction of the commission, ad

minister this act in accordance with the provisions of this

act and in accordance with the rules, orders, and standards

of water quality promulgated by the commission under

authority of this act.

Section 5. Powers and duties of commission. (1)
(a) The commission shall have the following powers

and duties :

(b) To exercise general supervision of the ad

ministration and enforcement of this act and of the rules,

orders, and standards of water quality promulgated under

authority of this act ;
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(c) To adopt, after development thereof by the di

vision of administration, a comprehensive program for

the prevention, control, and abatement of pollution of the

waters of the state, and from time to time review and

modify such program as necessary ;

(d) To accept and to supervise the administration

of loans and grants from the federal government and from

other sources, public or private, which loans and grants

shall not be expended for other than the purposes for

which provided ;

(e) To adopt, modify, and repeal, after notice and

hearing as provided in section 10 of this act, and to en

force rules and orders implementing or effectuating its

powers and duties as it may deem necessary to prevent,

control, and abate existing or potential pollution;

(f) To hold such public hearings, to issue notices

of hearings, subpoenas requiring the attendance of wit

nesses and the production of such evidence, to ad

minister oaths, and to take such testimony as it deems

necessary, all in conformity with article 16 of chapter 3,
C.R.S. 1963, and of section 10 of this act ;

(g) To certify, when requested, all costs and ex

penditures for any facility, land, building, machinery,

equipment, treatment works, sewerage or disposal sys

tems, as have been acquired, constructed, or installed in

conformity with the purposes of this act;

(h) To designate a hearing officer who shall have

the power to issue notices of hearings, subpoenas requir

ing the attendance of witnesses and the production of such

evidence, to administer oaths and to take such testimony
as may be necessary or in conformity with article 16 of

chapter 3, C.R.S. 1963 and section 10 of this act; and

such hearing officer shall certify and file with the com

mission for adoption or modification by the commission

recommended findings, inclusions, and a proposed order;

(i) To employ a technical secretary and to delegate

to such technical secretary such duties and responsibilities

as it may deem necessary; provided, that such technical

secretary shall not have any authority to formulate,
adopt, promulgate, amend or repeal rules and regula

tions or to make determinations or issue or countermand

orders ;

(j) To exercise all incidental powers necessary to

carry out the purposes of this act.

Section 6. Additional duties of commission. (1)
The commission shall cause samples to be taken from the

waters of the state periodically and in a logical geographi-
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cal manner so as to advise the commission of the water

quality standard of the waters of the state.

(2) Whenever a sample collected at the direction of

the commission proves to be below the water quality
standard set for that water, then the commission shall

determine the source of the pollution, and if more than

one source is responsible, determine all sources of the

pollution so that one hundred per cent of the sources

responsible for the pollution can be determined.

Section 7. Powers and duties of division of ad

ministration. (1) (a) The division of administration

shall have the following powers and duties:

(b) To develop a comprehensive program for the

prevention, control, and abatement of pollution of the

waters of the state, and recommend modifications there

to from time to time as deemed necessary ;

(c) To administer loans and grants from the federal

government and from other sources which have been ac

cepted by the commission ;

(d) Upon request, to examine and approve or dis

approve plans and specifications for the construction and

operation by a political subdivision of: (i) New sewerage

systems, disposal systems, and treatment works; and (ii)

extensions, modifications of, or additions to new or exist

ing sewerage systems, disposal systems, or treatment

works.

(e) To advise, consult, cooperate, and enter into

agreements with other agencies of the state, the federal

government, other states, and interstate agencies, and

with groups, political subdivisions, and industries af

fected by the provisions of this act and the policies of the

commission ;

(f) To collect and disseminate information relating

to water pollution and the prevention, abatement, and

control thereof; and to encourage, participate in, or con

duct studies, investigations, research, and demonstrations

relating thereto ;

(g) To take such action in accordance with rules

and orders promulgated by the commission as may be

necessary to prevent, abate, and control pollution;

(h) To take such samples of water as deemed neces

sary to determine the amount of pollution of any of the

waters of the state and to use the most effective test

methods in making such determinations.

(2) The division of administration, through its duly
authorized representatives, shall have power to enter at
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reasonable times upon any private or public property for

the purpose of inspecting, investigating, and determining
conditions relating to the pollution of any waters of the

state.

(3) In order to develop the comprehensive program

for the prevention, abatement, and control of the pollu

tion of the waters of the state, the division of administra

tion is authorized to recommend the grouping of such

waters into classes in accordance with their present and

future most beneficial uses in the interest of the public,
and such classifications may from time to time be altered

or modified. Before any such classification is made, or

modifications made thereto, public hearing shall be held

by the commission with regard thereto in accordance with

the provisions of section 10 of this act.

Section 8. Water quality
standards. (1) (a) The

commission, in addition to other powers and duties enu

merated in section 5 of this act, shall adopt and promul

gate reasonable standards of quality of the waters of the

state for the prevention, control, and abatement of pollu

tion, which may from time to time be changed or modified,
it being recognized that due to variable factors, no single

standard of quality or the amount of pollutants that is

permitted to be discharged into the waters of the state

is applicable to all streams or to different segments of

the same waters; provided, that in the fixing of such

standards the commission shall give consideration to, but

not be limited to, the following, the intent being that the
minimum level for such standards shall be the standards

acceptable under the criteria established by the Federal

Water Pollution Control Act, as amended, including the

Water Quality Act of 1965 :

(b) The protection of the public health ;

(c) The size, depth, surface area covered, volume,

direction, and rate of flow, stream gradient, and tempera

ture of water ;

(d) The character and uses of the land area border

ing said waters ;

(e) The uses which have been made, are being
made, or may be made of said waters for every public or

private purpose ;

(f ) The disposal of sewage and wastes ;

(g) The extent of pollution resulting from natural

causes, including mineral and chemical characteristics;
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(h) The extent to which suspended solids, colloids,
or a combination of solids with other suspended sub

stances may be permitted ;

(i) The extent to which bacteria and other biological
organisms may be permitted ;

(j) The amount of dissolved oxygen that is to be
present and the extent of the oxygen demanding sub

stances which may be permitted ;

(k) The extent to which toxic substances, chemicals,
or deleterious conditions may be permitted;

(1) The need for standards for effluents from dis
posal systems.

(2) In administering this act, including the adoption
and promulgation of standards of quality, the commission

shall not require any present or future appropriator of

water to divert, cease diverting, exchange, cease exchang
ing, store, cease storing, or release any water, for the

purpose of controlling pollution in the waters of the

Btate.

Section 9. Waste disposal standards. Any person

proposing to discharge sewage or waste other than into

a community sewer system, shall file with the commission

a report of such proposed discharge. Upon the request of

the commission any person presently discharging sewage

or waste other than into a community sewer system, shall

file with the commission a report of such discharge. The

reporting of a discharge of sewage from family dwellings

may be waived by the commission. The commission, after

any necessary hearing, shall prescribe requirements as

to the nature of such proposed or existing discharge with

relation to the conditions existing from time to time in

the disposal area or receiving waters upon or into which

the discharge is made or proposed and notify the person

making or proposing the discharge of its action. Such re

quirements may be revised from time to time. After re

ceipt of such notice, the person so notified shall provide

adequate facilities to meet any such requirements with

respect to the discharge of sewage and industrial waste.

In setting such requirements, the commission shall con

sider the criteria specified in section 8 (1) (b) through

(1) of this act.

Section 10. Public hearings notice judicial re

view. (1) Prior to adopting water quality standards as

authorized by this act, fixing new standards, or modifying

or repealing existing standards, the commission shall con

duct public hearings thereon as provided in section 3-16-4,
C.R.S. 1963. Notice of any such hearing shall conform to

PAGE8SENATE BILL NO. 2



the requirements of section 3-16-2, C.R.S. 1963, and shall

specify the waters concerning which water quality stand

ards are sought to be adopted, and in addition, such notice

shall be published at least once in a newspaper of general

circulation in the area for which standards are sought to

be adopted at least twenty days before such hearing, and
shall be mailed at least twenty days before such hearing
to each interested person, as the word

"person"

is de

fined in section 2 (1) of this act, including all such per

sons whom the division of administration has reason to

believe may be affected by such standards. The final fix

ing of standards of water quality shall be by order of

the commission.

(2) All orders of the commission, which shall in

clude the method by which water quality standards shall

be determined, and all rules of the commission, shall, ex

cept as otherwise provided in this aet, be promulgated only
after public notice is issued and hearings held, which

notice shall be issued and hearings held in conformity

with the provisions of article 16 of chapter 3, C.R.S. 1963,
and with the provisions of this act, and shall become ef

fective and be subject to judicial review as provided in

said article 16.

Section 11. Compliance with orders of commission.

All orders of the commission or of the division of ad

ministration which require action to comply with stand

ards adopted pursuant to section 8 of this act, or to com

ply with any other provisions of this act shall specify a

reasonable time for such compliance.

Section 12. Notification of construction of disposal

system, industrial or commercial establishment, or new

outlet, for discharge of wastes. The division of adminis

tration shall be notified, on forms to be prescribed by the

commission, by any person planning to construct, install,
or operate any disposal system which is not in operation

on the effective date of this act, including any future

modification thereof ; by any person planning to construct,

install, or operate any industrial or commercial establish

ment not in existence on the effective date of this act, in

cluding any future modification thereof, the operation of

which either would cause an increase in the discharge of

wastes into the waters of the state or would otherwise

alter the physical, chemical, or biological properties of

any waters of the state in any manner prohibited by this

act; or by any person planning to construct or use any

new outlet for the discharge of any wastes into the waters

of the state.

Section 13. Approval of domestic wwage treatmat

works by commission. No person shall commence the con-
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struction of any domestic sewage treatment works unless

the location therefor has been approved by the commis

sion.

Section 14. Pollution of waters of state unlawful. It
shall be unlawful for any person to cause the pollution of

any waters of this state in violation of or by failure to

comply with any order of the commission, including
orders fixing standards of water quality adopted pursuant
to section 8 of this act.

Section 15. Damages. If any person is enjoined un

der the provisions of section 16, such person enjoined shall
be liable for damages due to any loss of fish or loss in fish

propagation in any of the waters of the state where such

violation or failure to comply occurs.

Section 16. Injunction. Whenever in the opinion of

the commission, after proper notice and hearing, any per

son is engaging, continues to engage, or threatens to en

gage in any act or practice which constitutes or will con

stitute a violation of any order of the commission, the

commission shall make application, through the attorney

general, to the district court for an order enjoining such

act or practice. The district court after notice, as pre

scribed by the court, to the parties in interest shall then

proceed to hear the matter and if it finds that the order

was lawful and reasonable, it may issue an injunction or

a restraining order in accordance with the Colorado rules

of civil procedure. In any action for injunction or restrain

ing order brought pursuant to this section, any finding
of the commission shall be prima facie evidence of the fact

or facts found therein. An appeal or a writ of error may

be taken from any such order of the court in the same

manner as is provided in civil cases.

Section 17. Preservation of rights. It is the purpose

of this act to provide additional and cumulative remedies

to prevent, abate, and control the pollution of the waters

of the state. Nothing contained herein shall be construed

to abridge or alter rights of action or remedies in equity

under the common law or statutory law, criminal or civil,
nor shall any provisions of this act, or any act done by
virtue thereof, be construed as estopping the state or any

municipality, or person as owner of water rights or other

wise, in the exercise of their rights in equity or under the

common law or statutory law to suppress nuisances or to

abate pollution.

Section 18. 66-2-6 (2) and (12), Colorado Revised

Statutes 1963, are hereby amended to read:

66-2-6. -Powers and duties of health departments. -

(2) To administer and enforce the laws pertaining to
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public health, a*** vital statistics, AND WATER POLLU

TION CONTROL, and the orders, rules, regulations, and

standards of the state board of health AND THE STATE

WATER POLLUTION CONTROL COMMISSION;

(12) To cooperate with the state department of pub

lic health and the state board of health in all matters per

taining to the public health, AND WITH THE STATE

WATER POLLUTION CONTROL COMMISSION IN ALL

MATTERS PERTAINING TO WATER POLLUTION

CONTROL.

Section 19. Severability clause. If any provision of

this act or the application thereof to any person or cir

cumstances is held invalid, such invalidity shall not affect

other provisions or applications of the act which can be

given effect without the invalid provision or application,

and to this end the provisions of this act are declared

severable.

Section 20. Effective date of act. This act shall

take effect on March 1, 1966.

Section 21. Effective date of water quality stand

ards. The initial standards of water quality adopted by
the commission under the provisions of section 8 of this

act shall take effect on March 1, 1967. All rules, regula

tions, and standards promulgated by the state board of

health pertaining to water pollution control in force on

the effective date of this act, or adopted or modified prior

to March 1, 1967, shall remain in force and effect until

March 1, 1967.

Section 22. Short title. This act shall be known

and may be cited as the "Colorado Water Pollution Con

trol Act of 1966".

Section 23. Safety clause. The general assembly

hereby finds, determines, and declares that this act is
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necessary for the immediate preservation of the public

peace, health, and safety.

Robert L. Knous Allen DineB

PRESIDENT OF THE SPEAKER OF THE HOUSE

8BNATB OP REPRESENTATIVES

Mildred H. Cresswell Evelyn T. Davidson

SECRETARY OP THE CHIEF CLERK OF THE HOUSE

SENATE OF REPRESENTATIVES

APPROVED.

John A. Love

GOVERNOR OF THE STATE OF COLORADO
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