


RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S.
Environmental Protection Agency, have been grouped into seven series.
These seven broad categories were established to facilitate further
development and application of environmental technology. Elimination
of traditional grouping was consciously planned to foster technology
transfer and a maximum interface in related fields. The seven series
are:

1. Environmental Health Effects Research

2, Environmental Protection Technology

3. Ecological Research

4. Environmental Monitoring

5. Socioeconomic Environmental Studies

6. Scientific and Technical Assessment Reports (STAR)

7. Interagency Energy-Environment Research and Development

This report has been assigned to the INTERAGENCY ENERGY-ENVIRONMENT
RESEARCH AND DEVELOPMENT series. Reports in this series result from
the effort funded under the l7-agency Federal Energy/Environment
Research and Development Program. These studies relate to EPA's
mission to protect the public health and welfare from adverse effects
of pollutants associated with energy systems. The goal of the Program
is to assure the rapid development of domestic energy supplies in an
environmentally--compatible manner by providing the necessary
environmental data and control technology. Investigations include
analyses of the transport of energy-related pollutants and their health
and ecological effects; assessments of, and development of, control
technologies for energy systems; and integrated assessments of a wide
range of energy-related environmmental issues.

This document is available to the public through the National Technical
Information Service, Springfield, Virginia 22161.



Final Report EPA-600/7-76-0048
May 1976

IMPACTS OF SYNTHETIC LIQUID FUEL DEVELOPMENT
Avutomotive Market

Volume Il

by

Edward M. Dickson, Robert V. Steele, Evan E. Hughes, Barry L. Walton,
R. Allen Zink, Peter D. Miller, John W. Ryan, Patricia B. Simmon,
Buford Holt, Ronald K. White, Ernest C. Harvey, Ronald Cooper,

David F. Phillips {Consultant), Ward C. Stoneman (Consultant)

Stanford Research Institute
Menlo Park, California 94025

Contract No. 68-03-2016
SRI Project EGU-3505

Project Officer:

Gary J. Foley
Office of Energy, Minerals, and Industry
Office of Research and Development
U.S. Environmental Protection Agency
Washington, D.C. 20460

Prepared for:

Office of Research and Development
U.S. Environmental Protection Agency
Washington, D.C. 20460



DISCLAIMER

This report has been reviewed by the Office of Energy, Minerals,
and Industry, U.S. Environmental Protection Agency, and approved for
publication. Approval does not signify that the contents necessarily
reflect the views and policies of the U.S. Environmental Protection
Agency, nor does mention of trade names or commercial products constitute
endorsement or recommendation for use.

ii



CONTENTS

LIST OF FIGURES . . . . . & &« & & ¢ o ¢ o o = s o o s o s ¢ o o XV
LIST OF TABLES. . . & 4 ¢ o ¢ ¢ o ¢ o o o o o o « o o o o o o @ xxi
1. PROLOGUE TO VOLUME II. . . . & & ¢ ¢ &« o ¢ ¢ o o o o o o & 1
A A, Introduction. . . . . &« ¢« & v ¢« ¢ o ¢ ¢« 4 e 4 4 o 4 1
B, Objectives. . . o o v o ¢ o o o o s o o o o o o o o « 2
C. Study Approach., . . .+« v ¢ ¢« ¢ v ¢ e o o« o o o ¢ o o o 3
D. Basic Information . . . . . . . . . . . . . . . . . . 5
E. Critical Factors. . . . . . & . 4 ¢ v v v o o« o o u & 5
F. Complementing Work. . . . . . . . . . . . ¢ v v ¢ o . 6
G. Applicability . . . . . . . . & v & v v v e e e .. 6
2, AUTOMOTIVE FUEL SUPPLY AND DEMAND FORECASTS. . . . . . . . A 8
References . . . . .. . . & v v o v v 4 e 4w e e e e e e 21
AppendiX . . . . 4 4 4 4 e b ke e e e e e e e e e e e e 22
3. REFERENCE SUPPLY CASE. . . . & & v v ¢ v v v o o o« o o o & 24
A. Introduction. . . . . . . . & 4 ¢ ¢ 0 ¢ 4 v v .6 24
1. Content of Reference Case. . . . ¢« ¢« ¢« ¢« « & o & 24

2, Scenarios: Bases for Projections of Supply
and Demand . . . . . ¢ .+« 4+ 4 4 4 4 e 0 4 s e 25
3. Summary of Conclusions . ., . . . . ¢« ¢« « « + & & 28

B. Projected Domestic Oil Supply and Imported Oil
Requirements. . . + + 4 « ¢ o & & s 4 s o o s 4 & o @ 30

C. Projected Resource Requirements for Production

of Domestic Oil . . . . . . . . 4 & 4o ¢ 4 4 ¢« o o o & 37
1. Drill Rigs, Labor, and Steel . . . . . . . . . . 37
2, Capital Investment . . . . . . . & ¢ ¢ 4 & & & o 42

iii



D. Projected Environmental Impacts . . . . . .
1. Impact Scaling Factors . . . . . . . . .
a. Crude 0Oil Production. . . . . . . .
b, Crude 0il Distribution and Oil Imports.
c. Refineries, . . &« ¢« ¢ ¢ ¢« 4 « o & &
2. Environmental Impacts. . . . . ¢« « o o« &«
a. Onshore Production. - e o o .
b. Alaska Production , . . + « ¢« + « &
c. Offshore Production with Attendant
Transport and Refining Operations .
APPENDICES
A. QUANTITIES OF OIL RESOURCES AND RESERVES. . .
B. METHOD FOR HG3 REGIONAL SUPPLY PROJECTION . .
C. TRENDS IN PAST U.S. PRODUCTION AND THEIR
IMPLICATIONS FOR FUTURE PRODUCTION. . , . . .
1. A Brief History of U.S. 0Oil Production
and 0il Exploration. . . e o e e o s o
2. A Brief History of U.S. Crude 0il
Supply and Demand., . . . e e e e e
REFERENCES., . . . . . . . . + ¢« + « . . . e e e s

4‘

SYNTHETIC LIQUID FUELS:

REQUIREMENTS, AND POLLUTANT EMISSIONS.

A,

B.

Introduction and Overview
Discussion of Technologies.
1. Liquid Fuels from Coal

a. Extraction. . . .
b. Conversion, . . .
c. Distribution., . .

2. 0il Shale. , . . . . .

a. Extraction. . . .
b. Conversion. . . .

c. Distribution. ., .

iv

THE TECHNOLOGY,

.

47
48

48
56
60

65
65
70

75

85

90

93

93

98

102

106
106
111
111

111
112
123

127

127
128
135



C. Material and Energy Flow. . . . . . . . .

1-

REFERENCES,

Energy Efficiency. . . . . . . . . .

a. Methanol from Coal. . . . . . .

b. Syncrude from Coal. . . . . . .
C. Syncrude from 0il Shale . . . .
Resource Consumption ., . . . . . . .

a. Coal and 0il Shale. . . . . . .
b, Water . . . « v ¢ 4 ¢ 4 o o o @
C. Land. . . . + ¢ & o ¢ o ¢ o « .
d., Labor . . . . . . . . & . . . .
e, Steel . . ¢« v ¢ 4t 4 4 e a4 e
f. Other . ¢ v &« ¢ ¢ ¢ ¢« ¢ ¢« « o o«

Byproducts and Residuals . . . . . .

a, Saleable Byproducts . . . . . .
b, Solid Waste , . . « + « + ¢ o+ &
c. Effluents to Water. . . . . . .
d. Effluents to Air. . . . . . . &
e. Trace Elements., . . . . . . . .

Costs and Dollar Flows . . . . . . .

a. Investment and Operating Costs.

b, Dollar Flow for Plant Construction

and Operation . . . . . . . . .

. - . . . - . . . . . . . . . . . .

5. NET ENERGY ANALYSIS OF SYNTHETIC LIQUID FUELS

PRODUCTION . . . . . ¢ « o o o o o o o o o o o
A, Introduction. . . . . . ¢« .+ + ¢« ¢« ¢ o o o«
B. Methodology . . ¢« v ¢« v o 4 4 o 4 o & &

C. Analysis of Synthetic Fuel Processes. . .

1-
2,
30

Coal Liquefaction (H-Coal Process) .
Methanol from Coal , . . . . . . . .
Oil Shale., . ¢« & ¢« o« ¢ ¢ ¢ o ¢ o ¢ o

D, Coal-to-Refined Products System ., , . . .

E, SUMMATY o« ¢ ¢ ¢ o o o o o o o o o ¢ o o @

REFERENCES,

. . . . . . . . . L] . . . 3 . . [} .

138
139

139
142
143

147

148
149
152
155
157
158

160

162

163
165
170
173

177

177

180

184

187
187
191
198

198
200
205

207

211

214



MAXIMUM CREDIBLE IMPLEMENTATION SCENARIO FOR

SYNTHETIC LIQUID FUELS FROM COAL AND OIL SHALE.

A. Introduction , . . . .

B. Implementation Schedule. . .

C. Comparison with the National Academy of

Engineering Scenarios.

D. Scenarios and Scaling Factors.

E. Resources., . « ¢« « & &

REFERENCES. . . . . . . . . + « &

7,

LEGAL MECHANISMS FOR ACCESS TO COAL

A, Introduction: Principles. .

B. Federal lLands., . . . .

1. Licenses. . . +. ¢« « «
2, Permits . . . « ¢+ ¢« & &
3. leases. . . . . « .« .
4, Federal Requirements in

. Indian Lands . . . . .

C

D. Access to 0il Shale on
E. Sumnmary of Federal Oil
F

. State Lands. . . . . .

Colorado. . . . .
Montana . . . . .
. Wyoming . . . .

. West Virginia . .

W N

G. Vetoed Strip Mine Act.

H. Existing Environmental

Pricing .

Public Lands, .

Shale Leases. .

Regulations .

I. State Reclamation Statutes and Regulations .

J. Other Regulations. . .

. . .

vi

.

210
216

216

219
221

227

229

230
230
234

242
244
247
260

260
265
268
274

274
277
278
281

282
294
301

301



8. FINANCING THE SYNTHETIC LIQUID FUELS INDUSTRY BY
THE U.S., CAPITAL MARKETS. . . . . . . . +« « « o « « + .

A,

B‘

APPENDICES
A-

B.

REFERENCES,

Introduction . . . . . . . ¢ ¢ ¢ ¢« v ¢ 4 e o o o

Outlook for Total Business Fixed Investment and
Other Related Macroeconomic Variables. . . . . . .

Investment in the Energy Industry. . . . . . . . .
Capital Availability in the Petroleum Industry . .

ConclusionS. . « ¢« « « o o = o o o o o o o o

PROJECTIONS OF GNP, AND SOURCES AND USES OF FUNDS.

PROJECTIONS OF CAPITAL INVESTMENT IN THE OIL AND
GAS INDUSTRY . . . . . ¢ ¢ 4 v ¢ o o o o o o o o« «

PROJECTIONS OF CASH FLOW FOR THE PETROLEUM AND
GAS I NDUSTRY [ ] . L] *» L] . . . L] L L] . L] - L] L] L] L

. . - . . - . . . - . . . . . . . . . . - . . . .

9.  MARKET PENETRATION OF SYNTHETIC LIQUID FUELS--
KEY ROLE OF THE DECISION-MAKING PROCESS LEADING
TO DEPLOYMENT . & &+ 4 4 o o o o o o o o o o « « o o o

A,

B.

REFERENCES,

" Introduction . . . . . . e e e e e e e e e e e .

Synthetic Liquid Fuels and the Natural
Petroleum System , . « + &+ ¢ v ¢« o ¢ o + s o o o

Common Misconceptions About the Petroleum Industry
Example of the Decision-Making Process , , , ; . .
Comparison of the Risks. . . . . . . . . . . . . .
Comparison of the Economie Risk. . . . . . . . . .

The Decision-~-Making Climate for Synthetic Liquid
Fuels . . & & & @ ¢ ¢ o 6 e o 4 o o a s 4 a o o

» . . . . [ . . . . . . . . . . . - L] . . . . . .

vii

302

302

303
306
311

316

318

328

333

341

342

342

342
347
349
354

358

362

363



10.

GOVERNMENT POLICIES TO ENCOURAGE THE PRODUCTION OF
SYNTHETIC LIQUID FUELS, . . . . . & & ¢ &« ¢ & + &

A, Introduction . . . . . . . ¢« ¢« ¢« ¢« ¢ 4 4 & .
B. Required Features of Federal Policy. . . . .
C. Incentive Policy Options . . . . . . . . . .

Removal of Constraints. . . . . ., . . .
Tax Incentives., . . ¢« ¢ ¢ ¢« ¢ ¢« s o o &
General Price Support . . . . . . . . .
Special Price Supports. . . . . . . . .
Government Participation. . . . . . . .

G W~

a., Government Ownership. . . . . . . .
b. Grants-in Aid . ., . . . . . . . . .
c. loan Guarantees . . . . . « « o + &

D, Conclusions. . v ¢ v ¢ o ¢« ¢ o o« o e o o @

REFERENCES. . . . . . ¢ & ¢ v v v ¢ ¢ o s o o o o o o &

11.

NATIONAL ECONOMIC IMPACTS OF THE SYNTHETIC FUELS
INDUSTRY. . . . ¢ ¢ v v 4o ¢ ¢ ¢ ¢ o o o o o o o &

A. Introduction o L] L] L] L] L] . . . . L] . L . L] L d
B. Interindustry Relationships, ., . . . . . . &

C. Materials and Purchased Services Used by the
Coal INdustry. « « ¢ o o o ¢ o o o ¢ o s o =

1. MEC Task Force Projections. . . . . . .
2, Overview, ., . . ¢ ¢ o ¢« ¢ o ¢ o o o o o

D, Conversion Facilities, . ¢« ¢« o ¢ ¢ o ¢ o o =
E. Transportation . . . . ¢« ¢ ¢ ¢ ¢ o o ¢ o o &

1. Railroad Equipment. o o o o o 6 ¢ o o o
2, Coal Slurry Pipelines . . . . . . . . .

F. Geographical Distribution Sectors Supplying
Synthetic Liquid Fuels Industry. . . . . . .

. Mining and Construction Equipment . ., .
. Explosives. « ¢« ¢ ¢ ¢ o ¢« o o « o o o
. Railroad Equipment. . . . . . . . . . .
Steel . . . ¢ . ¢ 4 ¢ et e 4 e e o o s
Summary . . . . . e e e e e s e e e o

U b Wi+

viii

364
364
365
366

367
368
370
371
374

374
376
377

379

382

383
383

384

387

387
393

394
395

396
398

398

398
400
400
401
402



APPENDIX

A ESTIMATION OF DEMAND FOR WALKING DRAGLINES . .

REFERENCES, ,

. . - . P ) s e . s 0 . « 0 o LI ] . . .

12, ECONOMIC IMPACTS IN RESOURCE DEVELOPMENT REGIONS, .

A. IntrOdUCtion e * e o o e ¢ ¢ & e o ¢ = 0 ¢ ¢ o

B, Regional Employment Growth . . ., . . . . . . .

Background Theory . . . . « « « ¢« &« .« « &
Population Estimates for Coal Development
Coal-Related Development in Campbell

County, Wyoming . . . . . ¢« ¢« . ¢ o « . .
0il Shale Development in the Piceance
Basin, Colorado . . . . . . . +« . ¢« . o« &

C. Comparisons With Other Resource Regions, . . .

1. North Dakota Lignite. . . . . . . . + . .
2, Appalachian Coal Development. . . . . . .
3. Southern Illinois Coal Region . . . . . .
D. Overview . o o o o o o s o o @ : P e s s e s @

REFERENCES, .

. . . . . L] . . . . . . . L] . . L] . . . .

13. COMPARATIVE ENVIRONMENTAL EFFECTS OF COAL
STRIP MINING. L) . L4 L] - [ . . * * Ld . L] . L L] ] L] L]

A, Introduction . « o & ¢ o & ¢ o o ¢ s o o o o o

B. Mining and Environmental Effects , . . . . . .

1.
2,
3.

AppalaChia. . [ ] . [ ] . L . L[] * . * * * . L]
Midwest and West., . . . . . ¢« ¢« &« o ¢« « &
SUMMATY « 4 ¢ o o o o o o e o o o o ¢ o &

C. Reclamation Potential, . . &+ ¢ ¢ ¢ ¢ ¢ o o o o

1, Introduction. . . . . . . « . ¢ + o o « &
2. Appalachia. . . . . . . . ¢ ¢« ¢ ¢« ¢ o o &
3. Midwest , . . . & ¢« ¢ ¢ ¢ 4 ¢ ¢« o o o o &
4, West., . & & & 4 v ¢ ¢« o o o o e o o o o
5. SUMMATY &+ & & ¢« v o o ¢ s o ¢ o+ & o « s o
REFERENCES CITED. . . . . © « 4 o o o« o « o « « o o o s

OTHER REFERENCES., . . . . . . . . . 4 ¢+ ¢ o ¢ o o o« o o

ix

404

407

408
408
410
410
410

411

415
418

418
419
421

423

425

427
427
430

430
436
440

441

441
441
446
446
450

452

453



14.

OIL SHALE MINING AND SPENT SHALE DISPOSAL , .
A. Introduction . . . . . ¢ ¢ 4o ¢ o o o o &
B. 0il Shale Mining . . . . . . . . . . . .

1. Underground Mining. . . . . . . . .
2 Y Surface Mining. . * [ . L L ] e * L] L]

C. Spent Shale Disposal . . . ¢« +. ¢ o o « &

D, Environmental Problems ., . . . . « ¢« o &

1, Mining., . . &« ¢ o ¢ ¢ ¢« ¢ ¢ « o o &
2. Spent Shale Reclamation . . .

REFERENCES. . . . . . v ¢ v ¢ v ¢ o o o o o o o o

15.

REGION SPECIFIC BIOLOGICAL IMPACTS OF RESOURCE

DEVELOPMENT ., . . . & o & & o o o o o o o o o
A, Powder River Basin . . . . . . . . . . .
Piceance Basin . . . . . . . . . . . . .
North Dakota Coal Fields . . . . . . . .

J1linois Coal Fields . . . . . . . .

H o O w

. Appalachian Coal Field . . . . . . . . .

REFERENCES . . . . . . . 3 L] L] . L] . L] L] L] L] . . L] .

16.

AIR POLLUTION CONTROL FOR SYNTHETIC LIQUID FUEL PILANTS,

A, Introduction , ., . ¢« ¢ o ¢ o ¢ ¢ ¢ o« o

B. Synthetic Liquid Fuel Plants: Processes
Emissions of Air Pollutants, . . . . . .

1. Syncrude from 0il Shale . . . . . .

a. Control of Emissions. . . . . .
b, Options for Further Control , ,
¢, Other Processes ., . . . o e e

2, Syncrude from Coal. . . . « o « o+ .

a. Control of Emissions . . . . .
b. Options for Further Control . .
c., Other Processes . . . . « « o

455
455
456

456
458

460
462
462
463

465

466
466
476
484
489
496

503

507

507

512
512

515
521
522

522

522
526
527



REFERENCES,

3. Methanol from Coal. . . . . . . . . . .

a, Control of Emissions, . . . . . . .
b. Options for Further Control . . . .

4, Summary . . . . . 4 0 . e e 4 e e e e s
Atmospheric Dispersion Modeling. . . . . . .
1. General Principles. . . . . . . . . . .
2, Modeling a TOSCO II 0il Shale Plant . .

a, Characterization of Emission Source

b. Characterization of 0Oil Shale Region.
¢, Results of Dispersion and Site Modeling

3. Modeling an‘H-Coal Syncrude Plant ., .

a. Characterization of Emission Sources,

b. Characterization of Powder River
Coal Region . . . . . . « « . . .
c. Results of Dispersion Modeling. . .

4. Effects of Multiple Plants in a Region,
5. Sensitivity Analysis. . . o . . . . . .
Control Requirements . . . . . . . . . . . .
1. Conclusions . . . . . . . . « « « . .

2. Recommendations . . . . . . ¢ « + « « &

. - . . . - . . . . - . - . - . . . . . . .

17. SECONDARY ENVIRONMENTAL IMPACTS FROM URBANIZATION

A,

REFERENCES .

Sources of Secondary Environmental Impacts .

Urban Growth: Coal and 0Oil Shale Regions of

the West . . . . « ¢« ¢« o o ¢« o o« o« « o« o =«
Quantifiable Impacts . . . . « « « +« + « =
1. Scaling Factors . . « « ¢« o o ¢ o o o &

2. Water-Related Impacts . . . . . . « . .
3. Air Quality Impacts . . . . . . . . . .

Nonquantifiable Impacts. . . . . . . . « . .

.Summary. . . ¢ o o ¢ ¢ o 6 2 o e s a2 s s s

xi

528

529
532

532
532
533
536

536
536
540

549
550
550
554
560

566

- 875

579
581

584

586
586

586
587

587
591
997

597

602

604



18,

HEALTH ISSUES IN SYNTHETIC LIQUID FUELS DEVELOPMENT

A,

B.
C.
D.
E

Introduction . . . « &« o o ¢ o o & « o o o o o
Effects of Industrial Development in New Areas
End Use Impacts. . ¢« o« ¢ ¢ ¢ ¢ o o ¢ o o o o o
localized and Occupational Health Problems . .

Research Needs . . . . ¢+ ¢ ¢« ¢ 4 ¢ o o o o o &

R-EFERENCES . L] . L] L] - - . . . . . ] . . . L] . . L] . . . .

19.

WATER AVAILABILITY IN THE WESTERN UNITED STATES , .

Ao

B.

Introduction . . . . . . . . . . o o . 0 . ..
Water Rights and the Federal Government, . . .

Scope of Federal Water Rights ., ., . . . .
Federal Power over Navigable Streams. . .
Federal Properietary Water Rights . . . .,
Summary of Federal Water Power, . . . . .

Implications of the Federal Power ., . . .
Attempts at Resolution, . . . . . . . . .
The Mexican Treaty of 1944, , . . ., . . .

W o2, U b W~
L]

Indian Claims to Western Water, . . . . .

=
=]

a. The Problem . ., . . . « &+ v « & & o
b. Theory of Indian Water Rights . . . .
¢. Measurement of Indian Water Rights, .
d. Relation of Indian Water Rights to
Water Rights Administered Under
State Law ., . , . + ¢ ¢« ¢ ¢« « o 4 4 .
e, Scope of the Problem. . . . . . . . .
f, Conclusions , ., . . . ¢ ¢ &« ¢ o + o«

Interstate Allocation of Water , . . . . . . &
State Systems for Water Allocation in the West

General Systems . . ¢« ¢ 4 ¢ ¢ o o o o« o
The Need for Certainty of Water Rights. .
Transfer of Water Rights., . . . . . . . .

Interbasin Transfers. . . . « ¢« ¢« « « o« &
Conditional Decrees . . . . . . . « . . .
Public Interest in Water. . . . . . . . .

D W~

xii

Federal Reserved Land in the 0il Shale Region

The Federal Government as a Disburser of Water,

606
606
606
608
609

611

613

614
614
616

616
618
619
622
622
623
624
629
633
639

639
641
644

645
646
647

649
658
558
660
663
665

666
667



7. Pricing of Water. . . . . . . . . .
8. Ground Water. . . . . ., . . .« . « + . . .
9, State Action Generally. . . . . . . . . .

E. Water Requirements for Coal and 0Oil Shale
Development. . . . . . . . « & & v o &« 4« o « &
F. Coal Transport: Pipeline versus Rail. . . . .
1. Coal Slurry Pipelines . . . . . . . . . .
2, Railroad Transport of Coal. , . . . . . .
3. Critical Factors, . . . . . . . . . « . .
4, Eminent Domain for Pipeline Right-of-Way.
5. Railroad Opposition to Pipelines, ., . . .
6. Pipeline Regulation . . . . . . . . . . .
7. Pipeline Impact on Railroads. . . . . . .
8. Proposed Resolution . . . . . . . . . . .
G. SUMMATY. & & v & ¢ 4 4 o o o o o o o o o o o o
REFERENCES. . . . . & 4 v 4 ¢ o o « o o o« o o o o« o o o
20, WATER AVAILABILITY IN THE EASTERN UNITED STATES ., .,
A, Introduction . . . . . . . . . . . . . o L
B. Water Requirements . . . . . . . . « . « . .
C. Water Supply . . . . « . + ¢« « ¢ e 4« e 4 e e
1. TI11Qn0iS. . . & v v 4 4 e e e e ..
2, Kentucky, ., . . . . &+ ¢« v v ¢ 4 o o o o« &
3. West Virginia . . . . . . . . . . . « . .
D. Legal Aspects of Water Availability. . . . .
1. Riparian Law. . . . . . . « . o « & « « .
2. Position of the States. . . . . . . . . .
E. Federal Programs that Relate to Water Resource
Development in the East. . . . . . . . . . . .
REFERENCES. . & . 4 4 & ¢ o o s o 4 o o a4 a« o s o o o o s
21, THE IMPACT OF INDUSTRIAL GROWTH ON RURAL SOCIETY. .

A.

B.

Introduction . . . . &« . . ¢« ¢ ¢ v 4 o ¢ o o
Interest Groups. . « o« ¢ ¢ ¢ « « o o ¢ + o o

1, Local Government. . . . . 4+« & o ¢ o o « &
2. State Government. . . . . . . ¢« ¢ o 2 e .

xiii

670
672
676

677
696

697
699
700
703 .
704
706
706
707

712

718

730
730
731
736

736
737
739

740

740
744

753

758

759
759
763

763
766



3. Federal Government. . . . . . . . . . .
4. Ranchers and Farmers. . . . . . . . . . .
5. Workers and Other Residents . . . . . . .
6. Businessmen . . . . . . . . . . . .

7. New Employees and Other Newcomers . . . .
8. The Energy Industrialists . . . . . . . .
9. Environmentalists . . . . . . . . . . . .
10. Energy Consumers. . . . . . . . . . . .

C. Dynamics of Urban Growth Related to Public

Expenditure. . . . . . « . .+ ¢+ ¢« ¢ v 4 o 4 .
1. Stages of Urban Growth. . . . . . . . . .
2. Population Growth and Per Capita Costs. .
3. Growth and Revenue. , , , . . « . .+« + « .
4, Tax Lag o o ¢ o o o o o s o o o o o o o &

D. Policy Options for Controlled Growth Rates , .

1. Nonfiscal Options . . . . . . . . . .
2. Fiscal Options. . . . . . « . « « . « . .

REFERENCES. . . . . ¢ & ¢ ¢ ¢ 4 o o o o v o v o o o o o o

22,

23.

POPULATION GROWTH CONSTRAINED SYNTHETIC LIQUID FUEL
IMPLEMENTATION SCENARIOS. . . . . . + & o &« o o o &

COMPARATIVE IMPACTS OF CONTROLLED AND UNCONTROLLED
URBANIZATION. . . . ¢ ¢ o ©v o o o o o o o o o o o
A, Introduction . . . . . . ¢ & ¢ o o ¢« o o o « =

B. Impact of the Maximum Credible Level of
Synthetic Fuel Production. . . . . . . . . . .

C. Development Constrained by a 5 Percent Annual
Growth Rate. . . . . . . . . . .+ « o « + o . .

D. A 5 Percent Growth Rate in Campbell County . .

E. The Maximum Credible Level of Oil-shale Mining
and Retorting Piceance Basin . . . . . . . . .

F. 0il Shale Development by a 5 Percent Annual

Growth Rate--Piceance Basin. . . . . . . . . .
G. Implications for Appalachia. . . . . « . «. . .
H. Implications for Southern Illinois . . . . . .
1. Summary. . « +« ¢ o « ¢ 4 4 o o o o o o o o o o

REFERENCES - - . - . . - . . . . - . . . . . . . . . . . .

767
770
772
772
773
774
775
777

777

778
783
786
789

792

792
795

797

800

813

813

814

817

825

830

833
834
836
837

840



FIGURES

Automotive Energy Demand Compared to 1974
Petroleum Supply and Demand . . . . . . . .

Automotive Energy Demand Compared to Total
U.S. Energy Demand. . . . . . . . . . . . . .

Historical Growth Scenarios-Automotive Fuel
Demand and Domestic Supply Projections. . . . . .

Technical Fix Sceﬁario—Automotive Fuel Demand
and Domestic Supply Projections . . . . . . . . .

Zero Energy Growth Scenario-Automotive Fuel
Demand and Domestic Supply Projections. . . . . .

Reference Case Petroleum Fuel System. . . . . . .

Index Map of North America Showing the Boundaries
of the 15 0il Production Regions Onshore
and Offshore. . . . + ¢« ¢« & ¢ ¢ & o o o ¢ o o o »

Diagramatic Representation of Petroleum Resource
Classification by the U.S. Geological Survey
and the U,S, Bureau of Mines., . . + ¢ « « & + + .

Comparative Estimates of 0il Resources in the
United States . . . . . . ¢« ¢ v ¢« ¢ 4« « o o = o =

Proved Reserves of Crude 0Oil in the United States
1945-1974 . . . &« v ¢ ¢ 4 4 e 6 4 s s e e & a4 o

1973 Crude 0il Production from 228 Major Domestic
Oilfields by Year of Discovery. . . . . . . . . .

Synthetic Fuels Network . . . . . . . . . . . . .
Production of Methanol From Coal. . . . . . . . .

Coal Liquefaction Via Dissolution and
Hydrogenation . « . . . . . .« « . + « « . . .

Crude 0il Pipeline Network. . . . . . ¢« ¢« o . . .
Oil Retorting and Upgrading . . . . « ¢« ¢« o o« o
Existing Crude 0Oil Pipelines in Relation to Oil

Shale ATEAS . o+ « « o o o« o o o o o 2 o o o o o o

Xv

r

10

16

17

18

26

31

86

88

96

97
108
116

120
124

134

136



Methanol From Coal Energy Balance .

H-Coal Liquefaction Process Energy Balance.

TOSCO 11 0il Shale Retorting and Upgrading

Energy Balance. . . . . . . . . .

Typical Construction Labor Profile for Large

Proposed Fuel Conversion Projects .

River Water Utilization

(50,000-B/D TOSCO II 0il Shale Plant)

Emissions of Air Pollutants From Synthetic Fuels

Production. . . . . . . . . . . .

.

-

Concentration of Toxic Trace Elements in 0il Shale.

Flow Diagram for Definition of Net Energy Ratio

Annual Energy Inputs for Construction and Operating
a 5 Million Ton/Year Surface Coal Mine in the

Southwestern United States., . . .

Annual Energy Inputs for Construction and Operation
of a 100,000-B/D H-Coal Process Coal Liquefaction

Plant s e . . . . . . . . . . . .

Annual Energy Inputs for Construction and Operation

of an 81,433-B/D Coal-to-Methanol Plant .,

Annual Energy Inputs for Construction and Operation
of a 50,000-B/D 0il Shale Mining, Retorting, and

Upgrading Complex . . . . . . . .

Annual Energy Inputs for Converting Western Surface-
Mined Coal to Refined Products in the Midwest

Mechanisms of Legal Access to Mineral Estates

Projected Cash Flow for Domestic Oil and Gas
Industry--No Synthetic Liquid Fuels--at a Zero

Rate of Annual Inflation. . . . .

Projected Cash Flow for Domestic Oil and Gas
Industry--Conventional Activities Plus Synthetic

»

Liquid Fuels--at a Zero Rate of Annual Inflation.

Projected Cash Flow for Domestic 0il and Gas
Industry--No Synthetic Liquid Fuels--at a Five

Percent Annual Rate of Inflation.

xvi

140

144

145

156

166

181
183
189

195

199

202

204

209

235

312

312

314



9-8

11-1

11-2

12-1
13-1
13-2
13-3

Projected Cash Flow for Domestic 0il and Gas
Industry~-Conventional Activities Plus Synthetic
Ligquid Fuels--at a Five Percent Annual Rate of
Inflation . . . v & o v v 4 o 4 4 6 o 0 4 e e e e

Projected Cash Flow for Domestic 0il and Gas
Industry--No Synthetic Liquid Fuels--at an Eight
Percent Annual Rate of Inflation. . . . . . . . . .

Projected Cash Flow for Domestic 0il and Gas
Industry--Conventional Activities Plus Synthetic
Liquid Fuels--at an Eight Percent Annual Rate

of Inflation., . . . . . . ¢« ¢« ¢« o s v 4 o &+ o o o &

Synthetie Liquid Fuels Production System, . . ., . .
Natural Petroleum Products Production System. . . .

Early 1973 Perception of a Hypothetical Syncrude
Plant Beginning to Produce in 1973. . . . . . . . .

Early 1973 Perception of a Syncrude Plant
Brought on Stream in 1980 . . . . . . . . . . . .

Early 1973 Perception of the 1985 Status of a
Syncrude Plant Brought on Stream in 1980. . . . . .

Late 1973 Perception of the Hypothetical Syncrude
Plant Producing in 1973 . . . . ¢« . ¢ &4 ¢ ¢ o ¢ o &

Mid-1974 Perception of a Hypothetical 1974
Syncrude Plant, After Examination of Investment
Costs . . . & & v i i i e e e e e e e e e e e e

Late 1974-Early 1975 Perception of Syncrude
Plant on Stream in 1980 . ., . . . . ¢ 4 « ¢ s s o &

Future Coal Production Levels for Project
Independence Scenarios and the SRI Maximum
Credible Implementation Scenario., . . + « « &« + « &

Primary Concentration of Major Industrial Sectors
Expected to Supply the Coal and 0il Shale Industry.

Counties Used for Economic Impact Discussions ., . .
Northern Great Plains Province. . . . « . ¢« o « « &
Interior Province . ., o ¢« ¢« v ¢ ¢+ o ¢ e o o o o o

Eastern Provice ., . . ¢ v & ¢ ¢ o o + ¢ o+ ¢ o o o «

xvii

314

315

315
343

343

350

350

350

350

350

350

388

403
409
428
428

428



13-4

13-5
13-6
13-7
13-8
13-9

13-10

13-11
13-12
13-13
13-14

13-15
14-1

14-2

16-3

16-4

16-5

Typical Cross-section (Dents Run Watershed,

Monongalia Co.,, W. Virginia . . . . . « . . « « « « &

Diagram of a Contour Mine . . . . . . . . +. ¢« ¢ « . .
Contour Strip Mining. . . . . ¢ & ¢ ¢ v &« ¢ ¢ o o o
Auger Hole Section and Spacing. . . . . . . ¢« « « o« .
Diagram of Area Mine. . . . . . . . . . ¢« ¢« ¢ ¢« v « .

Area Strip Mining with Concurrent Reclamation . . . .

Perspective of Typical Mining Facilities,

Haulage Roads, Pit Operation, and Reclamation . . . .

Strip Mined Terrain . . . . . « ¢« ¢« 4 ¢ ¢ ¢+ o o o o 4
Modified Block Cut. . . . . . . . . . . s ¢« 4 &« & o &
BOX—Cut Miningu . . . . . . . . . - . . . . . - * . -

Some Land Reclamation Techniques for
Contour Mining. . . . . . . . . . « ¢ v ¢ v 4 « o « .

Reclamation Potential . . . . . . . . . . . . . . . .
Room-and-Pillar Mining Concept. . . . . . . . . . . .
Schematic Open Pit Development, . . . . . . . . . . .
Natural Land Units of the Powder River, ., , . . . . .
Vegetation of the Piceance Basin, . . . . . . . . . .
Illinois Coal Basin . . . . . . + ¢ & ¢« 4 o o o o o« =
TOSCO II Plant Configuration. . . . . ¢« ¢ ¢ o « « o &

Annual Average Particulate Concentration ( g/m?)
for a TOSCO II 0il Shale Plant Using Grand
Junction, Colorado Meteorology. . . « « ¢ & « o« « o &

24-Hour Worst Case Average Particulate Concentration
( g/ma) for a TOSCO II 0il Shale Plant Under
Conditions of Neutral Stability and a West Wind

of 1.5 m sec‘l. e e s s e e e s s e e e e e e e e .

Annual Average SO _ Concentration ( g/ma) for a
TOSCO II 0Oil Shale Plant Using Grand Junction,
Colorado Meteorology. . « ¢ ¢ + « o o o o o« o o o o a

24-Hour Worst Case Average SO_Concentration

( g/m°) for a TOSCO II Oil Shale Plant under
Conditions of Neutral Stability and a West Wind

of 1.5 m sec'l. e e e e e e e e e e e e e e e e e e

xviii

431
432
432
433
437

437

439
439
442

444

445
451
459
461
469
479
491

538

541

542

543

544



16-6
16

|
-3

16-8

16-9

19-2

19-3

19-4

19-5

19-6

19-7
20-1
20-2
21-1

21-2

21-3

21-4

22-1

Stack Configuration for Coal Liquefaction Plant

Worst Case 24-Hour Average Particulate
Concentrations ( g/ms) for a Coal Liquefaction
Plant . . . . . « « « v« i 0 e e e e e e e

Annual Average SO_ Concentrations ( g/ma) For a
Coal Liquefaction Plant . . . . . . ., . . . . .

Worst Case 24-Hour Average Particulate
Concentrations ( g/m°) for a Complex of Coal
Liquefaction Plants . ., . . . . . . . . « « . .

Annual Average SO_ Concentrations ( g/m°) for a
Complex of Coal Liquefaction Plants . , . . . .

Indian Reservations in the Coal-and Oil-Shale-
Rich Regions of theWest, . . . . . . . . . . .

Crow Indian Newspaper Announcement. ., . . . . .

Coal Development Alternatives, In-state and
Out-of-state. . . . . + . . ¢« ¢« v ¢ 4« o« o o .« &

Historic Yellowstone River Basin Flows., . . . .

-

Major Potential Delivery Systems, Northern Great

Plains Coal Resource Region , . . . . « . « « &

Coal Deposits in Relation to Transportation
Facilities. . . . . . . ¢ v v o « ¢ 4 o o o o @

Economics of Coal Slurry Transportation . . . .
Water Resource Regions of the United States , .
Subareas for the 1975 Water Assessment, . . . .

Public Investment Compared to Demand for Public
Services. . . . . . . . 0 i 4 e e v e e e e ..

"Boom'" Construction and its Echo Effect
Contrasted with Flat-Age-Profile Construction .

Major Investments and Decisions vs, Population
Growth for an Urbanizing Small Town . . . . . .

Correlation of Government Expenditures to
Population. . . + ¢ + & &« ¢ &+ v 4 ¢« o o o o o a

Total Population Associated with Individual Plant

Construction and Operation Building Blocks. . .

xix

552

556

557

562
563

640

642

678

686

. 688

708
710
732

733

779

781

782

785

803



22-2

22-3

22-4

22-5

22-6

22-7

22-8

22-9

22-10

23-1

23-2

Effects of the Maximum Credible Implementation
Scenario Upon Population in Campbell County,
Wyoming . . . & ¢ & ¢ ¢ o v ¢ ¢ o 4 o e o v 4+ e o a

Five Percent Constrained Population Growth

Rate Scenario for Campbell County, Wyoming
Illustrated with Coal Liquefaction Plants and
Associated Mines. . . . . . . . . . . . . . . . . . .

Modified Five Percent Constrained Population
Growth Scenario for Campbell County, Wyoming
Illustrated with Coal Liquefaction Plants and
Associated Mines. . . . . . . . « . . « ¢ v ¢ . . .

Five Percent Constrained Population Growth
Scenario for Campbell County, Wyoming
In Which Coal Mines are Developed . . . . . . . . .

Five Percent Constrained Population Growth

Scenario for Campbell County, Wyoming

Illustrated with Coal to Methanol

Conversion Plants . . . . . . . . & ¢« & ¢ v « o « « .

Five Percent Constrained Population Growth

Scenario for Campbell County, Wyoming

Illustrated with Coal to Methanol Conversion

Plants with Extended (5 Year) Construction Periods, .

Five Percent Constrained Population Growth
Scenario for 0Oil Shale Development in Garfield
and Rio Blanco Counties, Colorado . . . . . . . . . .

Ten Percent Constrained Population Growth
Scenario for 0il Shale Development in Garfield
and Rio Blanco Counties, Colorado . . . . . . . . . .

Maximum Credible Implementation Scenario for
Oil Shale Development in Garfield and Rio Blanco
Counties, Colorado. . . . . & & ¢ o o & o o« &« o o & =

Growth Rates are Highest Near the Center of
Activity and Fall Off With Distance . . . . . . . . .

Basis of Population Multiplier Concept. . . . . .

XX

804

805

806

807

808

809

810

811

812

822

824



3-11

3-12

TABLES

Gasoline Prices and Fuel Cost per Mile 1950-74, ,
Projected Annual Fuel Consumption by Sector . . .
Oil Supply Projections. . . . . . . . . . . . .

Fuel Price Assumptions. . . . . . . . . . .« « . .

Projected Automotive Fuel Demand for Constant and
Rising Prices . . . . . . . ¢« « . v v v « o « .

Conventional Domestic Oil Supply Projections. . .

Domestic 0il Supply, Imports, and Total Demand
Under HG3 , . . . . . . « « o v v v 4 4 o o « o

Onshore 0il Production from the Lower 48 States
Under HG3 . . . . ¢ & & v v ¢ o 4o v v o o v o o

-

Offshore 0il Production from the Lower 48 States
Under HG3 ., . . . . . & v v ¢ v v o « v v o o o

Onshore and Offshore 0il Production from Alaska
Under HG3 . . . . . © v v v v v v v v e e e e e

Labor, Drill Rig and Steel Requirements for 0il
Production Under HG3., . . . . . . . . . . . . . .

Capital Investment Required for Secondary and
Tertiary Recovery . . . . . . « +« &« ¢« o 4« o o o &

Approximate Capital Investment Required for
Onshore, Offshore, and Alaska Oil Production
by Advanced Recovery Techniques . . . . . . . . .

Capital Investment in Conventional Oil
Production for HG3, ., . . . . ¢« ¢« « ¢ v ¢« o « + o

Impact Scaling Factors for Normal Exploration
OperationsS. . . +« + o + o « ¢ o o o o ¢ s o o o

Impact Scaling Factors for Exploration
Accidents (BlowoUuts)., . . + &+ v v o v o o « + o«

Impact Scaling Factors for Normal Production
Operations., . . . . . . B TR

xxi

11
14
19

23

23

27

32

34

35

36

38

43

45

46

50

53

55



3-16

3-23

Impact Scaling Factors for Production
Accidents . . . . . . . . . . o i e e e e e

Impact Scaling Factors for the Pipeline
Distribution System . . . . . . . . ¢« ¢« + + « « . .

Impact Scaling Factors for Normal Tanker
Operations. . . . o ¢ ¢« ¢ & o « o o o o o o o o o o

Impact Scaling Factors for Trans-Alaska
Pipeline Storage Terminal and Deepwater
Terminal. . & o & & v 4 v o & ¢ o o ¢ o o o o « o &

Impact Scaling Factors for Crude 0il
Pipelines and Tanker Accidents, . . . « « ¢« « + + .

Scaling Factors for Resource Requirements
for 10" -B/D Refinery Capacity . . . . . . . . . . .

Impact Scaling Factors for 10°-B/D Refinery
Capacity. . . . ¢« ¢ v ¢« v 4 v v 4 e e e e e e e .

Environmental Impacts from Onshore 0il Production
Under the Reference Case. . . . . . . . + ¢« + o « .

Environmental Impacts in Alaska Under the
Reference Case, . . . . . . ¢« v v v v o o 4 o o o .

Environmental Impacts from Offshore Development
and Tanker Operations Under the Reference Case. . .

New Refinery Requirements for Reference Case
Over and Above 1975 Refinery Capacity (Imports
are Crude 0il Only) . . . . . . . v ¢ & o o« & « « &

New Refinery Requirements for Reference Case
Over and Above 1975 Refinery Capacity (50 Percent
of Imports are Refined Products). . . . . . . . . .

Environmental Impacts from the Operation of New
Refineries Under the Reference Case , ., . . . . . .

Historical Growth Subscenario 3--Regional Supply
of 0il and Natural Gas Liquids. . . . . . . . . . .

Historical Record of Production and Proven Reserves:
Alsc the Ultimate Recovery and Original Oil in Place
by Year of Discovery--Total United States for
Selected Years. . . . . . . + + ¢ o o o o = o« « o &

Statistics of the Petroleum Industry. . . . . . . . .

xxii

57

59

61

62

63

64

66

67

71

76

80

81

82

92

94

29



4-8

4-9

4-10

4-11

4-12

4-13

4-14

O1il Prices. . . . v ¢ v v v v @ ¢ e v e « o .

Building Block Sizes in the Synthetic Liquid
Fuels Production System . . . . . . . . . . . . .

Coal-to-Methanol Energy Requirement . . . . . . .,
Coal-to-Syncrude Energy Requirement . . . . . ., .

0il Shale-to=-Syncrude Energy Requirement. . . . .

Annual Coal and Oilshale Requirements for 100,000-B/D

Synthetic Plants. . . . . . . . . « « « . ¢« & o« .

Annual Water Requirements for a 100,000-B/D 0il
Shale Mining, Retorting, and Upgrading Operation,

Average Land Area Disturbed per Million Tons of
Coal Recovered., . . . . v 4 v o 4 ¢ o & « 4 o o 4

Catalyst and Chemical Requirements for a
100,000-B/D 0Oil Shale Retorting and Upgrading
Plant * L L] . L] L] . - . L] L] L] L] L] .- L] L] - - - L] L]

Byproducts from a 100,000-B/D Coal-to-Methanol
Plant (Western Coal). , . . . . .

Coal Liquefaction Plant Biological Treating
Pond Water Effluent . . . . . . . . . . . . . . .

Composition of Waste Water Used in Spent
Shale Moisturizing. . . . . . . . . . . . . « « .

Capital Investment Dollar Flows for H-Coal
Liquefaction Plant. . ., . . . . . . . . . . . . .

Operating Dollar Flows for Western Coal
Liquefaction via the H-Coal Process (Based
on 15% DCF Return on Investment and Cost of
Coal at $3.00/ton). . . . . . . . . . . .

Mean Trace Element Concentrations (ppm, Moisture
Free) of Various Coals. . . . .+ + ¢ ¢« ¢ « 4 o o &

Cost Estimates for Synthetic Liquid Fuels
(1973 CostS). . . v & v v v v v & o« o o o 4 o o &

Factors for Converting Energy Content of
Purchased Fuels or Electricity into Resource
Energy [] . L] L] [ ] L) L] L] L] . - . L] L] . L L] L ] L] - L]

Energy Inputs for Construction of a 5-Million
Ton/Year Surface Coal Mine. . . . . « ¢« ¢« « +« « &

xxiii

101

137
142
146

147

150

151

153

161

162

168

170

172

174

175

178

192

197



-Annual Energy Inputs and Output for

Ton/Year Surface Coal Mine. . ., . .

Annual Energy Inputs and Output for
Coal Liquefaction Plant . . . . . .

Annual Energy Inputs and Output for
81,000-B/D Coal-to-Methanol Plant .

Annual Energy Inputs and Output for

a 5-Million

a 100,000-B/D

an

a 50,000-B/D

0il Shale Mining, Retorting, and Upgrading Complex. .

Annual Energy Inputs and Output for

a Coal-to-Refined

Products System (Based on a 100,000-B/D Coal

Liquefaction Plant) . . . . . . . .

Summary of Net Energy Calculations for

Synthetic Liquid Fuels, . . . . . .

Hypothesized Growth Schedule of Synthetic

Liquid Fuels Industry . . . . . . .

[} . [ . . . . L]

Maximum Possible Production of Synthetic
Liquid Fuels in 1985: NAE and SRI Projections . , . .

Hypothesized locations of Plants for Producing

Synthetic Liquid Fuel from Coal . .

. . . . . . . . .

Syncrude from Coal: Maximum Credible

Implementation Scenario . . . . . .

Syncrude from Oilshale: Maximum Credible

Implementation Scenario . . . . . .

. . . . . . .

Methanol from Coal: Maximum Credible

Implementation Scenario . . . . . .

Surface Coal Mines Needed for Syncrude Plus

Methanol Production . . . . . . . .

. . . . . . . . .

States and Regions with Strippable Coal Reserves
Sufficient to Support a Large Synthetic Fuels

Industry. . « ¢ o ¢« ¢ ¢« o o o« o o o

Environmental Stipulations to Prototype

Federal Oilshale leases ., . . . . .
Sources and Uses of Funds--1973 , .

Projected Sources and Uses of Funds

Projections to 2000 of Capital Investment in U.,S,
Domestic Energy Industry Under Historical Growth:

Billions of 1973 Dollars. . . . . .

Xxiv

197
201
205

207

210
212
217
219
222
223
224
225

226

228

273
304

305

307



Cc-2
Cc-3
C-4

9-1

9-2

11-2

Capital Expenditures for Energy Industry
Compared to Total U.S. Business Fixed
Investment Under Historical Growth, , . . . . . .

Capital Investment in U.S. Domestic Energy
Industry for Technical Fix Scenario (Excluding
Synthetic Fuels), . . . . . . . . . « v v « « « « .

Gross National Product--Historical and
Projections to 2000 . . . . . . . . . . . . . . ..

Sources of Funds--Historical Data and
Projections to 2000 . . . . . . . . . . . . ¢ 4 s

Business Fixed Investments--Historical and
Projections to 2000 . . . . . . . . . . . . .« ¢ &

Residential Construction--Historical and
Projections to 2000 . . . . . . ¢ ¢ v 4 4 o o o &

Selected Uses of Funds--~Historical and Projections
to 2000 L) - * » [ ] [ ] [ ] a L] » . L] [ L] » L » . L] [ ] [ ] L]

Energy Industry Investment for 1975, 1980,
and 1985 for HG]-. . . . ® . L . [ R ) . . . L4 . . - .

Energy Supply Scenarios . . . . & 4 &+ o ¢ ¢ 4 ¢+ o

Investment Requirements for Synthetic Fuels
Under the Maximum Credible Impiementation Scenario.

Annual Investment Schedule for HG1., . . . . . . . .
HG1 Cash Flow--No Inflation . . . . . . . . . . . .
HG1 Cash Flow~-5 Percent Annual Inflation . .

HG1 Cash Flow--8 Percent Annual Inflation . . . .

Assets of Selected Major Oil Companies,
December 31, 1973 . . . . . . . . . .« . . . . . .

Offshore Leases in the Destin Area off
Florida's Panhandle . . . . . . . . . . « ¢« « . .

Group Participation in 0Oil Shale Leases and
Ventures. . . . . . + ¢« ¢ v ¢ i v e v e e e e 0 e

Economic Sectors Providing Inputs to the Coal
Mining Sector, Ranked by Size of 1967 Total
Requirement Coefficient , . . . . . . . . . . . .

Projected Steel Availability. . . . . . + « « . . .

XXV

309

310

319

320

322

324

326

329
331

332
337
338
339

340

358

359

361

385

391



11-3

11-4

A-1
12-1

12-2

16-5

16-6

16-7

16-8

16-9

16-10

16-11

16-12

16-13

Cumulative Demand and Supply Estimates for
Locomotives and Hopper Cars to 1985 (Project
Independence Base Case) . . . . . . . . « + .« .

Employment in Construction and Mining
Equipment Industries by State, 1972 . , . . . .

Estimation of Dragline Production 1975-1990 . .
Population in Colorado 0il Shale Region, 1970 .

Population and Coal Production in Selected
Counties of Southern Illinois . . . . . . . . .

Ambient Air Quality Standards . . . . . . . . .

Electric Power Generation Emissions
Attributable to a TOSCO II 0il Shale
Processing Plant. . . . . . . . . . . . . « . .

Particulate Emissions for TOSCO II 0il Shale
Processing Plant., . . . . . « &+ ¢ ¢« ¢ ¢« o o & =

SO_ Emissions for TOSCO II Oil Shale Processing
plant . . - [ L - - L] - - - - * - L] - L] - - - -

NO Emissions for TOSCO II 0Oil Shale Processing
plgnt L * L] * L 4 L] L] L . L] L] * * L] L] . . * . - L

Characteristics of Representative Western and
Eastern Coals ] L] L) - *» - - - L3 - - L] L ] - L] - -

Emissions for H-Coal Liquefaction of Powder
River Coal. . . &+ & « v o« « o o o o s o s s o &«

Emissions for H-Coal Liquefaction of Illinois Coal,

Controlled Emissions for SRC and CSF Coal
Liquefaction Plants . . . . ¢« . ¢ & & ¢ o o « &

Emissions for Sasol Methanol Plant Using
Manufactured Fuel Gas . . . . . . . . . . . . .

Emissions for Sasol Methanol Using Coal Fuel. .

Summary of Emissions from Alternative Synthetic
Fuel Plants Employing Best Available Control. .

Stack Parameters and Emission Rates for a
16,000—mP/D (100,000-B/D) TOSCO 1I Plant With
Emissions Controlled. . . . . . ¢« ¢« « ¢ ¢« « + .

Xxvi

.

396

399
406
416

422

513

516

517

518

519

523

524

525

527

530

531

533

540



16-14

16-15

16-16

' 16-17

16-18

16-19

16-20

16-21

16-22

16-23
16-24

16-25

16-26

Control Requirements Based on Federal Primary and
Colorado Air Quality Standards and Emissions From
a 16,000—m?/day (100,000 B/D) TOSCO II Plant,
Controlled. . . . v v & & & & o ¢ o 4 o s o« o« o o

Control Requirements Based on Federal Secondary,
Class I and Class II Air Quality Standards and
Emissions From a 16,000-m° /day (100,000-B/D)

TOSCO II Plant, Controlled. . . . . . . . . . . . .

Stack Parameters and Emission Rates for a
16,000-n" /day (100,000-B/D) H-Coal Plant Using
Powder River Coal . . . . . . . . ¢ v & ¢ ¢ o o &

Worst-Case Meteorological Sequence for
Moorcroft, Wyoming., . . . . « . ¢ &« ¢ ¢ ¢ ¢ ¢ o & &

Control Requirements Based on Federal Primary
and Wyoming Air Quality Standards and Emissions
From a 16,000-m" /day (100,000-B/D) Coal Syncrude
Plant . . . . . . « « « « « « 0 0 e e e e e

Control Requirements Based on Federal Secondary,
Class I and Class II Air Quality §tandards and
Emissions From a IG?OOO—ma/day (100,000-B/D)

Coal Synerude Plant . . . . . . . . ¢« ¢« o o o & o &

Control Requirements Based on Federal Primary and
Wyoming Air Quality Standards and Emmissions From
a Complex of Four 16,000-m3/day Coal Syncrude
Plants. . « & &« o v e ¢ v ¢« o o o s o o s s o o o s

Control Requirements Based on Federal Secondary,
Class I, and Class I1 Air Quality Standards and
Emissions From a Complex of Four 16,000—m3/day
Coal Synerude Plants. . . . . « & &« v o o &« o + o &

Stack Characteristics That Result in Various
Buoyancy Flux Values (F Values) . . . . . . « . + .

Single Stack Sensitivity Analysis Results . . . .
Two Stack Sensitivity Analysis Results, . . . . . .

Control Requirements Based on a Single
16,000-m" /day (100,000-B/D) 0il Shale Plant . . . .

Control Requirements Based on a Single
16,000-m3/day (100,000-B/D) Coal Liquefaction Plant

xxvii

545

551

558

559

564

565

563
569

571

377

577



16-27

16-28
17-1

17-2

17-6

17-7

19-4

19-5

19-6

19-7

Control Requirements Based on a Complex of Four
16,000-m> /day (100,000-B/D) Coal Liquefaction
Plants L] L] L] L ] . L] . . L d L] L] [ ] * - L] . . L] . . - . . L]

Summary of Emissions and Control Requirements , . . .
Scaling Factors for Urban Living. . . . . . . . « . &

Water Runoff Coefficient "C'" and Rainfall in
Wyoming and Colorado. . . . . . . . . . .« « . . « .

Average Emission Factors for Highway Vehicles
Based on Nationwide Statistics. . . . . . + ¢« ¢ « « &

Impacts for Campbell County, Wyoming, Coal
Liquefaction and Methanol Production-~Maximum
Credible Implementation Scenario. . . . . . . . . .

Impacts for Garfield and Rio Blanco Counties,
Colorado, 0il Shale Development-Maximum Credible
Implementation Scenario . . . . . . . . . . . . .

Automotive Pollution Impacts for Campbell County,
Wyoming, Coal Liquefaction and Methanol Production-
Maximum Credible Implementation Scenario. . . . . . .

Automotive Pollution Impacts for Garfield and
Rio Blanco Counties, Colorado, 0il Shale Development-
Maximum Credible Implementation Scenario, . . . . . .

Air Pollution From Automobiles and 0il Shale Plants .

Percentage of Federally-owned Land in Colorado,
Montana, and Wyoming. . . . . « ¢« +. o ¢ &« & & o o o« &

Flows and Allocations in the Colorado River and
the Rio Grande o . o [ ] [ ] . L] L . L] » - L] . L] * [ 1 L] .

Industrial Water Contracts, Bousen and Yellowtail

Reservoirs. . . o ¢ o o o ¢ o o o e o o o o o o o o
Annual Water Consumption for Various Coal Uses. . . .

Upper Missouri River Basin Water Availability
and Depletions L] L] . . L “ L L L J - L . L] L] L] - L] L] L] L]

Projected Annual Consumptive Use of Water for the
Year 2000--Northern Great Plains States . . . . . . .

Syncrude and Methanol Consumptive Water Demands
for the Year 2000 . . . . . . . « « & + ¢« v 4 4 o &

xxviii

578
580

588

589

590

592

593

594

595

598

617

631

635

680

681

682

- 683



19-8

19-9

19-10

20-1

20-2

20-3

Major Reservoirs That Affect Stream Flows in the
Northern Great Plains . . . . . . . . . . . . . .

Summary of Industrial Water Resources for the
Upper Missouri River Basin, . . . . . . « « ¢ .

Projected Increase in Water Demand for the
Upper Colorado River Basin., . . . « ¢« ¢ ¢ ¢« ¢« « &

Eastern United States Maximum Credible
Implementation Scenario Water Requirements in
the Year 2000 . . . & & ¢« v ¢ ¢ ¢ o ¢ o o o o o o

Future Water Demand Compared to Water Supply
in the Year 2000, , . . . &+ v o 4 ¢ o ¢ ¢ o o« «

Projected Water Consumption by Electricity
Generating and Synthetic Liquid Fuel Plants
in the Year 2000, . . . &« & ¢ o & & o o o o o o &

Xxix

685

689

692

734

735

736



1--PROLOGUE TO VOLUME II

A. Introduction

This study has its roots in the realization that historical growth
in automotive* fuel demand cannot be sustained, especially if the U.S.
intends to become increasingly sélf—reliant in energy. Unless fundamen-
tal reduction occurs in the demand for available fuels, the United States
will be unable to satisfy all of its requirements for petroleum products.
Since automotive vehicles consume about 46 percent of all petroleum used

in this country, the future vitality of the automotive sector is at stake.

There are several approaches to satisfying desires for energy in

general and petroleum products in particular:

e Conserve.

@ Step-up domestic oil (and gas) production by increasing activity
in new areas. '

® Import crude oil and refined products.
® Develop synthetic liquid fuels based on abundant domestic coal
and oil shale resources,

The last option is the focus of this study.

Two previous studies,Jr commissioned by the Alternative Automotive

Power Systems Division of the U.S. Environmental Protection Agency,

*Cars, trucks, and buses.

tKant, F., et al., "Feasibility Study of Alternative Fuels for Automotive
Transportation,' Environmental Protection Agency, Report EPA-460/3-74-009
(June 1974) .

Pangborn, J., et al., "Feasibility Study of Alternative Fuels for Auto-
motive Transportation,' Environmental Protection Agency, Report EPA-460/
3-74-012 (July 1974) .



explored the economic and technical feasibility of a wide range of candi-
date synthetic automotive fuels ranging from hydrogen through methanol

to gasoline. Various sources and production systems were considered.
Both studies concluded that the leading candidates for automotive fuel

for the future (1980 and beyond) were

® Coal-derived
- Gasoline
- Distillates
- Methanol
¢ O0Oil shale-derived
- Gasoline

- Distillates.

B. Objectives

The basic objective of this study is to determine the feasibility
of alternative automotive fuels production in a broader context--one that
includes the environmental, societal, and institutional ramifications of
synthetic fuels development. To provide a frame of reference in which
to view these consequences, the environmental impacts of stepped-up
domestic production and oil imports are also described. Both futures
are based on the presumption that energy use growth rates are slackening

as a result of increased conservation.
To achieve the basic objective, several general goals were set:
® Determine the impacts of a major deployment of synthetic liquid
fuels technology

® Prepare a scenario of the maximum possible rate of deployment

® Identify the critical impacts that might decide the question of
deployment, prove intolerable unless mitigated, or prove not to
be amenable to mitigation



® Identify governmental policies that might lessen or avoid ad-
verse impacts or enhance prospects for deployment of synthetic
fuels capability

® Develop criteria on which to base comparison of alternative
synthetic fuels options.

C. Study Approach

The study was organized as a technology impact assessment. The
study core team consisted of a group of professionals with expertise in
-chemistry, physics, economics, sociology, and law. For supplemental
expertise, the team drew on professionals in chemical engineering, meteo-
rology, and biology. The team received inputs from experts at SRI, the
-staff of two coordinate contractors (Exxon Research and Engineering and
The Institute of Gas Technology), industry, universities, and stake-
holder groups. The EPA project officers maintained a close working

liaison with the team and participated in a major observation trip in

" the field and many working sessions,

To facilitate the sharing of information within the team and review
by outside parties, intermediate findings were put in the form of working
papers., These working papers were revised to reflect subsequent findings,
improvements in information, criticism from reviewers, and stakeholder

inputs, and in their form revised the backbone chapters of Volume II.

The chapters are the following:
2. Automotive Fuel Supply and Demand Forecasts
3. Reference Supply Case

4, Synthetic Liquid Fuels: The Technology, Resource
Requirements, and Pollutant Emissions

5. Net Energy Analysis of Synthetic Liquid Fuels
Production



10.

11.

12,

13.

14,

15,

16,

17.

18.

19,

20,

21,

22,

23,

Maximum Credible Implementation Scenario for
Synthetic Liquid Fuels from Coal and 0il Shale

Legal Mechanisms for Access to Coal and 0il Shale

Financing the Synthetic Liquid Fuels Industry
by the U.S, Capital Markets

Market Penetration of Synthetic Liquid Fuels--
The Key Role of the Decision-Making Process

Leading to Deployment

Government Policies to Encourage the Production
of Synthetic Liquid Fuels

National Economic Impacts of the Synthetic Fuels
Industry

Economic Impacts in Resource Development Regions
Comparative Environmental Inputs of Coal Strip Mining
O0il Shale Mining and Spent Shale Disposal

Region Specific Biological Inputs of Resource
Development

Air Pollution Control for Synthetic Liquid Fuel Plants
Secondary Environmental Inputs from Urbanization
Health Issues in Synthetic Liquid Fuels Development
Water Availability in the Western United States

Water Availability in the Eastern United States

The Impact of Industrial Growth on Rural Society

Population Growth Constrained Synthetic Liquid
Fuel Implementation Scenarios

Comparative Inputs of Controlled and Uncontrolled
Urbanization



The following paragraphs describe the relationship of each chapter

to the study as a whole.

D. Basic Information

The study required certain basic information as inputs to other
analyses: (The relevant chapters are indicated by the number in
parentheses.)

® Domestic automotive fuel demand and supply projections from

1975 to 2000 within a consistent total energy balance for
the United States. (2)

® Projections of the (geographical) sources of future conventional
domestic oil supplies to serve as the basis for the reference
impact case. (3)

® Descriptions of synthetic fuels production processes, capital
investments, labor forces, materials requirements, etc. (4)

® Information on the locations and amounts of coal resources. (5)
® Understanding of the institutional structure of the automotive
fuels supply system. (9) ‘

The study also required development of the following:
® Impacts description of the reference case for supplying con-
ventional crude oil. (3)

® An implementation scenario for synthetic liquid fuels at the
maximum rate of deployment that can be credibly imagined. (6)

® A description of how corporate stakeholders in the fuels indus-
try perceive the prospective synthetic fuels industry would mesh
with the existing system. (9)

E. Critical Factors

From the outset, information obtained from the literature and stake-
holders made it clear.that the following factors were critical and they

were emphasized in the study:



® Availability of water for energy development--especially in the
arid West. (19, 20)

® Strip mining practices and reclamation potential., (13, 14, 15)

® Mineral leasing procedures and constraints (since much of the
relevant resource is owned by the federal government). (7)

® Control of air pollution from mines and conversion facili-
ties. (16)

® Availability of capital for synthetic liquid fuels invest-
ments. (8)

® Transportation of coal between mines and liquefaction
plants. (19)

® Corporate decisions about whether and when to deploy synthetic
fuels. (9)

& The creation of boom towns in coal and oil shale regions--
especially in sparsely populated regions of the West--and the
effects of constraining growth. (21, 22, 23)

® Governmental incentives for synthetic liquid fuels produc-
tion. (10)

F. Complementing Work

To provide a complete picture and to complement the analysis, it
was hecessary to prepare:
® Descriptions of the environmental impacts of urbanization spe-

cific to the most likely regions of expected synthetic fuels
activity. (17)

® National and regional economic descriptions of synthetic fuels
industry development, (11, 12)

® Impacts of deployment of synthetic fuels facilities at the
maximum credible rate. (8, 11, 12, 18, 19, 23)

G. Applicability

Although this study is oriented toward fuels for the automotive sec-
tor, many of the analyses in the following chapters have more general

applicability. The results of the analyses have equal relevance to



understanding the consequences of strip mining for coal, of synthetic
gas production, and of water intensive industrial development of the

West.



2--AUTOMOTIVE FUEL SUPPLY AND DEMAND FORECASTS

By Edward M, Dickson

This study is concerned with the development of synthetic liquid
fuels for the automotive market, Here the word automotive is taken to
include cars, trucks, and buses., Together, these vehicles consume about
46 percent of all petroleum used in the United States.1 Cars, of course,
account for the majority of this use--some 70 percent. Figures 2-1 and
2-2 place automotive fuel use in perspective, both as a proportion of

total energy use and as a proportion of total oil use,.

There are many forecasts of future automotive fuel demand in the
literature, "7 put few of them are based on anything more sophisticated
than simple trend extrapolation.* Most, moreover, implicitly assume con-
stant energy prices (in real terms)., This assumption is understandable
because, as shown in Table 2~1, between 1950 and 1973 the real price of
motor fuels remained essentially constant with even a slight downward
trend. Since the Arab oil embargo, however, it is no longer credible to
assume either constant petroleum prices or availability of supplies to

meet the desires+ of motorists, Consequently, interest has begun to focus

on synthetic liquid fuels,

10
*One recent, more sophisticated projection is described in the appendix.

iWe use the word desires here rather than demand because, in the language
of economics, supply must equal demand in an equilibrium economy, but
desires may exceed supplies,
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Table 2-1

GASOLINE PRICES AND FUEL COST PER MILE

1950-~74
Source: Reference 10
Real Price (1967 dollars) Real Fuel gost

Year ($/gal) ($/Mile)
1950 0.37 0.0248
1955 0.36 0.0250
1960 0.35 0.0246
1965 0.33 0.0234
1970 0.31 0.0226
1973 0.29 0.0223
1974 0.35 0.0271 %

*
Based on fuel economy of vehicles in operation.

TAssumed 1973 fuel economy.

11



To appreciate the quantity of synthetic liquid fuels that the U.S,
might wish to produce in the years ahead, a forecast of both supply and
demand is needed and these components must be coupled through a common
and realistic assumption about fuel price., In addition, over a long
period, such as 1980-2000, considerable interfuel competition could take
place, which could result in substantial fuel switching. Thus, it is
also necessary to use a forecast in which automotive use of petroleum
(or equivalent) products is but a portion of a total energy economy

balance.

Since construction of such a complete forecast was beyond the scope
of this study, we have chosen to adapt for our use the three supply and
demand scenarios of the Energy Policy Project of the Ford Foundation
because they were the only such forecasts publicly available for the time
frame 1980—2000.11 Although they are flawed,* the Ford scenarios are suf-
ficient to indicate the general magnitude of the future shortfall of
domestically produced petroleum compared with the desired supplies. This
shortfall is a measure of the amount of future petroleum imports that will
be required, of synthetic fuel production needed, or a combination of

these two alternatives,

The three Ford scenarios are entitled Historical Growth (HG), Tech-
nical Fix (TF), and Zero Energy Growth (ZEG).11 Basically, the HG scenario
assumes that consumers of fuels ignore the current high prices of fuels
and return to historical high consumption rates with no government restric-

tions on consumption. Under the HG scenario, 0il prices fall back to the

*For example, the forecasts of aviation demand are generally agreed to be
excessively high and the assumptions of fuel price are never made explicit
Moreover, the Ford study makes the unrealistic assumption that synthetic
fuels could be developed (without governmental subsidies) at a cost of
$4-36 per barrel.

12



$4 to $6 per barrel range, which is low enough to maintain demand at
historical rates. The HG scenario assumes that fuels from nonconventional
fossil sources (e.g., oil shale) would have to be developed because of the
rapid growth of demand. However, one difficulty with the HG scenario is
the doubtful assumption that synthetic fuels could be produced (without
governmental subsidy) at a price range of $4 to $6 per barrel. Moreover,
it is unlikely that these low prices could hold in the face of the pro-

jected continued rapid growth in demand.

The TF scenario assumes that fuel consumers will respond to the
current high prices of energy and take steps to reduce fuel use over the
1975-2000 period and that the government will order mandatory conservation
measures. With conservation measures in effect, the annual growth rate
of total demand for energy is reduced from 3.4 percent under HG to 1.9
percent under TF, Primary factors in conserving energy are better insula-
tion of buildings and better automotive fuelﬂeconomy. For example, auto-
‘mobiles are assumed to achieve an improved fuel economy from the current
14 mpg to 20 mpg by 1985_and to 25 mpg by 2000. The study maintains that

this could be achieved without giving up large automobiles and with

existing technology.

The ZEG scenario is similar to the TF but with more stringent govern-
mental controls. For example, the efficiency of automobiles increases

from its current 14 mpg to 33 mpg by 2000,

The Ford Foundation Energy Policy Project gives a complete energy
balance for the U.,S. economy in all three scenarios, Table 2-2 shows the
annuél fuel demand by the entire transportation sector and the annual fuel
demand by autos, trucks, and buses in the three Ford scenarios HG, TF, and

ZEG,

On the supply side, the Ford study not only presents different

assumed domestic petroleum supplies under the three main scenarios, but

13



ZEG

PROJECTED ANNUAL FUEL CONSUMPTION BY SECTOR

Table 2-2

*
Quadrillion Btu per year (million B/D product equivalent)

Source: Reference 11 (Tables 1, 5, 16, and A-8)

Total all sectors
Transportation
Autos, trucks, and buses

Percentage of
transportation

Total all sectors
Transportation
Autos, trucks, and buses

Percentage of
transportation

Total all sectors
Transportation
Autos, trucks, and buses

Percentage of
transportation

Total all sectors
Transportation
Autos, trucks, and buses

Percentage of
transportation

1970 1975 1985 2000

66.0 78.0

15.7 19.1

11.9 (6.2) 14.4 (7.5)

76% 75%
116.1 186.7
26.0 38,4
18.0(9.3) 21.9(11.4)
69% 57%
91.3 124.0
19.6 24.7
12,7(6.6) 11.4(5.9)
65% 46%
88.1 100.0
18.4 17.2
12.5(6.5) 8.5(4.4)
68% 49%

*
We use 1 bbl oil product (typically gasoline)
1 quad (1015Btu) per year equals about 0.5 million B/D; 1 quad is also
approximately equal to 102 GJ,

14

6

= 5,25 x 107 Btu, so that



subscenarios are also given, Under HG, three subscenarios are presented
--normal development (HG1l), accelerated nuvlear development (HG2), and
high imports (HG3); these subscenarios are shown in Figure 2—3.* In HG2,
accelerated nuclear development substitutes for domestic o0il in power
generation; in HG3, imported oil substitutes for the development of domes-
tic oil; The greatest assumed development of domestic 0il occurs under
scenario HGl, Under TF, two subscenarios are presented--TFl and TF2,
Under TF1l, the United States moves toward self-sufficiency by reducing

imports by almost one—half?

Under TF2, dependency on imports is not
reduced but some environmental restrictions are included, The TF scenario
is shown in Figure 2-4, The ZEG scenario, shown in Figure 2-5, includes
stringent environmental controls, which then restrict the development of
offshore and outer continental shelf areas., The various supply scenarios
are summarized in Table 2-3. As discussed extensively in Chapter 3, of

the three assumed s&bply cases of HG, only the HG3 domestic supply scenario
has reasonable likelihood of being realized in light of the most reqent

U.S, Geological Survey estimates of the total recoverable U,S, reserves

of petroleunm.

Figures 2-3 to 2-5 indicate that an automotive fuel shortfall of
about 6 million B/D (HG1 demand minus HG3 supply) to 2 million B/D (TF
demand minus TF2 supply) might occur in the year 2000, Table 2-3 shows
that the total (for all sectors) liquid fuel shortfall (listed as imports)

might be in the range of 4 to 18 million B/D. This leaves a considerable

*Figures 2-3 to 2-5 assume that domestic crude production has been dis-
tributed among all use sectors in proportion to the demand of that sector
compared to total petroleum demand, This proportion varies with time,

1-The original projections in the Ford Foundation study assume that imports
are cut exactly in half from the levels given in the HG case. In this
table, all production of synthetic fuels shown in the Ford study has been
added to imports of crude oil,

15



MILLIONS OF BARRELS OF PRODUCT PER DAY

HGI DEMAND

HGI SUPPLY

HG2 SUPPLY

—

HG3 SUPPLY

/—\4

2+ o PROJECTIONS -~
= == = HISTORICAL
B IMPORTS i
0 ] 1 1 i
1950 1960 1970 1980 1990 2000
YEAR

FIGURE 2-3. HISTORICAL GROWTH SCENARIO — AUTOMOTIVE FUEL
DEMAND AND DOMESTIC SUPPLY PROJECTIONS

16



MILLIONS OF BARRELS OF PRODUCTS PER DAY

TF) DEMAND

TF! SUPPLY

TF2 SUPPLY
o L ~——— PROJVECTIONS -
= = — HISTORICAL
. (MPORTS 4
0 1 | ] 1
1950 1960 1970 1980 1990
YEAR

FIGURE 2-4. TECHNICAL FIX SCENARIO - AUTOMOTIVE FUEL
DEMAND AND DOMESTIC SUPPLY PROJECTIONS

17

2000



MILLIONS OF BARRELS OF PRODUCT PER DAY

ZEG DEMAND

ZEG SUPPLY

2 -
PROJECTIONS
| ~ — — HISTORICAL _
IMPORTS
0 | I 1 |
1950 1960 1970 1980 1990
YEAR

FIGURE 2-5. ZERQO ENERGY GROWTH SCENARIO-AUTOMOTIVE FUEL
DEMAND AND DOMESTIC SUPPLY PROJECTIONS

18

2000



Table 2-3

OIL SUPPLY PROJECTIONS
Million B/D (Quadrillion Btu)

1973 1985 2000
.Domestic oil
HG1 11.0 (22) 15.9 (32) 20,9 (40)
HG2 15,9 (32) 17.7 (34)
HG3 | 13.4 (27) 13.4 (27)
TF1 14.9 (30) 17,9 (36)
TF2 14.4 (29) 17.4 (35)
ZEG 13,9 (28) 14,9 (30)
%k
0il imports
HG1 6.0 (12) 6.5 (13) 12,0 (24)
HG2 6.5 (13) 12,0 (24)
HG3 11,5 (23) 18.4 (37)
TF1 3.2 (7) 6,0 (12)
TF2 6.0 (12) 8.0 (16)
ZEG A 4.5 (9) 4,5 (9)

HGl: Historical growth

HG2: High nuclear

HG3: High imports

TF1: Self-sufficiency (rapid coal development; cut imports
in half)

TF2: Environmental controls (no synthetic fuels)

*The synthetic liquid fuels in the Ford scenarios have
been shifted to this category.
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amount of uncertainty in the projected shortfall, an uncertainty matched
in global geopolitics and U.S. energy policy, which will largely determine

both the U.S. supply and demand for fuels.

In Chapter 6, we advance a Maximum Credible Implementation (MCI)
scenario for synthetic liquid fuels derived from coal and oil shale that
*
yields 10 million B/D. Thus, the MCI would be capable of filling a

substantial part of the total anticipated shortfall for liquid fuels.

%
of o0il equivalent energy.

20
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APPENDIX

Reference 10 presents a sophisticated econometric model that projects

future automotive fuel demand taking into account the following variables:

e Automobile ownership
~The real price of automobiles by class
~The fuel efficiency of automobiles by class
-The real price of gasoline
-Total real disposable income
-Total number of households in each income group

~The unemployment rate.

® Travel demand
~household income
=-trip purpose by income class

-cost factors.

The model relates five basic submodels:
e An estimator for market shares of new car sales (sales-weighted
fuel economy of new cars),
® An estimator for new car sales.
@ An estimator for scrappage (fleet size, fleet fuel economy).
® An estimator for miles traveled.

e A fleet model to calculate fuel consumption,

The fuel demand projections are made with three assumed fuel price

schedules: constant fuel prices, rising fuel prices, and falling. fuel

prices. Table A-1 summarizes the fuel price assumptions,
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Table A-1

FUEL PRICE ASSUMPTIONS
(per gallon)

Source: Reference 10

Year Constant Rising
1976 $0.61 $0.61
1980 0.61 0,72
1985 0.61 0.87
1990 © 0,61 0.88
1995 0.61 0.90
2000 0.61 0.90

The model projects only car fuel demand, but this can be corrected
to total automotive fuel demand by assuming that cars use 70 percent of
all automotive fuel in all years. This conversion, shown in Table A-2,
allows easy comparison with the projections shown in Figures 2-3 to'2—5

in the text.

Table A-2

PROJECTED AUTOMOTIVE FUEL DEMAND
FOR CONSTANT AND RISING PRICES
(million B/D)

Source: Reference 10

Year For Constant Price For Rising Price
1976 7.4 7.4
1980 7.6 7.5
1985 ‘ 8.3 7.8
1990 9.2 8.5
1995 10.3 9.4
2000 11.4 10.3
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3~--REFERENCE SUPPLY CASE

By Barry L. Walton

A. Introduction

Meeting the anticipated fuel demands for autos, trucks, and buses
will require the development of 0il resources in new areas together with
vigorous activity to enhance o0il recovery from known fields. With con-
tinuing high prices for imports (about $11 per barrel of crude in 1974
dollars) and governmental price regulation of a kind to encourage new
production, stepped up attempts to develop domestic oil resources are
likely. However, even with increased production, domestic supplies of
0il will not meet demands for the entire period between now and the year
2000, and, in the absence of synthetic fuels, imports will be necessary
to suppiy the difference between domestic oil supplies and domestic oil

demands,

1. Content of the Reference Case

As a measure against which to set the topics treated in this tech-
nology assessment, we have developed a reference case in which the
expected shortfall in U, S, automotive fuels is met by increased produc-
tion within the existing petroleum industry, without the use of synthetic
fuels. Specifically, the demand is met by

® Onshore production--lower 48 states onshore and near-shore
production from state leases,

® Offshore production--outer continental shelf (OCS) production
from federal leases off the coasts of the lower 48 states.

® Alaskan production--onshore and offshore production,.

® TImports--both crude oil and refined products,
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Figure 3-1 shows the boundaries of the reference case considered in this
chapter. Under the assumption of these sources of 0il for the United
States to the year 2000, the reference case contains a projection of

(1) domestic oil supply by region and the requirements for imported oil,
(2) the resources required to increase domestic 0il production without
recourse to synthetic fuels development, and (3) the environmental
impacts that could result from this production and importation. Environ-
mental impacts are given in terms of quantified indicators derived from
scaling factors applied to the projections of o0il supply and demand and

the resource requirements for an intensive U.S. oil recovery program,

2. Scenarios: Bases for Projections of Supply and Demand

In selecting a domestic fuel supply scenario for the reference
case to correspond to the EPP demand forecasts described in Chapter 2,
we faced considerable difficulty. Although six possible supply project-

1
ions are described by the EPP only HG3 retains some credinility in the

’
light of recent projections by the U.S. Geological Survey (USGS) of
domestic oil resources2 (Appendix A discusses these and other projections).
Table 3-1 shows the six EPP scenarios and displays approximate cumula-

tive production between 1973 and 2000 for these scenarios. For this
baseline analysis the synthetic fuels originally postulated by the EPP

have been shifted to the category of imports. The estimates of possible
domestic 0il production shown in the table were made prior to the recent

USGS projections. Even the comprehensive Federal Energy Administration,

3
Project Independence Blueprint was based upon the out of date USGS

resource estimates shown in Appendix A, Table A-2. As discussed in
Appendix A, it is now necessary to abandon estimates of future crude oil
production which show impossibly large cumulative production estimates.
Among the scenarios of the EPP, HG3 projects the lowest cumulative pro-

duction rates into the next century.
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Table 3-1

CONVENTIONAL DOMESTIC OIIL SUPPLY PROJECTIONS

Annual Projections Cummulative
in Projections
Millions of Barrels per day in
Supply Source (Quadrillion Btu per Year) Billions of Barrels
1973 1974 1985 2000 1973-2000
Domestic 0il
*
HG1 11.0 (22) 10.5 (21) 15.9 (32) 20.9 (40) 160
HG2 15.9 (32) 17.7 (34) 150
~ HG3 13.4 (27) 13.4 (27) 127
TF1 14.9 (30) 17.9 (36) 150
TF2 14.4 (29) 17,4 (35) 140
ZEG 13.9 (28) 14.9 (30) 130
0il Imports
HG1 6,0 (12) 6.0 (12) 6.5 (13) 12.0 (24)
HG2 6.5 (13) 12.0 (24)
HG3 11.5 (23) 18.5 (37)
TF1 3.5 (7) 6.0 (12)
TF2 6.0 (12) 8.0 (16)
ZEG 4.5 (9) 4.5 (9)
*
HG1l: Historical growth
HG2: High nuclear
HG3: High imports
TF1l: Self-sufficiency (rapid coal development; cut imports in half)
TF2: Environmental controls (no synthetic fuels; offshore production forbidden in new
areas until after 1985)
ZEG: Zero energy growth
t 6
5.5 x 10 Btu/barrel
Source: Reference 1, Tables 3, 13, 24.
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A problem with HG3 that had to be overcome for the reference case

is that it contains no corresponding regional supply projections which

are necessary for impact analysis, Accordingly, the relative regional

4

0il supplies from Project Independence 0il Task Force Report~ were

applied to the aggregated domestic supply projection under HG3 to give

regional supplies for our impact analysis requirements. Unfortunately,

no regional supply projections to the year 2000 using the most recent

USGS resource estimates have been made public, and the Project Independ-

ence projections were based on discredited resource estimates and were

not extended past 1988, We have, however, assumed that the relative

distribution among future producing regions given in Project Independ-

ence remain valid,

3. Summary of Conclusions

The major conclusions drawn from the reference case are the

following:

Under all of the EPP scenarios the demand for liquid fuels
exceeds the HG3 domestic supply of conventional crude oil.

Even with much higher crude oil prices, domestic petroleum
supplies are extremely unlikely to meet domestic demand,
even a demand as low as in ZEG,

In the absence of synthetic crude oil, continued imports
will be necessary unless demand for crude oil is reduced
below the production level of HG3.

Producing oil at the HG3 subscenario rate requires consid-
erable increase in oil production from offshore and Alaska,
and a massive tertiary recovery program onshore. Tertiary
recovery offshore and in Alaska would also be needed. Yet
domestic oil production from conventional sources will
begin a long term decline before 2000.

Capital investment in domestic crude oil exploration and
production must increase to over $12 billion (19273 constant
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ing:

dollars) annually by 2000 if production is to approximate

~ that projected under HG3,

Labor requirements for drilling will more than double
between 1977 and 2000.

Steel requirements for crude oil production will increase
to over 3.5 million tons (3.2 billion kg) annually in 2000,

The coastlines will be a major focus for the environmental
impacts from offshore resource development and from oil
import activity.

Alaska will be a second major focus for the environmental
impacts from developing oil resources in offshore areas
and along the North Slope. A second TAPS is necessary for
transporting North Slope oil under HG3.

The potential for large scale environmental disaster re-

sulting from a large oil spill along the coastal regions

is significant. Based on an extrapolation of past spill

statistics, perhaps 13 spills of over 100,000 barrels can
be expected. ’

The significant implications of these conclusions are the follow-

Without synthetic fuels from coal and oil shale, imports
of petroleum will grow to over 18 million barrels per day
under demand levels of Historical Growth, and will grow to
over 10 million barrels per day under Technical Fix, since
these demand levels cannot be met by the HG3 supply.

Supplying domestic oil at the HG3 rates will require con-
siderable capital investment. Recent investment and supply
projections made by Texaco and published in the 0il and Gas
Journal™ show 1990 crude oil production at about 13 million
barrels per day with annual investment in crude oil and
natural gas production at over $30 billion (1975 $). This
production and investment projection supports our conclus-
ion that the $12 billion required annually under HG3 is a
lower 1limit to the investment necessary to bring about oil
production at the HG3 levels.
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& Because the better economic prospects for oil production
will be exhausted by the year 2000, investment costs for
new oil reserves will go to between $1.,80 and $3.20
(1973 $). These costs are comparable to or greater than
investments for syncrude,

® The price of crude oil in constant dollars will increase
under almost any realistic scenario, particularly if
national independence from foreign crude oil supplies is
sought,

0il production from offshore and Alaskan oil resources will
continue to be the center of environmental controversy.
Indeed, the major impacts of future oil production result
from producing resources from these areas.

B. Projected Domestic 0Oil Supply and Imported Oil Requirements

To project detailed domestic o0il supplies for HG3, the Project
4 }
Independence 0il Task Force supply projections are used to define the
relative percentages of 0il supplied from each National Petroleum Council
*

(NPC) region. Figure 3-2 defines regional boundaries used in this

chapter. Table 3-2 shows HG3 supplies aggregated into onshore production,

offshore production, and Alaska production, The apparent heavy reliance
on oil supplies from Alaska, offshore, and tertiary recovery for future

production reflects general expectations of future production.

The NPC regions (modified from the usual National Petroleum Council
regions) as defined by the 0il Task Force.

1-
Aggregated from Table B-1 of Appendix B,
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Table 3-2

DOMESTIC OIL SUPPLY, IMPORTS, AND TOTAL DEMAND UNDER HG3

6
10 Barrels per day (% of Domestic Supply)

SUPPLY/DEMAND YEAR CUMULATI VE
1974-2000
(109 Barrels)
1974 1985 2000 Total | rom Advanced
_ — I Recovery
Domestic Supply
Onshore 8.9 (85) 6.8 (52) 5.0 (38) 63 34
Lower 48 states
Offshore 1.4 (13) 3.0 (21) 4.0 (30) 28 15
Lower 48 states
Alaska 0.2 (2) 3.6 (27) 4.4 (32) 30 16
Onshore and offshore
Total 10.5 13.4 13,4 121
Imports 6.0 11,5 18.4
Total U, S. demand 16.5 24,9 31.8

Source: Appendix B, Table



Table 3-3 shows the onshore production for HG3 by NPC region.
Table 3-4 shows the offshore production for HG3 by offshore NPC region,
including production from military oil reserves in the Pacific and Gulf
of Mexico offshore areas. Table 3-5 shows the Alaska production for

HG3 by onshore and offshore areas.

Cumulative production under HG3 between 1973 and 2000 is approx-
imately 130 x 109 barrels of oil--about 25 percent greater than the
cumulative total U,S, production up to 1973. Cumulative tertiary
recovery under HG3 is assumed to be about 70 billion barrels, an
assumption that reflects the availability of oil through primary recov-

ery given the 1975 USGS resource estimates,

We assume that cumulative recovery between 1973 and 2000 from each
region by tertiary methods is proportional to total cumulative recovery
by tertiary methods divided by total cumulative recovery over the same

period,

33



Table 3-3

ONSHORE OIL PRODUCTION FROM THE LOWER 48 STATES UNDER HG3

6
(10 Barrels per day)

%
Region or Source

Pacific Coast
NPC Region 2

Naval Petroleum Reserve No., 1

Western Rocky Mountains
NPC Region 3

Eastern Rocky Mountains
NPC Region 4

West Texas/Eastern New Mexico
NPC Region 5

Western Gulf Basin
NPC Region 6

Mid-Continent
NPC Region 7

Northeast
NPC Regions 8, 9, 10

Atlantic Coast
NPC Region 11

.‘-
Total

1974

0.792

0.215

0.614

2,553

3.526

0.994

0.213

0.007

8.914

* See Figure 3-2 for geographical locations.
t Items may not sum to totals due to rounding.
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1985

0.59

0.16

0.34

2000

0.38

0.08

0.12

0.23

0.56

0.19



Table 3-4

OFFSHORE OIL PRODUCTION FROM THE LOWER 48 STATES UNDER HG3

6
(10 Barrels per day)

*
Region or Source

Offshore military reservations

Atlantic offshore
NPC Region 11A

Gulf of Mexico
NPC Region 6A

Pacific offshore
NPC Region 2A

1-
Total

1974

1.311

0,058

1.369

* See Figure 3-2 for geographical locations,
t Items may not sum to totals due to rounding.

Source: Tables B-1, Appendix B
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1985 2000
0 0.16
0.04 0.60
2.3 2.0
0.6 1.2
3.0 4.0



Table 3-5

ONSHORE AND OFFSHORE OIL PRODUCTION FROM ALASKA UNDER HG3

6
(10 Barrels per day)

*

Region or Source 1974 1985
Prudhoe Bay 0 1.8
North Slope 0 1.3

Other than Prudhoe Bay

Naval Petroleum 0 0
Reserve No. 4

Gulf of Alaska and other 0.201 0.54
offshore areas
NPC Region 1

-‘-
Total 0.201 3.6

* See Figure 3-2 for geographical locations.
t Items may not sum to totals due to rounding.

Source: Table B-1, Appendix B
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2000

1.2

0.68

0.96



The economic incentives provided by high prices for imported crude
0il and refined products will tend to increase the supply from the
three domestic sectors--onshore (lower 48 states), offshore (Atlantic,
Pacific, Gulf of Mexico areas), and Alaska (onshore and offshore), Of
course, the distribution of the supply available from each of the

sectors cannot be forecast to the year 2000 with precision,

C. Projected Resource Requirements for Production of Domestic 0Oil

0il can only be produced with sufficient inputs of the resources
of equipment, manpower, steel, and capital. Projections of these inputs

under scenario HG3 are developed in this section.

1. Drill Rigs, Labor, and Steel

Table 3-6 shows the approximate annual requirements for drill
rigs, labor, and steel for the reference case. Labor and steel require-
-ments are shown later for synthetic fuel development in the maximuﬁ
credible implementation (MCiI) scenario, Chapter 6. The number of rigs

determines many of the oil production impacts.

Several considerations were used in generating the annual
resource requirements in Table 3—6:* (1) Since annual production under
HG3 in 2000 corresponds closely to the Project Independence 1988 $11/B
Business-as-usual? scenario, no increase in the annual resource
requirements beyond the Project Independence 1985 $11/B Business-as-
usual requirements is assumed except for investment and (2) this is

based on the assumption that future production is closely correlated

sk
Annual oil production depends on resource inputs and exploration

activity. -For example, it will take several years before a new
offshore field reaches peak production. More than one production
platform is likely for a large field,
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Table 3-6

LABOR, DRILL RIG AND STEEL REQUIREMENTS
FOR OIL PRODUCTION UNDER HG3

* * * t T +
1977 1980 1985 1990 1995 2000
Exploration Drill Rigs in Use Annually
Onshore 930 1,100 1,250 1,250 1,250 1,250
Offshore 240 370 500 500 500 500
Alaska
Onshore 125 125 150 150 150 150
Offshore 26 52 110 110 110 110
Offshore Production Platforms in Use Annually
Offshore 90 150 200 200 200 200
Alaska-offshore 6 12 25 25 25 25
Labor--Rig and Platform Crewmen Employed Annually
Onshore 22,000 25,000 29,000 29,000 29,000 29,000
Offshore 24,000 37,000 52,000 52,000 52,000 52,000
Alaska 3,000 5,000 8,000 8,000 8,000 8,000
(Offshore) (1,600) (3,100) (6,500) (6,500) (6,500) (6,500)
Total 49,000 67,000 89,000 89,000 89,000 89,000
Steel--Thousands of Tons Required Annually
Onshore 1,400 1,600 1,700 1,700 1,700 1,700
Of fshore 1,400 1,700 1,400 1,400 1,400 1,400
Alaska 200 200 400 400 400 400
Total 3,000 3,500 3,500 3,500 3,500 3,500

*
Data up to 1985 adapted

*A11 requirements after 1985 held constant,
This reflects the correspondence between production by 2000 under HG3 and the FEA
$11/B BAU scenario production by 1988 used in Appendix B to generate the regional

production for HG3.

from Reference 4, Tables VI-8, VI-9 and VI-10, by excluding the
heavy crude oil and tar sands data.
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to exploration activity. The same drilling activity used to achieve

the FEA production by 1988 is assumed to achieve the HG3 production by
2000. The correlation is generally valid--more drilling activity

results in more future production, although according to those knowledge-
able in the field, it is becoming increasingly difficult to find oil

with the amount of o0il discovered per foot of exploratory well drilled
on the decline.6 Since that trend can be expected to continue, the

resource requirements in Table 3-~6 are probably underestimated.

The factors that will mean less production per unit of invest-

ment toward the end of the century are:

® Exploration of deeper oil prospects, which entails
more feet of drilling per well, fewer well completions
per foot of drilling, slower drilling rates per foot
of well, and greater expense per completed well,

® Exploration of more remote locations, which has
characteristics of exploration of deeper prospects.
Moreover, the drilling season is limited in such
places as arctic offshore regions.

® Exploration of the "better" prospects will be completed.

a. Drill Rig Requirements

0il produétion on land requires drill rigs for exploration--
thereby the adage "the only true test for oil is the drill'"--and for
drilling development wells and the extra wells required by secondary
and tertiary recovery or for workover. Onshore drill rigs are relative-

ly mobile and are often truck-mounted.

Offshore o0il production requires drill rigs both for explora-
tory drilling--jack-ups, semisubmersibles and ship-mounted rigs are the

7
most common --and for production at locations where permanent platforms
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complete the production wells and support the production equipment. 1In
the future, more subsurface platforms (unmanned) are likely to be used
because they are cheaper and lighter than surface platforms. The
subsurface, unmanned platform is fixed to the ocean floor, and the wells
are drilled by a mobile drillship, which moves on after placing the
production tubing. The rig requirements shown for offshore production

in Table 3-6 fall into these categories.

The rig requirement shown for Alaska in Table 3-6 includes
both onshore rigs (rarely truck-mounted because of the severe environ-
ment of the North Slope tundra) and offshore rigs--similar to rigs used
offshore in other areas with the exception of those designed for use in

8,9

pack ice regions. ’ Many of the impacts on Alaskan offshore waters

depend on the number of offshore rig requirements.

The HG3 scenario requires substantial drilling activity.
Alaska, particularly, will see large increases in drilling activity.
Because of much increased drilling for tertiary recovery under HG3,

onshore continues to receive the most drilling activity.

b. Labor Requirements

The total number of rig crewmen required depends on the
number of rigs in operation and whether they are operated on or offshore.
Onshore rigs each require about 25 men, while offshore rigs each require
about 50 men. Project Independence4 estimates Alaskan rigs require
somewhat fewer men than other onshore rigs--less than 20 men each; how-
ever, a backup crew is also required and a large number of support
personnel are required, while in onshore production elsewhere support

personnel are part of the general infrastructure.
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Labor requirements for drilling and production grow substant-
ially under HG3. The HG3 requirements in 2000 are double those in 1977.
The rigmen required for offshore may be overestimated if subsurface
production platforms become widely used toward the end of the century,

as may be likely.

C. Steel Requirements

Steel is required for the construction of drill rigs and
ﬁroduction platforms, for the production of the tubing used to support
the drill during drilling, for the well casing, and for surface equip-
ment such as storage tanks, equipment sheds, and pumps. The steel
requirements shown in Table 3-6 reflect these needs and are probably
underestimated since much of the steel required for tertiary production
(the extra wells) is not included. Neither are steel requirements for
0il transportation and distribution or refining included. These needs
can be substantial, particularly for oil pipelines from remote regions.
For example, the Trans-Alaska Pipeline (TAPS) will contain about 1,2
million tons of steel. Under HG3, the annual steel requirements are
about 3,000,000 tons by 2000, with onshore production requiring the

most steel (refer to Table 3-6).

An impact occurs during retirement of some production
facilities--the irretrievable investment of steel, Offshore rigs may
be left in place after their economic life is exceeded, During periods
of falling prices, rigs may remain idle which represent a large energy
investment in terms of the steel in the well pipe and rig. Some off-
shore rigs contain as much as 25,000 tons of steel, Whether this steel
will be left in place forever remains an open question, To give some

feeling for what this 25,000 tons of steel represents, we give the
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following illustrative calculation. An offshore production platform
must produce about 30,000 B/D to be economically viable. This fuel rate
will supply about 900,000 cars with each car using about 0,033 B/D

(20 miles/gal and 10,000 miles/yr). At 1 ton each, these cars contain
about 900,000 tons, or about 36 times as much steel as the offshore

platform supplying their fuel.

2, Capital Investment

To our knowledge, Project Independence contains the most
recent detailed estimates of investment in crude oil production,4 and
they have been adapted to form the basis of our projections. Unfor-
tunately, these investments were based on the 1972 USGS resource esti-
mates discussed in Appendix A. 1In order to create more realistic
investment estimates for HG3, we have assumed that the investment pro-
jections in Project Independence cover only the annual investment
necessary for primary and secondary recovery under HG3, and we have
gone on to assume that additional investment is necessary for the sub-
stantial tertiary recovery required for oil production under HG3 (dis—

cussed in Appendix B).

Table 3-2 showed cumulative production by advanced recovery
techniques necessary to support the HG3 production level from each
region. For this production to take place, the resources in each reg-
ion must first become economically producible reserves (Appendix A).
The capital investment necessary to convert resources into economically
producible reserves in each region is shown in Table 3-7. The Project
Independence 0il Task Force Report shows the investment required per
barrel of reserve added for 1974 and 1988, To estimate the minimum
capital investment necessary to convert 70 billion barrels of resource

into oil recovered by advanced techniques we have assumed that these
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Table 3-7

CAPITAL INVESTMENT REQUIRED
FOR SECONDARY AND TERTIARY RECOVERY

Dollars (1973) per Barrel of Reserve Added

1974-1988 1988-2000

Secondary Recovery

Region 1 ' $ 0,96 $ 1,92

Regions 2A, 6A, and 11A 0.64 1,28

Regions 2, 3-6, and 7-11 0.32 0.96
Tertiary Recovery

Region 1 1.68 3.12

Region 2 1.50 3.00

Regions 2A, 6A, and 11A 1.12 2,14

Regions 3-6, 7-11 ) 0.80 1.76

Source: Project Independence Blueprint,
0il Task Force Report
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investments pertain to the entire period to the year 2000 as shown in
the table, The investments shown in the second column probably under-
estimate the necessary investment for HG3 since many of the better
tertiary recovery prospects in each region will already be in production

by the last decade of the century.

The approximate capital investment for recovery by advanced
techniques is shown for onshore, offshore, and Alaska in Table 3-8.
The investment estimates represent a probable lower limit to the nec-
essary investment for reserves recoverable by tertiary methods since
these estimates reflect only the tertiary recovery that is actually
accomplished by 2000. 1In practice, there must be reserves of crude oil
left after any given year; in the past, reserves have been about ten
times annual production (Appendix C) so that additional investment, not
shown in the Table 3-8, is required for the reserves left in the year
2000, We have assumed that the total investment for the two periods,
1974-1988 and 1988-2000, is divided uniformly on an annual basis. This

probably will not be true in practice,

The approximate capital investment for all conventional oil
recovery to the year 2000 is displayed in Table 3-9, Capital invest-
ment in constant dollars increases over two and half times between
1977 and 2000. Project Independence forecasts considerably less
production from advanced recovery than is necessary for HG3 in the light
of the 1975 USGS resource estimates.z Thus, we have assumed that the
annual investment levels projected by Project Independence approximately
cover the 60 billion barrels of pfoduction under HG3 that must come
from primary and secondary recovery methods., The investment allocated
for tertiary recovery in the Project Independence scenarios is probably
comparable to the additional investment for the tertiary recovery re-

serves in 2000 left out of our analysis, so that any investment that
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Table 3-8

APPROXIMATE CAPITAL INVESTMENT REQUIRED FOR ONSHORE, OFFSHORE, AND ALASKA OIL PRODUCTION
BY ADVANCED RECOVERY TECHNIQUES

Region

Annual Investment

Cumulative Production Investment per Barrel Total Investment
(109 barrels) (1973 dollars) (109 1973 dollars) (109 1973 dollars)
1974-1988
Onshore 17 $ 0.8 $ 14 $ 1.0
Offshore 7.5 1.1 8.3 0.6
Alaska 8.0 1.7 14 1,0
Total 2,6
1988-2000
Onshore 17 1.8 31 2,6
Offshore 7.5 2.1 16 1.3
Alaska 8.0 3.1 25 2.1
Total 6.0



1234

Table 3-9

CAPITAL INVESTMENT IN CONVENTIONAL OIL PRODUCTION FOR HG3
(In 1973 dollars annually)

1974 1977 1980 1985 1990 1995 2000
Onshore Recovery
Primary and Secondary 1.3 1.4 3.3 3.9 3.9 3.9 3.9
Advanced” 1,0 1.0 1.0 1.0 2.6 2.6 2.6
Subtotal 2,3 2.4 4.3 1.9 5 6.5 6.5
Offshore Recovery
Primary and Secondary 0.3 0.3 0.5 0.9 0.9 0.9 0.9
Advanced 0.6 0.6 0.6 0.6 1.3 1.3 1.3
Subtotal 0.9 0.9 1.1 1.5 2.2 2,2 2.2
Alaska
Primary and Secondary 0.7 1.2 1,2 1.3 1.3 1.3 1.3
Advanced 1,0 1,0 1.0 1.0 2.1 2.1 2.1
Subtotal 1.7 2,2 1.2 1.3 3.4 3.4 3.4
Total 4.9 5.5 6.6 7.7 12,1 12.1 12,1

*
Primary and secondary recovery investment data up to 1985 adapted from Reference 4, Table IV-16,
by excluding the heavy crude oil and tar sands data.



has been underestimated in Table 3-8 is probably made up by the over-

investment in primary and secondary recovery implicit in Table 3-9.

The analysis in Appendix B leads to the conclusion that over
50 percent of the recovery should be coming from advanced recovery
methods toward the end of the century. Because of the higher invest-
ment levels necessary for advanced recovery relative to primary or
secondary recovery (refer to Table 3-7), the investment split between
primary and secondary recovery and advanced recovery should be heavily
weighted toward advanced recovery projects. Table 3-9 shows such an
emphasis on advanced recovery. The estimates shown in Table 3-9 are
designed largely for purposes of illustrating the necessary investment
for HG3. We do expect, however, that the investment projections for
advanced recovery and for overall recovery are approximately correct
and reflect current expectation of investment for future recovery.
Recent estimates5 of future production and investment made by Texaco
and published in the 0il and Gas Journal support the rough estimates

and trends for investment and production shown here for HG3.

D. Projected Environmental Impacts

The scope of the research did not permit detailed assessment of
the effect of oil extraction, distribution, and refining in the ref-
erence case on the environment; however, the material presented is
sufficiently detailed to indicate the probable environmental consequen-
ces of an intensive and accelerated industry effort to extract the
maximum amount of oil from onshore, offshore, and Alaskan sites. Only
major impacts are treated here. They are broadly grouped into land use
requirements, water requirements, employment and induced population,
o0il spill probabilities and quantities, and major air and water pollu-

tant emissions. No attempt is made to rank the impacts in severity.
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The environmental impacts of the reference case are determined by
means of scaling factors for quantifiable characteristics of the oil
extraction, transport, and refining processes. TFor example, operation
of each barrel per day (B/D) of petroleum refining capacity is respons-
ible for a volume of water effluent averaging 770 gallons per day.

With a refining capacity of 20 million B/D, the water effluent would
approximate 20 x 106 x 770 gallons per day. This 15-billion gallon
per day effluent volume is a quantitative indicator of the environmental

impact of petroleum refining.

Scaling factors appropriate to the various activities involved in
crude oil production, distribution, and importation are derived in
Section 1, below. 1In Section 2, environmental impacts for onshore,
offshore, and Alaskan production, and oil transport (domestic and
imported) are developed by applying the scaling factors to the product-
ion estimates given in Section B and the equipment and labor require-

ments given in Section C, above.

1. Impact Scaling Factors

a. Crude 0il Production

The scaling factors necessary for evaluating the major
environmental impacts of o0il exploration and production on land use,

air quality, and water quality are presented in four groups:

¢ Impacts of normal exploration activity
® Impacts of exploration accidents
® Impacts of normal production activity

® Impacts of production accidents.

(1) Normal Exploration Activities

Impact scaling factors for the major environmental
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impacts of normal exploration are shown in Table 3~10. The three major

*
consequences of normal drilling activity are qualitatively:

®* "Boom towns," increased urban growth, increased
automobile use, and increased demand for housing
and recreation created by the presence of drilling
crews, their families, and personnel in service
industries. These impacts occur off the drilling
site.

® Disturbed lands or ocean bottom, displaced species,
water pollution, or road construction at or adjacent
the drilling site.

® Solid waste produced by drilling, which may produce
water pollution or undesirable land fill.

Many important impacts of exploration result from the normal
human activities and demands of the exploration drillers, their families,
and associated personnel in service industries. These impacts, of
course, vary in severity depending on the degree of urbanization already
existent.in the region: the less the urbanizﬁtion, the greater the

impact.

Since individual environmental impacts that occur on the
drilling site are too site-specific to quantify, Table 3-10 gives only
the estimated land areas impacted by a typical drilling project onshore
and offshore, Onshore exploration rigs, including storage ponds for
drilling mud, occupy about one acre. Offshore rigs are considerably

larger than onshore rigs, containing crew quarters, storage facilities

Other geophysical and exploration activity results in minimal environ-
mental impact.

49



0s

Table 3-10

IMPACT SCALING FACTORS FOR NORMAL EXPLORATION OPERATIONS

Scaling Factor

1-
Impact Quantity Units
*
Urban development, population growth People employed per exploration rig:
consequences of human activity 24 Onshore
100 Offshore
12 Alaska (onshore)
60 Alaska (offshore)
Surface lands affected by drilling Approximate land area disturbed by one
drilling rig:
1 acre plus land for service road (onshore)
1 acre plus land for housing (Alaska onshore)
Submerged lands affected by 3000 acres Approximate offshore land are?ldisturbed
exploratory drilling by an offshore drilling rig
Solid waste produced by drilling 63 tons Weight of cuttings (tons) produced per
rig--drill cuttings consisting of 1000 £t of exploratory drilling4
rock particles, sand, and drilling
mud
.1-

2
Approximate conversion factors: 1 acre = 4000 m , 1 ton = 907 kg, 1000 ft = 300 m,

*Inferred from Table 3-=6



for equipment, and a processing area for drilling mud; their decks
occupy 1 to 2 acres of surface area, Large semisubmersible exploration
rigs have as many as 2 acres of surface area%2

Wells can be drilled as far as 6000 ft (slant range) from an
offshore platform and may therefore tap an area of 4 square miles, or
2500 acres, About a 1 mile clear zone is maintained around offshore
rigs, which is intended to prevent ships and tankers from colliding
with the platform. Thus, an offshore platform impacts commercial
fishing and navigation by the removal of about 3000 acres* of ocean
surface from many alternative uses and by presenting a hazard to navi-

7
gation,

In Alaska, drilling sites entail greater acreage than do
sites in the lower 48 states because large rigs, needed for the re-
latively deep wells, must also provide shelter from the weather for the
workers, Moreover, onsite housing, airfields, and other facilities
occupy considerable area. The Prudhoe Bay site consists of about 400

square miles, with only a small fraction occupied by exploration rigs,

Drilling produées considerable solid waste in the form of
drill tailings--sand, rock particles, and some drilling mud. The ave-
rage well is about 5000 ft (1.5 km) deep and would therefore produce
some 300 tons (270,000 kg) of drill tailings. In exploratory drilling
offshore, the USGS orders for OCS drilling allow onsite disposal of this
material; other solid waste must be fully processed or returned to

11
shore, Little is known about the environmental effects of the dis-

posal of drilling mud, although the unconsolidated sediment makes for a

*
Assuming 1 mile (1,6 km) distance between tankers and platform

is maintained.
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2
poor home for bottom-dwelling organisms.

(2) Exploration Accidents

Table 3-11 shows the major scaling factor for the
impacts of accidental or abnormal drilling operations. The environ-
mental impacts of oil in the marine environment, mainly the death of
large numbers of sea birds, the loss of aquatic life, have been widely

14-18
discussed.

Blowouts, a major source of oil entry into the environment,
result from excessive uncontrolled pressure buildup in the well. During
drilling, the drill mud composition and density are varied to assure
that the weight of drilling mud equals or exceeds the pressure in the
rock formation. An oil or gas pressure exceeding this weight can force
the drilling mud back up the drill hole, The resulting excess pressure,
if not controlled, forces mud and oil back up the well, which causes a
blowout, Blowouts can cause loss of life, equipment failure, brokén
pipes, and other damage, and may result in fires as well as the uncon-

trolled release of oil into the environment,.

Onshore, the probability of an oil blowout is much less than
1 in 2500, owing to the large number of high-pressure gas blowouts
included in this estimate, In part, the reduced risks of onshore
drilling come from the less sophisticated demands of onshore drilling

and from the more frequent drilling in oil formations with known

pressures.
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IMPACT SCALING FACTORS

Impact

Potential for human casualties,
disruption and destruction of
marine biota, and scenic losses
from accidental discharge of oil
into the environment (blowout)

Table 3-11

FOR EXPLORATION ACCIDENTS (BLOWOUTS)

Scaling Factor

Quantity

Units

Onshore probability of a blowout:
. 19
well in 2500 (includes high

pressure gas blowouts)

Probability of a blowout offshore:

well in 5007 (includes high
pressure gas blowouts)

well in 3300 (not including
gas blowouts)



(3) Normal Production Activities

Table 3-12 summarizes the impact scaling factors
for the major environmental impacts from normal crude oil production

activities. These impacts are:

® Disturbed lands or ocean bottom, displaced
species, water pollution, or road construction
at the drilling site.

® TIncreased urban growth, increased automobile
use, and increased demand for housing and
recreation caused by presence of production
personnel, their families, and personnel in
service industries. These impacts occur away
from the production site.

® Water-related effects.

® Potential for air pollution.

The first two impacts are much the same as for explor-

ation activities.

Much of the byproduct water from oil production is
reinjected into the formation so that not all of the wastewater (which
contains low concentrations of oil and perhaps chemicals used in ad-
vanced recovery) enters the environment. Water demands for secondary
and tertiary recovery, although large, produce severe impacts only in
regions with a scarcity of water, Water injection has a number of side
effects. It can trigger seismic activity and the hydraulic pressure of
water injection can cause surface deformation and faulting. The inject-
ion of chemicals into wells can result in contamination of the deep

aquifers which are in contact with nearly all oil reservoirs,

54



Table 3-12

IMPACT SCALING FACTORS FOR NORMAL PRODUCTION OPERATIONS

Scaling Factor

*
Impact Quantity Units
Urban growth, induced population 13,000 Employees per million barrels
and effects on the environment per day of production
from human activity
8
Wastewater production from normal 2 x 10 Gallons per million barrels
0il production operations per day of production2
Makeup water requirements--water 360 x 108 Gallons per million barrels
injection for secondary and per day of production19
tertiary recovery
Land use: 10
Onshore 1/4 Acres per development well
Offshore 3000 Acres per production platform
Alaska--onshore T 65,000 Acres per million barrels per
day of production
Alaska~-~offshore 3000 Acres per production platform11
Chemical requirements for tertiary
recovery: 6 6
Biopolymers and 1-6 x 10 Pounds per 10 barrels of oil
polyacrylamides 6 produced
Surfactants (sulfonates) 7-15 x 106 "
Cosurfactants (isopropanol) 4-10 x 10 "
Air pollutant emissions from tertiary
recovery by thermal methods: t
Particulates 120 Tons per million barrels of
0il recovered
so,, 1,000 "
NO 200-420 "
co® : 21 "
Hydrocarbons 16 "
$
Solid waste production (drill cuttings 63 Tons per 103 feet of well
and spent mud components)
0i1 release into offshore environ- 9 Barrels per million_barrels per
ments {rom normal OCS operations day of production
Pollution from oil produced with 30 Barrels per m111i0n7barrels per
onshore wastewater (untreated) day of production

* -3 3
Approximate conversion factors: 1 gal = 3.8 x 10 m , 1 ton =907 kg, 1 barrel = 0.16 m3,

1 pound = 0.45 kg, 1 acre = 4000 m2.

1—
Thermal recovery of oil (steam ingection) requires about 1 barrel of oil burned for steam
for every four barrels produced.2 Emissions are assumed to be the same as for burning

residual fuel oil.
+

Three times as many development wells are drilled as exploratory wells.
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0il production can contribute to air pollution. In some
regions in which if is uneconomical to transport oil's co-product,
natural gas, by pipeline, the gas is flared. However, most gas is
reinjected into the well if no gas transmission system is available.
Tertiary recovery by thermal methods, particularly fire flooding or
burning part of the o0il underground to build heat and pressure in the
well, can result in gaseous emissions from the formation. Recovery of
high-sulfur crude may result in the release of highly toxic sulfurous

26
gases.,

(4) Production Accidents

The impact scaling factors for abnormal production
activities are listed in Table 3-13. The most important impact results

from accidents to equipment, which release o0il to the environment.

Most 0il reservoirs contact groundwater agquifers, Many
tertiary recovery projects will require the injection of large quan-
tities of chemicals into o0il formations and potentially can resultrin
the exchange of water soluble chemicals with groundwater. In locations
in which the hydrology is not well known, tracing the path of such

chemicals into underground aquifers proves difficult,

About 98 percent of the oil entering the world's ocean
environment results from man's activities.7 Much of this oil results
from accidents. To estimate a probability distribution from spi11527,
we extrapolated historical data for the 25-year period between 1975 and

2000. These spill probabilities most likely represent upper limits for

the number of large spills.,

b. Crude 0Oil Distribution and 0il Imports

The crude 0il distribution system has two main components-

tankers and pipelines. At present, Alaskan oil flows from offshore
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Table 3-13

IMPACT SCALING FACTOR FOR PRODUCTION ACCIDENTS

Scaling
%
Impact Quantity Units
Major and minor offshore Mean number of spills
oil spills: per 106 barrels per
day of production
over 25 years27
More than 100,000 barrels 4.3
Between 10,000 and 100,000 13
barrels
Between 2,000 and 10,000 39
barrels
6
Average amount of oil spilled Barrels per 10
in: barrels of production7
Major accidents 140-530
Minor accidents 25

* 6
Approximate conversion factors: 10 B = 160,000 m
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collector lines to onshore storage before being shipped by tanker to
the lower 48 states. In the future, the Trans-Alaska Pipeline System
(TAPS) will bring oil from Northern Alaska to Valdez for storage and
tanker shipment to the lower 48 states, Pipelines transport most on-
shore o0il, while tankers transport about 90 percent of the imported oil.
Currently, most Canadian crude o0il arrives by pipeline, but recent
trends in Canadian policy make any significant crude oil shipments to

28, 29
the United States after 1982 unlikely. '’

The major impacts of the crude o0il distribution system
result from construction of pipelines, tanker ports, and storage facil-
ities (tank farms), from the normal operations of tankers, and from the
abnormal operations of tankers, pipelines, and onshore storage facil-

ities.

(1) Pipelines

Table 3-14 presents the scaling factors for the
major impacts of future pipeline construction. Since the present TAPS
is limited in capacity to about 2.5-million B/D, a second pipeline
would be required to increase production up to the 3.4-million B/D from

the entire North Slope unde HG3.

The normal operation of pipelines results in minimal
impact. Most onshore pipelines are buried and unobtrusive, Offshore
pipelines at depths shallower than 200 ft are also buried and present
minimal impact, Even the labor force necessary to operate a pipeline

is small by comparison with employment for refining crude oil, For

32 For

example, TAPS will employ only 300 people during its operation,
the entire o0il industry, only about 5 percent of the total employment is

for pipeline operation--about 20,000 in 1973.25
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Table 3-14

IMPACT SCALING FACTORS FOR THE PIPELINE DISTRIBUTION SYSTEM

Scaling Factor

1-
Impact Quantity Units
. 6
Pipeline construction: soil 8000 Miles per 10 B/D increase in crude
disturbance, vegetation oil supply

removal

Air pollution from new pipelines
onshore and offshore3

Particulates 1,25 Tons/day per 1000 miles pipeline
"
502 16
Hydrocarbons 0.38 "
o 5-8.8 "
X "
[80] 0.50

. 4
Air pollution from a TAPS

Particulates ‘2 Tons/day per 1000 miles pipeline
302 25 "
Hydrocarbons 2 "
"
NOx 36 .,
Cco 11

Offsite impacts induced by
employment, urbanization, and
recreation demands

5
Onshore >0 Employees per 1000 miles of pipeline
Alaska 300 Employees per Trans-Alaska Pipeline
System

Assuming a second TAPS from Naval Petroleum Reserve Number 4 to Valdez.

2 .

Assuming 50 percent of the total pipeline mileage of 220,000 miles'® (AF 299, Table 20) is
used for crude oil transportation and assuming 13 million barrels per day of crude oil
transported by pipeline. Both numbers are for 1971,

A 24-inch diameter crude oil pipeline requires 150 horsepower per mile of p:I.pe.30 Using
distillate fueled pumps which use 0.064 gallons of fuel per horsepower hour, we calculate
0.3 x 105 gallons of distillate fuel per 1 mile of pipe per day. Emission factors for
distillate fuel burning pumps are:
502--142 1bs/103 gal, particulates--15 1bs/103 gal, NO,--40-80 1bs/103 gal, CO--4 1bs/103 gal,
Source: Compilation of Air Pollutant Emission Factors, Third Edition, U.,S. Environmental
Protection Agency, 1973,%%

'

4 " . : 2 Py . T
Summary Report Air Quality: Stations and Related Facilities for the Trans-Alaska Pipeline,
Alyeska Pipeline Service Company, April 1974, p. 6-331 We assume a second TAPS would have
these same emission factors,

2
Based on the average number of employees per mile of pipe (16,000 for 220,000 miles of pipeline).

6 .
Permanent employment for TAPS is anticipated to be 300 people.

*Approximate conversion factors: 109B = 160,000 S

1 ton = 907 kg
1 mile = 1.6 km
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(2) Tankers

Normal tanker operations have the potential to
create more environmental impact than do pipeline operations. Table
3-15 highlights the major impacts and scaling factors for normal tanker
operations. The two major impacts are oil releases to the marine
environment and sewage disposal. Tankers, generally in port only a few
days, produce little sewage in U.S, waters, The control of tanker
ballast cleaning operations, which can be a major source of water pollu-

tion, cannot be controlled beyond the U.S., 12-mile limit.

Table 3-16 shows the major impacts from storage
facilities., TAPS storage is the only storage facility included since

most other oil storage is located at refinery sites,.

(3) Tanker and Pipeline Accidents

Tanker groundings and collisions have resulted in
major oil spills, for example, the Torrey Canyon. Dragged anchors have
resulted in several pipeline breaks, which released large quantities
of oil.33 Table 3-17 indicates scaling factors for the tanker and pipe-

line accidents that are the most likely to occur,

c. Refineries

Many of the impacts of refineries come from the manpower,
materials, capital, and water requirements for its construction and
operation. To provide information on refineries, analagous to that
presented in the MCI scenario (Chapter 6) for the synthetic fuels

technologies, Table 3-18 shows the impact scaling factors for refinery
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Table 3-15

IMPACT SCALING FACTORS FOR NORMAL TANKER OPERATIONS

Scaling Factor

Impact Quantity Units*

0il releases to the marine environment
from ballast cleaning

7
Alaska to Pacific Coast 13~270 Barrels/1,000,000 barrels transported

Sewage from tanker operation in coastal

waters’
3
Imports11 1,5 10 gal/tanker-day
11 : 3
Alaska 1 10 gal/tanker-day
*

6
Approximate conversion factors: 10 B = 160,000 m

3 3
10 gal = 3.8 m

Tankers are in port about 36 hours,



[4:]

Table 3-16

IMPACT SCALING FACTORS FOR TRANS-ALASKA PIPELINE
STORAGE TERMINAL AND DEEPWATER TERMINAL

Impact

L.and disturbance and land withdrawn
from alternative uses34
34
Tankers
Potential oil spills from ruptured

storage tanks during an earthquake36

Permanent employment34

%

Approximate conversion factors: 1 acre
1 ton

Scaling Factor

*
Quantity Units
800 Acres per TAPS pipeline
1-
3 100,000 Dwt tankers/day
44 510,000 barrels per tank
100 People
2
= 4000 m

1 barrel = 0,16 m

Dwt = Dead weight tons
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Table 3-17

IMPACT SCALING FACTORS FOR CRUDE OIL PIPELINES
AND TANKER ACCIDENTS

Impact

Maximum oil spill from break in an offshore
pipeline

Maximum oil spill f£rom break in TAPS

Maximum oil spill from breakup of a
200,000-Dwt tanker

Maximum oil spill from rupture of
storage tanks for TAPS

7
Major accidents: Imports
Alaska

7

Minoxr accidents: Imports

Alaska

*

Scaling Factor

Quantity

3,000

50,000

1,400,000

20,000,000

34
34-~182

1.5
3

Approximate conversion factors: 1 barrel = 0.16 m
1 inch = 0,025 m

tDwt = Dead weight tons

*
Units

Barrels/mile of 24-inch pipeline

Barrels/break

Barrels/tanker

Barrels/TAPS storage facility

Barrels/million barrels transported
"

T
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Table 3-

18

SCALING FACTORS FOR RESOURCE REQUIREMENTS
FOR 106-B/D REFINERY CAPACITY

Item or Resource
Required

Construction
37
Capital
3
Labor

10
Land

38
Steel

Operation
37
Capital
Labor
Water

10
Electric power

*

Scaling Factors

Quantity

2,000
37,500
22,000

850

500
9,500
60
250

Appropriate conversion factors:

*
Units

6
10 1973 $ (cumulative)
Man-years (cumulative)
Acres

3
10 tons

106 1973 $/year

Number permanent employees
103 acre-ft/year

Mw

2
1 acre = 4000m , 1 ton = 907 kg,
1 acre-ft = 1,200 m3, 10°B = 160,000 m
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construction and operation, Table 3-19 shows the major environmental

scaling factors for plant operation,

Refinery emissions are the major source of air pollution for
the reference case, even when the average emission rates for the well-
controlled, relatively low emission refineries of Los Angeles are used
in the calculations. Thus, the scaling factors in Table 3-19 reflect

well-controlled sources,

Refineries demand more water than any other element in the

reference case system,

Refineries also account for about one-third of the necessary
employment for the reference case, with crude oil production requiring
most of the remaining two-thirds of the employment. Many of the offsite
or indirect impacts from population in the reference case result from

refinery employment,

2, Environmental Impacts

a. Onshore Production

The environmental impacts from tertiary recovery which
will be the major source of new impacts onshore are shown in Table 3-20,
These impacts will be the drilling activity necessary to begin tertiary
recovery,* the growth of a chemical industry to produce the necessary
chemicals for micellar flooding, and the air pollutant emissions from

0il combustion to produce steam for injection.

x*
We have assumed a relative recovery rate for tertiary recovery by

various methods of:40 Thermal: 29%, Micellar: 58%, C02: 8%,
Hydrocarbon miscible: 5%
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Table 3-19

6
IMPACT SCALING FACTORS FOR 10 -B/D REFINERY CAPACITY

Impact

Disturbed land or land removed
from alternative uses

Solid waste production (sludge)

Wastewater production

Water pollution10

BCD

COoD

0i1l

Phenols
Suspended solids
Dissolved solids
Sulfides
‘Phosphorus
Nitrogen

.10
pollution
Particulates
802
Hydrocarbons
NO

x
Cco

Air

Offsite impacts induced by employ-
ment, urbanization, and recrea-
tion demands 39

Permanent employees

Total population

*
Approximate conversion factors:

1 acre
1 cubic yd

Scaling Factor

Quantity Units*
4400 Acres
20
80 Cubic yards per day
6 20
420 10 gallons per day
15 Tons/day
55 Tons/day
4,0 Tons/day
1.0 Tons/day
10 Tons/day
250 Tons/day
1.5 Tons/day
0.5 Tons/day
2.0 Tons/day
5.5 Tons/day
76 Tons/day
69 Tons/day
34 Tons/day
41 Tons/day
9500 People
32,500 Population multiplier

(6.5) times the number
of peopleT

4000 m2, 1 ton = 907 kg,

0.76 mS.

Population multipliers are discussed in Chapter 23,
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Table 3-20

ENVIRONMENTAL IMPACTS FROM ONSHORE OIL PRODUCTION UNDER THE REFERENCE CASE

Impact Scaling Factors and Scenario Quantities

Scenario Quantity which

‘Activity Impact Impact Scaling Factor Determines Impacts Quantitative Indicator of Environmental Impact
* *
Quantity Units* 1975 1985 2000 Units 1975 1985 2000 Units
Exploration Urbanization and
induced population + s 3
Employees 24 People/rig 1,100* 1,250 1,250 Rigs 25* 29 29 10 people
Total population 6.5 People/employee 25 29 29 10° employees 160 190 190 10" people
Solid waste produced by 1975 - 2000 1975 -~ 2000 6
drilling 63 Tons/10° ft 9.5 10% £t of 60 10° tons'
explgratory
well
Land area disruption 1975 - 2000 3 + 1975 - 2000 3 t
by drilling 1 A¢re/exploratory 190 10" wells 130 10" acres
well
Production Urbanization and
induced population 6 3
Employees 13,000 People/employee 8.9 6.2 5.0 10_B/D 116 81 65 10 employees
Total population 6,5 116 81 65 10" employees 750 520 420 10° people
Wastewater production 210 g/water/B oil 8.9 6.2 5.0 10G B/D oil 1.9 1.8 1.1 108 g/
Tertiary recovery 8
by all methods o] 3.5 4.0 10" B/D
Tertiary recovery 0,58 Total tertiary [1] 3.5 4,0 10s B/D Tertiary O 2,0 2.3 106 B/D
by chemical recovery recovery
methods40
Chemical require- Chemical production 6
ments Biopolymer and 1-8 Lbs/B oil 0 2.0 2.3 10 . B/D 0 0.7-5.8 0,8 ~6.7 10 1bs/yr
Polyacrylamide
Surfactants 7-15 Lbs/B o1l 0 2.0 2.3 1088/ 0 5.1 -11 5.9 - 13 10? 1ba/yr
(Hydrocarbon Sulfon-
ates)
Co-surfactants 4-10 Lbs/B oil [1] 2.0 2.3 10s B/D (4] 2.9 -7.3 3.4 - 8.4 109 1bs/yr

(Isopropanocl)

Page 1 of Table 3-20
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ENVIRONMENTAL IMPACTS FROM ONSHORE OIL PRODUCTION UNDER THE REFERENCE CASE

Impact Scaling Factors and Scenario Quantities

Table 3-20

8Scenario Quantity which

Activity Impuct lmpact Scaling Factor Determines lmpacts Quantitative Indicator of Environmental Impact
* L) *
Quantity Unitu 1978 1985 2000 Units 1978 1985 2000 Units
Tortiary recovery o 0.20  Total Tertiary 0 2.5 4.0 1% 8 0 1.0 1.2 108 B/D
by thermal methods recovery
Air pollution 3 8 6
Particulates 0.12 10" tons/10" B o1l 0 1.0 1.2 10 B/D 0 0.12 0,14 103 tons/D
recovered
50, 1 " 0 1 1.2 "
KOy 0,2 - 0.4 " 0 0.2 - 0.4 0,24 -~ 0,48 "
co 0,02 " 0 0,02 0,02 "
Hydrocarbons 0,02 " o 0,02 0,02 "
1975 -~ 2000 3 1875 - 2000 3
Production Land disruption 1 Acres/development 570 10" develop~ 570 10 acreuT
well ment well
1978 - 2000 1 1878 - 2000
Solid waste production 3 Times the amount of 70 10% tona 210 108 tonsf

1 gal = 3,79 x 10" 0%,

[ ]
Approximate conversion factors:
Accumulative for period indicated,

¢
Applies to 1980 only, not 1975,

waste produced by
exploration

1 ton = 907 kg, 1 acre = 4,05 x 10 n?,

Page 2 of Table 3-20

1 ft = 0.305 m, 105 B = 160,000 m3, 1 pound = 0.434 kg, 1

mile = 1.61 km



Tertiary recovery, which requires many new wells in fields
already producing under primary and secondary recovery, will bring an
influx of drill rigs and well development personnel, This influx of
personnel and their families can be expected to produce boom-town
conditions in small communities that border large oil fields. For
example, West Texas and Rock Springs, Wyoming, currently experience
considerable oil~related activity as a result of recent crude oil

price increases,

The most significant potential for adverse environmental
effect will result from the production and use of large quantities of
chemicals necessary for tertiary recovery (up to 10 billion lbs/yr
(4.5 x 109 kg/yr] of some of the chemicals). Many of these chemicals
are hazardous; polyacrylamide, for example, is carcinogenic. The
isopropanol production shown in Table 21 for example, will, in the year
2000, be at about the level of today's methanol production, At present,
no large-scale commercial production capacity exists for manufacturing

these chemicals.

With onshore prdection likely to begin a long-term decline

sometime in the next few decades, and with production unlikely
to increase significantly up to the onset of long-term decline, little
onshore construction directly related to production can be expected.
For example, pipeline construction will be confined mainly to that

necessary for the transport of oil from tanker ports and from new off-

shore and Alaskan oil fields.

Total 0il industry employment directly related to onshore
production should also remain constant or decline with production

through the end of the century,
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b. Alaska Production

Under the reference case, Alaska undergoes the most substantial
increase in oil production since the current production of about 200,000
B/D (32,000 m3/D) is projected to grow to over 3,400,000 B/D (540,000
m3/D) by the year 2000--far greater than any increase projected for
other regions. The environmental impacts from this production increase

are shown in Table 3-21,

The large projected rise in oil production employment in
Alaska, from the current 3,000 to 57,000 by the year 2000, suggests
that this state, with a current population of only about 350,000,
will experience considerably more population related impacts than any
other region under the reference case. This is particularly true if
the 6.5 employment multiplier can be used to estimate the total increase
in population of over 370,000 people. These impacts will be concentrat-
ed along the coastline of the Gulf of Alaska, along the North Slope,
and in the Fairbanks region since it is the only large city close to

the North Slope.

With the largest area of unspoiled wilderness in the nation
and the second largest volume of crude oil reserves of all the states
(Texas has more), Alaska will likely become a legal and institutional
battleground for advocates of wilderness values and advocates of re-
source development. Opening the road to Prudhoe Bay to the public will
allow more people access to northern Alaska than ever before, and
perhaps will result in more environmental damage than the current TAPS
construction project or the construction of a second pipeline as

required in the reference case,

Alaskan offshore production can be expeoted to result in oil

spills off the coast. Two very large oil spills (over 100,000 barrels.
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Table 3-21

ENVIRONMENTAL IMPACTS ON ALASKA UNDER THE REFERENCE CASE

Impact Scaling Factors and Scenaric Quantities

Scenario Quantity which

Activity Impact Impact Scaling Factor Determines Impacts Quantative lndicator of Environmental Impact
* *
Quantity Units‘ 1975 1985 2000 Units 1975 1985 2000 Units
Exploration Urbanization and
induced population
Employment
Onshore 12 People/rig 125* 150 150 Rigs 1,500 1,800 1,800 Employees
0ffshore 60 People/rig s2¥ 110 110 Rigs 3,100% 6,500 6,500 Employees
Total pc»pull“on§ 8.5 People/employee 5,000* 8,000 8,000 Employees 33* 52 52 10a people
1975 -~ 2000 1975 - 2000
Solid waste production . + +
Onshore 83 Tons/103 £t of well 6600 103 £t of well 0.42 10% tons
Offshore 63 Tons/103 ft of well 3800 10% £t of wen1t 0.24 10% tons
1975 ~ 2000 1975 - 2000
Onshore land area 5 Acres/well 660 Number of ex- 3300 AcresT
disruption ploratory wells
1975 ~ 2000 1975 - 2000
Offshore 3,000 Acres/well 380 Number of explor- + 1.1 108 acresf
atory wells drilled
Production Urbanization and
(normal) induced population 3
Employees 13,000 Emgloyaes per 0.2 3.6 4.4 106 B/D 2.6 47 57 10 employees
10" B/D production
Total population 6.5 People 2.6 7 57 103 employees 17 300 370 103 people
Low-level oil releases 9 B per 10G B/D 0,2 0.5 0,96 106 B/D 1,8 4.5 8.6 B/D oil
to the offshore marine production
environment
9
Wastewater production 210 gal/B oil o 3,1 3.4 106 B/D o 0,65 0,71 10 gal/D
from onshore production
Onshore land area 65 103 acres per [+] 3,1 3.4 10% B/D 011 0 200 220 10 acres
disruption 10 B/D ot1
production
0ffshore land area 3 10% acres per pro- 12¥ 25 25 Production platform 39* 75 75 108 acres

disruption

duction platform
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Impact Scaling Factors and Beenario Quantities

Table 3-21

ENVIRONMENTAL IMPACTS IN ALABKA UNDER THE REFERENCE CASE

Activity

{mpact

Impact Scaling Factor

Scenario Quantity which
Detormines Impacts

Quentative Indicator of Environmental Impact

Production
{(normal)

Explorstion
(abnormal
operations)

Production
(abnormal
operations)

Bolid waste production
Onshore

Offshore

Blowouts snd accidental
release of oil into the
environment. Bird losses,
olled beaches, fire, loss
of life.

Onshore

Offshore

Size of accidental oil
spills from offshore
operations

Greater than 100,000 B

Between 10,000 B
and 100,000 B

Size of oil spills
Between 2,000 B and
10,000 B

spilles per IOG-B/D
production over
23 yoars

Page 2 of Table 3-21

tion)10% B/D

* * ®
Quantity Units 1975 1983 2000 Units 1883 Units
1973 -~ 2000 1975 ~ 2000
6
3 Times total solld 0.42 10% tona' 1.3 10% tons’
waste from explor-
ation
(-]
3 " 0.24 10 tons’ 0.72 10% tons'
197% - 2000 1973 - 2000
0.4 per 103 wells 660 Nuaber gt wells 0,3 Mean number
drilled drilled of blowouts
0.3 per 10° wellw 280 Number of weils 0.1 "
drilled dri1led’
1975 - 2000 1975 - 2000
4,3 Mean number of 0.5 (Average produc- 2,2 Mean number
spills per 108-p/D t1on)108 B/DT of very ln¥ge
production over oil spills
23 years
13 Mean number of 0.3 (Average produc- 6,8 Mean number
spills per 10%-p/D tion) 108 BT of large
production over spills
23 years
39 Mean number of 0,5 (Average produc- 19 Mean number

of moderately
large spills
over 25 years
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Table 3-21

ENVIRONMENTAL IMPACTS IN ALASKA UNDER THE REFERENCE CASE

Impact Scaling Factors and Scenario Quantities

Scenario Quantity which

Activity Impact Impact Scaling Factor Determines Impacts Quantative Indicator of Environmental Impact
* * *
Quantity Units 1975 1985 2000 Units 1975 1985 2000 Units
Pipeline construc- Air pollution from 1000 Miles/TAPS (o} 3.1 3.4 108 B/D prod=- 0 1,000 1,000
tion over 1000 second TAPS uction
miles of terrain
from Kaval Petrol- Particulates 2 Tona/day (4] 1 1 Number of 0 2 2 Tons/day
eum Reserve Number 80 25 Tons/day " " " additional o 25 25 Tons/day
4 to Valdez. Hyarocnrbons 2 Tons/day " " " TAPS 0 2 2 Tons/day
NOx 36 Tons/day " " " 0 36 36 Tons/day
co 11 Tons/day " " " [s] 11 11 Tons/day
Induced urbanization
population and employ-
ment
Employees 300 People/TAPS [4] 2 2 Number of TAPS 0 600 600 Employees
Total population 6.5 People/employee o] 600 600 Employees 4] 4,000 4,000 People
Land disruption through 800 Acres 0 1 1 Number of new 0 800 800 Acres
construction of new oil TAPS
storage facility for
TAPS Number 2, 1980 - 2000
Pipeline and Potential o1l spill 510,000 B/tank 0 44 44  Number of 20 Maximum
distribution from rupture of storage tanks potential
system tanks at Valdez oill spill-
(abnormal 10° B
operations) Potential o1l spill 50,000 B/rupture 0.05 "
from rupture of TAPS
Potential o1l spill 1.5 x 10%  B/tanker 1.5 "

from tanker grounding

™
Approximate conversion factors: 1 gal = 3,79 x 10~

+

3

Cumulative for period indicated.

*

Applies to 1980 only, not to 1975.

§

Employees plue associated population,

Page 3 of Table 3-21
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of 0il) can be expected as the mean number over the next 25 years., All
Alaskan crude oil will probably be shipped to the West Coast states by
tanker; which implies o0il spills and sewage production that occur from
tanker operations may impact the Pacific coastline from Alaska to Calif-

11
ornia.

0il spill from earthquake damage to the Valdez storage facility,
with its 20-million barrel capacity, is possible, particularly with
the frequency and severity of tremors along the Gulf of Alaska™ (Valdez

was destroyed by the 1964 earthquake).

A second TAPS for transportation of oil from Naval Petroleum
Reserve Number 4 (NPR4) to Valdez is required sometime in the 1980s,
Considerable impact will be associated with its construction although
additional road construction would be needed only across the North Slope

tundra from the present pipeline corridor to NPRA4,

Many of the impacts in Alaska, although quantitatively less
than for onshore production (compare similar categories in Tables 3-20
and 3-21), will be severe in Alaska because relatively few areas will
be impacted due to the geographic concentration of resources. O0il
production from Alaska will increase many fold under the reference case

and the impacts can be expected to rise proportionately.

*
Between 1899 and 1973, 13 earthquakes with magnitude over 7.0 on the

Richter Scale have occurred.11
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c. Offshore Production with Attendant Transport

and Refining Operations

The impacts from refinery construction under HG3 are given
for two cases: (1) in which all imported oil is unrefined, and (2) in
which 50 percent of the imported oil is already refined. If all import-
ed oil is in the form of refined products, then no new refinery capacity
is required. Table 3-22 shows the environmental impacts from offshore
production, Tables 3-23 and 3-24 show the requirements for additional
refinery construction and operation, and Table 3-25 shows the environ-

mental impacts from refinery operation.

The coastlines receivé a large share of the environmental
impacts under the reference case, not only because considerable crude
0il production will take place offshore, but because the possibility of
large-scale o0il spills from production and tanker accidents adds ecolog-
ical disaster potential without analogy in onshore o0il production. New
refinery capacity is likely to be built along the coastlines at loca-
tions at which the increase in crude oil production under HG3 will be
delivered. Unless all imports are in the form of refined products,
additions to refinery capaéity will be required under HG3, Expansion
of existing refineries (already concentrated on the coastal regions,

particularly the Gulf coast) will cover much of the projected needs.

The mean number of large oil spills (over 100,000 barrels)

under HG3 is projected to be 13 over the next 25 years.

Employment-related impacts from offshore oil production will
triple under HG3. Offshore-production-related employment will grow from
18,000 to 52,000, Of course, the impacts related to this employment

will be dispersed over the Atlantic, Gulf, and Pacific coasts.

The coastal regions experience the most pipeline construction

under the reference case. Offshore solid waste from well drilling will

75



9L

Table 3-22

ENVIRONMENTAL IMPACTS FROM GFFSHORE DEVELOPMENT
AND TANKER OPERATIONS UNDER THE REFERENCE CASE.

Impact Scaling Factors and Scenario Quantities

Scenario Quantity which

Activity Impact Impect Scaling Factor betermines lmpacts Quantative Indicator of Environmental Impact
Quantity Unite" 1978 1983 2000 Units 1973 1985 2000 Units.
Exploration Urbanization and
induced population
along coastlines
Employoes 100 Employees/rig 310‘ 500 500 Rigs art 52 52 103 employees
Total population 4.9 People per 37’t 52 sz 103 eaployees 240* 340 340 103 people
employee
1878 ~ 2000 1878 - 2000
Tons of drill cuttings 63 Tons/10% ft of 11 107 1t of ven1! 6.9 108 tons?
exploratory well
Offshore land disrupt- 3,000 Acres per explora- 11 10? 'elhf 11 106 ncrasf
ton tory well
Production Induced urbanizstion
and employment
Employees 13,000 Employees per 1.4 3.0 4.0 10% By 18 39 82 10° employees
10%
Total populstion 8.8 Paople per 18 39 32 103 esployees 117 234 338 10° people
employee
1975 - 2000 1975 -~ 2000
Tons of drill cuttings 3 Times that produced 8.9 168 tonsf 21 10e tons*
by exploration
Offshore land disrup- 3,000 Acres/production 150* 200 200 Production 0.5 0.6 0.8 108 offshore
tion platform platforms acres
Low concentration oll
releases to the marine
environment
Atlantic OCS ] B/l()6 B otl 0 0,04 0.8 106 B/D a4l 1] 0.36 0.54 B oil per day
produced production
Gulf OC8 9 B/IOG B o1l 1.3 2.3 2,0 106 B/D oil 12 21 18 B oil per day
produced production
Pacific OCS 9 B/10B B oil 0.058 0.6 1.2 106 B/D otl 0.5 5.4 11 B oil per day
produced production

Page 1 of Table 3-22
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Table 3-22

ENVIRONMENTAL IMPACTS FROM OFFSHORE DEVELOPMENT
AND TANKER OPERATIONS UNDER THE REFERENCE CASE.

Impact Scaling Factors and Scenario Quantities

Scenario Quantity which

Activity Impact Impact Scaling Factor Determines Impacts Quantative Indicator of Environmental Impact
Quantity Units* 1975 1985 2000 Units* 1975 1985 2000 Units*
1975 ~ 2000 1975 - 2000
Exploration Blowouts and accidental 0.3 per 1000 exploratory 11,000 Exploratory 3 Mean number
(Abnormal oil releases to the wells drilled wells of blowouts
activities) marine environment: expected
bird deaths, spoiled
beaches, damage to
fisheries, cleanup
costs, fire and equipment
damage
Production Sizes and frequency of
(Abnormal probable number of oil
activities) 8pills:

Greater than 100,000 B 4.3 Mean number of spills 3.0 Average over 13 Mean number
per 106 B of production 25 years of very large
per 25 years 106-B/D oil spllls over

production 25 years

Between 10,000 B and 13 Mean number of spills 3.0 " 39 Mean number

100,000 B per 106-B/D production of large
over 25 years spllls over

25 years
Between 2,000 B and 39 Mean number of spills - 3.0 " 120 Mean number
10,000 B per 10 -B/D production of moderately
large spills
over 25 years
Crude 011 Pipe~ Offshore pipeline con- 8,000 Miles of pipeline per 0 1,7 2.7 108 B/D increase 0 14 22 103 miles of
1ine System struction - seabed dis- 108 B/D increase in cver 1974 prod- offshore pipe-
turbance and potenttal crude o1l supply uction line
navigational hazard
Page 2 of Table 3-22
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impact Scaling Factors and Scenario Quantities

Table 3-22

ENVIRONMENTAL IMPACTS FROM OFFSHORE DEVELOPMENT
AND TANKER OPERATIONS UNDER THE REFERENCE CASE,

Activity

lnpact

Impact senltqlirnctor

Bcenario Quantity which
Determines Impacts

Q:antative Indicator of Environmental Impact

Crude 011 Pipe-
1ine System

Tanker Operstions

ALr pollutent emissions
increase from new off-
shore crude oil pipe-~
lines:

Particulstes

50,
Hydrocarbons
NO,

co

Urbanization and sssoc-

iated population; re-

creation demands
Employees

Total population

0i1 relesse to the marine

environment from ballast

cleaning operations
Alaskan Pacific Coast
oil shipped to west
coast ports

Sewage produced in
coantal waters by
tankers:

By imports

By Alaskan oil
tankers

Probable o1l spills
Major
Imports

Alaskan oil

Page 3 of Table 3-22
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Quantity Units 1978 1985 2000 Units 1975 19853 2000 Units
1,3% Tons per 103 miles 0 14 22 103 miles of [+] 18 28 Tons/day
of pipeline pipeline
16 " 0 220 350 "
0.38 " 0 5.3 8.4 N
5-8.8 * 70-120  110-180 "
0,80 * 7 11 "
70 Employees per 1000 0 14 22 1000 miles new 4] 0.9 1,5 103 employees
miles of new pipeline pipeline
e.5 People/employee 0 0.8 1.5 103 employees 0 5.9 10 103 people
13-270 B/lO6 B trensported 0,2 a.e 4.4 168 B/p o1 2.6 47 57 B/D
from Alaska from Alaska to to to
54 970 1200
1.5 103 gal/tanker 4 7.5 12 200,000 dwt e 1 18 10% ga1/D
tankers/day
1.0 10% gal/tanker ~ day 3 40 80 Tankers 3 40 50 103 gal/D
34 B/10e B transported 8.0 11,8 18.4 108 B/D 011 200 390 830 B/D oil
transported
34-180 B/IOe B transported 0.2 3.8 4.4 108 B/D oil 6.8 120 150 B/D oil
transported to to to
36 650 780
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Table 3-22

ENVIRONMENTAL IMPACTS FROM OFFSHORE DEVELOPMENT
AND TANKER OPERATIONS UNDER THE REFERENCE CASE.

Impact Scaling Factors and Scenario Quantities

Scenario Quantity which

Activity Impact Impact Scaling Factor Determines Impacts Quantative Indicator of Environmental Impact
* * *
Quantity Units 1975 1985 2000 Units 1975 1985 2000 Units
Tanker operations Probable o1l spills
Minor 6 6
Imports 1.5 B/10° B transported 6.0 11.5 18.4 10" B/D oil 9 17 28 B/D oil
transported
Alaskan oil 3 B/10° B transported 0.2 3.6 4.4 10% B/D 011 0.6 11 13 B/D o1l
transported

*
Approximate conversion factors:

t
Cumulative for period indicated.

1gel =379 x10% 3

1 ton = 907 kg

1 acre = 4.05 x 10> m2
1 £t =0,305m

10'B = 166,000 m3

1 pound = 0.454 kg

1 mile = 1,61 km

+
Applies to 1980 only, not to 1975,

Page 4 of Table 3-22
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Table 3-23

NEW REFINERY REQUIREMENTS FOR REFERENCE CASE OVER AND ABOVE 1975 REFINERY CAPACITY
IMPORTS ARE CRUDE OIL ONLY

Impact for Year

Data and Assumptions

1975 1985 2000
Production Schedule: Refinery Capacity increase over 1975 0 12.0 19.0
in 106 Barrels per Day
Inputs and Qutputs Sc:linfogn;;;rs
Items Units* of new capacity
(in units specified)
Construction
Capital 106 1973 $ (cumulative) 2,000 o 2.4 x 104 3.8 x 104
Labor Man-years (cumulative) 38,000 0 4.5 x 105 7.1 x 105
Steel 103 tons (cumulative) 850 0 1.0 x 104 1.6 x 104
Land 103 acres 22 0 260 420
Operation
Operating costs 106 1973 $/year 500 0 6 x 103 9.5 x 103
Labor force Number of people 9,500 0 1.1 x 105 1.8 x 105
Water 10% acre-ft/year 60 0 720 1,100
Electric power MW 250 0 3,000 4,800

* -
Approximate conversion factors: 1 gal = 3.79 x 10 3m3, 1 ton = 907 kg, 1 acre = 4,05 x 103 m2,

1 ft = 0,305 m, 106B = 160,000 m3, 1 pound = 0.454 kg, 1 mile = 1.61 km
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Table 3-24

NEW REFINERY REQUIREMENTS FOR REFERENCE CASE OVER AND ABOVE 1975 REFINERY CAPACITY
(50 PERCENT OF IMPORTS ARE REFINED PRODUCTS)

Impact for Year

Data and Assumptions 1975 1985 2000

Production Schedule: Additional Capacity in Units of 106 B/D 0 5.9 9.3

Scaling Factors
Inputs and Outputs &

6
for a 10 B/D Plant

Items Units* (in units specified)
Construction
Capital 106 1973 $ (cumulative) 2,000 o 1.2x10% 1.9x10%
Labor Man-years (cumulative) 38,000 0 2.2x10° 3,5x10°
Steel 103 tons (cumulative) 850 o 5.0x10% 7.9 x10°
Land 103 acres 22 0 130 200
Operation
Operating costs 10° 1973 $/year 500 0 3 x10° 4.7 x 10°
Labor force Number of people 9,500 0 5.6 x 104 8.8 x 104
Water 103 acre-ft/year 60 0 350 560
Electric power MW 250 0 1,500 2,300

~3 3 3 2

*
Approximate conversion factors: 1 gal = 3,79 x 10 "m”, 1 ton = 907 kg, 1 acre = 4,05 x 10° m",

1 ft = 0.305 m, 10%B = 160,000 m3, 1 pound = 0.454 kg, 1 mile = 1.61 km
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ENVIRONMENTAL 1MPACTS FROM THE OPERATION OF NEW REFINERIES UNUER TME REFERENCE CASE.

Table 3-256

Impact Scaling Factors and Scenario Quantities

Scenario Quantity which

Quantstive Indicator of Environmental Impact

N lmports
Activity Impact Impact Scaling Fnct:r Dotermines Impacta - refined »
Quantity Units 1375 1988 2000 Units in U.S. 1978 1985 2000 Units
Refinerioxs Wagtewnter production o

Coastal reglons 120 108 gal/D 0 5.9 8.2 10° B 50% 0 2.5 3.9 10¥ gal/D
per 10%m 0 12 19 x 0 5.0 8.0
refined

Water pollution 8

BOD 15 Tons/D per 0 5.9 9.3 10° B SO 0 89 140 Tons/D
10% o/ 0 12 19 > o 180 290

cop 35 Tons/D per 0 5.9 9.3 10% B 50% 0 120 510 Tohs/D
108 3/ 0 12 19 (3 0 860 1,000

011 4 Tons/D per 0 3.9 9,3 108 B/D 50% 0 24 37 Tons/D
108 5 0 12 19 n o 48 76

Phenols 1 Tons/D per 0 5.9 9.3 108 B 50% 0 5.9 9.3 Tons/D
108 /D 0 12 19 o 0 12 19

Suspended sclids 10 Tona/D per 0 5.8 9.3 108 B/D 50% 0 59 93 Tona/D
10% n/p 0 12 19 o 0 120 190

Dissolved solids 280 Taga/’D per 1] 5,9 9.3 10e B/D 50% 1] 1,500 2,300 Tons/D
10% s/p 0 12 19 0% 0 3,000 4,800

Sulfides 1.5 Toa/D per 0 5.9 9.3 10% B/D 50% 0 8.9 14 Tona/D
10° B/D 0 12 18 0% 0 18 29

Phosphorus 0.5 Tona/D per ) 5.9 9.3 108 B/p 50% 0 3.0 4.7 Tons/D
108 B/D ] 12 19 0% 0 6.0 9.5

Nitrogsen 2.0 Tons /D per [+} 5.9 9.3 10 B/D 50% 0 12 19 Tona/D
10% B/ 0 12 19 3 0 24 38

Alr pollution

Particulates 3.5 Tons/D per 0 5.9 9.3 10% B/ 50 0 32 51 Tons/D
10° 8D 0 12 19 o o 66 100

80, 78 Tons/D per 0 5.9 9.3 108 8/ 50% 0 450 710 Tons/D
10° 8/D 0 12 18 .3 0 910 1,400

Hydrocarbone 89 Tons/D per 0 5.9 9.3 10% B 50% 0 410 840 Tons/D
10% B/D 0 12 19 % 0 830 1,300

L 34 Tons/D per (] 5.9 9.3 108 8/m 50% 0 200 320 Tons/D
10% B/D 0 12 19 13 o 110 650

o 41 Tons/D per 0 5.9 9.3 10® B/ 50% 0 240 380 Tons/D
10* B/D 0 12 18 o 0 190 780

Page 1 of Table 3-25
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Table 3-253

ENVIRONMENTAL JMPACTS FROM THE OPERATION OF NEW REFINERIES UNDER THE REFERENCE CASE,

Impact Scaling Factors and Scenario Quantitiesa

Quantative Indicator of Environmental Impact

Scenario Quantity which

Activity Impact Impact Scaling Factor Determines Impacts Imports
) - refined *
Quantity Units 1975 1985 2000 Units in U,8. 1975 1985 2000 Units
Refineries Employment, urbanization,
and recreation
Employment 9,500 Employges L] 5.9 9.3 108 B 50% ] 56 88 103 employees
per 10 B/D [¢] 12 19 % o 114 180
capacity
Total population 6.5 People per [} 56 83 Employees 50% 0 360 570 103 people
employee [1] 114 180 % 0 740 1,200

-
Approximate conversion factors: 1 gal = 3.79 x 103 m3

1 ton = 907 kg

1 acre = 4.05 x 103 m®
11t =0.305m
10% B = 160,000 m°
1 pound = 0,434 kg

1 mile = 1,61 km

Page 2 of Table 3=25



create unconsolidated sediment and poor habitat around the sites of
offshore drilling; the volume will be about 200 ft by 200 ft and 1 ft
thick around the base of each drill site. However, this amount of
solid waste is dwarfed by the amount of sludge produced by coastal

cities (e.g., New York).

Employment-related impacts from refinery construction and
operation could be more substantial than for crude oil production.
Refinery employment under HG3 could double from 150,000 in 1975 to

over 300,000 in 2000 if all imports are in the form of crude oil.

The coastal regions will experience impacts that are quanti-
tatively similar to the impacts from onshore production (compare similar
categories in Tables 3-21 and 3-22); however, the impacts will be con-
centrated in a smaller region. In addition, pipeline construction,
refinery construction and operation, and increased tanker activity
will bring impacts to the coastal regions unlike those in onshore
production. Tables 3-22 and 3-25 support the conclusion that under
the reference case the coastal regions will experience the most
significant air pollution increases of the three reference case regions
and the greatest potential for large oil spills, in addition to major

employment-related impacts,

84



APPENDIX A

QUANTITIES OF OIL RESOURCES AND RESERVES

The distinction between resources and reserves is often misunder-
stood, In general, resources refer to physical quantities, while
reserves implies recoverability of a fraction of the resource as deter=-
mined by prevailing economics and technology. Figure A-1 illustrates
the relationship of the various classes of o0il resources and reserves,

The quantities of the important classes of resources and reserves are:2

9
® 440 x 10 barrels of crude oil resources identified in the
United States as of January 1975.

9
& 106 x 10 barrels of crude oil resources produced as of
January 1975,

92
® 40 x 10 barrels of discovered crude oil resources classified
as economically producible (demonstrated reserves) as of
January 1975,

9
& 82 x 10 barrels of undiscovered o0il resources estimated
by the USGS as producible with 50 percent certainty at 1973
crude oil prices (assumes 32 percent recovery of the undis-

covered resources).
92
® Up to an additional 130 x 10 barrels of oil of the resources

(discovered and undiscovered), which may be recoverable with
advanced recovery techniques (up to 50 percent recovery of the
original resources both discovered and undiscovered) at much
higher crude oil prices,

Much of the o0il resource cannot be recovered because of the difficulties
of extracting oil from the porous oil-bearing rock strata, which can

lie up to 20,000 ft (6000 m) underground. Estimates of the percentage
of the resource eventually producible generally vary between 30 and 50

40
percent, Primary recovery (producing oil from self-pressured fields
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or from artificially pumped fields) and secondary recovery (producing

0il by pressurizing the field through water injection or through natural
gas injection) together generally achieve about 30 percent recovery of

the original resource. Advanced recovery or tertiary recovery (produc-
ing oil by injecting solvents, steam, COZ’ or other chemicalé or producing
oil by any technique not classed as primary or secondary recovery) may
achieve an additional 20 percent recovery of the initial resource., This
additional recovery percentage varies considerably among actual fields--
in Some cases 90 percent recovery can be achieved. Unfortunately,
howevef, no general agreement existg over the percentage of the resource

that can be recovered by advanced recovery techniques.40

Today's technology and economics make 70 percent of the resources
either too expensive to produce or impossible to produce., For future
0il production, increased oil prices can make some of the last 70 per-
cent of the resources available. However, it takes considerable time
to bring advanced recovery into widespread use and significant production

by advanced recovery cannot begin for at least a decade.

Considerable controversy surrounds the quantity of undiscovered oil
resources, although recent estimates agree remarkably.2 Figure A-2
shows several of the important estimates. In mid-1975, USGS estimated
that undiscovered ultimately recoverable oil resources (at 1973 crude
0il prices) consist of between 50 and 127 billion barrels with the mean
estimate of 82 billion barrels (assuming 32 percent recovery of the
undiscovered resources). A recent study by the National Academy of
Sciences reports that about 113 billion barrels remain to be found
and produced.42 These estimates implicitly assume recovery at 1973

prices.
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Thus, taking into account reserves, the USGS estimates that, at 1973
prices, recoverable resources yet to be produced amount to about 120
billion barrels., If advanced recovery could be applied to the remaining
discovered and estimated undiscovered resources so that 50 percent of
the resource could be produced, the recoverable resoufce, which could
actually be produced, would be about 250 billion barrels. More detailed
estimates of the o0il recoverable by advanced techniques are not available
and the 250 billion barrels must, at this time, be viewed as the most
credible upper limit to the amount of resources left to be produced.
Furthermore, tertiary recovery is a slow process which takes many years
to complete in a given field but it contributes to overall oil product-
ion by maintaining production rates higher and longer than possible
under long-term primary and secondary recovery. If today's oil prices
are maintained, then the limits of the reserves (120 billion barrels)
virtually assure that U,S, crude oil production will begin a long-term
decline in the early 1980s (completion of TAPS will stave off the decline
in U,S, production rate for 5 to 8 years). Higher crude oil prices
can extend the reserves to a maximum of 250 billion barrels, but because
of the long time required to bring tertiary recovery projects up to full
production and the generally slow rate of recovery by tertiary methods,
production rates during the late 1980s and thereafter for the nation as
a whole are unlikely to increase beyond those achievable in the early
1980s. Increasing crude oil prices will have the long-term effect of
preventing declines in production, but because of the limits of the
resource base now projected, substantial increases in future crude oil

production rates would seem impossible.
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APPENDIX B

METHOD FOR HG3 REGIONAL SUPPLY PROJECTION

The limitations of the 0il resource base discussed in Appendix A
help determine a credible upper limit to the future production rate from
U.S. resources, Of the 120 billion barrels available at 1973 oil prices
and producible by primary and secondary recovery, about half of this
amount is physically producible by the year 2000 if prices remain constant
in 1973 dollars. Thus, cumulative production of more than about 60
billion barrels by the year 2000 requires much higher crude o0il prices
and the application of advanced recovery to many fields. Indeed,
physical considerations together with the new USGS estimates imply that
crude o0il production rates past the year 2000 cannot exhibit long-term

increases, not even a constant production rate.

With these limitations imposed on the quantity and the rate at which
0il can be recovered, we selected from among the EPP scenarios of domestic
0il production in the absence of synthetic crude oils scenario HG3, which
has the lowest cumulative production between 1975 and 2000 and a non-
increasing rate of domestic production between 1985 and 2000. The re-
mainder of the scenarios in Table 3-1 imply that the rate of domestic

production increases to the year 2000 and beyond.

Scenario HG3 itself requires that about 70 billion barrels of oil
be produced by advanced recovery techniques by the year 2000, Since
cumulative production over the last 100 years has only been 106 billion
barrels using conventional o0il recovery techniques, the 70 billion
barrels recovered in 25 years by applying advanced techniques probably

represent the upper limit to domestic oil production, and indeed lower
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cumulative production and smaller production rates in the year 2000 than
HG3 are more likely, particularly if the new USGS estimates of the
domestic resources base are approximately correct. Thus, HG3 represents
a scenario of maximum credible domestic oil production, even assuming
much higher crude oil prices., (It is not possible to estimate at this
time what price of crude oil would be necessary to bring about production
of the 70 billion barrels of oil by advanced recovery techniques for

HG3, since not enough is actually known about the economics of applying

advanced recovery techniques on a wide scale.)

For analysis of the impacts of HG3, we have used the Project
Independence scenarios in the 0il Task Force Report4 for determining
the percentage breakdown of regional oil supplies from national produc-
tion under HG3 as shown in Table 3-1. Table B-1 shows the regional oil
supply projected by HG3 and serves to illustrate environmental impacts.
The supplies shown in Table B-1 may never be realized; they are intended
to serve a similar function in this study to that served by the maximum
credible implementation scenario, Chapter 6. One major d{}ference in
credibility between the two scenarios rests in the area of the resource
estimated. No one really knows how much oil is left for discovery,
where it is, or how rapidly it can be produced. However, the location
and the quantities of the oil shale and coal resources for syncrude

are known.
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Table B-1

HISTORICAL GROWTH SUBSCENARIO 3--REGIONAL SUPPLY

OF OIL AND NATURAL GAS LIQUIDS
(Millions of barrels per day)

Percentage of HG3 Percentage of HG3
Region or Source 1974 Total Supply* 1985 Total SupplyT 2000
Prudhoe 0 13.4 1.80 8.6 1.20
North Slope o 9.4 1.30 5.1 0,68
NPR4 0 0 0 11.7 1.60
NPR1 0 0 0] 0.6 0.08
Military Reserves o 0 0 1.2 0.16
1 0.201 4.0 0.54 7.2 0.96
2 0.792 4.4 0.59 2.8 0,38
2A 0.058 4.5 0.60 9.0 1.20
3 0.215 1.2 0.16 0.9 0.12
4 0.614 2.5 0.34 1.7 0.23
5 2.553 12.1 1.60 8.0 "1.10
6 3.526 24.0 3.20 18.1 2.40
6A 1.311 17.4 2.30 15.2 2.00
7 0.994 6.4 0.86 4,2 0.56
8-10 0.213 2.1 0.28 1.4 0.19
11 0,007 0 0 0.1 0,013
11A 0 0.3 0.040 4.5 0,60
Totals* 10.50 100 13.400 100 13.400

*

Items may not sum to totals due to rounding.

4
Percentages based on data on Exhibit IV-2, Business-As-Usual, $7/B,

1985,

t 4
Percentages based on data in Exhibit IV-2, Accelerated Development,

$7/B, 1988.
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APPENDIX C

TRENDS IN PAST U.S, PRODUCTION AND THEIR
IMPLICATIONS FOR FUTURE PRODUCTION

Hundreds of oil fields produce oil in the United States. Production
into the rest of this century is certain to include oil from most of the
existing fields, some of which have been producing for over 60 years, and
presumably from fields yet to be discovered. Section 1 below presents
a brief history of U.S. consumption of crude oil and crude oil prices.
Declining annual discovery rates for new oil fields and declining crude
0il prices (in constant dollars) characterize the 20 years prior to 1973,

Dramatic crude oil price increases characterize the last two years,

1, A Brief History of U,S, 0il Production and 0il Exploration

Table C-1 summarizes the history of U.S./crude 0il production and
discovery. Column 2 of the table shows the annual U.S, crude oil
production for the selected years, Each year, o0il is produced from the
economically proven reserves (Column 3 of Table C-1) remaining at the
end of the previous year, Production increased nearly 3 percent per
year on the average from 1890 until production peaked in 1970, After
1970, production began a decline, which continues (late 1975). This
trend is expected to continue until TAPS is completed. 1In 1974, reserves
were estimated to be about 34 x 109 barrels, and production was 3.0 x 109
barrels. Thus, if all else were constant, economically producible known
reserves would be exhausted in only 11 years, However, each year brings
new discoveries and new economic conditions, which change estimates of

reserves., Increasing the real price of crude oil can result in new
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Table C-1

HISTORICAL RECORD OF PRODUCTION AND PROVEN RESERVES: ALSO
THE ULTIMATE RECOVERY AND ORIGINAL OIL IN PLACE BY YEAR
OF DISCOVERY--TOTAL UNITED STATES FOR SELECTED YEARS
(Billions of barrels of 42 U,S., gallons)

For Fields Discovered

For All Fields Discovered During Year
to Date 1974 Estimate 1974 Estimate
Selected Production Proved Reserves of Ultimate of Original
Years During Year at End of Year Recovery 0Oil in Place
(1) (2) (3) (4) (5)
Pre-1920 5.1 25.8 98.0
1925 0.8 1.0 4.0
1930 0.9 7.7 13.6
1935 1.0 2.5 7.1
1940 1.3 3.8 9.6
1945 1.7 19.9 2.2 7.0
1950 2.0 25.3 2.6 7.3
1955 2.4 30.0 1.5 5,6
1960 2.9 31.6 0.9 3.1
1965 2.7 31.3 1.3 4.5
1966 2.9 31.4 0.5 2.0
1967 3.0 31.4 0.7 2.9
1968 3.2 30.7 10.6 25.4
1969 3.2 29.6 0.6 2.3
1970 3.3 39.0 0.7 2,2
1971 3.3 38.1 0.4 1.3
1972 3.3 36.3 0.2 1.0
1973 3.2 35.3 0.2 1.0
1974 3.0 34.3 0.06 0.3
Total
cumulative
for all
years 106 140 440

43
Source: Summarized from Tables III and IV of Reserves of Crude 0il,
Natural Gas Liquids in the United States and Canada; and
United States, Productive Capacity as of December 31, 1974,
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reserves. The following equation shows the relationship,

(Proven reserves in previous year) - (Production that year) +
(Discoveries in new fields) + (Extensions to old fields) =
(Proven reserves at the end of the year).

Indeed, since 1945, reserves have fluctuated around 10 times the annual

production,

For the past 20 years, discoveries in existing oil fields exceeded
discoveries of new fields--except for 1969 with 10 x 109 barrel discovery
under the Alaskan North Slope. The year 1974 exemplifies this dominance
trend. Discoveries in new oil fields {(column 4 of Table C-1) added
only 0.1 x 109 barrels to ultimately recoverable o0il while extensions

9
to 0ld oil fields added approximately 1,9 x 10 barrels,

Column 4 of Table C-1 reflects the 1974 estimate of the ultimate
recovery from all known oil fields at January 1974 crude oil prices--
approximately 140 x 109 barrels, of which 106 x 109 barrels have been
produced., Figure C-1 shows the history of U,S. reserves since 1945,

A comparison of new field discoveries (column 4 of Table C-1) with the
new oil added (cross-hatched histogram in Figure C-1) demonstrates the

trend discussed in the previous paragraph,

Not only does much of the exploration activity take place in known
fields, but all production takes place in them as well, Figure C-2
shows the o0il produced in 1973 from 228 major U.S. o0il fields (fields
which produced at least 1 x 106 barrels during the year). The data are
tabulated by year of discovery of the field. Several apparent facts are:

® Approximately 80 percent of the oil from the 228 major fields

was produced from 190 fields, all at least 20 years old.

® The 228 major fields accounted for almost 60 percent of all
domestic production,
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Production from most of these major fields is likely to
continue into the rest of the century.

Any impacts already associated with these o0il fields will

continue.

A comparison of the statistics for 1968 on major U.S, oil fields (those
6 44 8

producing over 10 B per year) with statistics for 1973 shows that

production in many of these major fields increased substantially-most

often due to more wells coming into production by 1973 (i.e,, new wells

were drilled).

Predicting future production from currently producing oil fields
is difficult. Future production depends on the price of crude oil, on
the existence of economic or other incentives for developing o0il reserves
which are uneconomic to produce at today's prices and, crucially, on the

amount of o0il left to produce,

2. A Brief History of U, S, Crude 0il Supply and Demand

Table C-2 shows the history of U.S. crude oil supply and demand
between 1944 and 1973. While domestic supply was 11,3 million barrels
per day in 1970, it declined to 10.5 million barrels per day in 1974;
imports nearly doubled, from 3.2 x 106 barrels per day to 6.2 x 106
barrels per day. Total U. S. demand between 1944 and 1973 rose at about
4 percent per year, while imports grew from supplying 23 percent of
domestic demand in 1970 to 36 percent of domestic demand in 1974, Table
C-2 makes three important points:

. Domestic demand grew between 1944 and 1973 at 4 percent

per year to 17.3 x 10® barrels per day in 1973,

L Imports grew between 1970 and 1974 to supply 36 percent
of domestic demand.

® Domestic supply fell between 1970 and 1974 to only
10.5 x 10 barrels per day in 1974,
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Table C-2
STATISTICS OF THE PETROLEUM INDUSTRY

PRODVUCTION IMPORTS TOTAL PETROLEUM DEMAND

Crude Nat. Gas Crude Refined OTHER
YEAR Qit Liquids Total Oil Products Total SUPPLY' | SUPPLY | Domestic Export Total

(1,000 {1,000 {1.000 (1,000 (1,000 {1.000 {1.000 {1.000 (1,000 (1,000

B/D) B/D) B/D) B/D} B/D) B/D) B/0) B/D) B/D) B/D)
1945 4,695 315 5,010 203 108 31 — 5321 4,857 501 5,358
1946 4,751 322 5,073 236 141 kred — 5.450 4,912 419 5331
1947 5,088 364 5,452 266 170 436 - 5.888 5452 450 5,902
1948 5,520 402 5,822 353 161 514 - 6,436 5775 368 6,143
1949 5.047 43 5.478 421 224 645 - 6.123 5,803 327 6.130
1950 5,407 499 5,906 487 363 850 2 6,758 6,509 305 6.814
1951 6,158 . 562 8.720 491 353 844 7 + 757 7.060 422 7.482
1952 6,256 612 6,868 573 379 g52 7 7,827 7.283 436 7.719
1953 6.458 655 7113 648 386 1,034 20 8.167 7.624 401 8,025
1954 6.343 692 7.035 656 396 1.082 23 8110 7.784 355 8,139
1955 6.807 772 7579 782 466 1.248 34 8.861 B.493 368 8.861
1956 7.151 801 7.952 934 502 1,436 43 9,431 8,822 430 9,252
1957 71470 809 7,979 1,023 552 1.574 42 9,595 8.860 568 9,428
1958 6.710 808 7.518 953 747 1,700 64 9.282 9,146 276 9,422
1959 7.053 880 7.933 966 815 1,780 86 9,799 9,494 255 9,749
1960 7.035 930 7.965 1,015 799 1.815 146 9,926 9,807 202 10,009
1961 7.183 991 8174 1.045 871 1.917 179 10.270 9,985 174 10.159
1862 7.332 1.021 8.353 1.126 956 2.082 175 10.610 10.410 168 10,578
1963 7.542 1,098 8,640 1,131 992 2123 202 10.965 10.753 208 10.961
1964 7.614 1,155 8,769 1,198 1,060 2,258 217 11.244 11,032 202 11,234
1965 7.804 1.210 9,014 1,238 1,230 2,468 220 11,702 11.523 187 11,710
1966 8.295 1.284 9,579 1,225 1,348 2.573 245 12397 12.095 198 12.293
1967 8.810 1.410 10.220 1.128 1.409 2,537 292 13.049 12.569 307 12.876
1968 9.096 1.503 10.599 1,290 1,550 2,840 348 13.787 13,404 23 13,635
1969 9.238 1,589 10.827 1,409 1,757 3.166 340 14,333 14,148 233 14,381
1970 9.637 1.660 11,297 1.324 2,094 3.419 355 15.071 14.709 259 14 968
1971 9,463 1,692 11,185 1.681 2.245 3.926 439 15,520 15,225 224 16,449
1972 9.441 1,744 11,185 2216 2,525 4,741 444 16.370 16.380 222 16,602
1973 9.208 1,738 10,946 3,244 3.012 6.256 485 17687 17.321 231 17.552
1974 8,774 1,688 10.462 3477 2611 6.088 500 17.050 16,642 220 16,862

Source:

Reference 25




Table C-3 shows a history of crude oil prices, Although prices in
current dollars rose between 1954 and 1973, prices in constant 1973
dollars fell until 1974, The effective decline in crude oil prices
made drilling and exploring for oil increasingly unprofitable. For
example, the number of new o0il wells drilled fell from 30,000 in 1954
to 9900 in 1973.25 The total footage of wells drilled also declined
from 220 x 106 ft in 1954 to 140 x 106 ft in 1973.25 Recent increases
in crude o0il prices stimulated drilling activity and it remains to be
seen if many new resources are added and if a net U.S. production

increase takes place.
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Table C-3

OIL PRICES
Crude 0il at Well
(per barrel)
Current Constant

Year25 $ 1973 $
1954 2.78 4,77
1955 2,77 4,69
1956 2,79 4,57
1957 . 3.09 4,88
1958 3.01 4,63
1959 2.90 4.39
1960 2.88 4.29
1961 2.89 4.25
1962 2,90 4,22
1963 2,89 4,15
1964 2,88 4.07
1965 - 2.86 3.97
1966 2.88 3.89
1967 2,91 3.81
1968 2,94 3.70
1969 . 3.09 3.71
1970 3.18 3.62
1971 3.39 3.38
1972 3.39 3.57
1973 3.89 3.89
1974 6.74 6.32
November 1975%° 8.75 7.18

Source: References 25, 45
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4--SYNTHETIC LIQUID FUELS: THE TECHNOLOGY,
RESOURCE REQUIREMENTS, AND
POLLUTANT EMISSIONS

By Robert V. Steele

A. Introduction and Overview

To assess the impacts of large-scale production and use of syn-
thetic fuels it is necessary to set forth the technological systems or
networks through which these fuels proceed from resource extraction to
end use. We have attempted to do this by examining the technologies
that are likely to be utilized for synthetic fuels production, as well
as associated mining, transportation, refining, and distribution tech-
nologies. We have attempted to quantify flows of energy, materials, and
dollars through the systems and to identify specific areas where impacts

may be expected.

The level of detail with which the various technological system
elements have been discussed is sufficient to understand flows of mate-
rials, labor, dollars, and energy through the system, and to identify
flows of residuals into the environmment. We have not undertaken detailed
engineering and economic analyses of these technologies since this work

has been performed elsewhere, often by several sources.

*Specifically, two previous studies on the feasibility of alternative
fuels for automotive tranSportationl'2 are pointed out as sources of
more detailed engineering and economic analysis.
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The basic elements that make up the alternative fuels network are
shown in Figure 4-1, This block flow diagram is sufficiently general
that the particular energy conversion technologies and the transporta-
tion and distribution steps need not be specified. These will be dis-
cussed in detail later. The important thing to notice about the diagram
is the way the alternative fuels are introduced into the conventional
fuel production and distribution system. It is our jﬁdgment that meth-
anol, because of its special properties, would have its own distribution
network parallel to, but distinct from, the conventional gasoline and
distillate fuel networks. On the other hand, for gasoline and distil-
late fuels derived from.coal and oil shale, we expect that once the
syncrude has been produced and introduced into the conventional pipeline/
refinery system, its fate will be essentially indistinguishable from the
natural crudes that are processed in the same system. The block flow
diagram reflects these judgments and also allows for the additional
alternative of introducing a methanol/gasoline blend at the last stage

of fuel distribution, i.e., at the pump.

It becomes apparent from the above discussion that most of the
social, economic and environmental impacts resulting from the develop-
ment of alternative fuels, with the possible exception of methanol, will
be in the extraction and conversion stages. For this reason, most of
the subsequent discussion, as well as the identification of impacts,
will center around these two stages. Since the production of methanol
from coal and of synthetic crude oil (syncrude) from coal and oil shale
are new technologies, they may have impacts that are qualitatively dif-
ferent from curreht types of energy conversion activities, 1In addition,
new types of impacts from the distribution and end use of methanol are
likely to occur. The extraction of coal for liquid fuels production is
not likely to pose any new problems in addition to those already encoun-

tered with conventional coal mining methods. However, the scale of
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impacts is likely to increase in certain areas. The extraction and
processing of oil shale will have significant new impacts in shale-
bearing regions due to the very large amount of material that must be

mined and disposed of.

Two important considerations in the development of a synthetic
fuels industry are the cost and availability of the resource required
for input into the conversion processes, 1In coal conversion processes,
large quantities of coal are required by a single large ﬁlant (10 to 20
million tons per year), and this requirement contributes significantly
to the cost of producing the final product. Since it is important to
ensure a continuous supply of coal over the 20~year life of the plant,
the companies that operate the plants will attempt to "block up" (i.e.,
acquire leases) at least a 20-year supply of coal for each plant. The
large reserves required are more readily obtained in the western states
than in the eastern states. In addition, the costs of western coal ex-
traction are appreciably lower ($3-5/ton) than those for eastern coal
($8-10/ton) due the thick seams and low stripping ratios typical of

western coal deposits.

A large part of the expansion of the coal industry can be expected
.to take place in the West. For this reason a large energy conversion
industry may also be centered in the western United States, in which
case many of the impacts due to synthetic fuels development would be
specific to this region. Thus, the use of western coal to produce
synthetic petroleum and methanol is emphasized in the following discus-
sion, This emphasis does not rule out the use of midwestern and eastern
coals for conversion to synthetic liquid fuels; in fact, there are
strong reasons for utilizing these high sulfur coals to produce clean
liquid fuels, and a major expansion of eastern coal production can be
expected. However, the judgment that the greater part of the projected

expansion of the coal and energy conversion industries is likely to take

109



place in the West and that problems associated with this expansion are
more likely to be serious in the western states than in the eastern

states is reflected in this emphasis.

The technologies for converting coal and oil shale into liquid
fuels can best be described as emerging technologies in the sense that
bench scale, pilot plant, and, in some cases, demonstration plant, op-
eration of the various processes have been carried out, but none of the
technologies has yet been utilized in a commercial-sized plant. Of the
three technologies considered--crude oil from oil shale, crude oil from
coal and methanol from coal--it is widely accepted that the technology
for extracting crude oil from shale is the most advanced and the one
closest to commercial application. We judge the second most advanced
of the technologies to be the conversion of coal to methanol, even
though no pilot or demonstration plants have been built. The reason
for this judgment is that the two steps for converting coal to methanol--
production of synthesis gas and catalytic conversion of synthesis gas
to methanol--are both well understood and developed sufficiently so that
the combination of the two into a coal-to-methanol operation does not
present serious technical difficulty. Coal liquefaction is the least
advanced technology. Even though several processes have been tested
through the pilot plant stage, serious difficulties remain in the large
scale application of this technology, and the first commercial plants

are not expected for at least ten years.

Synthetic liquids derived from coal and oil shale are expected to
be expensive. Estimates of the market price range from $12 to $17 per
oil-equivalent barrel® (two barrels of methanol have approximately the
same energy content as one barrel of oil). Some estimates go even
higher. A large fraction of the price of synthetic fuels is due to the
high initial capital investment required for a synthetic fuel plant.

This investment is of the order of $1 billion (1973) for a 100,000-B/D
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(16,000 m>/D) plant. Since construction costs have escalated at a rate
significantly higher than the overall rate of inflation, the capital in-
vestment may be much higher (in constant dollars) over the next ten years.
Ultimately technological improvements as well as standardization of some
process components can be expected to reduce both capital investment and
operating costs. The problems associated with generating the large
amounts of capital required to build up the synthetic fuels industry
constitute a significant economic and institutional impact, and are dis-

cussed in detail in Chapter 8.

Brief mention should be made of the kinds of products to be expected
from synthetic fuels plants., 1In the conversion of coal and oil shale to
liquid fuels, a variety of products can be produced, ranging from light
oils and naphtha to fuel o0il and synthetic crude oil. Some of these
products may be used as fuel for power plants, heating oil, etec. How-
ever, since this study is directed toward the use of synthetic fuels in
automotive transportation, we assume that the major end product of a
coal liquefaction or oil shale plant is synthetic crude oil, which is
suitable as a refinery feedstock, and which is ultimately converted to
gasoline and distillate fuel as well as to other refined products con-

sistent with the composition of the syncrude.

B. Discussion of Technologies
1. Liquid Fuels from Coal
a. Extraction

The various techniques for surface mining coal are dis- -
cussed in detail in Chapter 13, and only brief mention is made here on
the extraction stage of coal conversion. The techniques of area strip
mining utilizing large "walking' draglines to remove overburden and elec-

tric éhovels and heavy duty trucks to scoop out and remove the coal from
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the exposed seam are both well developed and well adapted to mining the
large western coal deposits lying near the surface. These mines can be
made rather large, in the 5- to 10-million ton per year (4.5 X 10° to
9 x 10° kg/Y) range, and thus it will be feasible to dedicate two or
three large mines to a single large (100,000 B/D or 16,000 m®>/D) syn-
thetic fuel plant, which will require 10 to 20 million tons per year

(9 x 10° kg/Y to 18 x 10° kg/Y) of coal.

Although there are some large underground and surface
mines in Illinois (up to 5 million tons per year or 4.5 x 10° kg/Y), most
eastern mines are much smaller,4 and many more of these mines will have
to be dedicated to a single synthetic fuel plant operating in the East.
it may be difficult to ensure a continuous source of supply from many
small mines unless they are all controlled by the same company that op-

erates the synthetic fuel plant.

Eventually western coal deposits lying near the surface
will be depleted and technology will have to be developed to extract the
much larger deep-lying coal resource. The presently used techniques such
as room-and-pillar and longwall mining, which are used in the relatively
narrow underground seams in the East, will have to be replaced by newer
methods suitable for the much thicker deposits in the West. The long-
term future of the western coal industry as well as the synthetic fuels

industry may hinge on the successful development of such techniques,

b, Conversion

Coal is an organic material consisting primarily of car-
bon and hydrogen and secondarily of oxygen, nitrogen, sulfur and other
inorganic constituents. The molecular constituents of coal are complex
aromatic (ring) compounds in which the atomic ratio of carbon to hydrogen
is about one. Typical carbon-to-hydrogen weight ratios are 11 to 15.

Under the appropriate conditions, these large molecules can be broken
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down into smaller ones, with carbon-to-hydrogen weight ratios of the
order of 6 to 8, and a liquid hydrocarbon fuel can be obtained. There
are three distinct routes for carrying out the conversion of coal to

liquid fuels, of which two are of interest for this study.

(1) PFischer-Tropsch Synthesis/Methanol Synthesis--

Fischer-Tropsch synthesis was used extensively by the Germans during
World War II to produce synthetic petroleum from coal when natural
petroleum was in short supply. Through 1943, large quantities of gaso-
line were produced in this fashion. Even though this method of coal
liquefaction is expensive and inefficient, it is the only coal liquefac-
tion process currently being used in a commercial plant (South African
Gas and Oil Company [SASOL]-—operating at 6600 tons (6 X 10° kg) of coal
input per day). The main product of this plant is synthetic gasoline,
but significant amounts of diesel o0il, liquefied petroleum gas (LPG),
waxes and alcohols are also produced.5 SASOL has recently announced

plans to expand the plant to three timés its present size.

Fischer-Tropsch synthesis is actually the second step of
a two-step process for converting coal to liquid fuels. In the first
step, the coal is gasified to produce a synthesis gas consisting mainly
of carbon monoxide (CO) and hydrogen (HQ). There are several processes
by which gasification can be accomplished. As an example, we will use
the Lurgi process, which is both well developed and widely used. In the
Lurgi process, coal is crushed and fed to a pressurized lock hopper from
which it is admitted to the gasification vessel., Inside the vessel the
coal moves from top to bottom by the force of gravity and is reacted with
a counterflowing stream of oxygen and steam at 1100~1400°F (590-760°C)
and 350-450 psi (2.4-3.1 % 10° N/m®). Ash is removed via another lock

hopper at the bottom of the vessel, The gas produced by the reaction is
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bled off at the top of the vessel. It consists primarily of CO and H,
along with carbon dioxide (CO,), water vapor (HEO), methane (CH,), and
contaminants such as hydrogen sulfide (st). After leaving the gasifier,
the hot gas is quenched with water to remove tars and oils, which are
formed during gasification, and then purified to remove the acid gases

CO2 and HES.

The resulting synthesis gas containing H; and CO in the
approximate molecular ratio of 2/1 is suitable for conversion to hydro-
carbons via Fischer-Tropsch synthesis, This synthesis is carried out in
a fluidized bed catalytic reactor at 430-490°F (220-250°C) and 360 psi
(2.5 x 10° N/m®). The two major reactions on which the synthesis is
based are as follows, where (CHa)n is the symbolic representation of a

hydrocarbon containing n carbon atoms with n larger than about 4 or 5:

nCO + 2nH2 — (CH2)n + nH20

2nCo + nH2 - (CHz)n + nCO2 .

The resulting liquid product is fractionated (distilled) to separate the
various components described earlier. Depending on the conditions and

catalysts employed, different product mixes can be obtained.

Although it is unlikely that this inefficient and obsolete
process will be used to produce liquid hydrocarbon fuels from coal in the
United States, a variation of this process will be of primary importance
for the production of methanol. The synthesis of methanol from coal is
similar in almost all respects to the Fischer-Tropsch synthesis of gaso-
line. The major difference is in the final synthesis step where the
nature of the catalyst and the operating conditions determine the final

product.
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In methanol synthesis, a copper-zinc catalyst is used to
convert purified synthesis gas to methanol at 500°F (260°C) and 1500 psi

(1 x 107 N/m°). The principal reactions involved are:

CO + 2H, - CH30H

CO, + 3H, — CH30H + H,0

To achieve the maximum yield of methanol (CH;zOH) it is important to have
the correct H,/(CO + CO_) molecular ratio in the synthesis gas. This is
accomplished by allowing some of the gas to undergo CO shift conversion,
whereby steam and CO are reacted to form CO, and H,. This step consti-

tutes another difference between methanol synthesis and the Fischer-

Tropsch process.

Figure 4-2 shows a block flow diagram for the conversion
of coal to methanol. Nearly a third of the coal input to the plant is
converted to low-Btu fuel gas in a gasifier operating with air instead
of oxygen. This gas is burned on-site to provide steam and electricity
to run the various plant processes.6 This method of producing plant
fuel is not as efficient as burning coal directly but does result in

significantly lower emissions to the air.

Most of the processes associated with methanol production
have been discussed previously. Other processes shown in Figure 4-2 are:
methane reforming, wherein methane produced in the gasifier (methane is
not suitable as a feed to methanol synthesis) is reacted with steam to
produce additional CO and H,; compression of the 300-400-psi (2.1-2.8 X
10° N/m°) synthesis gas to the 1500 psi (1.0 X 10° N/m°) necessary for
methanol synthesis--since less than 7 percent of the synthesis gas is
converted to methanol during a single pass through the synthesis stage,

the remainder is recycled to the compression stage; sulfur recovery, in
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which H,S is a concentrated stream from the gas purification stage is

reduced to elemental sulfur, which can be sold as a byproduct,

For the process shown in Figure 4-2, the thermal effici-
ency is‘rather low--56.6 percent if the heating value of all the byprod-
ucts is counted; 40 percent if only methanol is counted.® Certain
changes in process components could result in a higher overall effici-
ency. Burning coal directly instead of converting it to low-Btu fuel
gas has been discussed previously. This procedure increases efficiency
but results in a higher environmental cost. Another process change
would be to utilize a high-temperature gasifier, which would produce a
negligible methane yield in the synthesis gas. This would eliminate the
energy consumptive methane reforming step, and high temperature operation

would produce far fewer byproduct tars and oils.

There are two commercially available gasifiers that have
low direct methane yields--the Winkler and the Koppers-Totzek. These
gasifiers also have the advantage of producing practically no tars and
oils, thus eliminating an additional separation step. However, both
gasifiers have the disadvantage of operating at atmospheric pressure,
thus requiring a 1érge degree of compression of the gas before methanol
synthesis. In the Koppers-Totzek process, the additional energy savings
brought about by low tar and methane yield is offset by the large com-
pression energy requirement, resulting in an overall coal to methanol
efficiency of about 40 percent,2 the same as when the Lurgi gasifier is

used.

A number of advanced gasifiers suitable for producing
syntheéis gas have been tested. These include the Bureau of Mines Syn-
thane process, the C02 Acceptor process of Consolidation Coal Company!
the Westinghouse fluidized bed process and various in situ gasification
processes, developed by the Bureau of Mines, Lawrence Livermore Labora-

tofy, and others. All of these processes incorporate design features
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which promote increased synthesis gas yields and other process improve-

ments that will eventually render the Lurgi and Koppers-Totzek processes
obsolete. However, none of these processes are commercially available
at present. First generation methanol plants will undoubtedly be de-
signed around current technology, while second and third generation
plants will incorporate the more advanced gasification technologies

mentioned above, as they become available,

(2) Pyrolysis--Pyrolysis is a technique for extracting
the volatile material in coal by heating it to high temperatures (about
1600 " F) in successive stages. The volatile material driven off contains
most of the hydrogen in the coal, and consists of medium-Btu gas and a
high-density synthetic crude oil. A portion of the gas can be‘reformed
to produce hydrogen, which can then be used to hydrotreat the liquid
product, thus upgrading it to a crude 0il suitable as a refinery feed-
stock. The material left behind after pyrolysis is called char; it con-
sists mostly of carbon and ash. This material may be usable as fuel if

the sulfur content is low enough.

Pilot plant tests made by FMC Corporation on its COED
(Char 0Oil Energy Development) coal pyrolysis process indicate that just
slightly over one barrel (0.16 m") of synthetic crude oil is obtained
per ton (910 kg) of coal input.6 Thus, the coal-to-0il thermal effici-
cency is only about 25 percent. The remainder of the product energy is
in the form of char or gases. Since this study is directed toward the
production of liquid fuels from coal, and ;ther processes are capable
of liquid fuel yields of three barrels per ton (0.53 m® of oil per 1000

kg of coal) or more, we do not consider that coal pyrolysis is of suffi-

cicnt interest to warrant further analysis.

(3) Coal Dissolution--The process by which coal is dis-

solved in a solvent, hydrogenated, and converted into a liquid hydrocarbon
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fuel is known as coal dissolution., It is also referred to as solvent
hydrogenation or solvent extraction. This appears to be the most prom-
ising technology for converting coal into synthetic crude oil (syncrude),
It has the advantage of achieving a high liquid product yield (approxi-
mately three barrels per ton or 0.33 ma per 1000 kg of bituminous coal)
with relatively high thermal efficiency (up to 75 percent). In addition,
most of the sulfur in the coal is removed during the process. Although
several variations of this process have been developed, there are some
steps common to all processes including the dissolution of the organic
matter in the coal in a process-derived solvent and hydrogenation of the
resulting product to yield synthetic crude oil. These are shown in the
block flow diagram of Figure 4-3. The dotted lines indicate the differ-
ent stages at which hydrogenation can take place, depending on the

process.

The three variants of the coal dissolution technique that
have been the most extensively evaluated are the Solvent Refined Coal
(SRC) process of Pittsburgh and Midway Coal Company, the Consol Synthetic
Fuel (CSF) process of Consolidation Coal Company and the H-Coal process

of Hydrocarbon Research, Inc. (HRI).

In the SRC process, the crushed coal is first slurried
with the solvent and then reacted with hydrogen at 815°F (435°C) and
1000 psi (6.9 x 10° N/m°), causing complete dissolution of the organic
matter. After separating unreacted solids and solvent, a low-sulfur,
ash free product, which is a solid at room temperature, is obtained. It
must be further upgraded by hydrotreating to yield synthetic crude oil.
Two pilot plants have been constructed to test the SRC process. A six
ton per day (5400 kg/D) plant producing a clean boiler fuel recently
completed a 75-day test run at Wilsonville, Alabama. Sponsors are the

Electric Power Research Institute (EPRI) and the Southern Services
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Company. In Tacoma, Washington, a 75 ton per day (68,000 kg/D) pilot

plant has been built for Pittsburgh and Midway under ERDA sponsorship.

The CSF process separates the dissolution and hydrogena-
tion steps. The crushed, dried, and preheated coal is first slurried
with a hydrogen donor solvent, Then it is passed through a tubular
furnace at 150 psi (1.0 x 10° N/m®) and 765°F (410°C) to an extraction
vessel where dissolution of the organic matter is completed. After un-
reacted solids are separated, the resulting liquid is fractionated. The
low-boiling fraction is recovered as solven{, and the heavy bottom prod-
uct is further hydrogenated at 800°F (430°C) and 3000 psi (2.1 x 107 N/m°)

to yield synthetic crude oil.

A 70 ton per day (6.4 X 10* kg/D) pilot plant based on
the CSF process was operated at Cresap, West Virginia, for 40 months,
ending in 1970. Because of recurring equipment failures, the plant was
shut down for a detailed study of problem areas. However, it was con-
cluded that the process, as designed, is technically feasible. This
plant is scheduled to be reactivated by the Fluor Corporation; several

coal-to-liquid-fuels processes will be tested.

A third variant of the solvent refining method, the H-Coal
process, carries out dissolution and hydrogenation in the same step in
the presence of a catalyst. The slurried coal is reacted with hydrogen
in an ebullating bed reactor at 850°F (450°C) and 2700 psi (1.9 x 107
N/m°) . Cobalt-molybdenum catalyst is continuously added to the reactor
as spent catalyst is removed. After separating gases and unreacted
solids, synthetic crude oil is recovered from fractionation of the re-

sulting liquid.

Initial testing of the H-Coal process has been carried
out in a three ton per day (2700 kg/D) pilot plant at the HRI facili-

ties at Trenton, New Jersey, under the sponsorship of Ashland, ARCO,

121



Standard of Indiana, and Exxon. In addition. ERDA and HRI are planning
a 600 ton per day (5.4 X 10° kg/D) pilot plant at Catlettsburg, Kentucky,
to test the commercial feasibility of the H-Coal process. Industrial
sponsors include the ones mentioned above (except Exxon), EPRI and Sun

Oil.

Several additional variants of the coal dissolution method
are being tested. Gulf Research and Development recently began testing
a catalytic process in a one ton per day pilot plant. The Bureau of
Mines has contracted Foster-Wheeler Corporation to design an eight ton
per day pilot plant to test its Synthoil process, which is similar to
the H-Coal process, and has been tested through the one-half ton per day

(450 kg/D) pilot plant stage.

In all the above processes, large amounts of hydrogen
(15.000-20,000 cubic ft per ton of coal or 470-620 m>/1000 kg of coal)
are consumed. In most cases, sufficient hydrogen can be produced by a
combination of gasification of unreacted coal solids (char) and heavy
distillation products, and steam reforming of high-Btu byproduct gases.
If necessary, some of the feed coal itself can be gasified to provide

additional hydrogen,

At present no coal liquefaction processes are suitable
for incorporation into a commercial-size plant. Several processes have
been tested at the pilot-plant level as indicated above. However, con-
siderable research and development remains before the first commercial
coal liquefaction plants can be built and operated successfully. In
particular, areas in which further R&D are required are coal slurrying
and pressurization, durability of reactor materials under severe oper-
ating conditions, separation of unreacted solids from liquid products,

and maintenance of the activity of hydrogenation catalysts.
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It is widely believed that a single-step catalytic hy-
drogenation process, such as the H-Coal process, is the one most likely
to achieve rapid commercialization for the production of synthetic crude

0oil from coal,!’78

While other processes, such as the SRC process,

may be utilized to provide clean boiler fuels for power plants, it ap-
pears that the H-Coal or a similar process is the most suitable for pro-
viding refinery grade crude oil in terms of cost, efficiency, and tech-
nological readiness, Other promising processes are currently undergoing
development, including the Union Carbide process, which has been chosen
by the Office of Coal Research to be used in a 2600 ton per day (2.4 X 10°
kg/D) demonstration plant, However, details of this process are largely
proprietary, and furthermore half of the product output of the plant (on

a Btu basis) will be in the form of high-Btu gas--the liquid yield is

only 1.5 barrels per ton (0.26 m®/1000 kg) of coal.

Due to the substantial amount of analysis that has been

carried out on the H-Coal process,l’8

its suitability for producing
syncrude, and its advanced stage of technological development, we have

chosen it as the basis for scaling the impacts from coal liquefaction.

C. Distribution

Due to the similarity between coal-derived syncrude and
natural crude oil, the most likely mode of distribution is through the
presently existing crude oil pipeline system shown in Figure 4-4. De-
pending on the location of the syncrude plants, some new pipeline addi-
tions or extensions will undoubtedly be built. However, it is likely
that the location of crude oil pipelines, as well as the availability of
coal, water, etc., will be taken into account in siting the plants,.

Once the syncrude has entered the pipeline distribution system, it will

\
probably be treated as another source of 'sweet" (low sulfur) crude, as
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is presently done with syncrude from Canadian tar sands, and distributed

to refineries as a supplement to natural crude supplies.

Once the syncrude has entered the refinery and is blended
with natural crudes, its fate will become indistinguishable from that of
other crudes, and products derived from refining the blended syncrude
will enter the product distribution network along with other refined
products. Due to the high aromatic content of H-Coal syncrude, it is
relatively more suitable for the production of gasoline than distillate
fuel or other products.8 Thus, refineries that process significant
fractions of syncrude will undoubtedly produce an even larger proportion
of gasoline, relative to distillate fuel, than the 2 to 1 ratio that

characterizes the present average refinery product slate.

The distribution of methanol derived from coal presents
a different problem. There is no pipeline network suitable for trans-
porting methanol. Presumably such a pipeline system could be built, but
in the early days of the industry there would not be the financial incen-
tive to do so. Thus, it is likely that methanol will be transported to
major distribution centers in the same manner as other liquid chemicals,
via railroad tank éar. If the industry grows to a large size and firm
markets are established, both volume requirements and economic incentives
would probably induce the construction of product pipelines to the regions

of highest consumption.

The distribution of methanol to final consumption (cars,
trucks, and buses) poses additional problems of handling and storage.
Since methanol is compatible with gasoline as a blend, it is likely to
be consumed initially as a 10-15 volume percent methanol/gasoline blend.”
However, small amounts of water in the methanol tend to cause phase sep-
aration in the gasoline/methanol mixture. To mitigate this problem, the

methanel should be stored and handled with special equipment designed to

125



keep moisture out of the system, and blended with gasoline at the last
stage of distribution when the fuel is pumped into the vehicle. Thus,
methanol is likely to be distributed through the same network as gaso-

line, but with separate storage and handling facilities.

Ultimately, assuming new engines are designed to operate
with pure methanol, some distribution facilities may be built solely to
handle methanol sales, but most of the methanol would probably continue
to be sold through gasoline distribution facilities (service stations)

either in the pure form or as a blend.

An alternative to locating a coal liquefaction or meth-
anol plant near the mine and shipping the product to refining or dis-
tribution centers is to locate the plant near these centers and ship
the coal to the plant. In coal liquefaction, this is undoubtedly a more
expensive alternative than shipping syncrude via pipeline. However, the
tendency of some western states, such as Montana, to encourage resource
extraction, while discouraging energy conversion activities within the
state, will cause increased attention to be directed toward this alter-

native.

To transport the large quantities of coal required by
synthetic fuel plants, either unit trains or coal slurry pipelines will
be utilized. A single coal slurry pipeline could supply one or two
100,000-B“D (16,000 m®°/D) plants. Four to five unit trains per day of
100-car length would be required to supply a single plant of the same
size. Assuming a two-day transit time between the mine and the plant,
about 20 to 25 unit trains would be required to be dedicated full time
to a single plant. Assuming several plants will be located in a par-
ticular area, say northern Illinois, an enormous supply problem can be
envisioned. Coal slurry pipelines will undoubtedly help relieve these

problems. However, at least one limiting factor will be the large
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amounts of water that are required for slurrying the coal--about 750
acre-ft per million tons (100 m®/1000 kg) of coal.!® Many western
states are reluctant to have scarce water supplies leave the state in

this fashion.

Further discussion of coal slurry pipelines and railroads
and problems involved in the large scale transport of coal can be found

in Chapter 19,

2. 0il Shale
a. Extraction

The production of synthetic crude oil from oil shale in-
volves mining and processing an enormous amount of material--1.4 tons of
shale per barrel of oil recovered, on the average. This means that an
0il shale retorting and upgrading plant producing 100,000 barrels
(16,000 m3) of syncrude per day must process about 50 million tons
(4.5 X 101° kg) of shale per yvear. The mining operation for this plant
would be ten times larger than the largest underground coal mines now

in operation.

It is anticipated that most of the oil shale lying in
underground deposits will be mined via the room-and-pillar technique.11
This is a conventional, well-established mining technology whereby large
underground 'rooms’ (about 60 ft X 60 ft or 18 m X 18 m) are blasted and
dug from the resource bed, and large ''pillars' are left standing between
the "rooms" to support the roof of the mine. With this method, about
60 percent of the resource in-place can be extracted and 40 percent is

left in the form of 'pillars."!?

When o0il shale lies in deposits near the surface, open
pit mining can be carried out. The overburden is first stripped away

and stored, then the shale is recovered, crushed, and retorted. After
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all the resource is removed from the mine area, the overburden is re-
placed, contoured, and revegetated. The feasibility of surface mining
oil shale is determined by the overburden-to-resource ratio and the

availability of an area for overburden storage.

A more complete discussion of oil shale mining and spent

shale disposal and reclamation can be found in Chapter 14.

b, Conversion

Conceptually, the technology of obtaining liquid hydro-
carbons from oil shale is simple. The crushed shale is heated in a
closed vessel (retort) to a temperature of 900°F (480°C) or greater, at
which point the kerogen (the organic portion of the 0il shale) vaporizes
and is separated from the solid inorganic portion of the rock. After
retorting, the shale o0il is upgraded by means of hydrotreating (chemi-
cally reacting with hydrogen) to yield a synthetic crude oil, which is
suitable for transport via pipeline and can be used as a refinery feed-

stock.

The various methods for retorting oil shale differ in the
manner in which heat is generated and transferred to the shale. The sim-
plest method is the Fischer assay technique in which heat from an ex-
ternal source is transferred to the shale through the wall of the re-
tort. Any fuel may be used to supply the heat. Due to large capital
and operating costs, this method is unsuitable for commercial develop-
ment, However, it is commonly used on a laboratory scale to measure

the kerogen content of the shale.

There are four additional methods for retorting oil shale,
which are in various stages of development and which have the potential
for commercial application. These are discussed in the following

paragraphs.
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(1) Hot Solids or Solids-to-Solids Heating Method--

The TOSCO II process is the most advanced version of this technique.

In this process ceramic balls are heated by the combustion of byproduct
gases and liquids and transferred to the retort where they are mixed
with crushed, preheated shale. Shale oil vapor is driven off and re-
covered. The ceramic balls are separated from the spent shale (on the
basis of size) and subsequently reheated. A high efficiency of energy

recovery is achieved; however, capital and operating costs are high.

In the Lurgi-Ruhrgas version of this techniqﬁe which has
been tested in a 12 ton per day pilot plant in West Germany, spent shale
is used as the heat carrier. The spent shale is heated by combusting
the carbon residue which remains after retorting, together with addi-

tional fuel as needed.

The TOSCO II process is essentially ready for commercial
application. Colony Development Operation (a joint venture of ARCO,
Ashland, Shell, and The 0il Shale Corporation) has successfully com-
pleted tests on a 25 ton per day test unit and an 1100 ton per day semi-
works plant at Parachute Creek, Colorado. Colony had announced plans
to begin constructibn in April 1975, of a 50,000-B/D commercial plant
based on the TOSCO II process. These plans were later postponed, with
Colony citing rapidly inflating construction costs and uncertainties in

U.S. energy policy as the basis for its decision,!®

There are several other planned commercial operations in
which the TOSCO II retort will be used. These include the following:
a 50,000-B/D (8000 m®/D) plant planned to begin operation in 1982 by
ARCO, TOSCO, Ashland, and Shell as a joint venture on Colorado Tract
C-b; the Rio Blanco 0il Shale Project, a joint venture on Colorado
Tract C-a by Gulf Oil and Standard of Indiana with 50,000-B/D (8000

m> /D) initial production planned for 1980; the 75,000-B/D (12,000 m®/D)
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Sand Wash Project in Utah planned by TOSCO with start-up expected in

1981-83,

(2) Gas-to-Solids Heating/Internal Gas Combustion

Method--Crushed shale is fed to the top of a vertical retort and low-
Btu byproduct gas is injected at the bottom, The gas is combusted in
the retort along with residual carbon on the spent shale, and the hot

combustion gases heat the shale, driving off the oil vapors that are

condensed at the top of the retort. The noncondensible gases are re-
cycled for combustion. Due to the lack of external heating equipment,
this method is less costly than other types of retorts. Energy recov-

ery cfficiency is somewhat lower, however.

The Bureau of Mines tested a version of this technique,
called the Gas Combustion process, in 1966-67. No tests have been car-

ried out on this process since then.

The Union 0il Company version of the process utilizes a
unique ''rock pump" which injects shale at the bottom of the retort while
combustion gases are drawn down from the top by blowers, and retorted
shale oil is collected at the bottom. A 1000 ton per day (9 X 10° kg/D)
pilot plant was successfully demonstrated in 1957-58. A more advanced
version of this retort, called the steam gas recirculation (SGR) proc-
ess, was recently announced and a 1500 ton per day (1.4 X 10° kg/D)
demonstration plant based on this process will be built on private land
in Colorado. (The SGR retort is actually an example of the gas-to-solids,
external heat generation method discussed in the next section.) Union
reportedly plans to have a 50,000-B/D (8000 m*®/D) commercial plant op-

erating by 1980,

A third variation on the process has been constructed by
Development Engineering, Inc. (DEI), the operating arm of Paraho Devel-

opment Corporation (a consortium of 17 firms). This process, usually
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referred to as the Paraho retort, utilizes patented shale-feed and spent
shale-discharge grates, which provide a uniform flow of shale through
the retort. Multilevel gas injectors are also used to carefully control
the level of incoming gases. DEI recently completed a successful 30-day
run on its 500 ton per day (4.5 X 10° kg/D) test plant near Rifle, Col-
orado, as part of a 30-month R&D program, Paraho has also proposed to
construct and test a commercial size retort on the Naval 0il Shale Re-

serve in Colorado.

Both of the planned commercial operations on federally
leased tracts in Utah have proposed to use primarily the Paraho retort,
However, since the Paraho retort can operate only on coarse shale, the
TOSCO II process will also be used to deal with the 10 to 20 percent of
the crushed shale that is too fine for the Paraho process. Sun Oil and
Phillips Petroleum have leased the U-a tract and propose to have a 50,000-B/D
(8000 r /D) plant operating by 1978. The White River Shale Corporation (a
joint venture of Sun, Phillips, and Standard of Ohio) has leased the other
Utah tract (U-b) and is also planning a 50,000-B/D (8000 i /D) operation,
Due to the continguous nature of the two tracts, and overlapping ownership
in the two ventures, it is likely that these operétions will be carried out

jointly by all the participants.

(3) Gas-to-Solids Heating/External Heat Generation

Method--Recirculated byproduct gas is used as the medium of heat trans-
fer; however, heating of the gas is carried out in the external furnace,
rather than by combusting the gas and spent shale within the retort.
Some of the byproduct gas, carbon residue on the spent shale, or any
other suitable fuel may be combusted to supply heat to the furnace.
During 1975, Paraho will begin testing a version of its retort which

operates with externally heated gases,.
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The Brazilian national oil company (Petrobras) has tested
a 2200 ton per day (2.0 X 10° kg/D) version of the external gas heating
retort called the Petrosix process. The tests were successful; however,

there are no plans for commercial application in the United States.

4 In-Situ Retorting--Shale rock is fractured in place

by explosives to form an underground retorting chamber. Air is injected
to combust part of the shale, and retorting is carried out via heat trans-
fer from the hot combustion gases. Shale o0il is collected from a hollow

mined at the bottom of the shale column.

Numerous tests of this method have been made by various
companies. Commercial feasibility has not yet been demonstrated, al-
though recent tests by Garrett Research and Development, a subsidiary of
Occidental Petroleum, appear promising. A 30 X 30 X 70-ft (9 X 9 X
21-m) shale column was successfully retorted, resulting in a shale oil
yield of about 60 percent. Further tests are planned on a 100 X 100 X
250-ft (30 X 30 X 76-m) column, with yields in excess of 70 percent
expected. If the Garrett or other tests demonstrate the commercial
feasibility of in-situ retorting, the use of this method could consid-
erably reduce water consumption, spent shale disposal, and other prob-
lems presently associated with aboveground retorting. However, new
problems, such as surface subsidence and the release of large quantities
of combustion gases, would be created, and these would need to be care-
fully managed. This method is expected to be less costly than any above-

ground retorting technique.

The TOSCO II process is the most advanced retorting method
for which a sufficient amount of information is available to provide the
scaling factors required for analysis. In addition, it has been incor-
porated into the plans of a majority of the companies which will be ac-

tively developing oil shale. Thus, we have chosen to use it in our
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analysis of oil shale conversion, A block flow diagram showing the

steps in oil shale processing, from crushing through upgrading is shown

in Figure 4-5.

Subsequent to retorting, described previously, the shale-
derived gases and liquids must be processed to remove sulfur and nitro-
gen, and produce a syncrude that is suitable as a refinery feedstock.
The raw shale o0il is separated into naphtha, gas oil, and residual
fractions. The naphtha and gas oil are sent to separate hydrotreaters
where they are upgraded and desulfurized. The residual oil is sent to
the coker unit, where coke is produced along with additional naphtha and
oil, which are sent to the hydrotreaters. During hydrogenation of the
naphtha and gas oil sulfur and nitrogen compounds are converted to HES
and ammonia, which are separated in the sour water waste stream and

subsequently recovered as ammonia solution and elemental sulfur.

The hydrogenated naphtha and gas oil are recombined and
leave the plant as synthetic crude oil, The high-Btu byproduct gases
from the retort are purified to remove HES and ammenia impurities, and
to remove uncondensed liquids (naphtha). All of these gases are then
consumed on site, éither as plant fuel to provide steam and heat, or as
Ieeu LO tne steam rerorming turnaces, where they are reacted to form

hydrogen for the hydrotreaters.

Although it is conceivable that the raw shale oil up-
grading could be carried out elsewhere, %ransporting it via pipeline
would pose severe problems due to its high viscosity. The viscosity
is reduced in the process of upgrading and the syncrude product is

suitable for shipment via pipeline.
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C. Distribution

As in coal-derived syncrude, the distribution of upgraded
shale o0il will undoubtedly be done via the present crude oil pipeline
network. Colony Development Operation has proposed a pipeline system
that would originate in the Piceance Basin of Colorado and connect with
existing crude pipelines to carry shale syncrude to refinery centers.
Other pipeline connectors will undoubtedly be built as the oil shale
industry develops. Figure 4-6 shows the location of the existing crude
0il pipeline network in relation to the o0il shale-bearing regions of

Utah, Wyoming, and Colorado.

3. Building Block Sizes

The sizes of building blocks which will make up the produc-
tion and transportation systems for synthetic liquid fuels from coal and
0il shale will be determined by many interacting factors. Among these
are the limiting physical size of the components of each building block,
the capacity at which economies of scale are achieved, and the level of
production or throughput that best fits into the regional energy supply/
demand piecture. Fof the first generation of synthetic liquid fuel
plants there is another constraint on size--the amount of capital that
private companies are willing to risk in a venture based on technology

that has not been previously tested on a commercial scale.

An inspection of the literature on current energy industry
practices and future plans for synthetic fuel plants quickly reveals
that there is a range of sizes that characterizes building blocks in
the synthetic fuels system. Table 4-1 shows the higher and lower sizes
in the range typical of each building block. These figures are not
meant to indicate absolute limits on sizes; rather they are meant to

indicate what "large" and "'small" building blocks look like in the
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context of a synthetic fuel supply system. For example, there are many

Appalachian coal mines that produce less than 100,000 tons (9 X 107 kg)

per year. However, these are not considered to be viable building blocks

in the synthetic fuel system.

Table 4-1

BUILDING BLOCK SIZES IN THE SYNTHETIC LIQUID

FUELS PRODUCTION SYSTEM

Building Block Size

Building Block Units™ Small Large
Western surface coal mine tons/yr 1 million 10 million
Eastern underground coal

mine tons/yr 0.1 million 5 million
Unit train (coal) tons of - 10,000
capacity
Coal liquefaction plant B/D 25,000 100,000
Methanol plant B/D 35,000 200,000+
0il shale mine tons/yr 25 million 75 million
0il shale retort and
upgrading complex B/D 50,000 150,000
Crude oil pipeline B/D of 25,000 1.5 million
capacity (8 in,) (48 in,)
Refinery B/D 50,000 400,000

*1 ton/yr = 910 kg/yr
1 B/D = 0.6 m®/D
1 in, = 2.54 cm.

In spite of the range of sizes possible for the different

building blocks, there tend to be certain nominal or "typical" sizes
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that characterize industry plans for synthetic fuels. For coal lique-
faction, the earliest commercial plants will probably be in the range of
25,000 to 40,000 B/D (4000-6400 m®/D). As the industry matures, the
plant sizes will probably increase to about 100,000 B/D (16,000 m®/D).

There are few indications that plants larger than this will be built,

The first planned commercial oil shale complexes are of the
order of 50,000 B/D (8000 m3/D). Later complexes of 100,000 B/D
(16,000 m®/D) or larger are contemplated. Plants larger than 100,000

B/D (16,000 m®/D) will probably be combinations of smaller units.

Consideration of methanol plant size is usually made by anal-
ogy with substitute natural gas (SNG) plants. A plant using Lurgi gasi-
fiers, which processes the same amount of coal as a 250 million cubic
ft per day (7.1 x 10° m3/D) SNG plant (typical size) can produce about
81,200 B/D of methanol. This is the approximate energy equivalent of a
40,000-B/D (6400 m>/D) syncrude plant, Although conceptual designs
have been carried out for much smaller coal-to-methanol plants, it ap-
pears that economy of scale will favor the larger plant sizes. Plants

with capacities in excess of 200,000 B/D (32,000 m3/D) are conceivable.

Recent trends in construction of the other building blocks in
Table 4-1 have been toward the higher end of the scale. However, to a
large extent synthetic fuel plants will have to interface with existing
facilities, which tend to be at the lower end of the scale. The coun-
try abounds with 8-in. (20 cm) pipelines and refineries with capacities

well under 100,000 B/D (16,000 m®/D),

C. Material and Energy Flows

In this section the quantities of raw materials, resource energy,
labor and capital required to produce a given quantity of synthetic fuel

are given and flows of these quantities are traced both through the
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extraction-conversion-distribution systems and to areas external to the
systems. Tracing the flows of these quantities is important to the
assessment of the social, economic, and environmental impacts of syn-

thetic fuels development,

1. Energy Efficiency

Since the processes for converting solid resources into syn-
thetic liquid fuels are themselves energy intensive activities, it is
important to identify both the sources of energy loss during conversion
and the requirements for external sources of energy to operate the con-
version plants. Additional energy will be consumed in the extraction,
transportation, refining, and distribution stages as well, By dividing
the energy available for end use by the initial resource energy plus
all the external energy inputs into the system, we can obtain an overall

efficiency for the production of each alternative fuel,

We are concerned here only with the efficiency with which re-
source energy can be converted into product energy. We do not address
the larger question of net energy, in which the energy required to man-
ufacture and delivef the materials that go into the plant along with
secondary energy inputs are considered. Net energy calculations are

carried out and discussed in Chapter 5.

a,. Methanol from Coal

Figure 4-7 shows the energy balance for converting
39,000 tons per day (3.5 X 10° m3/D) of 8870 Btu/lb (2.1 x 10° J/kg)
Navajo coal into 100,000 barrels (16,000 m®) of methanol.'? All energy
consumed in the plant is derived from the initial coal input--no exter-
nal energy source is required. Of the 692 billion Btu per day (7.3 X |
10'* J/D) entering the plant as the heating value of the coal, 272 bil-
lion Btu (2.9 X 10*% J) exit the plant as methanol, 120 billion Btu
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(1.3 X 10'* J) are in the form of byproducts, and 300 billion Btu
(3.2 x 10** J) end up as waste heat, endothermic reaction heat or in

the ash.14

There are several ways to define thermal efficiency, all
of which are useful in difference contexts. For this study we wish to
know the efficiency with which the energy in the initial resource (coal
in this case) can be converted into energy in the form of the alterna-
tive fuel of interest. With this definition, we simply divide the
heating value of the methanol by the heating value of the coal to

obtain:

272 x 10°

595 % 10° = 39.3 percent,

Efficiency (coal-to-methanol)

(I1f the byproduct higher alcohols (ethanol, propanol, etc.) are not
separated but remain blended with the methanol, the product is called
"methyl fuel." The coal-to-"'methyl fuel' efficiency is only slightly

greater, however, 39.6 percent.)

It is important to note that in this case significant
quantities of combustible byproducts are produced along with the
methanol--about 110 billion Btu per day (1.2 X 10* J/D). If these
byproducts are counted as part of the total useful product energy we

have

272 + 110
Efficiency (coal-to-products) = ——~555——” = 55.2 percent,

One final accounting method that is useful in comparing
one alternative fuel with another and in computing net energy is the
primary resource energy/ancillary energy method. Primary resource

energy is defined as the initial energy content (heating value) of the
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resource that is actually processed into the final product. The ancil-
lary resource energy is the energy content of the resource which is
required to provide the electricity, steam, or general fuel to run the
process. This concept is especially useful when the resource from which

the ancillary energy is derived is different from the primary resource.

In the coal-to-methanol conversion, 228 billion Btu
(2.4 x 10** J) of ancillary resource energy are required to convert
464 billion Btu (4.9 x 10** J) of primary resource into 272 billion
Btu (2.9 X 101 J) of methanol. The 52 billion Btu (5.5 x 10'* J) of
off-gas from methanol production are not counted in the ancillary energy
requirement since they are generated internally and do not place any de-

mand on external resources.

The primary and ancillary resource energy requirements

for producing 102 Btu (1.1 x 10*° J) of methanol are tabulated in Ta-

ble 4-2 below.

Table 4-2

COAL-TO-METHANOL ENERGY REQUIREMENT

10'° Btu 10'° g
Methanol energy 1.00 1.06
Primary resource energy 1.71 1.80
Ancillary resource energy 0.84 0.89

b. Syncrude from Coal

The energy balance for converting 55,200 tons per day
(5.0 x 107 kg) of 7800 Btu per 1b (18 x 10° J/kg) Powder River coal

into 100,000 barrels (16,000 m>) of synthetic crude oil via the H-Coal
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process is shown inh Figure 4-8.'% This process has been designed to
produce only plant steam and heat on-site. An additional 144,000 kW of
purchased electricity is required to operate the plant. The 35 billion
Btu per day (3.7 X 10*3 J/D) of ancillary resource energy required to
produce this quantity of electricity (assuming 33 percent conversion

efficiency) must be taken into account in the energy balance.

Unlike the coal-to-methanol process, this plant has been
designed to utilize all byproducts within the plant. The coal char and
vacuum bottoms (derived from fractionation of the coal hydrogenation
product) are gasified to produce hydrogen, and part of the high~Btu
byproduct gas is steam reformed to produce hydrogen. The remaining gas
is burned to provide process steam and heat (93 billion Btu per day or
9.8 X 10'3 J/D).® All the usable product energy is in the form of

syncrude,

The efficiency for converting the initial coal resource

into synthetic crude o0il is:

567
ici 1-to- d = —— = 63.3 t.
Efficiency (coa o-syncrude) 361 + 35 percen

We have assumed that the 35 billion Btu per day (3.7 X 10*2 J/D) of
resource input into electric power generation are in the form of coal,

The primary and ancillary resource energy required to

012

produce 1 Btu of syncrude are shown in Table 4-3.

c. Syncrude from Oil Shale

The energy balance for oil shale mining, TOSCO II re-

torting and upgrading is shown in Figure 4-9,18

Mining is included in
this balance since it is considered to be an integral part of the oil

shale operation. All the process energy requirements are generated
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on-site by the combustion of byproduct gases and fuel oil except for

170,000 kW of purchased electricity.l®

Table 4-3

COAL-TO-SYNCRUDE ENERGY REQUIREMENT

10'% Btu 10'° g
Syncrude energy 1.00 1.06
Primary resource energy 1.31 1,38
Ancillary resource energy 0.27 0.28

The thermal efficiency for converting oil shale to syn-
crude 1is:

Efficiency (oil-shale-to-syncrude) = = 67.6 percent,

858

Strictly speaking, the resource (probably coal) required
to produce the electric power for the plant should be included, so that

the resource-to-syncrude efficiency is:

580
Effici ~-to- d = — = 64.4 t.
fficiency (resource-to-syncrude) 358 + 42 percen

The efficiency for conversion of resource to useful prod-

uct energy, including byproduct coke, is:

Effici ( t ducts) = 220+ 42 _ o9 1 percent
i1ciency resource Oo-proaucts = 858 + 42 = - P .
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The calculation of primary and ancillary resource energy
requirements has somewhat more meaning for oil shale than for the liquid
fuels from coal technologies, since without the investment of a certain
amount of ancillary energy from another resource, no useful products
could be produced from oil shale. Coal is already a useful form of
energy, and energy is invested only to convert it to another form.

Table 4-4 shows the primary and ancillary resource energy requirements

for converting oil shale into 10*® Btu of synthetic crude oil,

Table 4-4

OIL SHALE-TO-SYNCRUDE ENERGY REQUIREMENTS

10'? Btu 101 g

Syncrude energy 1.00 1.06

Primary resource energy ) 1.48 1.56

Ancillary resource energy 0.07 0,07
2, Resource Consumption

We have defined resource in a broad way to include not only
the primary resources coal and oil shale but also the quantities of
water, land, labor and steel necessary to build and operate synthetic
fuels plants. In addition we consider briefly the consumption of catal-
ysts, chemicals, and other such materials, The reason for defining re-
sources in this way is to be able to examine a broad range of social
and economic impacts from synthetic fuels development as well as impacts
on the natural environment. We therefore use the concept of societal/
indﬁstrial resources as well as natural resources. Strictly speaking,

capital should also be included as a resource, but due to the somewhat
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greater complexity of analyzing capital and operating costs, we defer

the discussion of capital to Section 4.

a,. Coal and 0il Shale

The consumption of primary resources in a given synthetic
fuel conversion process depends on both the particular process design
and the energy content of the resource. We will maintain consistency
with our previous discussion by assuming here and in subsequent sec-
tions that coal is converted to syncrude via the H-Coal process; coal
is converted to methanol via Lurgi gasification followed by intermedi-
ate pressure methanol synthesis; and oil shale is converted to syncrude

via TOSCO II retorting followed by coking and hydrotreating.

The quantity of o0il shale consumed is determined by its
kerogen content. Colony Development Operation has designed its first
commercial plant to operate on 35 gal/ton (0.15 m3/1000 kg) shale.'?
Other processes have been designed to operate on shale with oil content
down to 27 gal/ton (0.11 m®/1000 kg) and we include this for comparison.
The coal requirement is the amount of western subbituminous coal which

must be burned to provide electric power for the shale plant.

The two U.S. coal types which we consider for liquefac-
tion are western subbituminous (8000-9000 Btu/1b (1.9 X 10°-2.1 x 107 J/
kg) and eastern bituminous (11,000-12,000 Btu 1lb or 2.6 X 107-2.8 x 107
J/kg). The amount of coal consumed is calculated on the basis of both
the primary resource required and the amount of coal necessary to provide
plant fuel and electricity. The considerably lower requirement for
eastern compared to western coal is due not only to the higher heating
value of eastern coal but also to the significantly larger amount of
byproduct gases recovered during eastern coal liquefaction which can be

used in place of coal as plant fuel.®
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In methanol produced from coal, we consider in addition
to bituminous and subbituminous coal, North Dakota lignite (about 6500
Btu 1b or 1.5 x 107 J/kg), which is an excellent feedstock for coal
gasification, and would thus be suitable for methanol production as well.
The production of methanol from bituminous coal requires technology other
than the Lurgi gasifier, which has not operated well with U.S. eastern
coals. We assume that either a modified Lurgi gasifier or another type

of gasifier such as the Koppers-Totzek will be used with bituminous coal.

The coal and oil shale requirements for the three tech-
nologies under consideration are shown in Table 4-5. These annual re-
guirements are based on‘daily resource inputs, assuming the plant is

operating 90 percent of the time over a period of one year.

b. Water

The water requirement for synthetic fuels production
arises mainly from the need for cooling water to dispose of waste heat,
and the chemical need for hydrogen in the conversion process. The chemi-
cal hydrogen requirement is more or less fixed for each process, while
the cooling requirément is variable depending on the degree to which wet
cooling versus dry cooling is used in the plant, and the level to which
heat given off during each process step can be recovered for useful pur-
poses, Other uses of water within the plant may be quenching of gaseous
products to remove oil and particulates, dust suppression, solid waste
disposal, and the generation of steam to drive turbines or gas com-

pressors.

In the conversion of coal to methanol, about 3300 acre-ft
of water per year (as steam) is consumed in chemical reactions (gasifica-
tion, shift conversion and methane reforming) .® For the H-Coal lique-

faction process, the chemical consumption of water is about 3500 acre-ft
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Table 4-5

ANNUAL COAL AND OIL SHALE REQUIREMENTS FOR

100,000-B/D SYNTHETIC FUELS PLANTS

Syncrude from oil shale

35 gal/ton (0,15 m3/1000 kg)
27 gal/ton (0.11 m3/1000 kg)

Syncrude from coal

Bituminous
Subbi tuminous

Methanol from coal
Bi tuminous

Subbituminous
Lignite

0il
0il Shale Shale Coal Coal
(million tons) (10° kg (million tons) (10° kg)
43 39 0.8 0.7
55 50 1.0 0.9
-- - 13 12
- -- 18 16
- - 10 9
- - 13 12
- - 18 16



per year (4.2 x 10° m3/Y) using either western or eastern coal.® This
water is utilized as steam in the partial oxidation plant and steam re-
former to convert solid and gaseous byproducts, respectively, into hy-
drogen for the coal hydrogenation process. The chemical consumption of
water in oil shale processing is in the steam reforming furnaces, where
hydrogen is produced for use in hydrotreating raw shale oil products.

This use of water amounts to 1500 acre-ft per year (1.8 X 10° m3/v) .11t

Other uses for water in oil shale mining, retorting and
upgrading have been fairly well established and are shown in Table 4-6

below.

Table 4-6

ANNUAL WATER REQUIREMENTS FOR A 100,000-B/D OIL SHALE
MINING, RETORTING, AND UPGRADING OPERATION

Water Water
Process (acre-ft) (10° n®

Mining and crushing 900 1.1
Retorting 1300 1.6
Upgrading 3600 4.3
Spent shale disposal 7300 8.8
Power generation 1800 2.2
Revegetation 700 0.8
Total 15,600 18.7

Source: Reference 11.

Of the above total, about 3800 acre-ft per year (4.6 X
108 m3/Y) are consumed as makeup water to the evaporative cooling tow-=
ers. This quantity could be reduced significantly if more costly dry

cooling were utilized. There are relatively few additional areas where
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water consumption could be reduced. Essentially all process waste water

will be reused within the plant.

Information on nonchemical water requirements for pro-
ducing methanol from coal is somewhat sketchy. Depending on the extent
to which air cooling is used, makeup water for cooling is in the range
of 12,000-24,000 acre-ft per year (14 x 10°-28 x 10° m3/Y). Much of
the water requirement for steam generation and cooling can be made up
by treating and recycling process waste water. We estimate the total
water requirement for a 100,000-B/D (16,000 m®/D) plant to be 10,000-

20,000 acre-ft per year (12 x 10°-24 x 10° m3/yv).

Coal iiquefaction via the H-Coal process consumes 22,000
acre-ft of water per year (26 X 10° m3/Y) in evaporative cooling losses.®
The total requirement is 26,000-29,000 acre-ft per year (31 X 10°-

35 x 10° m3/Y) with no waste water recycling. To the extent that dry
cooling and internal cleanup and recycling are used, this figure could

be reduced by about half.

C. Land

Land use for synthetic fuels production includes perma-
nent uses such as the plant site itself, roads, pipeline and utilities
corridors, and water storage areas. Temporary uses include areas dis-
turbed by mining and solid waste disposal, assuming the disturbed land
can be rehabilitated for other uses. To the extent that the land is
disturbed so that restoration or rehabilitation is not possible, these

uses of the land become permanent.

The permanent land requirement for a 100,000 B/D (16,000
m- /D) oil shale mining, retorting, and upgrading operation is about 600
acres (2.4 % 10° m°).'® 1In addition, about 150 acres per year (6.1 X

10° m°/Y) are disturbed by the disposal of spent shale in deep canyons,
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assuming the disposal pile is 250-ft (76 m) high.11 Revegetation of
spent shale has not been convincingly demonstrated at this time, and it
remains to be seen whether canyons which have been filled with spent

shale can be reclaimed for other uses.

By analogy with synthetic natural gas plants, a coal-to-
methanol conversion facility will occupy about 1000 acres (4 x 10° n®).,7
Solid waste in the form of ash will be returned to mined-out areas for
burial. A coal liquefaction plant and associated facilities will occupy

about 1000 acres (4 x 10° m®).

The land disturbed by surface coal mining depends strongly
on the area of the country in which the coal is mined and is a function
of the coal seam thickness and the method used for mining, i.e., contour
stripping versus area stripping. Table 4-7 shows the average amount of

land disturbed by area strip mining in several western states.18

Table 4-7

AVERAGE LAND AREA DISTURBED PER MILLION
TONS OF COAL RECOVERED

Land Area Land Area

State (acres) (10° )
Arizona 78 320
North Dakota 65 260
New Mexico 62 250
Montana 47 190
Wyoming 25 100

Source: Reference 18.
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Combining this information with data from Table 4-5, we
find that the land disturbed annually to supply coal to a 100,000-B/D
(16,000 m®/D) methanol plant ranges from 325 acres (1.3 X 10° n°) for
Wyoming subbituminous coal to 1170 acres (4.7 X 10° m>) for North Dakota
lignite. For liquefaction of subbituminous coal at the 100,000-B/D
(16,000 m>) level, the land disturbed ranges from 450 to 1400 acres per

year (1.8 x 10°-5.7 x 10° m®/Y).

In the Midwest, coal seams are much thinner than in the
West; consequently, more land must be disturbed per unit of coal recov-
ered. The average land area disturbed in the Midwest per million tons
of coal recovered is 144 acres (5.8 X 10° mz).lg Thus, 1440 acres
(5.8 x 10° m®) must be disturbed annually to supply a 100,000-B/D
(16,000 m>/D) methanol plant and 1870 acres (7.6 X 10° m®) must be dis-

turbed to supply a 100,000-B/D (16,000 m®/D) coal liquefaction plant.

In Appalachia, most surface coal mining is done by con-
tour stripping, in which land is disturbed not only in the area of over-
burden removal but also by covering the downslope region with a spoil
bank and to a lesser extent by drainage ditches and induced landslides.
The average land area disturbed in Appalachia per million tons of coal
recovered is 415 acres (1.7 X 10° m®) for the contour stripping method.!®
This means that 4150 acres (1.7 X 10’ m°) must be disturbed annually to
supply a methanol plant and 5400 acres (2.2 X 107 m°) must be disturbed

to supply a coal liquefaction plant.

The reclamation potential for surface mining in the major
coal-bearing regions of the United States is discussed in detail in
Chapters 13 and 15. Generally speaking, it is possible in almost all
areas for some form of reclamation to take place and is in fact now re-

quired by law in many states. Therefore, we may consider land disturbed
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by surface mining to supply synthetic fuels plants a temporary land

*
use.

Land disturbance from eastern underground coal mining is
mostly in the form of surface subsidence, The degree to which subsidence
occurs will depend on the mine depth, the strength of the rock formation
above the mine, and the type of mining which is employed. TFor example,
long-wall mining results in greater subsidence than room-and-pillar
mining. The effect of subsidence is more or less permanent but does not
necessarily remove the land from other uses. Using an average figure of
0.1 acres (400 m°) of subsidence per 500 tons (4.5 X 10° kg) of coal
mined,go we find that 2000 acres (8.1 X 10° mz)'could be disturbed an-
nually to supply a methanol plant, and 2600 (1.1 X 107 m®) acres could

be disturbed to supply a coal liquefaction plant,

d. Labor

To assess impacts due to the buildup of population in
rural areas where much of the synthetic fuels development is expected
to occur, it is necessary to know the manpower requirements for con-
struction and operation of the plants. The influx of personnel required
for plant construction will represent a temporary population buildup
lasting three to four years, while the plant operation and maintenance
personnel will represent a stable long-term population increase in the
area. However, in oil shale development, where synthetic fuels plants
and mines are concentrated in a small area and there is a gradual build-

up of large productive capacity, the population increase due to the

*The reclamation potential of many arid regions of the West has not been
established, and surface mining in some areas may result in permanent
land disturbance,.
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construction labor force will be spread out over a longer time period--

perhaps 10 to 15 years.

Colony Development Operation has estimated that 40 months
will be required for construction of its 50,000-B/D (8000 m®/D) oil
shale complex, and that the construction force will rise from several
hundred at the beginning of construction to a peak of 1200 halfway
through the project.12 Assuming a model for the buildup and fall-off

of construction personnel as shown in Figure 4-10, we calculate about

NMUMBER OF WORKERS

1 1

1 2 3

YEARS

FIGURE 4-10. TYPICAL CONSTRUCTION LABOR PROFILE FOR
LARGE PROPOSED FUEL CONVERSION PROJECTS

a 3000 man-year construction requirement. For a 100,000-B/D (16,000
m® /D) complex we estimate a 5000-6000 man-year requirement, with a peak

construction force of about 2000. Colony estimates that operation,
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maintenance, and administrative personnel will total 900-1000 for its
50,000-B/D (8000 m®/D) complex. A mining, retorting, and upgrading op-

eration twice this size might be expected to employ 1500-1800 people.

Labor requirements for a coal-to-methanol plant can be
estimated by comparison with El Paso Natural Gas Company's 288 million
SCF per day (8.2 x 10° m3/D) SNG plant.!” Construction time will be
about three years with a peak construction force of 3500. Assuming
that the labor force at the beginning and end of the project is about
one-fourth the peak force, we estimate that 7500 man-years are required
to build a 100,000-B/D (16,000 m®/D) methanol plant. Operating person-

nel requirements will total about 900,

Labor requirements for coal liquefaction plant construc-
tion are difficult to estimate, Estimates range from about 5000° to
about 12,000 man-years of effort®?! over a period of three to four years.
On the basis of the total plant investment cost, we estimate the level
of construction effort to be 7000-8000 man~years, with a peak labor
force of 2000-3000. The number of workers and supervisors involved in

operating the plant will be about 1400.

Construction of a 5 million ton per year (4.5 X 10° kg/Y)
surface coal mine in the western United States requires a 250 man-year
effort over a period of two years with a peak labor force of about 150.

Operating personnel required to run such a mine number about 100,22

e, Steel

The principal material requirement in the construction of.
synthetic fuels plants will be steel. This will be in the form of equip-
ment and machinery, piping, girders for building construction, etc. A
rough estimate of the total steel requirement for a synthetic fuels

plant can be made through a breakdown of plant investment costs (shown
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in Section C-4) using some average cost for fabricated steel, We have
used the figure S1 per pound ($2.20/kg) for fabricated carbon steel and
$2.50 per pound (8$5.50/kg) for fabricated stainless or alloy steel. We
have also assumed that approximately one-quarter of the fabricated steel
is stainless, Construction steel is assumed to be carbon steel. With
these rough estimating methods, we obtain a figure of about 100,000 tons
(9.1 x 107 kg) of steel as the requirement for a coal-to-methanol coal

liquefaction, or oil shale plant of 100,000-B/D (16,000 m3/D) capacity.

The 0il Shale Task Force Report and Synthetic Fuels from
Coal Task Force Report of Project Independence Blueprint estimate that
about 130,000 tons (1.2 x 10° kg) of steel will~be used in a 100,000-B/D
(16,000 m3/D) oil shale mining, retorting, and upgrading plant or coal

23,24 By way of comparison, the MIT Energy Labora-

liquefaction plant.
tory has estimated that 170,000 tons (1.5 X 10® kg) of steel are re-
quired for construction of a 200,000-B/D (32,000 m3/D) petroleum

< £
ref1nery.2

f. Other

The second most critical material will probably be cop-
per, primarily in the form of electrical wiring, instrumentation, wind-
ings for electric motors, etc. Based on the percentage of plant facil-
ities investment spent for major equipment and for electrical supplies
and materials and using the figures 3.7 tons (3.4 X 10° kg) of copper
per million dollars of output and 23 tons (2.1 X 10% kg) of copper per
million dollars of output26 for the Industrial Equipment and Machinery
sector and Electrical Equipment and Supplies sector of the economy,
respectively, we estimate that about 1500 tons (1.4 X 10° kg) of copper
will be utilized in a 100,000-B/D (16,000 m3/D) synthetic fuels plant,.

The Synthetic Fuels from Coal Task Force Report of Project Independence
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Blueprint estimates that about 1200 tons (1.1 X 10° kg) of copper are

required for a 100,000-B/D (16,000 m3/D) Fischer-Tropsch synthesis type

gasoline-from-coal plant.e4

In addition to the metals requirements, there will be
other materials requirements such as concrete (several hundred thousand
cubic yards or several hundred thousand m® for foundations, parking

areas, etc.), insulation and paint.

Major equipment components will probably be fabricated
elsewhere and shipped to the construction site, although the largest
items, such as pressure vessels, may be fabricated on site due to the
difficulty in shipping sdch large objects. Numerous smaller pieces of
equipment such as pumps, motors, valves and conveyor belts will be needed
as well, Most of these items are not unique to synthetic fuels plants
but, due to the possible remote location of some of the plants, there
may be difficulties and delays in supplying equipment and materials.
‘Delays in equipment deliveries can contribute to increased costs due
to the necessity of keeping construction personnel on-site for longer

periods of time.

Once the plant has been constructed, the materials re-
quirements for operation and maintepance are much smaller. Other than
coal or oil shalé, water and fuel, the main requirements are for the
chemicals and catalysts consumed in various chemical processes and in
water cleanup and air pollution control equipment. A large supply of
spare parts, lubricants, tools, and other maintenance equipment will be
needed. Again, the supply of these materials presents no special prob-
lems other than those imposed by the remote location of some of the

plants,

The catalysts and chemicals requirement will vary with

the tybes of chemical processes employed in the production of each
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synthetic fuel. 1In coal liquefaction, about 5500 tons (5.5 X 10° kg) of
cobalt-molybdenum catalyst are consumed annually in the coal hydrogena-
tion process,’ as well as 230 tons (2.1 x 10° kg) of nickel oxide cat-

alyst in the steam reforming plant,

In the coal-to-methanol conversion process, 875 tons
(7.9 x 10° kg) of copper-chromium-zinc catalyst for methanol synthetic
must be replaced every 1-2 years. Other catalysts such as the nickel
oxide catalyst for methane reforming and copper-zinc or iron-chromium

catalysts for CO shift must be replenished every 2-5 years.

Colony Development Operation has set forth requirements
for the processing and treating steps in the production of oil from oil
shale., These are listed in detail in Table 4-8. The replacement time
written after each quantity of catalyst is roughly the lifetime of

the catalyst.

Some additional chemicals that may be required in syn-
thetic fuels plants for water treating and cleanup, fuel gas cleanup,
stack gas scrubbing, etc. include lime (Ca0), alum, salt, methanol,

isopropyl ether, sulfuric acid, and sodium hydroxide.

3. Byproducts and Residuals

In addition to the production of end products--syncrude and
methanol--for which synthetic fuel plants are designed, there will be
byproducts and residual materials generated which will be sold or dis-
posed of. Usable byproducts which can be sold on the open market bring
in additional revenue to the plant and help defray the production costs
of synthetic fuels. Solid, liquid, or gaseous waste materials gener-
ated during synthetic fuels production must be considered environmental
contaminants. The manner in which these wastes are disposed governs

the degree of environmental acceptability of the plant. At present,
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Table 4-8

CATALYST AND CHEMICAL REQUIREMENTS FOR A
100,000-B/D OIL SHALE RETORTING AND UPGRADING PLANT

Naphtha and gas 0il hydrotreaters

670 tons (6.1 X 10° kg)/2 yr (max) hydrodenitrogenation
catalyst

Steam reformer
270 tons (2.4 X 10° kg)/4 yr cobalt-molybdenum hydro-
desulfurization catalyst
5 tons (4.5 X 10% kg)/day caustic soda (NaOH)
30 tons (2.7 X 10* kg)/2 yr zinc oxide sulfur guard
100 tons (9.1 x 10% kg) /5 yr iron-chromium CO shift catalyst
100 tons (9.1 x 10% kg) /3 yr copper-zinc CO shift catalyst

Sulfur conversion
300 tons (2.7 x 10° kg)/2 yr bauxite claus plant catalyst
200 tons (1.8 X 10* kg)/5 yr cobalt and nickel molybdate
tail gas hydrotreater catalyst

Fuel gas treating
17.5 tons (1.6 X 10* kg)/2 wk diatomaceous earth filter
17.5 tons (1.6 x 10% kg)/2 wk activated carbon sulfur trap

Source: Reference 12.

there are no federal standards that govern emissions from synthetic
fuels plants, although there are standards which govern individual proc¥
esses which may occur in the plant, such as combustion of fuel in steam
boilers. New Mexico has promulgated emission standards for coal gasi-
fication plants, and undoubtedly other states as well as the federal
government will direct increasing attention towards synthetic fuels

plants as the industry develops.
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a. Salable Byproducts

A variety of byproducts is produced from the conversion
of coal to methanol. These generally are produced during purification
processes in which impurities are removed from the synthesis gas or
methanol product. Tar, oil, and naphtha are removed during quenching
of the synthesis gas exiting the gasifier, The quench water dissolves
ammonia and phenols which are recovered in the water treatment plant.
Sulfur is a product of the sulfur recovery plant which treats the acid
gas stream which results from synthesis gas purification, Finally, a
small quantity of higher alcohols (ethanol, propanol, butanol, etc.)
are formed during methanol synthesis, and these are separated from the

final product by distillation,

The quantities of different byproducts generated by a
100,000-B/D (16,000 m3/D) methanol plant utilizing western coal are

listed in Table 4-9.

Table 4-9
BYPRODUCTS FROM A 100,000-B/D

COAL-TO-METHANOL PLANT
(Western Coal)

Tar, oil, and naphtha 15,200 B/D (2400 m>/D)

Phenols 840 B/D (130 m3/D)
Higher alcohols 405 B/D (64 m3/D)
Ammonia 450 T/D (4.1 X 10° kg/D)
Sulfur 170 T/D (1.5 X 10° kg/D)

Source: Reference 6,
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All of these products have commercial value and could be sold if a mar-

ket could be found for them, Otherwise they would have to be stored or

disposed along with the solid wastes.

The H-Coal liquefaction process is designed to maximize
syncrude production and to minimize the production of byproducts.8 The
large quantities of high-Btu gases generated are utilized as plant fuel
or as feed to the steam reformer. The heavy bottoms product, which is
separated from the syncrude, is fed to the partial oxidation plant for
hydrogen production. The only usable byproducts generated from this
process are 320 to 420 tons per day (2.9 X 105-3.8 x 10° kg/D) of am-
monia and 200 to 1300 tons per day (1.8 X 10°-1.2 X 10® kg/D) of sulfur.®
A small amount of char is also produced, but it is not of commercial

value and will be disposed of with the ash.

As in the case of coal ligquefaction, oil shale processing
will result in a minimum of byproducts. All gases and C, liquids (bu-
tane and butene) produced from retorting will be consumed on-site as
plant fuel. The main byproduct will be 1600 tons per day (1.5 X 10°
kg/D) of coke, derived from the heavy residual shale oil fraction.lz
This product may or'may not be of commercial value, Other byproducts

are 400 tons per day (3.6 X 10° kg/D) of elemental sulfur and 300 tons

per day (2.7 X 10° kg/D) of ammonia.

b. Solid Waste

The main solid waste resulting from coal liquefaction
and methanol production is the ash that remains after the organic por-
tion of the coal is converted to liquid and gaseous products. The
amount of ash produced depends on the original ash content of the coal.
Typically, 3000 to 4000 tons (2.7 x 10°-3.6 X 10° kg) of ash and char

(mostly ash) will be generated per day by a 100,000-B/D (16,000 m°/D)
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coal liquefaction or coal-to-methanol plant, If the plant is located
near the mine, then this waste material can be disposed of in the mine--
either buried in a mined-out area in the case of an underground mine, or
added to the spoil piles and buried under topsoil during reclamation
operations for a surface mine. If it is not feasible to return the ash

to the mine, it must be stored in waste piles or used as landfill.

The major solid waste from oil shale retorting and up-
grading is, of course, the spent shale which results from retorting the
0il shale, amounting to 100,000 to 150,000 tons per day (9.1 X 107 -

1.4 x 108 kg/D) . The enormity of this disposal problem is reflected in
the plan proposed to deal with it--filling in a'250~ft (76 m) deep can-
yon. The land area required for such an operation was discussed earlier

in Section 2c.

It may be possible to dispose of some of the spent shale
in areas of the mine where recovery operations have been completed.
There is general reluctance in the industry to do this, however, since
lower grade deposits that might be economically recoverable at a later
date would be made inaccessible. In any case, not all the spent shale
could be disposed of in this way since the total shale volume expands

10 to 30 percent in crushing and retorting.11

Other minor solid wastes generated by synthetic fuel
plants include coal and shale dust, spent catalysts, and char and coke
if these cannot be sold commercially. In general, these wastes will be

disposed of along with the spent shale and ash.

The potential for recovering valuable minerals or metals
from spent shale or coal ash has yet to‘be assessed. At present there
are no plans to process spent shale. Of the major constituents of
spent shale, the only ones of value are magnesium, aluminum, and iron

oxides. Valuable trace metals such as gold, silver and platinum are
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present in quantities less than 0.1 part per million., There is about 1

part per million of uranium. The spent shale itself may have potential
uses as filler in concrete and building blocks, or as road substrate.
However, only a tiny fraction of the total spent shale generated by a

mature industry could be used in this way.

Coal ash also contains aluminum, magnesium and iron
oxides, and perhaps trace quantities of valuable metals, The possibil-
ity has been raised of recovering uranium from North Dakota lignite ash.

In general the uranium content of western coal ash is from 1 to 10 parts

per million,

C. Effluents to Water

In principle, the effluents to water from synthetic fuels
plants can be reduced effectively to zero. This can be done by treating
and recycling all boiler and cooling tower blowdown water, process waste
water, etc., and discharging to on-site evaporation ponds any remaining
water that is too highly contaminated to be recycled. All discharges
to streams and rivers can thus be eliminated. Furthermore, the raw
water requirement for plant operation can be considerably reduced. This
is particularly important in arid western regions where water supplies

are limited.

Colony Development Operation has designed its first com~
mercial 50,000-B/D oil shale retorting and upgrading plant so that no

waste streams from the plant are discharged to natural sources.?

Most
of the process water waste streams are treated and used for cooling or

processed shale moisturizing. This results in considerable water con-

sumption savings, The overall water use and treatment plan for the

Colony plant is shown in Figure 4-11, Although not all the steps in

this scheme are directly applicable to other synthetic fuels processes,
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it does serve to illustrate the kinds of steps which may be taken to re-

duce aqueous emissions to zero.

El Paso Natural Gas Company has also developed a waste
water treatment and recycling plan for its Burnham, New Mexico, coal
gasification project.17 In this scheme, most of the treated waste water
is used to replace water lost in cooling tower evaporation--the single

largest consumptive use of water in the plant.

The sources and ultimate disposition of aqueous contami-
nants are different for each synthetic fuel process. In the conversion
of coal to methanol, most of the contaminants originate in the coal
gasification process. 1In ;ddition to the tar, oil, naphtha, and phenols
formed from volatile matter in the coal, the nitrogen and sulfur com-
pounds are converted to ammonia, hydrogen cyanide (HCN), hydrogen sul-
fide, carbon disulfide (CS;) and carbonyl sulfide (COS) in the gasi-

fier.27

Subsequent to gasification, during the synthetic gas quenching
step, the tar, oils, and naphtha are condensed, decanted, and recovered
as byproducts. The remaining quench water (called gas liquor) contains
dissolved phenols and ammonia, which are recovered by the (proprietary)
Phenosolvan process. -The remaining water containing small amounts of

all the above contaminants is sent to the water bio-treating plant and

recycled for use as cooling water and boiler feedwater,

The sulfur compounds and hydrogen cyanide remaining in
the synthesis gas are removed by the Rectisol process (cold methanol
scrubbing) and sent to a Stretford sulfur recovery unit where the HCN,
CS,, and COS are converted to sodium thiocyanate (NaSCN) and sodium
thiosulfate (NaS,05;). The contaminated Stretford solution is periodi-

cally replaced with fresh solution and sent to water bio—treating.27

In coal liquefaction, aqueous contaminants are produced

during cdal drying and coal hydrogenation in which the oxygen, nitrogen
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and sulfur in the coal are converted to water, ammonia, and hydrogen
sulfide, respectively. The contaminated water is sent to the ammonia
stripper unit where aqueous ammonia is recovered as a byproduct and a
concentrated H,S stream is generated and sent to the Claus sulfur recov-
ery plant. The remaining water can be sent to a bio-treating unit along
with the waste water from coal drying, cooling tower and boiler blowdown

and other process waste water.=®

The levels of contaminants expected in the effluent water
from a biological treatment pond in which waste water from coal liquefac-
tion is treated is shown in Table 4-10, A 100,000-B/D coal liquefaction
plant produces about 5 million gallons of waste water per day; this weighs
about 21,000 tons (1,9 X 10’ kg). Therefore, the concentrations shown in
Table 4-10 multiplied by the above figure give the amounts of these
contaminants discharged daily if the waste water is not recycled or sent

to on-site evaporation ponds.
Table 4-10

COAL LIQUEFACTION PLANT BIOLOGICAL
TREATING POND WATER EFFLUENT

Concentration

Constituent (wt ppm)
Sulfide < 0.005
Ammonia 0.11
0il 0.68
Biological oxygen demand (BOD) 10.5
Suspended solids 12.9
Phenol 0.38
Chemical oxygen demand (COD) 45
Phosphate 0.11
Chromate 7.1
Zinc 3.5

Source: Reference 28.

168



During the retorting and upgrading of oil shale, waste
water is generated as excess moisture from the retorting process and the
gas recovery unit, as process water and condensed moisture from the cok-
ing unit and boiler and cooling tower blowdown, as well as fuel gas and
stack gas scrubbing water. Waste water containing HES and ammonia is
recovered in the foul water stripper and recycled. Most of the treated
waste water is disposed of by using it to moisturize the spent shale
generated during retorting. This use amounts to about 4 million gallons

per day (1.5 x 10% m2/D)° which weighs about 17 tons.

The water used to moisturize the gpent shale will consist
cof any mine drainage water-and spent shale runoff water that has been
collected in addition to process waste water. The approximate concentra-
tions of contaminants expected in this water are listed in Table 4-11.

A potential source of water pollution is leaching or runoff from the
spent shale disposal pile into local aquifers. Except in catastrophic
failure of the pile or flash flooding, catchment dams will probably be
sufficient to retain any runoff water. The potential for water contami-
nation due to leaching depends on several factors, such as the degree of

compaction of the spent shale, and has yet to be fully assessed.

In addition to direct plant discharges, there are pos-
sible indirect water contamination problems. For example,.the with=-
drawal of low salinity water from the Upper Colorado River Basin for use
in 0il shale processing will result in an increase in salinity in the
Lower Colorado, due to a decreased dilution effect, The salinity in-
crease resulting from a 1-million B/D o0il shale industry would be about
10 parts per million (out of a present level of 860 ppm) at Imperial

Dam.12

Even though this increase is small, the fact that the United
States is planning to build a desalination plant on the lower Colorado

River to meet its treaty obligations with Mexico indicates that some
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additional costs will be incurred (and paid for by the taxpayers) due to

this additional--indirectly caused--salinity increase.

Table 4-11

COMPOSITION OF WASTE WATER USED IN
SPENT SHALE MOISTURIZING

Concentration
Constituent (wt ppm)
Sulfates 510
Thiosulfates 60
Carbonates 520
Phosphates 15
Chlorides 330
Cyanides 50
Hydroxides 30
Phenol 60
Ammonia 30
Amines 1900
Organic acids 1000
Chelates 3
Chromates 130
Arsenic 0.03

Source: Reference 12.

d. Effluents to the Air

Sufficient information on plant design and emission
sources has been set forth in the literature so that quantitative esti-
mates can be made of the emissions of air pollutants. Generally speak-
ing, there are two major sources for the emission of contaminants to the

air from synthetic fuels production--the combustion of fuels to provide
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heat, steam and electricity to drive the various plant processes and the
emission of sulfur-containing waste gas (tail gas) from sulfur recovery
operations. 1In almost all cases, some sort of emission controls, di-
rect or indirect, have been incorporated into the plant designs. Al-
though there are presently no federal performance standards for synthe-
tic fuels plants, it is generally assumed that combustion of fuel in
boilers, for example, will be required to meet federal standards. It

is likely that standards for such plants will be promulgated as the

industry develops.

Since a more detailed discussion of air pollutant emis-
sions and controls will be-given in Chapter 16, only a summary of the
relevant emission data is given here. Table 4-12 shows the quantities
of SO,, particulates, NO, and hydrocarbon emissions that may be expected
to result from the liquefaction of Montana-Wyoming coal and eastern coal
via the H-Coal process,e the conversion of Navajo coal to methanol® and

the retorting and upgrading of 35 gal/ton oil shale to syncrude,12

all
at the 100,000-B/D level. The emission levels shown in Table 4-12 are
those resulting from application of the "best available” emission con-

trols appropriate to each technology. The types of controls applied are

discussed in detail in Chapter 16.

All the emissions and NO, shown in Table 4-12 result
from the combustion of gaseous, liquid, or solid fuels to power the
various plant processes. The total includes the combustion of fuel
necessary to provide purchased electricity when it has been incorpor-
ated into the plant design. All particulate emissions are from fuel
combustion or coal drying, except for oil shale processing where one-
fourth of the particulate emissions are in the form of fugitive dust.®

We have assumed a level of control of 99.5 percent using electrostatic

precipitors or Venturi scrubbers for reducing stack gas emissions from
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Table 4-12
EMISSIONS OF AIR POLLUTANTS FROM

SYNTHETIC FUELS PRODUCTION
(Tons per 100,000 Barrels of Product)

S0, Particulates NOx Hydrocarbons

Coal liquefaction (H-Coal)

Montana/Wyoming coal 11 7.1 96 1.6
Illinois No. 6 coal 16 2.7 28 0.4
Coal-to-methanol (Lurgi)
Navajo coal 15 2.0 25 0.4
Oil shale retorting and
upgrading (TOSCO II)
35 gal/ton shale 40 10 72 7.6

coal combustion. Fugitive dust control is assumed to be 98-99.8 percent

effective (see Chapter 16).

The SO; emissions shown in Table 4-12 result from both
fuel combustion and sulfur recovery plant tail gas. We have assumed a
level of control for stack gas emissions from burning high sulfur fuels
of 90 percent, while for tail gas emissions a control level resulting
in SO, emissions of 250 ppm by volume (equivalent to about 95 percent
SO, removal) has been assumed. The relative proportions of S0, emis-
sions from fuel combustion and tail gas are as follows: eastern
coal liquefaction, 59 percent from combustion, 41 percent from tail gas;
wvestern coal liquefaction, 86 percent from combustion, 14 percent from
tail gas; methanol from Navajo coal, 94 percent from combustion, 6 per-
cent from tail gas; syncrude from oil shale, 96 percent from combustion,

4 percent from tail gas.
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€. Trace Elements

The question of the fate of toxic tface elements in coal
and oil shale conversion processes has received considerable attention
due to the potential for highly toxic metals such as mercury, lead,
beryllium, arsenic, cadmium, selenium, and fluoriﬁe to enter the air,
water, or soil and ultimately to create a health hazard. At present,
few pathways of trace elements through energy conversion activities
have been identified. It is known, for example, that volatile elements,
including those listed above, will be discharged to the air during com-
bustion. Other nonvolatile elements will end up primarily in the ash.
However, the fate of these elements during coal gasification and lique-

faction and o0il shale retorting is not as clearly defined.

The quantities of toxic trace elements which are found
in oil shale and coal are shown in Tables 4-13 and 4-14, respectively.
The o0il shale determinations were made on 35-gallons per ton (0.15 m/
1000 kg) Green River oil shale. The coal analyses were based on a
variety of coals found in both the eastern and western United States.
Typically, as seen from Table 4-14, eastern coals have a somewhat higher

trace element content-than western coals.

During the coal gasification step of methanol production,
volatile elements in the coal are vaporized and may exit the gasifier
along with the raw synthesis gas. During gas quenching these elements
are condensed and separated out along with the tar, oil, and naphtha or
as part of the gas liquor stream. It is unlikely that any significant
fraction of the tpace elements in the coal make their way to the final

methanol product.

In tests made on the Bureau of Mines Synthane gasifier,29

it was determined that 20 trace elements were present in the raw gas

quench water in the range of 2 parts per billion to 4 parts per million,
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The concentration of selenium was 360 parts per billion and that of
arsenic was 30 parts per billion. Byproduct tar was found to contain

3 parts per billion of mercury and 0.7 parts per million of arsenic.
Only 0.01 parts per billion of mercury could be detected in the cleaned

synthesis gas, and none could be detected in the final product (methane).

Table 4-13

CONCENTRATION OF TOXIC TRACE
ELEMENTS IN OIL SHALE

Concentration in

0il Shale
Element (wt ppm)
Arsenic 7.2
Beryllium 35
Cadmium 0.14
Fluorine 1700
Lead 10
Mercury <0.1
Selenium 0.08

Source: Reference 12.

During coal liquefaction, coal is exposed to considerably
different conditions than in gasification, the primary differences being
the presence of a solvent (and perhaps a catalyst) and hydrogen at high
pressures. These conditions strongly affect the faéé of trace elements.
A large portion of the trace metals will remain with the ash and un-
reacted solids that are separated from the liquid product. Gasifica-

tion of this solid material to produce hydrogen will produce trace

elements in waste streams in a fashion similar to coal gasification.
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Table 4-14

MEAN TRACE ELEMENT CONCENTRATIONS (ppm, Moisture Free) OF VARIOUS COALS

Western Region Eastern Region
Colorado,
Valmount ' Tenn, Maryland
Power Montana Wyoming : Penn.- Allen Chalk Pt.
Station, and Powder Montana Ohio- Power Power
Element 8 _ Boulder Dakotas River Colstrip Utah Illinois W. Va. Plant Plant

Beryllium Be 0.12-3,9 0,25" Trace 1.0 1.9 2.0-3.1 0.3
Fluorine F 65 56.5 31.6 66 42-134 50-120
Arsenic As 2.1 Trace 0.5 14 3-59 5 25
Selenium Se 1.9 1.1 0.016 1.2 2.2 5.1
Cadmium Ccd 0.11f 0.23 <0.2 =0.2~-22 (0.39) 0.46
Mercury Hg 0.07 0.07 0.12 0.15 0.04 0.24 0.12-0.21 0.12
Lead Pb s5 7 5_3* 4.8 5 49 4-14 4.9 9.6
Bromine Br 21.0 23 15 4.3 41
Zinc Zn 7.3 6.6 10 342 (24.8) 80
Copper Cu 9.6 15 13.7 s100 10 15 14-17
Nickel Ni 7 4.0 4 23 9.7-20 25
Chromium Cr 7 7.7 2.9 7 17 11-15 29
Vanadium v 16 ) 20.9 2.5 10 34 19-25 40
Barium Ba 206.3 150
Strontium Sr 120 92.6 86

*44 percent of the coal samples contained less than 0.15 ppm beryllium.
$70 percont of the coal samples contained less than 0.1 ppm cadmium.
$8 percont of the coal samples containced less than 1.5 ppm lead.

Source: Refercnce 31.
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Trace elements such as arsenic and selenium, which can
react with hydrogen, may enter the gas phase during liquefaction,S°
Those that are not removed during cooling and scrubbing of the gas will

enter the atmosphere if byproduct gases are combusted to provide plant

steam and heat.

Finally, some trace elements, especially those which are

bound to organic molecules in the coal, will be carried through into the

synthetic crude oil product.

During oil shale retorting, trace elements are carried
over into the raw shale o0il product. Twenty-nine trace elements have
been detected in raw shale oil,le including all of thbse listed in Ta-
ble 4-13. Undoubtedly, a large fraction of the trace elements will re-
main with the spent shale. Further processing and upgrading of the raw
shale o0il may result in the introduction of some elements into waste
streams. The ultimate disposition of all solid and liquid waste streams
will be in the spent shale pile, Therefore, the major potential source

of environmental contamination will be from leaching from this pile or

failure of a catchment dam.

Although it is certain that some of the trace constitu-
ents in the raw shale 0il will remain in the syncrude product, there
has been no quantitative measurement of their concentrations. In gen-
eral, few quantitative assessments of the presence of trace elements in
synthetic fuel products or waste streams have been made. Much more
research must be carried out in this area before any realistic evaluation
of potential health hazards from trace element emissions from synthetic

fuel plants can be undertaken.
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4, Costs and Dollar Flows

a,. Investment and Operating Costs

The Arab oil embargo of late 1973 and the subsequent in-
creases in world oil prices brought about a renewed interest in the pos-

sibility of using synthetiec crude oil from coal and oil shale to augment

declining domestic o0il reserves. One of the greatest areas of concern

has been the question of whether synthetic liquid fuels can be economi-

cally competitive with conventional fuels even at high prevailing world

prices.

During 1974, a number of studies were carried out in
which new cost estimates were made, or previous estimates revised, to
determine the costs at which synthetic fuels could be produced from coal

and oil shale, and the prices at which they would have to be sold to

achieve a reasonable return on investment. Table 4-15 summarizes some
of the estimates of costs and prices made during this period. All dol-

lar figures are in 1973 dollars.

Unfortunately, these estimates were made during a period
of rapid inflation, and few knowledgeable sources would consider the
figures shown in Table 4-15 to be representative of current costs. The

figures do, however, provide a relative basis of comparison for the costs

of synthetic fuels.

From mid-1973 to late 1975 chemical plant construction
and operating costs have increased by nearly 30 percent. Thus, the
synthetic fuel prices shown in Table 4-15 would be at least 30 percent
higher if estimated using current cost figures. However, even if infla-
tion is properly accounted for in making cost estimates, there is another
reason why the resulting figures are likely to be low. As new technolo-
gies move from the R&D stage through the pilot plant and demonstration

plant levél and approach commercialization, the bases for making
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Table 4-15

COST ESTIMATES FOR SYNTHETIC LIQUID FUELS (1973 COSTS)

Capital Operating Cost of Rate of Price of
Size Cost Cost Byproduct Credits Coal Return Product
Type of Plant (B/D) (310°) ($10° /yr) ($10° /yr) ($/ton) (% DCF) ($/B)

H-Coala 100,000 1014 160 113 . 3 10 8.00

(Navajo coal) (Sulfur, 1.8; 15 10.70
199 ammonia, 9.5; 5 10 8.70
fuel gas, 102) 15 11.40

H—COalb 100,000 668 133 12 3 10 7.80
(Powder (Sulfur, 1.5; 15 9.80
River coal) ammonia, 10.5)

H-Coalb 100,000 685 188 20.3 9 10 9,30
(Illinois (Sulfur, 7.6; 15 11.40
coal) ammonia, 13.7)

H-Coal® 30,000 260 61 33 8 10 8.08
(Bi tuminous (Fuel gas) 15 10.70
coal)

Mcthanol® 81,200 475 63 28 3 10 5.10
(Navajo coal; (Tar, tar oil, 15 6.70
Lurgi gasi- 79 naphtha, phenol S 10 5.70
fier) ammonia, and 15 7.30

sulfur, 18;
methane, 10)

Mcthanold 81,200 517 82 36 3 15 4.10

(Navajo coal; (Tar oil, naphtha,
Lurgi gasi- phenol, ammonia,
fier) sulfur and higher

alcohols)

.\lcthanolc 35,800 353 50 1 7.30 12 9.80
(11linois (Sulfur)
coal; ’

Koppers-
Totzck
gasificr)

0il shalc.’ 100, 000 643 70 5 - 10 4.70

mining, re- (Coke, sulfur and

torting & ammonia)

15 6.00

upgrading
(TOSCO 11
retort; 35-
]l “ton
shale)

(continucd)
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Table 4-15 (concluded)

Capital Operating

Size Cost Cost

Type of Plant (B/D) ($10°) ($10°/yr)

Byproduct Credits
($10%/yr)

Cost of
Coal
($/ton)

Rate of
Return
(% DCF)

Price of
Product
(3/B)

f
0il shale, 100,000 522 82
mining, re-

torting &

upgrading

(gas com-
bustion
retort, 30-
gal/ton shale)

0il shale,® 54,500 421 82
mining, re-
torting &
upgrading
(gas com-

bustion

retort; 30-
gal/ton shale)

a.

From Refercnce 1.
From Reference 8.

(Coke, sulfur. and

(Coke, sulfur and

8.6

ammonia)

7

ammonia)

12
15
20

12

5.20
6.10
7.90

8.70

. From Reference 25. Capital recovery factors of 20 and 30 percent were used to calculate
prices in the table instead of 15 percent used in this reference.

From Reference 6, Methanol price based on utility financing, assuming a 75/25 debt-to-equity

ratio and a 9 percent cost of capital.

e. From Reference 2.

]

. From Reference 32.
. From Reference 33.
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accurate cost estimates become more concrete. Cost estimates made early
in the developmental stage of a technology are simply not able to antici-

pate the cost factors that are realized at later stages of development,

0il shale retorting and upgrading is currently closer to
commercial development than any of the other synthetic liquid fuels con-
sidered in this paper, and recent cost estimates have tended to confirm
the above discussion. When Colony Development Operation announced sus-
pension of its plans to develop the first commercial 0il shale facility
(October 1974), the capital cost estimates for a 50,000-B/D plant had
increased 45 percent (from $435 million to $630Ami11ion) in six months.
This sort of cost inflation, due to actual increases in components of
construction costs plus more realistic estimates of total costs, will

undoubtedly continue to characterize the synthetic fuels economic

picture.

b. Dollar Flows for Plant Construction and Operation

To understand the disposition of money spent for the con-
struction and operation of synthetic fuel plants it is not necessary to
display the total cost of construction or plant operation but only the
relative sizes of the components of the total costs. Figures 4-12 and
4-13 show breakdowns of the capital cost and operating expenses for a
100,000-B/D H-Coal plant. These breakdowns were derived from actual
costs presented in Reference 8 and the capital cost estimating techniques
discussed in Reference 34. The relative costs of construction shown in
Reference 34 were updated from 1969 to 1973 using components of plant

cost indices published in Chemical Engineering.

Figure 4-12 shows that equipment and materials constitute
the largest source of capital expenditure, contributing nearly 50 per-

cent of the plant construction cost. The next largest single item is
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labor (including engineering and supervision) which contributes over

20 percent of the cost if payroll burden (fringe benefits) is counted.

In the operation of a coal liquefaction plant, the single
largest expense item is the coal. The operation is not particularly
labor intensive. On the other hand, the coal mining operation is con-
siderably more labor intensive, with salaries and associated benefits

consuming 30 percent of the mine revenue.

As shown in Figure 4-13, capital recovery and profit--the
sum of depreciation, net income, and income taxes--contribute an over-
whelming amount to the price of syncrude--nearly two-thirds if the
operation of both mine and liquefaction plant are counted. These figures
are proportional to the capital cost of the plant and mine so that in the
long run it is mainly the initial capital investment in synthetic fuel
facilities that will determine the viability of the industry. This is
true, of course, not only because of the effect of capital costs on
product prices, but also because of the difficulty in marshalling

sufficient capital for the development of the industry.
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5--NET ENERGY ANALYSIS OF SYNTHETIC LIQUID
FUELS PRODUCTION

By Robert V. Steele

A, Introduction

The concept of net energy has recently been introduced into the
area of energy policy in an attempt to understand the efficiency with
which society uses energy in obtaining new energy supplies. Net energy
can be expressed as a measuré of the energy return that is obtained per
unit of energy invested in the energy-producing sectors of the economy,

although analogies with capital investment are not strictly appropriate,

The concept of net energy can be illustrated by the use of an
input/output analysis® to calculate the energy cost of producing differ-
ent forms of energy. For example, the petroleum refining sector of the
‘economy provided 44 percent of U.S. energy needs in 1963, However, this
sector also consumed 6.4 percent of the petroleum products, 1.3 percent
of the electricity, and 5.6 percent of the natural gas produced in the

1 as well as various chemicals and

United States during that same year,
materials. Consequently, approximately 0.2 unit of resource energy
(coal, crude oil, natural gas, and nuclear and hydro-power equivalents)
was consumed for each energy unit of petroleum products delivered to

the U.S. economy. Thus, the energy return per unit of energy expended

in the petroleum refining sector was approximately 5-to-1 in 1963.

The rationale behind the concept of net energy is that new sources
of energy or new energy conversion activities can be examined to deter-
mine those that provide the highest return per unit of energy invested,

If there are two or more competing technologies for accomplishing the
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same result, then net energy analysis provides a basis for choosing one
over another. There are, of course, other basic considerations such as
cost, environmental impact, social disruption, and so forth, which will
be taken into account in deciding the technology that should be employed.
However, in an age in which energy resources are in great demand and sup-
plies are dwindling, net energy analysis can be an important policy con-

sideration in determining how energy resources can be used wisely,

In principle, net energy analysis should clarify discussions of the
resource utilization efficiency of various energy technologies. In prac-
tice, however, probably as much confusion has been generated as under-
standing. This is due, in part, to the varying aefinitions of net energy
used by different sources, and in part to the various advocacy positions
that net energy calculations are called on to support. In this chapter,
we will attempt to define carefully what is meant by net energy and to

set forth clearly the processes by which numerical values are obtained.

Often, net energy is defined as the energy value of the products
delivered to society by an energy-producing or conversion process minus
the energy required to carry out the production or conversion, The in-
tent of this definition is to allow one to determine how much energy is
actually made available to society by a process if one also counts the
energy that is consumed, or made unavailable, as a result of carrying
out the process. It has been common practice to express the energy con-
sumed in carrying out the process in terms of the energy value of the
energy resources that are consumed to provide fuel, materials, and so
forth, to run the process. Thus, the net energy figure is expressed as
the difference between energy in the form of deliverable products and
energy in the form of raw resources. This is somewhat akin to subtract-
ing apples from oranges, although both energy figures are expressed in
Btu or the equivalent, The problem has to do not so much with the

thermodynamic "'quality" of the energy form (expressed as availability,
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or the ability to do work), although this may occasionally be an impor-
tant factor, as it does with the "quality" of the energy form as measured
by its usefulness to society. The social utility of a Btu of gasoline
is obviously much higher than that of a Btu of crude o0il in the ground.
Thus, it is desirable to express net energy in a way that makes clear

the nature of the units specified,

The mathematical formulation of net energy used throughout this
chapter is explained with the help of the energy flow diagram shown in
Figure 5-1. In this diagram, the quantity E,. 4 is defined as the energy
content or heating value of the resource that is converted to a useful
product. It is sometimes called the "primary" fesource energy. Eprog
is defined as the energy content or heating value of the product that is

produced by the conversion process., Since there is always some energy

ENERGY
Eres — CONVERSION ' Eprod
PROCESS

Efuel Emat

. Eprod
NET ENERGY RATIO =

(Eres — Eprod ) + Efuet + Emat

FIGURE 5-1. FLOW DIAGRAM FOR DEFINITION OF
NET ENERGY RATIO
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loss during conversion, Eprod is always less than Eres' (The conversion
efficiency of a process is sometimes referred to as the ratio of Eprod

to Eres‘) The quantity (Eres - Eprod) represents the resource energy
lost during the conversion process. Other energy inputs to the process
include any externally supplied fuel, which is consumed to provide steam,
heat and electricity for running the process, and the energy consumed in
building the plant and in fabricating the materials used in operating
and maintaining the plant facilities. These energy inputs are repre-
sented by Efuel and Emat’ respectively. (The quantity Efuel is sometimes
called the ancillary energy.) It is important to note that Efyel 1n-
cludes, in addition to the energy value of the fuel itself, all the

energy consumed in extracting and processing the fuel as well as dis-

tributing it to the point of use.

With these definitions we have the tools to formulate a working
relationship for the net energy ratio of a process: it is defined sim-
ply as the useful product energy output of the process divided by the
resource energy that has been lost during conversion or consumed in the

form of fuel or materials input to the process,

Net ti EprOd
et energy ratio = .
(Eres = Eprod) * Efuel + Emat

As an example, if 20 billion Btu per day are consumed in the form of
fuel and materials to convert 130 billion Btu per day of primary re-

source energy into 100 billion Btu per day of product energy, then the

net energy ratio is:

100

Net tio = —— = 2,
e energy ratio 30 + 20
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This result tells us that for every two units of product energy produced,
one unit of resource energy was expended. Thus, the net energy ratio is
merely a measure of the quantity of energy that is made available to

society in a particular form per unit of resource energy consumed in the

conversion process.,

It is clear from the discussion above that the net energy ratio can
have any value between zero and infinity. Higher net energy ratios are
more desirable than lower net energy ratios since a greater energy re—
turn on energ& investment is achieved. Net energy ratios less than one
mean that the break-even point for return on investment has not been
attained; more energy was consumed than was produced as product energy.
However, this does not necéssarily mean that the technology in question
should not be employed. For example, the production of electricity,
which supplies a large fraction of the nation's energy needs, has a net
energy ratio of about 0.36 (1967 data).® Society is willing to expend
nearly three units of resourée energy to obtain one unit of electricity
since electricity is a convenient, clean, ‘transportable, and efficient
energy form relative to the resources from which it is obtained. Thus,
net energy considerations have a relatively small impact on society's

judgment about the deVelopment and use of this energy source.

With respect to the development of new technologies (such as those
for producing synthetic fuels for automotive transportation) in which
several different processes are capable of meeting the same end-use
needs, net energy analysis can provide a valuable input to decision

making regarding the most efficient use of resources.

B. Methodology

With the definition of net energy established, there remains the

task of obtaining the appropriate data to calculate numerical values of
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the net energy ratios for coal liquefaction, methanol from coal, and oil
shale processing. These data are generally available in the literature
or from published reports on conceptual designs for synthetic fuel plants.
The data are generally of two types. One is simply the energy value of
the resource input, ancillary fuel requirement, and product output of
the process in question. These values can be used directly in the net
energy calculation with one exception: any fuel that must be purchased
from external sources (i.e., is not generated within the process itself)
must have its energy content multiplied by the appropriate factor to ac-
count for the resource energy that is required to extract, process, and
transport that particular fuel. External energy'sources to which this
correction applies are natural gas, refined petroleum products, and

electricity. The fuel-to-resource conversion factors are shown in Ta-

ble 5-1.

Table 5-1

FACTORS FOR CONVERTING ENERGY CONTENT OF
PURCHASED FUELS OR ELECTRICITY INTO RESOURCE ENERGY*

Conversion Factor

Fuel (Btu/Btu)
Refined petroleum products 1.208
Natural gas 1.101
Electricity 3.796

Source: Reference 2.

The second class of data is that in which inputs of materials into
the construction or operation of a plant are given in dollar values.

These values can also be converted to resource energy equivalents by

192



using the energy input/output table in Reference 2. This table lists
the energy input (in the form of direct fuel and materials purchases
from all other sectors of the economy) per unit dollar output for each
of 360 sectors in the U.S. economy for 1967 (the latest year for which
complete input/output data are available). To account for inflation,
the appropriate deflator is applied to convert from costs applicable to
the year in which the dollar estimates were made to 1967 costs. These
deflators are obtained from the Plant and Equipment Cost Indices pub-

lished monthly in Chemical Engineering.

It would be preferable to obtain the energy embodied in materials
" inputs by knowing the quantities of materials in&olved and multiplying
by the appropriate value of‘resource energy required to produce a unit
quantity of material. However, in many cases either the quantities of
materials are not readily available or the energy required for producing
the materials is not known. This is why the input data in Reference 2
are particularly useful, However, it is important to realize that the
Btu per dollar figure for a given sector averages over many different
types of products whose energy inputs per unit quantity and dollar val-
ues per unit quantity may vary widely. Thus, these numbers should be
considered only a groés estimate for a given type of material input.
The roughness of this estimation is considerably mitigated, however,
because the energy embodied in material inputs is generally a small
fraction (2 to 5 percent) of the total energy input to synthetic fuels
production. Thus, considerable error in these estimates leaves the net

energy ratio hardly affected.

The method of performing net energy calculations can be illustrated
by calculating the net energy ratio for surface coal mining in the south-

western United States.
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The net energy of surface coal mining is important for synthetic
fuels net energy calculations since this is the first step in the set of
activities by which coal is converted to methanol or synthetic crude oil.
The data for surface coal mining were obtained from Bureau of Mines in-
formation® as well as from plans by El Paso Natural Gas Company for sup-

plying coal to its proposed Burnham, New Mexico, coal gasification plant.

Since the coal seam thickness tends to be lower, and stripping ra-
tios higher, for southwestern coal deposits than those in the Northern
Great Plains area, the energy required to extract a given quantity of
coal is significantly higher for the Southwest than for other major
western coal areas. Thus, the net energy ratio éalculated for surface
coal mining may be considered to be at the lower end of the range of

possible values for western coal.

Figure 5-2 shows all the annual material and fuel inputs required
for the operation of a 5-million ton/year (4.5 X 10° kg/yr) surface coal
mine. The electricity figure includes the electric power required to
operate the dragline, conveyor belts for coal loading and all other
electrical equipment. The diesel fuel figure includes the fuel require-
ments for coal trucks, bulldozers, reclamation equipment, and all other
mine vehicles. Both of these energy requirements have been converted to
resource energy using the conversion factors shown in Table 5-1. In
Figure 5-2 and in subsequent figures, fuel inputs are shown as ellipses,
materials inputs are shown as squares, and resource energy inputs are

shown as triangles.

To calculate the resource energy embodied in the materials utilized
in the coal mining operation, dollar figures for these quantities (shown
in the appropriate squares in Figure 5-2) were taken from Reference 3
and subsequently converted to resource energy inputs by using the 1967

input-output table of Reference 2. Since this table is broken down into
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only 360 sectors, it is not always possible to find a sector that ex-
.actly matches a particular material. In this case, the Btu-per-dollar
figure for the sector that seemed the most appropriate was used. For
example, the spare parts input has no exact equivalent in the table
since the nature of the parts is not specified. However, there is a
fabricated metal products sector, and this was deemed appropriate for

this case.

In Figure 5-2 the dollar figure and resource energy figure for mine
"construction are both based on the total mine capital investment amor-
tized over the assumed 20~year life of the mine. The capital investment
for mine construction includes both the initial.capital investment of
$28.6 million (1969) and a deferred investment of $0.716 million (1969)
yearly.3 The resource energy associated with the various material in-
puts or other energy consuming activities are shown in Table 5-2, These
inputs or activities were derived from total capital cost estimates in

® to break

Reference 3 using a module approach to capital cost estimation
out dollar values of individual components of the total cost such as

equipment, labor, and so forth.

Other costs not included in the table are labor, engineering, over-
head, various indirect costs, interest, fees, etc, Resource energy in-
puts due to deferred investment contribute another 0.64 x 10'° Btu

(0.68 X 10'° J) to the total shown in Table 5-2.

Using all the resource energy inputs to the coal mining operation
shown in Figure 5-2, it is possible to calculate a net energy ratio for
this activity. The breakdown of energy inputs and the results of the
calculations are shown in Table 5-3. There is no entry for energy lost
during "'conversion.” For example, coal left in the ground due to inef-
ficiencies of the extraction process is not counted as ''lost' energy.
The calculated net energy ratio of 54 indicates that surface coal mining

is a very efficient activity, requiring slightly less than 2 percent of
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Table 5-2

ENERGY INPUTS FOR CONSTRUCTION OF A
5-MILLION TON/YEAR SURFACE COAL MINE*

Resource Energy
Components of Construction 10'2 Btu 10%° g

Mining machinery

Equipment ($11.4 million) 0.75 0.79
Materials ($3.1 million) 0.28 0.30

Exploration, roads and buildings
($2.2 million) 0.14 0.15

Unit train loading facilities

($0.75 million) 0,046 0.049
Freight ($0.73 million) 0.052 0.055
Total 1.27 1.34

*Investments in 1969 dollars.

Table 5-3

ANNUAL ENERGY INPUTS AND OUTPUT FOR A
5-MILLION TON/YEAR SURFACE COAL MINE

Resource or
Product Energy

10'° Btu 101% g

External energy inputs

Electricity 0.93 0.98

Diesel fuel 0.16 0.17

Materials 0.41 0.43
Construction and equipment replacement 0.10 0.11

Total 1.60 1.69
Mined coal output 87 92

87
Net energy ratio = I_E = 54
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the resource energy made available to be consumed in extraction. How-~
ever, this does not include the energy consumed in transporting the coal

away from the mine or otherwise making it available for end use.

C. Analysis of Synthetic Fuel Processes

1. Coal Liquefaction (H-Coal Process)

The conversion of western coal to synthetic crude oil via the
H-Coal process is an energy intensive activity characterized by approxi-
mately a 25-percent loss of resource energy during processing and con-
sumption of ancillary resource energy equivalent to nearly 30 percent of
the product energy output.6 Much of the energy lost during processing
is in the form of byproduct gases, which are consumed as additional plant
fuel or steam reformed to provide hydrogen for liquefaction. Additional
loss occurs in the form of char and vacuum bottoms (derived from frac-

tionation of the product), which are gasified to produce hydrogen.

Relatively little of the ancillary energy contribution is in
the form of materials or plant construction. The coal input, product
output, and energy inputs from all other sources are shown in Figure 5-3.
The resource energy input for coal mining and transport is derived from
the data in Figure 5-2 and the additional assumptions that the coal is
hauled by trucks 5 miles (8 km) to the plant, and that 1 percent of the
coal is lost during loading and unloading. The resource energy inputs
for catalysts, chemicals, and maintenance supplies have been calculated

as previously described.

Two different methods were used to calculate the resource
energy inputs for plant construction. The first method was similar to
that used to calculate the coal mine construction energy inputs. Capi-
tal costs from Reference 6 were used in conjunction with plant construc-

tion module data from Reference 5 to break out dollar figures for various
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equipment, materials, and other construction components. The total con-
struction energy input calculated by this method was 21 X 10'2 Btu

(22 x 10*® J). The second method simply involved taking the total plant
capital investment figure (late 1973 dollars deflated to 1967 dollars by
a factor of 1.35) and multiplying by the conversion factor in the table
of Reference 2 for the public utilities construction sector. This sector
was chosen since it most nearly represents the construction of the type
of energy conversion facility required for a coal liquefaction plant.

The energy input obtained by this method is 36 X 10*% Btu (38 x 10'° J).
Since the first method of energy accounting tends to underestimate the
construction energy input due to the inability to account for all cate-
gories, it was decided to use the figure derived from the second method.
This provides a simple and direct method of computing construction energy
inputs and is probably a more complete one since the input/output method
takes into account energy inputs from all sectors that contribute to the

construction of the plant.

Table 5-4 shows the resource energy lost during conversion,
along with the breakdown of ancillary resource energy inputs and the cal-

culation of the net energy ratio for coal liquefaction,

The table indicates that the liquefaction of western coal is
a fairly energy consumptive process, returning only about 50 percent more
useful product energy than was invested in the conversion process. How-
ever, for midwestern coal, the more favorable composition of the organic
portion of the coal results in a somewhat lower ancillary energy con-

sumption during liquefaction;6 the net energy ratio in this case is

about 1.8,

2. Methanol from Coal

The conversion of coal to methanol is a two-step process which

involves the gasification of coal by reaction with steam and oxygen
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followed by the catalytic conversion of the resulting synthesis gas to
methanol. Due to inefficiencies in both steps, the overall conversion
efficiency for the process is only about 59 percent. In addition, a con-
siderable quantity of coal is consumed as fuel to provide heat, steam,
and electricity to run the process. In the process design on which the
net energy calculation was based,7 it was assumed that to meet environ-
mental regulations the coal is gasified to form a clean, low-Btu fuel
gas, rather than being burned directly. This method of utilizing coal

as an ancillary fuel requires the consumption of about 50 percent more

coal than would burning it directly.

Table 5-4
ANNUAL ENERGY INPUTS AND OUTPUT FOR A

100,000-B/D COAL LIQUEFACTION PLANT

Resource or
Product Energy

10! Btu 10%° g
Internal conversion loss 58 61
External energy inputs
Coal 40 42
Electricity 15 16
Materials and construction 5.1 5.4
Coal mining and transport 7.3 7.7
Total 125 132
Syncrude output 186 196
t ti 186 1.5
atio = — = 1,
Net energy r 125

The energy inputs required for the production of 81,400-B/D

(13,000 m°/D) of methanol from Navajo coal are shown in Figure 5-4. The
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types of inputs are the same as for coal liquefaction, except that all
the electricity required to run the process is produced on-site, and the
energy requirement is included in the ancillary coal input. The produc-
tion of 2000 B/D (320 m®/D) of byproduct naphtha is included in the out-
put since this is a high quality product suitable for refining to gaso-

line and other fuels,

Not shown on the output end of methanol production in Fig-
ure 5-4 is the 25 x 10%2 Btu/yr (26 X 10*® J/yr) of tar and tar oil,
which are produced as additional byproducts of Lurgi gasification. These
products are of low quality and are not suitable for refining to other
fuels. Although there is some possibility that they could be used as
boiler fuel, it is more likely that they will be used in nonfuel appli-
cations, Other gasification technologies, such as the Koppers-Totzek
process, yield essentially no byproducts. Nearly all of the coal is
converted to synthesis gas. However, an analysis of methanol production
using the Koppers-Totzek gasifier has shown that the overall coal-to-
methanol conversion efficiency is roughly the same as that of the Lurgi

gasifier.8 The ancillary fuel requirement, however, is slightly less.®

Table 5-5 shows a tabulation of the conversion energy losses
and external energy inputs along with the calculation of the net energy
ratio for the conversion of coal to methanol. The fact that the net
energy ratio is less than one for this process indicates that more energy
is consumed in conversion than is provided to society as methanol prod-
uct. By comparison with coal liquefaction, the conversion of coal to
methanol appears to be a relatively inefficient use of resources. How-
ever, the coal liquefaction product must be further refined before it
can be used as an automotive fuel, while methanol can be used directly.
The net energy ratio for the entire coal-to-refined products system is

examined in a later section.
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Table 5-5
ANNUAL ENERGY INPUTS AND OUTPUT FOR

AN 81,000-B/D COAL-TO-METHANOL PLANT

Resource or
Product Energy

102 Btu 101° g
Internal conversion loss 47 50
External energy inputs
Coal 63 66
Construction and materials 2,7 2.8
Coal mining and transport 3.8 4.0
Total 117 124
Methanol output 73 77
Naphtha output 3.6 3.8

77
Net energy ratio = —— = 0.66
117

3. O0il Shale

0il shale is a resource that is not used directly as a fuel.
It must first be processed to extract the organic portion of the shale
rock (about 11 percent by weight for 35 gal/ton shale), which must then
be upgraded to be suitable as a refinery feedstock or fuel oil., The re-
torting process by which shale oil is extracted is very energy intensive
and involves the heating of large quantities of shale to 900°F (480°C).
However, much of the organic material in the shale can be recovered; the

TOSCO 11 retorting process recovers essentially all of it,

Because 0il shale is unusable in its raw form, a certain amount
of care must be taken in computing the net energy ratio for mining, re-

torting, and upgrading. Unprocessed oil shale has a heating value that
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can be measured, but in computing the energy loss during retorting and
upgrading this value is not used as the energy content of the resource.
Instead, the energy content of the products of retorting is used as the
basis for the energy loss because the energy contained in the shale is
not useful until it has been extracted as a liquid or gaseous hydrocar-
bon. In practice, the only energy-containing material that cannot be
extracted from the shale is a carbon residue which remains on the spent

shale after retorting.

Figure 5-5 shows the annual energy inputs for oil shale min-
ing,9 retorting,10 and upgrading.10 As mentioned above, the resource
‘energy input for oil shale includes only the heating value of the hydro-
carbon products actually recoverable by retorting. As shown in Figure 5-5,
the diesel fuel consumed by the mining equipment is obtained as a byprod-
uct from shale oil upgrading.lo This fuel consumption is counted as a
conversion loss, Other conversion losses occur mainly in the form of the
combustion of retort gases as well as some fuel 0il to provide heat and
steam for retorting and upgrading. The product from oil shale retorting
and upgrading is simply called synthetic fuel since the process design
on which the analysis is based was for the production of fuel oil and
liquified petroleum gas (LPG) rather than synthetic crude 0il.*°® The
production of synthetic crude oil probably would not result in a signifi-

cantly different net energy ratio.

Table 5-6 shows the breakdown of conversion energy loss and
external energy inputs, as well as the computation of the net energy
ratio, for a 50,000-B/D (8000 m>/D) oil shale complex. The net energy
ratio of 2.3 for oil shale processing is the highest of the three dif-
ferent alternatives that have been examined for producing synthetic fuel,
probably because oil shale (or at least the organic portion of it) in its
raw form is closer in composition to the final product that is coal,

which results in less severe (less energy consumptive) processing. In
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addition, it appears that retorting methods such as gas combustion or
in-situ may have been even higher net energy ratios, although the calcu-

~lations have not been fully carried out due to insufficient data.

Table 5-6
ANNUAL ENERGY INPUTS AND OUTPUT FOR A 50,000-B/D

OIL SHALE MINING, RETORTING, AND UPGRADING COMPLEX

Resource or
Product Energy

10*? Btu 10'® g
Internal conversion loss 29 31
External energy inputs
Electricity 10.2 10.8
Plant construction and materials 1.8 1.9
Mine construction and materials 0.45 0.47
Total 41.5 43.8
Synthetic fuel output ’ 94 99
Net rati 94 2.3
n io = — = 2.
et energy 215

D. Coal-to-Refined Products System

The production of synthetic crude oil from coal, of course, is not
the final step in converting coal into liquid fuels usable by society.
The syncrude must be transported to a refinery to be processed to yield
gasoline, diesel oil, heating 0il, and other products. Both the trans-
port and the refining process are energy consumptive and consequently

decrease the net energy ratio of the final products.
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The energy consumed in transporting crude oil via pipeline has been
calculated assuming a 24-inch (61 cm) diameter pipeline 1000-miles (1600
km) long, corresponding to shipment of syncrude from eastern Montana or
Wyoming to the Midwest for refining, The motive power requirement for
this diameter pipeline is 151 horsepower/mile (70 kW/km), corresponding
to a capacity of 14 million tons per year (1.3 X 10° kg/yr).11 The
resource energy requirement is calculated to be 780 Btu/ton-mile (560 J/
kg-km) for diesel engines or 1020 Btu/ton-mile (740 J/kg-km for electric
motors., An average figure of 900 Btu/ton-mile (650 J/kg-km) has been
used in the net energy calculation. In addition, the energy required to
produce the 500,000 tons (4.5 X 10° kg) of steel used in the pipeline
has been included in the pipeline energy requirement (assuming a 20-year

pipeline life). This contribution represents about 10 percent of the

total,

The energy losses (due mostly to internal use) and external re-
source energy consumption during refining are calculated from data in
Reference 2 as 7.1 percent and 6.5 percent of the crude oil energy input,
respectively. These figures correspond closely with the figures of 6.8
percent and 6.7 percent obtained from nationwide refinery energy effici-

ency and external energy use data.*12

The annual resource energy inputs required for the entire coal-to-
refined products system are shown in Figure 5-6. The size of the system
is scaled to a 100,000-B/D (16,000 m°/D) coal liquefaction plant., Ta-

ble 5-7 tabulates the data from Figure 5-6 and shows the net energy

*The results of a recent SRI studys indicate that the internal loss is
2 percent and the external resource energy use is 12 percent for re-
fining a 50-50 blend of syncrude and natural crude. The total energy
consumption is about the same as quoted above, however,
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ratio calculations for the system. The net energy ratio of 1.1 indi-

cates that nearly as much energy is expended in obtaining refined fuels

from coal than is contained in the fuels themselves.

Table 5-7

ANNUAL ENERGY INPUTS AND OUTPUT FOR A
COAL-TO-REFINED PRODUCTS SYSTEM
(Based on a 100,000-B/D Coal Liquefaction Plant)

Resource or
Product Energy

10'° Btu 10° J
Internal conversion loss
Coal transport 2.4 2.5
Coal liquefaction 58 61
Refinery 13 14
External energy inputs
Coal mine 4.5 4.7
Coal transport 0.4 0.42
Coal liquefaction plant 60 63
Pipeline 5.0 5.3
Refinery 12 13
Total 155 164
Refined products output 173 183
Net ti 173 11
e ner ratio = —— = 1.
energy 155

A similar calculation for the oil shale-to-refined products system
results in a net energy ratio of 1.6. For methanol the only additional
step required in the system is transportation since no further refining
is necessary. Adding transportation reduces the net energy ratio for

methanol only slightly, to 0.65,
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E. Summary

The net energy ratios for three different synthetic fuel processes,
as well as for coal mining and the entire resource-to-end products sys-
tems, have been calculated. These ratios are a measure of the product
energy that is made available per unit of resource energy consumed in
the synthetic fuel conversion process. The net energy ratio calculations
for the three synthetic fuel processes are summarized in Table 5-8 along

with the calculations for the three resource-to-fuels systems.

T'he main conclusion to be drawn from Table 5-8 is that the conversion

of coal to automotive and other fuels via coal liquefaction is a more ef-
ficient use of resources than is the conversion of coal to methanol.
This remains true even wheﬂ the additional energy inputs and losses in-
curred in refining the syncrude product are taken into account. On the
basis of converting western subbituminuous coal, about 1.8 times as much
resource energy is consumed in converting coal to methanol as there is

in converting coal to refined products via coal liquefaction.

In considering the conversion of 0il shale to refined products, the
comparisons are not as straightforward. On the basis of total resource
consumption, oil shale conversion is clearly the most efficient use of
resources. However, due to the distinctly different nature of the re-
source, it is difficult to draw conclusions regarding the attractiveness
of oil shale with respect to coal liquefaction on the basis of total re-
source utilization. Unlike coal, oil shale has no other practical uses,
and some energy penalty must be exacted just to convert the shale to a
usable form. However, most of the energy consumed in this conversion
is provided by the oil shale itself, in the form of products of retort-
ing. On the basis of the consumption of resources other than oil shale,
the conversion of oil shale to synthetic crude oil appears to be espe-

cially attractive compared with the coal conversion technologies.
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Table 53-8

SUMMARY OF NET ENERGY CALCULATIONS IFOR SYNTHETIC LIQUID FUELS

Conversion Process™ Resource-to-Fucels Systcm'r
Internal External Product Internal External Product
Loss Input Yield Net Loss Input Yield Net
(10'” (10'? (10'? Energy (107 (10" (10'” Encrgy
Technology Btu/yr)* Btu/yr)‘t Btu/yr)* Ratio Btu/yr)* Btu/yr)* Btu/yr)* Ratio
Coal liquefaction
H-Coal process,
Powder River coal, 58 67 186 1.5 71 84 173 1.1
100,000 B/D
{=Coal process,
Illinois coal, 81 27 195 1.8 98 42 182 1.3
100,000 B/D
Mcthanol from coal
Lurgi process,
Navajo coal, 47 70 77 0.66 47 72 77 0.65
81,433 B/D
0il shalc
TOSCO 1I process,
35-gal/ton shale, 29 12.5 94 2.3 35 20 88 1.6
50,000 B/D

*Includes mining of resource.
+Includes 1000 miles of pipcline for shipment of syncrude or methanol.
£10'% Btu/yr = 1.06 ¥ 10'° J/yr.



There are several sources of error in computing the values dis-
played in Table 5-8. First, it is impractical to account for all the
energy inputs into a given system, However, since it is possible to
account for the most important inputs, the net energy ratios quoted
above are expected to be in error by no more than 5 to 10 percent due
to such oversights. Several inputs or activities such as research and
development, engineering, etc., which are energy consumptive were not
added into the total simply because the insignificance of the contribu-
tions (much less than 1 percent of the total) was not worth the addi-
tional effort expended in deriving the numbers. Neglecting such con-

tributions represents a real, though very small, source of error.

Moreover, errors may occur in assigning energy values to aggregated
dollar values for certain types of inputs such as construction or main-
tenance. Whenever possible, these figures were compared wifh calcula-
tions of energy inputs associated with a known subcategory of input as
a check on the reasonableness of the total value. For example, the
energy consumed in the production of roof bolts for room-and-pillar oil
shale mining might be expected to contribute significantly to the total
energy consumption for this activity since large numbers of roof bolts
are required for such a mine (nearly 1000 tons per year or 9 X 10° kg/yr
or a mine supplying a 50,000-B/D plant or 8000 m3/D) . The energy re-
quired for producing steel roof bolts is about 0.05 X 101% Btu/yr
(0.05 X 10'® J/yr). This compares with the total energy input calcu-

lated for mine supplies of 0.37 X 10'2 Btu/yr (0.39 X 10*° J/yr).

Much more work needs to be done on expanding the data base for net
energy calculations to provide straightforward data on as many types of
energy inputs as possible. More information is needed on other types of
synthetic fuel processes as well to facilitate the comparison of differ-
ent processes that accomplish the same objective. The net energy calcu-.
lations in this chapter provide a starting point for understanding the

total energy picture for synthetic fuels development.
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6--MAXIMUM CREDIBLE IMPLEMENTATION SCENARIO FOR SYNTHETIC
LIQUID FUELS FROM COAL AND OIL SHALE

By Evan E. Hughes, Robert V. Steele

A, Introduction

Many speculations have been advanced in recent years concerning
future levels of production of synthetic fuels from coal and oil shale.
To set an upper limit on the possible impacts that would result from
production of these fuels, this study requires an implementation scenario
that sets forth the maximum credible rate at which the synthetic fuels
industry (coal and oil shale syncrudes, methanol from coal) could be ex-
pected to develop. This maximum implementation scenario is the subject
of this chapter, It is extremely important to recognize that this

scenario is not a prediction of what will occur but is an attempt to

elucidate the maximum possible impact situation.

B. Implementation Schedule

The maximum credible implementation scenario is derived from a hy-
pothesized growth schedule for a synthetic liquid fuel industry presented

in Table 6-1.% The growth schedule indicates a slow start for synthetic

*Approximate conventional-to-metric unit conversion factors relevant to
this chapter are the following:

100,000 B/D is about 16,000 m%/D
1000 AF/Y is about 1.2 x 10°m3/Y
10° tons/Y is about 900 x 10°kg/Y
1000 acres is about 4.0 x 10°m°.
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Table 6-1

HYPOTHESIZED GROWTH SCHEDULE OF SYNTHETIC
LIQUID FUELS INDUSTRY

Number of Plants Producing

Year
Fuel Description™ 1980 1985 1990 1995 2000
Syncrude from coal
30,000 B/D plant 0 3 7 7 0
100,000 B/D plant 0 0 3 13 40
Total production
(10° B/D) 0 0.09 0.5 1.5 4.0
"Syncrude from oil shale
50,000 B/D plant . 2 2 2 1] 0
100,000 B/D plant 0 4 14 20 20
Total production
(10° B/D) 0.1 0.5 1.5 2.0 2.0
Methanol from coal
50,000 B/D plant 2 2 2 0 0
100,000 B/D plant 0 5 19 50 80
Total productionf 0.05 0.3 1.0 2.5 4.0

(1 B/D oil equivalent)

*Note that 100,000 B/D is about 16,000 m>/D.
fTo a close approximation, the energy content of a barrel of methanol is
half that of a barrel of oil,

liquid fuels with negligible production before 1985, followed by a rapid
growth until the year 2000. The relatively slow start stems from the
present situation in the oil industry: (1) the increased activity to
find and produce energy from conventional petroleum sources, and (2) the
steady increase in cost estimates for synthetic fﬁel plants. As a result,
the o0il industry can be expected to postpone construction of synthetic

liquid fuel plants in favor of investment in more familiar resources,
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The scenario projects accelerated growth for oil shale processing
after 1980 and for the coal-based fuels after 1985, Such growth, of
course, assumes that the first plants are successful, both technically
and economically. This assumption is made solely to facilitate construc-
tion of a scenario that depicts the maximum rate at which an industry
could be deployed subject only to physical and general economic con-
straints. Of course, other real world constraints, such as water avail-

ability, would lead to a lower actual rate of deployment,

The rapid increases in synthetic fuel production shown in Table 6-1
have been derived on the basis of several considerations:
® The impact study would be most instructive if it included a

scenario that showed synthetic liquid fuels playing a major
role in meeting U.S. requirements for liquid fuels,

®¢ The rates of growth projected during early years of the commer-
cial production of the alternative fuels should be reasonable
for a new industry,

® The requirements for economic and physical resources to build

and operate the plants should be realistic.

The maximum credible implementation scenario reflects several
Jjudgments regarding the relative states of development of the three
basic synthetic liquid fuel technologies: O0il shale technology is ready
for commercial deployment. Tests have been made on a scale large enough
to confirm the feasibility of the technology and guide the design of a
large plant. Future improvements in the technology (excluding the pos-
sibly significant case of in-situ technology) are not expected to be
pronounced enough to render obsolete a plant begun today. Hence, our
maximum credible scenario for oil shale shows two 50,000 B/D plants in
1980 and an addition of four 100,000 B/D plants by 1985. The commercial
production of methanol and syncrude are restrained relative to oil shale
to reflect the anticipated benefits of further research, development,

and demonstration work on processes of making syncrude from coal and the
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market uncertainties concerning introduction of methanol for large-scale
use as a fuel. The status of the technology for production of methanol
from coal is similar to that of syncrude from shale--basically ready for
first generation commercial production. The more advanced development
of methanol compared with coal syncrude production derives from the sim-
ilarities of producing methane and methanol from coal, and the greater
attention that SNG technology has received in the last decade compared
with coal liquefaction technology. Oil shale production is shown level-

ing off as a reflection of anticipated water shortages.

-C. Comparison with the National Academy of Engineering Scenarios

The National Academy of Engineering (NAE) projection of the maximum
production of synthetic fuels possible in the next 10 to 12 years1 is

compared with those of this study in Table 6-2.

Table 6-2

MAXIMUM POSSIBLE PRODUCTION OF SYNTHETIC LIQUID
FUELS IN 1985: NAE AND SRI PROJECTIONS

NAE SRI
(million B/D oil (million B/D o0il
Fuel equivalent)™ equivalent)™
Syncrude from coal 0.3 0.09
Methanol from coal 0.3 0.3
Syncrude from shale 0.5 0.5
Total synthetic
liquid fuel in 1985 1.1 . 0.89

*Note that one million B/D is about 160,000 m>/D.
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The NAE projections were based on the lead times required to plan
and construct the facilities and on the resources of capital and labor
that must be mobilized to build and operate them. The lower level of
production of syncrude from coal reflects the need for more prototype
plant testing of coal liquefaction plants before beginning the commit-
ment to commercial plants. Oil shale technology is taken to be well
enough developed to justify commitment to a commercial facility now.
Although the NAE Task Force on Energy viewed the technology for produc-
ing methanol from coal as adequately developed to justify commitment to
commercial sized plants, it, too, apparently felt that uncertainties in
the uses of methanol as a fuel on a commercial scale would limit the
estimated maximum production in 1985 to a level comparable to the esti-
mate for syncrude from coal and below the estimate of syncrude from oil

shale,

As Table 6-2 shows, the SRI study's schedule for the maximum cred-
ible implementation of syncrude from coal is lower than the NAE level
for 1985 reflecting our judgment that the expectation of great improve-~
ment in technology, combined with the uncertainties inherent in all of
the synthetic fuels, makes the postponement of commitments to commercial-
scale coal liquefaction facilities inevitable. The situation was suc-
cinctly described by a vice president of Exxon Research and Engineering
Company in a talk at Stanford University: Coal liquefaction differs
from other synthetic fuel processes (coal gasification and oil shale
production) in that substantial savings are expected from second genera-
tion technology compared to that presently available. In particular,
while the 10 or 15 percent savings expected from improvements in gasi-
fication technology over the next five years are not sufficient to
justify postponement of construction, the larger (but unspecified) sav-
ings expected from advanced liquefaction technology warrant a go-slow

attitude. Because it is technologically reasonable to deploy present
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technology for production of methanol from coal or syncrude from oil
shale, these are suitable levels for a maximum credible implementation
scenario. Therefore, our schedule in Table 6-1 puts methanol and oil

shale production at the levels projected in the NAE study.

In both the 0il shale and the methanol cases the actual realization
of the schedules of Tables 6-1 and 6-2 requires that present uncertain-
ties be resolved soon in a way that encourages development of the syn-
thetic fuels, Several recent events make it questionable whether the
maximum credible production levels for 1985 can still occur: (1) The
recent announcement by the Colony Development Company that it will not
.start the construction originally planned for spring 1975 on its

50,000 B/D o0il shale plant at Parachute Creek in Colorado, (2) the lack
of enthusiasm for oil shale displayed in the "Project Independence
Blueprint' recently published by the Federal Energy Administration
(FEA) ,? and (3) commercial scale uses of methanol as a fuel will have
to be apparent soon to justify the deployment of the 300,000 B/D (oil
equivalent) production level by 1985, The most likely candidate uses
of methanol emerging before 1985 are fuel for electric utilities (espe-
cially as fuel for gas turbine or combined cycle generators) and auto-

motive fuel for fleet vehicles.

D. Scenarios and Scaling Factors

The projected fuel production schedules shown in Table 6-1 have
been assigned the hypothetical locations shown in Table 6-3 in propor-
tion to reported reserves of surface and underground minable coal and
have been used to derive the scenarios in Tables 6~4 through 6-7. The
scaling factors shown in the tables are used to account for the quan-
tities of capital, labor, steel, and land required for the construction
and operational phases of each of the building blocks used in these

scenarios,
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Table 6-3

HYPOTHESIZED LOCATIONS OF PLANTS FOR PRODUCING
SYNTHETIC LIQUID FUEL FROM COAL

Units for tablc cntries are as follows:

Coal syncrude plants: S = 30,000 B/D Surface mine: 5 million tons/year
*
L = 100,000 B/D Underground mine: 1 million tons/yecar™
Mcthanol plants: S = 50,000 B/D (methanol) Water: 10° acre-ft/year*
L = 100,000 B/D (methanol)
Cumulative Quantities
Year
State 1980 1985 1990 1995 2000

Wyoming

Coal syncrude 0 25 35, 2L 3s, 5L 13L

Mcthanol ] [+] 2L 8L 13L

Surface mines 0 2 14 12 81

Water 0 58 116 297 584
Montana

Coal syncrude 0 0 1S 1s, 3L 11L

Methanol 0 [+] 1L 5L 10L

Surface mines 0 o 4 25 66

Water 0 [+] 24 174 479
North Dakota

Mcthanol 1S 15, 2L 1S, 5L 13L 21L

Surface mines 2 9 20 47 76

Water 8 39 86 202 326
New Mexico

Mcthanol [+] 1L 3L 4L 4L

Surfacc mines [+] 3 8 10 10

Water 0 15 46 62 62
111linois

Coal syncrude 0 18 15, 1L 1s, 3L 7L

Methanol 0 1L 4L 9L 14L

Surface mines o] 1 3 8 14

Underground mines 0 9 410 93 161

Water o 29 98 231 415
Kentucky

Coal synerude 0 0 18 15, 1L 4L

Mcthanol 18 1S, 1L 1s, 3L 7L 10L

Surface mincs 1 1 3 7 13

Underground mines 0 10 23 52 87

Watcr 8 23 62 144 266
west Virginia

Coal syncrude 0 0 15 1S 2L

Me thimol 0 0 1L 3L 5L

surface mines 0 1] 1 2 i

Underground wincs 0 0 9 21 56

Water 0 0 21 54 134
Ohio

Coal syncrude 0 0 o 1L 3L

Ae thanol 0 1] 0 1L 3L

surface mines 0 [¢] 0 1 1

Underground mines 0 0 0 18 19

Water 0 4] [¢) 44 133

Note that 100,000 B'D is about 16,000 d;/D, 1 million tons/ycar is about
A0 million kg vear, and 1 acre [oot is about 1200 o /ycar.
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SYNCRUDE FROM COAL:

Table 6-4

MAXTAMUM CREDIBLE IMPLEMENTATION SCENARIO

Scenario for Year

Data and Assumptions 1980 1985 1990 1995 2000
Production Schedule
Cumulative capacity
(million B/D) 0 0.09 0.5 1.5 4.0
Number of Plants
Small (30,000 B/D) 0 3 7 7 0
Large (100,000 B/D) 0 0 3 1é\\\‘\~ 40

Scaling Factors
for a

*Arrow indicates that small plants are enlarged and enter large plant classification.

Inputs and Outputs 100,000 B/D Plant Year
Items Units (in units specified) 1980 1985 1990 1995 2000
Cumulative Amount
Construction
Capital 10° 1973 $ 0.67 0 0.60 3.4 10 27
Labor 107 man-years 7.3 0 6.6 37 110 290
Steel 10° tons 110 0 100 560 1700 4400
Land 10% acres 1 0 0.9 5.1 15 40
Annual Amount
Production
Operating costs 10° 1973 $/year 130 0 120 650 2000 5200
Labor force 10® people 1.4 0 1.3 7.0 21 56
Coal (Western) 10° tons/year 18 0 16 90 270 720
Water 10? acre-ft/year 29 0 26 145 435 1160
Electric power MW 140 0 130 700 2100 5600
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SYNCRUDE FROM OIlL SHALE:

Data and Assumptions

Production Schedule
Cumulative capacity
(million B/D)
Number of Plants
Small (50,000 B/D)
Large (100,000 B/D)

Tabhle 6-5

MANTMUM CREDIBLE IMPLEMENTATION SCENARIO

Scenario for Year

1980 1985 1990 1995 2000

N
[
)

Scaling Factors

for a
Inputs and Outputs 100,000 B/D Plant Year
Ttems Units (in units specified) 1980 1985 1990 1995 2000
Cumulative Amount
Construction
Capital 107 1973 $ 0.75 0.75 3.8 11.3 15.0 15.0
Labor 10% man-ycars 5.4 5.4 27 81 108 108
Stecl 10° tons 90 90 450 1350 1800 1800
Land 10” acres 0.6 0.6 3.0 9.0 12 12
Annual Amount
Production
Operating costs 10” 1973 S/year 80 80 400 1200 1600 1600
Labor force 10" pcople 1.7 1.7 10.2 25.5 34.0 34.0
Shale 10" tons/year 54 54 270 810 1080 1080
Water 10" acre-ft/year 16 16 80 240 320 320
Elcctric power MW 170 170 850 2250 3400 3400
Land 10" acres/year 0.15 0.15 0.750 2.25 3.0 3.0

*Arrow indicates that small plants are enlarged and enter large

plant classification.
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METHANOL FROM COAL:

Table 6-6

MAXIMUM CREDIBLE IMPLEMENTATION SCENARIO

Scenario for Year

Data and Assumptions 1980 1985 1990 1995 2000
Production Schedule
Cumulative capacity
(million B/D oil
equivalent) ™ 0.05 0.3 1.0 2.5 4.0
Numbeor of Plants
Small (50,000 B/D) 2 2 ot 0 0
Large (100,000 B/D) 0 5 19 T~=50 80
Scaling Factors
for a
Inputs and OQutputs 100,000 B/D Plant™ Year
Items Units (in units specified) 1980 1985 1990 1995 2000
Cumulative Amount
Construction
Capital 10° 1973 $ 0.59 0.59 3.5 11.8 29.5 47.2
Labor 10% man-years 7.5 7.5 4.5 150 375 575
Steel 10° tons 100 100 600 2000 5000 8000
Land 10® acres 1 1 6 20 50 80
Annual Amount
Production
Operating costs 10° 1973 $/year 70 70 420 1400 3500 5600
Labor force 10" people 0.9 0.9 6.4 18 45 72
Coal (Western) 10" tons/year 13 13 78 260 650 1040
Water 107 acre-ft/year 15 15 90 300 750 1200
Electrie power MW 100 100 600 2000 5000 5000

"*The energy of a barrel of methanol is half that of a barrel of oil.

tArrow indicates that small plants are enlarged and enter large plant classification.
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Tablce 6-7

SURFACE COAL MINES SEEDED FOR SYNCRUDE PLUS METHANOL PRODUCTION™

Scenario for Year
Data and Assumptlions 1980 1985 1990 1995 2000
Production Schedule
Cumulative capacity
(million tons/yecar) 13 94 350 920 1760
Number ol mines
(5 million tons/year) 3 19 70 184 352
Scaling Factors
for a 5 Million Ton/
Inputs and OQutputs Year Surface Mine Year
Ttems Units (in units specified) 1980 1985 1990 1995 2000
Cumulative Amount
Construction
Capital 10% 1973 § 0.03 0.09 0.57 2.1 5.5 10.6
Labor 10 man-years 0.25 0.75 4.75 17.5 46.0 88.0
Steel 10° tons 3 9 57 210 552 1060
Land! Acres 10 30 190 700 1840 3520
Annual Amount
Production

Operating costs 10° 1973 $/yecar 12 26 228 840 2210 4220
Labor force 10" people 0.1 0.3 1.9 7 18 35
water 10° acre-ft/year 0.15 0.45 2.85 10.5 27.6 52.8
Electric power MW 10 30 190 700 1840 3520
Land 10% acres/year 0.25 0.75 4.75 17.5 16 88

¥Assumes all ol the coal requirements [or syncrude and methanol plants are supplied by surface mines.

tLand for buildings, storage and handling facilities, parking, etc.; this is not land for mining.



E. Resources

By far, the majority of the commercially significant oil shale
reserves (25 to 30 B/ton of shale or 4.4 to 5.3 m3/103kg) are found in
the Piceance Basin in western Colorado. Unlike oil shale, coal is
widely distributed in the nation, Table 6-8 shows a recent tabulation
of strippable coal reserves and the number of coal liquefaction plants
that these reserves could sustain. Since synthetic fuels will require
low cost feedstocks to be economically competitive (at least initially)
with conventional petroleum fuels, strippable coal has been emphasized.
Clearly, strippable reserves would be able to sustain this study's maxi-
"mum credible production scenario for several plant lifetimes. However,
when other coal demands are.also taken into account, there is a good
chance that early in the 21st century, strippable reserves will be near-

ing depletion.*

This suggests the need to develop both in-situ recovery
techniques and improved methods of underground mining (especially since
present methods cannot efficiently mine the very thick, deep seams of

coal found in the West).

*However, it is important to note that distinction between resources
and reserves. Reserves are the fraction of resources that are eco-
nomically recoverable with state-of-the-art technology at any given
time. Hence, both changes in the market price of a mineral, and the
technology available can alter estimates of reserves, while resource
estimates can be changed only with new discoveries.
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Table 6-8
STATES AND REGIONS WITH STRIPPABLE COAL RESERVES

SUFFICIENT TO SUPPORT A LARGE SYNTHETIC FUELS INDUSTRY

Number of 100,000 B/D
Strippable Plants Sustainable

States Reserves for 20 Years
and Regions 10° Tons™ at 20 MT/Year
Montana 43 110
Wyoming 24 60
North Dakota 16 40
Il1linois/Western
Kentucky 16 40

West Virginia/
Eastern Kentucky 8.7 22

*Note that one ton is about 900 kg,

Source: Reference 3, "Demonstrated Reserve Base,"

U.S. Bureau of Mines (1974),
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7--LEGAL MECHANISMS FOR ACCESS
TO COAL AND OIL SHALE

Prepared by David F. Phillips (Consultant)

Edited by R. Allen Zink

A, Introduction: Principles

Access to mineral deposits is governed first by the obvious ques-
tion, "Who owns the land?" Actually, the question should be "Who owns
the minerals under the land?" There is an ancient maxim of law that the
owner of the soil owns as well fhe air above and the earth below--all
the way up and all the way down. The owner of land may dispose of it
as he wishes; he may sell, lease, or otherwise dispose of his rights to
the land, and he may carve up his interest in any way which pleases him.
The principal importance of this in mineral law is that a landowner may
sever the surface and mineral estates (rights), selling or leasing one
and retaining (or selling or leasing to someone else) the other. He
may, in other words, divide his land both vertically (by dividing the
surface) and horizontally (by severing the mineral estate, or even by
severing different mineral strata and disposing of or retaining them
separately). It is common for land to be conveyed with a reservation

of mineral rights, or vice versa.

However, if the mineral estate is severed, the mineral estate be-
comes the "'dominant" estate and the surface of the 'servient” estate
(that is to say, secondary in right to the mineral estate). which means
that the owner of the surface may not use his ownership to interfere
with the use of the mineral estate beneath. Use of the mineral estate

means doing what is necessary to remove desired minerals from beneath
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the surface of the land and carry them away. The owner of a mineral
estate has the right of access to it, and the right of entry onto the
surface as is necessary to exploit his mineral estate. He may build
such improvements (roads, buildings, etc.) as are necessary to his use
of the mineral estate. What he does must be ''reasonable,’ and must not
unreasonably injure the surface estate (for examplé by removing coal in
a way that causes subsidence); a bond may be required to protect the
surface owner's estate. The same rule applies in theory to strip min-
ing--as generally understood, a lease or other interest in the mineral
estate does not entitle its owner to devastate the surface. However,
the damage "reasonably" necessary to conduct strip mining operations
may be very extensive indeed. While it may be true that the owner of
the dominant estate may not destroy the usefulness of the servient es-
tate without being liable to compensate the surface owner, even such
compensation may be inadequate from the standpoint of the owner of the
surface. If the owner of the mineral estate decides to exploit his
estate by strip mining, and in the process of so doing utterly destroys
the surface, and is required to pay to the surface-owner the full market
price of the surface, what has happened in effect is that the mineral-
owner has exercised a. sort of private eminent domain. This may be un-
satisfactory to the people who live above the mineral, but that is the

way it is in the absence of overriding state laws to the contrary.

The extent of the interest conveyed in a mineral-land transaction
(severance, ownership, leasehold, etc.) and the terms of the transaction
(in the case of a lease rent, royalty, duration, etc.) are matters of
agreement between the parties. Even general common law principles may
be altered by their mutual agreement, subject to the general rules of
contract law on unconscionable contracts, equity, and the like. State
and federal police power is, of course, paramount in the areas where it

properly applies. A state strip mining law is an exercise of police
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power, and overrides any agreement between the parties. Under the Com-
merce clause of the U.S. Constitution, any coal mines producing coal,

for example, which enters the stream of commerce (and just about all

coal mines are covered by this provision) are subject to the federal

coal mine operating safety laws, as well as to state laws of similar ef-
fect. But beyond this, insofar as access to and rights in the land are
concerned, it is the intentions of the parties which govern any transac-
tion involving rights to minerals. As will be seen, this is true whether
the proprietor of the land is a private citizen, a state, or even the

federal government.

So the first question is "Who owns the mineral estate?” If the
answer is that title to the mineral estate is held by a private indivi-
dual, or by a corporation, or by any entity other than a state or the
United States (holding title either for itself or in trust for an Indian

or Indian tribe), the law which governs access is private law, the law

of contracts and real property. Most of the law regulating the relations
between vendors and vendees, or lessors and lessees, of mineral estates
in private ownership is the result of the common law process. It has
grown out of the decisions of the courts in individual deeds and leases,
in which the object is always to determine and give effect to fhe inten-
tions of the parties and to do justice in terms of realizing those in-
tentions and in terms of basic equity. They have general application
only in that they govern the interpretation of language in other private
agreements in the same jurisdiction. The term of any future agreements
involving access to coal or oil shale lands in private ownership will
depend largely on what is worked out between the lawyers for the owners
and the lawyers for the developers. There are no regulations to be com-
plied with (environmental protection restrictions are exercises of police

power and are another story).
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Essentially the same principle governs lands in public (state or
federal) ownership. 1In permitting access to mineral deposits on land,
the mineral estate of which it owns, the state (or fhe United States)
acts not as sovereign but as proprietor. The whole elaborate mechanism
of the federal Mineral Leasing Acts, for example, is not an attempt to
regulate access to mineral lands in general but only governs the "inten-

tions of the lessor'' when the lessor is the United States. What the law

determines and what the regulations regulate is the terms that the owner
of the mineral estate will insist on in what is essentially still a pri-
vate law transaction. The regulations bind the government, but the lease
_incorporating the terms the regulations require (and whatever other terms
not required by the regulations but thought wise to insist on by the
Bureau of Land Management) is what binds the lessee. In understanding

any state or federal mineral leasing program it is essential to remember
this basic fact: the end product of the whole process is a lease bind-
ing the government as lessor and the developer as lessee. We are accus-
tomed to thinking of regulations as governing citizens directly, but the
mineral leasing regulations are nothing at all like, say, the Selective
Service regulations. The regulations may require, for example, an annual
rent of not less than 81 an acre, but the lease offered by the government
may require an annual rental of $6 an acre. XEven if no state law requires
reclamation of strip-mined lands, a stipulation may be inserted in the
lease as offered by the given state requiring such reclamation and setting
forth in detail what will be required as compliance, and this binds the
lessee not as a matter of public law but as a matter of the private law
of his lease. A prospective lessee bids on a lease as offered by the
government, and it is the lease the government offers, when signed by

the lessee, that is the‘controlling factor in his access to the lands.
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B. Federal Lands

Figure 7-1 shows the multiple aspects of land generally necessary
to an understanding of the problems of access to mineral lands. Private
lands may be leased or sold at the will of the parties, and state lands
may be leased under the provisions of state law applicable in each case,
as discussed above. But where the federal government is the proprietor
of lands valuable for coal or oil shale, or where (as, for example, under
the Stock Raising Homestead Act) the United States has reserved the min-
eral estate underlying the surface, the land (or mineral estate) may not
be alienated under any circumstances. Title will remain in the United
States, that is, one cannot buy federal coal lands. Access to coal and
0il shale under federal lands may be had only through license, lease, or
permit under the Mineral Leasing Laws, principally the Mineral Leasing
Act of 1920 and the Mineral Leasing Act for Acquired Lands of 1947, both

as amended and amplified by the regulations issued under their authority.

In the days before the Mineral Leasing Act of 1920, access to fed-
eral mineral lands was governed by the General Mining Law of 1872,
There was a separate act for coal, the Coal Land Act of 1873, which is
still carried on the books at 30 USC §§71 et seq., but which has been
effectively superseded by the Mineral Leasing Act, as described below.
The compilers of the U.S. Code state their doubt that the laws codified
as 30 USC 3371 et seq. should even be carried in the Code.) Under the
Mining Law (which still governs ;ccess to minerals other than those

specifically mentioned in the Mineral Leasing Act®) land "chiefly valu-

able for minerals'" was reserved from sale or distribution under the

*The Mineral Leasing Act covers coal, phosphate, sodium, potassium, oil,
gas, o0il shale, native asphalt, solid and semisolid bitumen, and bitumi-
nous rock (including oil-impregnated rock or sands from which oil is
recoverable only by special treatment after the deposit is mined or
quarried). 30 USC 35181
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general land laws. Entry for prospecting purposes was, however, gener-
ally permitted at will onto public lands. When a prospector discovered

a mineral deposit, he could file a mineral location or claim. He was
then entitled to the exclusive right to extract the minerals and dispose
of them as his own '‘even though he did not hold title to the land. This
practice had its origin in the customs of the early western miners, whose
customs in the absence of any other law in the mining camps of those days
took on the force of law themselves and were more or less recognized and
legitimated by the Mineral Location Act of 1872, Although the Coal Lands
Act of 1873 differed from this model in some respects, it was similar in
approach, and because it is no longer in use, and because the change to
the current leasing system was made with reference to the philosophy of
mineral development exemplified in the 1872 Act, this part of the discus-
sion does not attempt to distinguish between the practices under the 1872

and 1873 laws.

A prospector who filed a mineral location under the old law had an
exclusive right of possession of the surface of the land included within
his location, and the right to the minerals beneath it. There were cer-
tain limits on acreage covered by each claim (although there was no limit
to the number of claims each prospector could file), and to protect his
rights against those of a subsequent locator, a certain dollar amount of
improvements was required of him to ensure that the mineral deposits were
in fact developed and not simply held for speculative purposes. But as
long as he was engaged in mining activity, the fruits of his labor were

available to him without charge.

Title to land worked under a mineral location remained in the United
States unless an application was made for a patent. Frequently, since
the location was sufficient to secure exclusive possession of the surface
and access to the minerals beneath it, miners proceeded under these lo-

cations until their mines were worked out, at which point they simply
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abandoned their claims and moved on. If, however, a miner wishes to ac-
quire title to the lands from the government, he could do so easily.

His proof of mineral discovery (which he needed in any case for his lo-
cation) and proof of improvements totalling $500 in five years usually
sufficed to secure him, if he wished, a patent on the lands. In return
for $2.50 an acre for placer claims, and $5.00 an acre for lode claims,
the United States would patent to the miner a fee simple estate (abso-

lute ownership) in the 1lands.

The purpose of these liberal mining laws was to encourage the devel-
opment of the mineral resources in the public lands of the West. But in
" the early years of the 20th century it began to be called into question
whether this encouragement @as any longer needed, whether this policy of
permitting almost unlimited transfer of public mineral lands was any
longer serving the public interest. At the time, the conservation move-
ment was gaining political power in the United States. In addition,
there were massive oil strikes in California, all of which were subject
to patenting under the 0il Placer Act of 1897. The freedom given all
citizens, discoverers of oil and (under the 0il Placer Act) those who
had sense enough to file locations on land adjoining known strikes, prom-
ised a rapid transfer of the California oil fields into private control.
In 1909 the Director of the U.S. Geological Survey (USGS reported to the
Secretary of the Interior that at the rate public oil lands in California
were being located and patented by private parties, it would

"be impossible for the people of the United States to continue

ownership of oil lands for more than a few months. After that
the government will be obliged to repurchase [for the Navy and
other government purposes] the very oil that it has practically
given away."”
The Director of the USGS asked that the filing of claims on the California
0il lands be suspended pending legislation on the subject. On September.

27. 1909, .President Taft issued a proclamation "in aid of proposed
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legislation' withdrawing over 3,000,000 acres of public domain oil lands
in California and Wyoming from location, entry, or disposal under the
mining laws. There was some question of the constitutionality of the
executive withdrawal of public domain lands from entry and location™ and
authority was sought and obtained from Congress for this sort of with-
drawal. The law granting this authority was known as the Pickett Act
(43 USC §3141-3).T The Pickett Act gave to the President authority
"at any time in his discretion, temporarily [to] withdraw from
settlement, location, sale or entry any of the public lands of
the United States. . .and reserve the same. . ,for public pur-
poses. , ,and such withdrawals shall remain in force until
revoked by him or by an Act of Congress.'

During the years 1910-20, most of the public domain land was with-
drawn by executive action from location for nonmetalliferous minerals,
and there was a vigorous debate in the Congress on what the new federal
policy should be in this area. In 1920 it was decided and enacted that
public domain land valuable for coal, oil, phosphate, o0il shale, gas and
sodium should be developed only by lease, reserving title (and such con-
trol over its development that the leasing method would provide) to the
United States, rather than permitting the alienation of mineral lands hy
patent. From the enactment of the Mineral Leasing Act on February 25,
1920, forward, the older Mining, Coal, and 0il Placer Acts ceased (except
in situations relating to claims filed before enactment) to have appli-

cation to coal and oil shale development, and the Mineral Leasing Act

*Resolved in favor of its constitutionality in United States v. Midwest
0il Company, 236 U.S. 459 (1915). )

+(The constitutionality of the Pickett Act has never been decided by the
Supreme Court, but the Attorney General has ruled in its favor, 49 Op.
Atty.Gen. 73 [1941]. Especially in light of the Midwest decision cited,
however, there is not really any serious doubt of the constitutionality
of withdrawal of public mineral lands.)
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became the keystone of the law relating to development of coal and oil

shale on the vast public domain,

The phrase ''public domain' requires some explanation. It will be
noted in Figure 7-1 that a distinction is made between public domain land
and acquired lands. The Mineral Leasing Act of 1920 itself only covers
public domain lands, which are not coextensive with the lands owned by
the federal government, Public domain lands are those lands to which
title has never been in state or private hands since the land became
subject to United States sovereignty by conquest or treaty, but which
have been in federal ownership since the beginning of American dominion,*
A great portion of the 1and§ in Montana, Colorado, and Wyoming are public
domain lands, never having been alienated by the United States. The Min-
eral Leasing Act of 1920 also applies to the mineral estate of public
domain lands where the surface estate was severed and conveyed but the

mineral estate retained, as was the case under the Stock Raising Home-

stead Act.

West Virginia, on the other hand, was formed from Virginia during
the Civil War and Virginia was one of the oriéinal states,. Elzlg to (as
opposed to sovereignty over) nonprivate land in Virginia was not origi-
nally in the United States, having been transferred from Crown to Common-
wealth at the time of independence or before. There are, therefore, no

public domain lands in West Virginia.

*Lands that were in private ownership at the time of cession to the United
States remained in private ownership; sovereignty changed but proprietor-
ship did not. In some cases, however, depending on the law which applied
before cession, only the surface estate was in private ownership and the
mineral estate, or part of it, was in the possession of the former sov-
ereign and therefore passed to the United States and is in the public
domain. This is an intricate problem of title which has to be resolved
on an individual basis for the lands in question.
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The situation whereby the Mineral Leasing Law, and its underlying
policy, applied to some federal lands and not to others was an anomalous
one to say the least, and it was cured by the passage of the Mineral
Leasing Act for Acquired Lands (30 USC §§351 et seq.) in 1947. Under
the Mineral Leasing Act for Acquired Lands, provision is made for lands
acquired by the United States in other ways to be administered and leased

in the same way as are public domain lands,

There are several surviving applications of the difference between
public domain lands and acquired lands for federal mineral leasing pur-
poses. First, not all acquired lands are covered. As with public domain
lands, some lands are excluded from disposition under the Act, including
lands in incorporated cities, towns and villages, lands in national parks
or monumeﬁts, lands in military petroleum or oil shale reserves, etc.
Lands acquired for development of their mineral deposits and land ac-
quired by foreclosure or otherwise for resale are excluded from the Ac-
quired Lands Act. Also, there are certain technical differences in the
wording of the two Acts. For example, the 1920 Act excludes 'lands with-
in the naval petroleum and o0il shale reserves, ' whereas the Acquired Land
Act excludes ''lands set apart for military or naval purposes, including
lands within the naval petroleum and oil shale reserves.' It therefore
becomes important, if there is coal discovered beneath some vast military
gunnery range in Utah, whether the lands are public domain (in which case
they would be subject to leasing under the Act if the decision was made
to switch the use of the land from gunnery to mining) or later acquired
(in which case they would be excluded from the leasing program by the
language of the statute). These are concerns that matter only as to
individual tracts, but the distinction is still important for this

reason,
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Second, acquired lands may be sold. This is not to say that patents
can be awarded as under the old system, but public domain lands chiefly

valuable for Leasihg Act minerals may not be sold.

Third, acquired lands are frequently under the jurisdiction of some
agency of government other than the Bureau of Land Management. If that
is the case, the head of the government agency having control over the
lands is to be called to report whether he has objections to the lease
being granted. If he recommends a special stipulation be inserted into
the lease to protect the interest of the United States, that will be
done. 1If the lands are segregated for a special purpose, that purpose
is to be considered the dominant purpose of the land, and mining opera-
tions under lease will be‘permitted only insofar as they are consistent
with the primary purpose of the land. The point is that acquired lands
acquired for mineral purposes are excluded from the application of the
Mineral Leasing Act for Acquired Lands, and acquired lands acquired for
some other purpose may well be being used for that other purpose or at
least be administratively segregated for another purpose, and fall under
the jurisdiction of some other agency, in which case additional steps
must be taken to involve the administering agency in the terms of a pro-
posed lease, to protéct the primary purpose of the land, and so on.

(Public domain lands may also be administratively segregated.)

Fourth, lands leased under the 1920 Act and lands leased under the
Acquired Lands Act are computed separately for purposes of acreage lim-
itations on coal leases, and those held under one Act are not credited
against the limitation of the other Act. The acreage limitations for
each Act are the same--it is the intention of the Acquired Lands Act
that the acquired lands subject to the Act be administered in the same
way as the public domain lands-?but the separate computation provides a

loophole to permit a lessee to go the limit in a given state twice.
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Beyond these differences, however, the distinction between public
domain and acquired lands does not have much significance, The lines
on the chart now rejoin, and we turn our attention to the three methods
of disposition--license, permit, and lease--without further reference
to the distinction. It should be noted that the following discussion
applies to coal only. Although oil shale is a Leasing Act mineral, ac-
cess to 0il shale on federal lands presents special problems and will be

dealt with separately at the conclusion of the discussion of coal.

1. Licenses

A license is a permission to enter on land and do something
which would otherwise be unlawful--for example, a license to remove coal--
which conveys no interest in the land is (unlike a lease) terminable at
the will of the licensor. There is provision in the law for licenses to
remove coal from public land without charge. These are of no real eco-
nomic importance as matters now stand, but they merit a brief discussion
because the license concept has great potential for federal aid to cities
in providing for their own energy needs at no cost to the municipal

budget.

43 CFR §3530.0-1, issued under authority of 30 USC §208, pro-

vides as follows:

"Coal licenses may be issued for a period of 2 years
[renewable] to individuals and associations of indi-
viduals to mine and take coal for their own local
domestic need for fuel, but in no case for barter or
sale, without the payment of any rent or royalty.
[No corporations, except municipal corporations as
followsJ Licenses may be issued to municipalities
to mine and dispose of coal without profit to their
residents for household use. Under such a license
a municipality may not mine coal either for its own
use or for nonhousehold use such as for factories,
stores, other business establishments and heating
and lighting plants."”
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Usually such licenses to individuals or associations are limited to 40
acres, and licenses to municipalities to various acreages are dependent
upon their populations. Provision is also made for four-year coal 1li-
censes to be issued to established state relief agencies to take coal

for distribution to families on their rolls who need the coal for fuel

and cannot pay for it.

As the law now stands, the licensing authority is very limited
and the Act specifically prohibits municipalities from taking coal under
a license for any other purpose than the household use of its residents,
If the law were to be changed, however, it could permit licenses to be
 issued to ﬁunicipalities to take public coal for municipal purposes--
city power plants, street lighting, public buildings, etc. This would
amount to a nonbureaucratic, noncash direct grant of energy to muncipal-
ities, and could be of great benefit to them, Whether the utility com-
pany lobbies would permit its application is another question. The
existence of provision and precedent for coal licenses is something to
think about in forming energy policy in the areas in the West where pub-

lic coal lands are close enough to allow their use.

On February 17, 1973, Secretary of the Interior Morton announced
a moratorium on all coal permits and leases, with certain exceptions, to
permit the formulation of a new coal leasing policy, primarily with ref-
erence to environmental concerns but also, presumably, with reference to
other defects in the present system. (The moratorium had been in effect

de facto since 1971.) This action was similar in intent to the executive

withdrawals of the 1909-19 period discussed above, in that it stops most
further disposition of the public mineral lands pending development of a
program to reflect new policies. Under the moratorium, prospecting per-
mits, one of the two major forms of access to federal coal lands, are not
being granted at all, and new coal leases are being offered only where |

they are needed to maintain an existing operation or where coal is needed
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as a reserve for production in the near future. In this "short=-term
leasing program, as it is referred to, the words ''short-term' apply
to the program and not to the leasing, since under the law, new coal
leases must still be for an indeterminate term, But these leases are
being offered only on an individually negotiated basis, with extensive
environmental stipulations, Very few are being offered at all. The
moratorium is expected to extend until the completion and adoption of
a programmatic statement on the new coal leasing program. When the
new program is completed and approved, it will go into force and the
moratorium will be over. The present situation is confused. The new
leasing program proposal imposes reclamation and performance standards
upon operations mining federal coal. Moreover, there is a bill being
considered in Congress that would also modify coal leasing on federal
lands. Entitled '"Federal Coal Leasing Amendments Act of 1975" (S391),
the bill would make six basic changes in the provisions of the 1920

Mineral Leasing Act.

2. Permits

Under the premoratorium system, prospecting permits were
awarded in the following way. To begin with, as with public land leases
there was a requirement of citizenship. This is not likely to change.
Under the Mineral Leasing laws, prospecting permits and mining leases
could be held only by U.S. citizens. They might be held by such citizens
individually, in associations (if the federal or state laws under which
the association was formed and the instrument establishing the associa-

tion permitted it), or by corporations (subject to the same restrictions).
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An alien might participate only as a stockholder of a corporation, and
then only if the country of which the alien was a citizen afforded re-

ciprocal rights to U,S. citizens.

Once this requirement was satisfied, the Secretary of the In-
terior was authorized to issue prospecting permits to qualified appli-
cants (by which was meant applicants who met the citizen requirements,
did not hold permits or leases in excess of the acreage limitations,
were in fact capable of performing prospecting operations, etc.). The
purpose of the permits was to allow entry and prospecting for coal on
unclaimed and undeveloped areas of the public lands. Since that was the
» purpose of the prospecting permit, permits were not granted to prospect
areas where the minerals sought were already known to exist in workable

gquantities.

Permits were issued to prospect areas in 40-acre units not in
excess of 5120 acres (eight square miles), or for an amount not to exceed
36,080 acres in combination with other oermits and leases in a single
state. The permit ran for two years and could be extended for up to two
additional years if necessary. Coal lands did not have to be surveyed
for prospective purposes, but could be described by metes and bounds,
the actual surveying to be done at the expense of the government. The
two-year permit granted the permittee an exclusive right of entry and
prospecting in the permit area, although no coal was to be removed other
than what was needed for experimental purposes or to demonstrate the
existence of commercial quantities of coal. A plan of operations had to
be submitted and approved. Permit tracts had to be contiguous or at
least reasonably compact in form. An advance rental fee was required
of not less than 25¢ an acre for the first year, and 50¢ an acre for the
next year (or years, if the permit was renewed) . There were, of course,

no royalties, because no coal was to be extracted for commercial purposes,
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As with ordinary mining leases, if the lands were under some
other authority than the Bureau of Land Management, stipulations re-
quired by the other authority to protect the primary purpose of the land
were to be inserted in the permit. (To protect the interests of the
United States as potential royalty-owner in the most economical and
fruitful development of the lands, there was also required a demonstra-
tion that there was a need for additional coal which could not otherwise
be met, and that a new coal mine was needed in the area. In practice,

however, these additional need requirements were not enforced.)

If, during the two-year period of the permit (or its exten-
sion), the prospector demonstrated that he had found coal deposits in
his permit area sufficiently extensive and workable to permit commercial

exploitation, he was entitled as a matter of right to a regular mineral

lease., This was called a preference right lease, and was the incentive
and the payoff for prospecting. The concept of the preference right
lease 1s under great criticism at the moment. Among other objections,

it is contended that it deprives the government of the bonus it could
otherwise expect if it were to conduct a competitive offering, that it

is not necessary to the encouragement of prospecting (the price of coal
being on the way up), and that it locks up more land in the leasing pro-
gram without sufficient government control. Preference right leases are
not awarded on the successful conclusion of prospecting under a prospect-

ing permit on Indian lands.

During the moratorium, no new prospecting permits have been
awarded and the future of the system is in doubt. Since the preference
right is included in the law (30 USC §201[b], either the law will have
to be changed or the department can simply adopt the policy of denying
applications for prospecting permits in the future as it has during the
moratorium. This can be justified on the ground that there are already

great areas of public land under coal lease that are not producing coal
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and that there is at present no need to look for more. It seems likely
that the present prospecting permit system will not be a major practical
factor in the new leasing program. However, at the moment at least 147
preference right applications are filed and pending, and it is more than
questionable, if they meet the requirements of the law, whether they may

legally be denied.

The leases awarded under a preference right were, except in
the manner of their awarding, similar to ordinary mineral leases to which

we now turn our attention.

3. Leases

Procedure. Again, the law and the regulations bind the govern-
ment, but it is the lease that binds the lessee, Federal coal leases
(other than preference right leases) are offered on a competitive basis
by advertising the lease it is proposed to offer in a local newspaper of
general circulation in the county where the lands lie. The terms of the
lease are set forth in the offering and afe not subject to negotiation;
the competitive bidding has reference to a "bonus' bid that is for the
privilege of signing the lease. These leases may be offered either on
the motion of an applicant or on the motion of the Bureau of Land Man-
agement (BLM), but it appears that in the entire history of the coal
leasing program there has never been a Bureau motion lease sale. It
has been the practice in the past to await a request from the industry
and then to offer the area the industry asks for. A great proportion of
"competitive' lease sales did not attract more than one bidder, Some-
times sealed bids were solicited, and sometimes the lease was sold at
public auction; latter practice permitted even the original applicant
not to bid and to have the lease awarded without paying any bonus at all,
Sometimes the two methods were combined. Of course, the awarding of

these leases was discretionary, and the right of the Secretary to reject
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even the highest bid is preserved in the law, but according to the fig-

ures in the Council on Economic Priorities' (CEP) Leased & Lost, single-

bid and no-bid awards were not uncommon, and there is an inverse rela-
tionship between number of bidders and amount of bonus. The frequently
noncompetitive nature of the competitive bid process, the awarding of
leases without bonus, and the practice of offering leases on industry
demand are all matters which, it can be expected, will be reviewed by
the department. Although these practices may well continue as a matter
of fact, their continuation should not be counted on in the new leasing

program.

Duration, 30 USC §207 sets the duration of federal coal leases

as follows:

"Leases shall be for indeterminate periods upon condi-

tion of diligent development and continued operation

of the mine or mines, except where such operation

shall be interrupted by strikes, the elements, or

casualties not attributable to the lessee, and upon

the further condition that at the end of each twenty-

year period succeeding the date of the lease such

readjustment of terms and conditions may be made as

the Secretary of the Interior may determine.’
This means, essentially, that "'coal leases are forever.”" The require-
ment of diligent development and continuous operation has not been en-
forced in the past, although this is likely to change under the proposed
rules discussed below. Twenty years must pass before even such basic
matters as rents and royalties can be adjusted to conform to current
economic conditions. A lease may be surrendered, with the agreement
of the Secretary of the Interior, but the government may cancel it for
nonperformance of terms only by bringing an action against the lessee in
federal court, something which apparently has never happened in the his-

tory of the coal leasing program. The result of the indeterminate term

and the nonenforcement of the diligent development and continuous
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operation requirements has been that very large numbers of coal leases,
including those awarded under the preference~-right system, are not pro-
ducing coal. The land is being held unproductive. The Council on Eco-
nomic Priorities believes that a lot of this is due to developers holding
the land for speculative purposes, waiting for the price of coal to rise.
Vice-President William Hynan of the National Coal Association takes vio-
lent exception to this. He says (and his point is supported by CEP

Leased and Lost figures, pp 36-47) that a lot of these leases were

awarded in the 1960s, and the time it takes to go from lease to produc-
ing mine is quite long. He says that at the time a lease is executed
(other than a preference right lease) the developer does not really know
where the coal is, or even.where to look. This seems surprising, since
competitive leases are supposed to be offered on land where the USGS has
determined there is coal. Nevertheless, Hynan says that extensive ex-
ploration is required, and that before a mine can be operated economi-
cally 35 years' worth of coal reserves have to be located, and that in
some cases the remoteness of the coal fields requires construction>of
railroad spurs up to 60 miles long. The Qhole question of nonproductive
leases is the result of ignoring the "diligent development and continuous
operation’ requirements of the law and the leases which include these re-
quirements. It is an indication of how seriously these requirements have
been taken over the years that no definition of ''diligent development'

or of "continuous operation' had been thought necessary for 54 years

after the passage of the act.

New rules were proposed by the BLM in the Federal Register on

December 11, 1974. If the new rules are adopted, they will clarify these
definitions, and more conscientious applications of the rules can be
expected. The original closing date for comments on the new rules was
January 10, 1975, but it was extended on January 14 to February 3. Bu-

reau of Land Management deliberations pertaining to these regulations
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must now be underway. Mr. Hynan of the National Coal Association objects
to the new rules. The scheme the new rules propose for enforcement of
these statutory lease terms seems to be a sound one, however little it
appeals to coal companies holding unproductive leases, and while it is
not possible to predict the outcome of the political process involved in
making these proposed rules effective, a statement of the proposed new

system will probably be a fair guide to what the new system will be,

Under the new system as set forth in the proposed rules, within
two years of the effective date of the new regulations, all federal coal
leaseholders must have their leases included in what will be called a
"Logical Mining Unit" (IMU). An IMU is defined in the new regulations

as

", . .a compact area of coal land that can be developed

and mined in an efficient, economical and orderly manner

with due regard to conservation of coal reserves and

other resources and in accordance with an agproved

Mining Plan."
An LMU may include one or more federal leaseholds and intervening or
adjacent nonfederal coal lands under the effective control of the same
operator or joined by an approved contract for collective development,
Future leases will be predicated on the IMU concept, and existing leases
must, within two years, be transformed into IMUs unless that proves im-
possible, in which case the existing leases will still be considered as
if they were LMUs and will thus be included in the new system. This
amounts to a reorganization of the existing leasing patterns, and this
reorganization is taken as the opportunity to require a new mining plan
to be submitted and approved by the Mining Supervisor of the USGS.

"Diligent development' is now defined as

" .preparing to extract coal from an ILMU in a manner
and at a rate consistent with a Mining Plan approved

by a Mining Supervisor. . . . ." [emphasis supplied]
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and a long list of activities that may constitute diligent development

is included in the proposed rule,

"Activities that may be approved as constituting dili-
gent development of an LMU include: environmental
studies, including gathering base-~line environmental
data and design and operation of monitoring systems;
on-the-ground geological studies, including drilling,
trenching, sampling, geophysical investigation and
mapping, engineering feasibility studies, including
mine and plant design, mining method survey studies;
and research on mining methods, contracting for pur-
chase or lease of operating equipment and develop-
ment and construction work necessary to bring the
IMU into production. The work performed and the ex-
penditure of monies may take place on or for the
benefit of the leased land, or on other lands within
the IMU, or at a location remote from the land so
long as they are undertaken for the purpose of ;E-
taining production from the LMU." [emphasis supplied]

"Continuous operation' is defined in the proposed rules as

.extraction, processing, and marketing of coal
in commercial quantities from the LMU without in-
terruptions totalling more than six months in any
calendar year, subject to the exceptions [strikes,
elements, etc.] contained in 30 USC §207 and in the

"

lease, if any.

A coal lease will therefore in the future, as in the past in theory only,
be maintained only on a showing of diligent development or, when required
by the Mining Supervisor, continuous operation. New leases will be let
on the LMU basis, and old leases will be transformed (or will be consid-
ered as having been transformed) into LMUs within two years. A mining
plan must be submitted and approved. Within 30 days from the anniversary
of the establishment of the LMU in even-numbered years (i.e., every two
years) the operator must report to the Mining Supervisor his work and
expenditures for the period just past and advise him of his plans for

development in the two years to come, to meet to the Mining Supervisor's
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satisfaction the requirements of diligent development (if the mine is

not in production) or continuous operation (if it is). The Mining Super-
visor is responsible for determining whether the lessee is in compliance
with the diligent development and continuous operation conditions of the
lease, and, presumably, if he is not, action can be taken to recover on
his bond or even to terminate the lease on the ground of failure to per-
form duties required under it. At the moment a lease may be cancelled
only by suit in federal court, but it may be that administrative measures
can be devised subject to appeal to federal court. Certainly this is

possible by stipulation in new leases,

The intent, and certainly the effect if actually enforced,
will be to require all holders of federal coal leases to file an approv-
able plan for immediate beginning of development of coal lands, to get
the plan approved, to do what the plan calls for (under the supervision
of the Mining Supervisor) to get the mine ready for production, and then
to keep the mine in production in commercial quantities at least six
months of the year, all under penalty of losing the lease. If the new
rules go into effect and are enforced, the new system has the potential
for eliminating the problem of leased tracts being unused and will ensure
that leases granted for the development of public mineral holdings will
actually ensure such development. It is a very ingenious system in the
way it brings existing leases under the new system by requiring their

conversion into IMUs,

30 USC {208 permits the Secretary of the Interior, in his dis-
cretion, to accept in lieu of the continuous operation provision of the
lease, an advance royalty on a minimum number of tons of coal. The regu-
lation issued under authority of this provision allows for a payment of
such royalties, less rental in lieu of actual production. Section 2(d)
of the standard-form coal lease provides that this minimum royalty be

equivalent to a royalty of $1 an acre. Since the rental after the fifth
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year is also $1 an acre, and since rentals are credited against royal-
ties, this section of the lease in effect gives the Secretary the author-
ity to forget entirely about the continuous operation provision of the
lease. That is what has been done in the past. But it is inconsistent
with the policy of the proposed rules to permit this in the future. It
will be interesting to see whether the Secretary permits this statutory
loophole to be used on an ad hoc basis by holders of coal leases to

—— —

avoid the requirements of the new system.

All federal coal leases are subject to maximum acreage require-
ments. No one may hold permits or leases in excess of 46,080 acres in
any one state except as described below. Partial interests, direct and
indirect holdings, percentége of holdings of corporations holding leases,
and the like are all calculated and prorated so that no one holds more
than the maximum, except that ownership of less than 10 percent of the
stock in a corporation is not chargeable, so that in theory it is pos-
sible to hold 9 percent interest in 20 corporations, each holding the

maximum of 46,080 acres, and avoid the limitation,

As noted above, acreage held in separate states and acreage
held on public domain lands as opposed to acquired lands are computed
separately and are not charged one against the other. Applications for
leases or permits in excess of the maximum will be denied, and if it is
discovered that anyone holds acreage in excess of the limit, the leases

or permits on the excess land will be cancelled or forfeited.

Cooperative mining, involving pooling of separate leases by
separate leaseholders, is permitted with the approval of the Secretary
of the Interior subject to restrictions against apportionment of produc-
tion or royalty to ensure that the cooperative agreements really are co-
operative enterprises for the more economical and efficient utilization
of the coal resources. They may be exempted from the acreage require-
ments by the Secretary of the Interior.
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Furthermore, a lessee who wishes to secure leases or permits
in addition to the prescribed limit of 46,080 acres in a given state may
be allowed additional acreage. He must make a showing that the addi-
tional acreage is necessary to ''carry on business economically'' and that
it would be in the public interest to grant him more acreage. His appli-
cation must disclose any interest the applicant (who may be a corporation)
has in other federal or nonfederal coal leases and permits within the
state, and the estimated coal reserves he has within the state. Addi-
tional permits or leases, if granted, will be in multiples of 40 acres,
but not more than an additional 5120 acres. The filing of an application
for additional lands will cause those lands to be withdrawn from disposi-
tion under the Mineral Leasing laws until a ruling on the application is
made. Public hearings are required before the additional lands may be
let. The new lease may require a cash bonus higher than that required
for the original lease, and/or higher rent and/or royalty, and any addi-

tional terms the Secretary may wish to impose.

Moreover, a holder of a lease may apply for a modification of
his existing lease to include contiguous coal lands or deposits if the
appropriate federal official considers such an extension to be in the
interest of both parties to the existing lease. If it is simply a mat-
ter of tacking on some odd extra land, that is one thing, but if it ap-
pears that the lands sought to be included in the modification are ca-
pable of independent operation, and that there is a competitive interest

in them, those lands are supposed to be offered on a competitive basis.

If a showing is made by a lessee that within three years the
deposits of coal in a given 40-acre tract covered by a lease will be
"exhausted, worked out, or removed,' an additional tract may be leased,

An application must include a proposed plan of operation, method of entry,
and an estimate of recoverable reserves, Upon a determination that the

proposed additional lands constitute an acceptable leasing unit, they

254



will be offered on a competitive basis and if the applicant is the suc-
cessful bidder and the new lands can practicably be operated with the
lessee's existing leasehold as a single mining operation, the lease may

be modified to include them.

Bonds. Under the coal leasing program in force before the

moratorium, various bonds were required of holders of federal mining
leases, First, there was a ''compliance bond" to ensure compliance with
the terms of the lease, which for coal was set at $1000 minimum per
lease, or $25,000 for coverage of all leases held on a statewide basis,
or $75,000 for nationwide coverage, In addition, other bonds could be
- required in the terms of the lease, including bonds for surface protec-
tion in strip mining operations, special bonds for work done on Forest
Service lands, bonds to protect the surface interest of a holder of the
surface estate under a stock raising homestead patent, and so on. It
seems 1likely that the bonding requirements will be substantially in-
creased, especially with reference to environmental protection, and that

the bond will be a substantial factor in access to federal coal lands.

Rents and Royalties, The statutory minimum for rental of coal

land is as follows:

For the first year, not less than $0.25 an acre

For the second year through fifth years,
not less than 0.50 an acre

For each succeeding year, not less than 1.00 an acre

Although it has apparently been the practice in the past for the BIM to
set rents at the statutory minimum in setting forth the terms of the
leases it offers, this need not be the case, and indeed there have been
efforts in recent years to set the rates at a higher level. This can be

expected to continue, and is especially important when you remember that
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these terms, once set, are not adjustable for 20 years under present

law.

A rental once due becomes a debt to the United States, and the
United States can sue for its recovery. Rentals are credited against
royalties, which more or less eliminates the problem for producing mines

when the rents are set at the statutory minimum,

The statutory minimum for royalties on federal coal leases is
5¢ a ton. Recent practice has apparently been to set the royalties at
a considerably higher rate, as follows:

Underground mining: 15¢ a ton for the first 10 years
17-1/2¢ a ton for the next 10 years

Surface mining: 17-1/2¢ a ton for the first 10 years
20¢ a ton for the next 10 years

In addition, government offerings have been made incorporating a royalty
calculated as a percentage of the value of the mine run, again differen-
tiated according to method (strip or auger versus deep mining). There
is nothing in the regulations to prevent this, and it seems to be a bet-
ter deal from the standpoint of the United States as lessor, especially
in view of the statutory 20-year period that must elapse before lease
terms can be adjusted and of the increasing price of coal. Since the
terms of a lease are determined by the BLM as offering agency, subject
only to the statutory minimum, there is nothing to stop the government
from devising other methods of computing royalties such as the sliding-
scale royalties now applicable to oil shale. Royalties could be set at
a rate inversely proportional to the sulfur content of coal as a way of
encouraging extraction of low-sulfur coal. There are all sorts of things
that might be done. The statute only specifies a minimum royalty of 5¢
a ton, and the regulations state specifically that royalties are to be
determined on an individual basis before a lease is issued. The regu-

lations also require that the leases be conditioned on the payment of
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the royalty, whatever it is, on a minimum annual production beginning
with the sixth year of the lease. The royalty thus fixed may be paid,
or could be paid under the system in effect before the new LMU rules
come into effect in lieu of the continuous production required statu-
torily under the lease. But since rentals were required anyway and
could be credited against royalties, the net amount paid over the rental
on nonproducing leases under the old system often turned out to be very
little if at all. Thus, a lessor, for payment of a small amount, could
hold onto a nonproducing lease for speculative or other purposes. The

new rules should more effectively guarantee genuine continuous operation.

On application by a leaseholder, the Secretary of the Interior
may determine that the sugject mine cannot be economically operated be-
cause of the royalty terms, or he may find that further promotion of
coal recovery is desirable. 1In either case he is empowered under the
regulations to waive, suspend, or reduce all or part of the royalties.
If the government finds a lessee cheating on the mine run and reporting
for royalty purposes less than was actually mined, the lessee is liable

to a penalty of twice the royalty on the part withheld.

Assignments and Overriding Royalties. A federal mining lease,

or any part of the rights held thereunder, may be assigned or subleased
with the prior approval of the Secretary of the Interior, provided the
assignee, sublessee, or whoever the succeeding party in interest is meets
the requirements of being capable of running the mining operation, being
in conformity with the citizenship and acreage requirements, and so on,
The arrangement between the assignor and the assignee is a matter of
private law between them, as are the arrangement between joint holders

of federal mining leases, and the mineral leasing laws do not provide a
federal common law to regulate the relations between parties. The su-

preme Court has held to this effect in Wallis v, Pan American Petroleum

Corp., 384 US 63 (1966). There is a requirement, however, that an
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assignment of a coal lease not create an overriding royalty to be paid

by the sublessee to the sublessor in excess of 50 percent over the roy-
alty to be paid to the United States under the primary lease, unless it
can be shown that the sublessor has made significant improvements, which

justify a higher rate.

Easements. It may be that the land contained within a federal
leasehold does not communicate directly with roads or railroads. If the
intervening land is also held by the government, it is the policy of the
BIM to grant on application an easement over the intervening public
lands, for the purpose of building a road or a rail spur or a tramway,
etc., subject to stipulations on where the road (or whatever) is to be
built, with appropriate environmental restrictions. If the intervening
land is is in private hands, it is the government's policy to acquire
the easement at government expense and include it in the lease, the
thought being that this adds to the value of the leasehold and that this
added value will be reflected in the bonus bids. As we have seen, re-
liance on bonus bids to assure that the government receives maximum or
fair economic benefit is not, nor has it been, an effective device. 1In
certain cases an easement will be condemned by the government. In the
0oil shale leases more recently offered, for example, easements were con-
demned to make the prototype lease sale easier. This is not ordinary

policy, however, but it can be done.

Nondiscrimination in Employment. Federal mining leases are

subject to a requirement of nondiscrimination in employment on grounds
of race, creed, color, or national origin, as well as various other
provisions for the protection of mineworkers (workers must be paid twice

a month, there are restrictions on hours worked, etc.).

Adjustment of Terms. The right reserved in the lease (and in

the statute) to adjust ''reasonably’ the terms of the lease after 20 years
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poses some difficult problems. 1In the past the practice has been to ad-
just the terms of the lease to conform to the leases being issued at the
time of the adjustment. But as appear likely, thé terms of new leases
contain rent and royalty provisions considerably above those of the past,
and the reclamation and environment restrictions in new leases differ
dramatically from those of 20 years ago, there may be some conflict as
the meaning of the term ''reasonable.'" Before the expiration of the 20-
year term, the BLM may set forth new terms, and the lessee is deemed to
have agreed unless he files objections., If he files objections, there

may be no compromise possible.

One suggested remedy is for the government to sue for cancel-
lation, and for the 1esseé to defend on the ground of illegality of the
new terms.”* This seems cumbersome at best, and has not been done in the
past; it seems likely that in most cases administrative appeals channels
will provide an acceptable compromise. Since the Secretary is entitled
by the lease to adjust the terms subject only to a requirement of ''rea-
sonableness, ' and since courts are very unwilling to find abuses of dis-
cretion or unreasonable conduct on the part of responsible officers of
government, a lessee would be well advised in most cases to accept the
best deal he can get, and if he cannot live with it, to take advantage
of the other terms of the law that pefmit the Secretary to waive royal-
ties or give other indulgences if it appears that the mine cannot be run
economically otherwise, As a last resort a lessee can apply for suspen-
sion of operations or surrender his lease. It seems unlikely that the
department would impose ruinous terms on a lessee in any other than the

environmental area. However, should a federal lessee feel that "'ruinous

*Parr, J. F., ''Terms and Conditions of Federal Mining Leases,' Rocky
Mountain Mineral Law Foundation Institute on Federal Mineral Leasing
(non-0il and gas), (1971).
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terms'' had been imposed in the environmental area, he would be unlikely
to find relief in the courts because they would be inclined to find the

Secretary's action "'reasonable."

4, Federal Requirements in Pricing

There exists a provision in 30 USC {187 stating:

"Each lease shall contain. . .such, . .provisions as
&he Secretary of the Interior] may deem necessary to
insure the sale of the production of such leased
lands to the United States and to the public at rea-
sonable prices, for the protection of the interests
of the United States, for the prevention of monopoly,
and for the safeguarding of the public welfare.'

So let the developers beware: there is a provision that can be used to
regulate coal prices. If it is the lease it can be used, and if it is

not the lease the validity of the lease is open to question,

C. Indian Lands

The rules governing mineral leasing on Indian lands are essentially
the same in outline as those governing mineral leasing on public lands,
but differ in several important particulars. Distinction must be made
among lands that are tribal lands, owned by the tribe as a corporate or
quasi-corporate unit, lands that are allotted to individual Indians, and
lands that, although held by Indians, are not subject to restrictions on

alienation by the Bureau of Indian Affairs (BIA).

Tribal lands may be leased by the tribal council or other author-
ized representative of the Indian's tribe, with the approval of the
Secretary of the Interior. Indian leases may, with the permission of
the Secretary of the Interior, be negotiated separately and privately
on an individual basis. This method is coming into increasing favor
since it permits lease provisions requiring, e.g., employment of Indians

in the construction of mining improvements, building of a health care
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center for Indians in the area (provisions such as this have been in-
cluded in negotiated leases in the Southwest), and so on. Concern that
the BIA is lax in representing the interests of thé Indians in negoti-
ating leases is eased where the lease is negotiated by an informed and
hard bargaining representative of the tribal council. In such a case
the possibilities are good for the Indians to get something substantial
in return for access to the mineral de