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Energy and the Environment—Application of Geosciences to Decision-Making

Tenth V.E. McKelvey Forum on Mineral and
Energy Resources, 1995

WASHINGTON, D.C., FEBRUARY 13-16, 1995

PROGRAM OF LECTURES AND DISCUSSIONS

MONDAY, FEBRUARY 13, 1995

8:00 a.m.-10:00 p.m. Registration; WCC Registration Desk,
Omni Shoreham Hotel, Washington, D.C.

6:00 p.m.-9:00 p.m. Icebreaker - Ambassador/Regency Gallery

TUESDAY, FEBRUARY 14, 1995

7:30 am.-6:00 pm. Registration. Note: Opening session at
9:00 a.m. in Regency Ballroom

OPENING SESSION: INTRODUCTION TO
ENERGY AND THE ENVIRONMENT

9:00 a.m. Welcome Dudley D. Rice,

U.S. Geological Survey

9:05 Introduction John Filson, Acting
Chief Geologist, and Robert M. Hirsch,
Chief Hydrologist, U.S. Geological Survey

9:15 Program Introduction: Getting the equation
right—Balancing available Earth assets
against environmental consequences
Gordon P. Eaton, Director,

U.S. Geological Survey

9:45 What has driven the mix in U.S. energy
demand— Supply and demand or
regulation?

Bonnie A. McGregor and
Thomas S. Ahlbrandt

10:15 Energy resource assessments: Who cares?
David W. Houseknecht

10:45 COFFEE BREAK, POSTER SESSION,
COMPUTER DISPLAYS
11:15 Effects of energy utilization on the

environment—Historical and future
Robert M. Hirsch

11:45 Geospatial data in a digital world
Nancy Tosta
12:15 p.m. Adjournment of session;

FORMAL LUNCHEON—Palladian Room
(Secretary of the Interior
BRUCE BABBITT is invited to speak)

TUESDAY AFTERNOON SESSION:
AVAILABILITY AND QUALITY OF
ENERGY RESOURCES

Introduction 7T.S. Ahlbrandt and
R.C. Milici, Session chairs

2:20 Energy realities of the world—A projected
role for fossil fuels
Charles D. Masters

2:50 Oil and gas resources of the United
States—How much is left and where is it?
Donald L. Gautier and Gordon L. Dolton

3:20 Is “unconventional” gas a sustainabl~energy
source?
Dudley D. Rice, Ronald C. Charpentier,
Thomas D. Fouch, and James W. Schmoker

2:15 p.m.

3:50 COFFEE BREAK, POSTER SESSION,
COMPUTER DISPLAYS,
SCIENCE VIDEO THEATER

4:20 Assessing the Nation’s coal resourc2s—
Is it really a burning question?
H.J. Gluskoter

4:50 Coal quality—A Clean Air Act persiective
Robert B. Finkelman

Adjournment of oral session

POSTER SESSION, COMPUTER
DISPLAYS, SCIENCE VIDEO THEATER
CLOSE FOR THE DAY

5:20 p.m.
6:00 p.m.

WEDNESDAY, FEBRUARY 15, 1995
7:30 am.-6:00 p.m. Registration

WEDNESDAY MORNING SESSION:
ENVIRONMENTAL EFFECTS OF
NATURAL ENERGY OCCURRENCE

9:00 am. Introduction J.M. McNeal, Sessior chair

9:05 Natural variations in atmospheric Cy—
Does what we know hurt us?
Eric T. Sundquist



9:35 Atmospheric methane and other energy-
related trace gases—Effects on global
warming and ozone
Ronald S. Oremland and
Keith A. Kvenvolden

The paradigm of rapid climate change—A
current controversy
Joan Fitzpatrick

COFFEE BREAK, POSTER SESSION,
COMPUTER DISPLAYS,
SCIENCE VIDEO THEATER

10:05

10:35

Natural radionuclides in earth, air, and water,
and the effect on human health
Linda C.S. Gundersen and Zoltan Szabo

Water-quality degradation associated with
natural energy sources
Yousif K. Kharaka and Richard B. Wanty

Adjournment of session:

FORMAL LUNCHEON - Palladian Room
“John Wesley Powell’s 1869 Grand Canyon
Expedition”

11:30

12:00 noon

WEDNESDAY AFTERNOON SESSION:
ENVIRONMENTAL EFFECTS OF
ENERGY EXTRACTION AND UTILIZATION

2:00 p.m. Introduction Gail Mallard, Session chair

2:05 Our future energy use—Environmental
concerns beyond the year 2000
Peter J. McCabe

2:35 Effects of energy resource development
on lakes—What do we need to know?
JohnT. Turk

3:.05 How can geoscientists help policy makers

assess the impact of energy extraction on
marine ecosystems?

H.A. Karl, R.L. Bernknopf, D.R. Soller,
and P.S. Chavez, Jr.

3:35 COFFEE BREAK, POSTER SESSION;
COMPUTER DISPLAYS, SCIENCE
VIDEO THEATER CONTINUE

4:00 Consequences of energy use on water quality

Mary Jo Baedecker, William Back, and
Charles A. Cravotta, IIT

4:30 A little learning is a dangerous thing—
But how do we apply our geoscience
knowledge to the regulatory process?
Lorraine H. Filipek and James K. Otton

5:00 Adjournment of oral sessions

6:00 p.m. FINAL CLOSE OF POSTER SESSION,
COMPUTER DISPLAYS, AND
SCIENCE VIDEO THEATER

THURSDAY, FEBRUARY 16, 1995

7:30 a.m.-3:30 p.m. Registration

9:00 am.-11:30 Student Participation—Pos*ers on
Energy/Environmental Issuss —
Birdcage Walk

Schools participating: McGogney
Elementary School, Washireton, D.C.
(grades 4, 5, 6); Langston Hughes Middle
School, Reston, Va. (grades 7 & 8);
Navajo Community Colleg>, Shiprock, N.
Mex.

Lunch—Open

Panel Discussion on Energ and the
Environment, moderated by KEN BODE,
Host of Washington Week in Review

11:30-1:30 p.m.
1:30-5:00 p.m.

Panel members:

oMr. Thomas Bechtel, Director,
Morgantown Energy Te-hnology Center,
U.S. Department of Ene-gy

oMr. Daniel Becker, Chief, Global
Warming and Energy Program,
Sierra Club

eMr. Michael German, Senior Vice
President, American Gas Association

eGen. Richard Lawson, President, National
Coal Association

oDr. Jeremy Leggett, GREENPEACE

oDr. Dale Nesbitt, Economist and Senior
Vice President, Decisio= Focus, Inc.

eDr. Nahum Schneidermann, Chevron
Overseas Petroleum

eMr. Reginal Spiller, Depnty Assistant
Secretary for Gas and P ~troleum
Technology, U.S. Depa-tment of Energy

COFFEE BREAK

Conclusion of formal sessions of
Tenth McKelvey Forum

3:00-3:30
5:00 p.m.

FRIDAY, FEBRUARY 17, 1995

8:00 a.m.-12:30 p.m. Tour of USGS National Center, Reston, Va.

8:00 a.m. Pick-up of participants at
Omni Shoreham Hotel and

stops on Capitol Hill

Arrive at USGS National Center. Groups
will see a slide show and visit stops such as
map printing plant, geology and water
laboratories, library, cartozraphy section,
Earth Science Information Center, and
Director’s Office.

Lunch

Alternate bus departures for
D.C./Dulles Airport

8:45 a.m.

11:45 a.m.
12:30-1:00 p.m.



ENERGY AND THE ENVIRONMENT—
POSTER SESSIONS

[Contributors:  American Association of State Geologists,
Army Corps of Engineers, Bureau of Indian Affairs, Bureau of
Land Management, Minerals Management Service, National
Biological Survey,  National Park Service,  National
Oceano%aphic and Atmospheric Administration, Office of
Surface Mining, U.S. Bureau of Mines, U.S. Department of
Energy, U.S. Environmental Protection Agency, U.S. Forest
Service , U.S. Geological Survey, State Geological Agencies,
and Exploration and Consulting Geologists]

{[Some of these listings share poster space]

USGS Energy and Environmental Program—
Information Transfer

Easy access to coal quality information: COALQUAL—
The new USGS coal quality CD-ROM database
Linda J. Bragg, Charles L. Oman, Susan J. Tewalt, and
Robert B. Finkelman

CD-ROM publication of the 1995 National Assessment of
Qil and Gas Resources of the United States
Ken Takahashi and Donald L. Gautier

Geological and geophysical information from the
National Petroleum Reserve Alaska on CD-ROM
as a tool in support of geoscientific decision-making
David I. Taylor and Frederick N. Zihlman

Availability and Quality of Energy Resources
Domestic Conventional

Cretaceous and Tertiary coals and coal-bearing rocks of the Western United
States—A bibliography of U.S. Geological Survey data for
resource estimation, quality determination, and
reclamation potential evaluation
Ronald H. Affolter and Joseph R. Hatch

The future of oil and gas in northern Alaska
Kenneth J. Bird, Frances Cole, David G. Howell, and Leslie B. Magoon

Federal and State coal availability/recoverability studies in
Eastern United States—A new approach to coal resource assessment
M.D. Carter, T.J. Rohrbacher, G.A. Weisenfluh, N. Fedorko, A.G. Axon,
C.G. Treworgy, H. Cetin, D.D. Teeters, R.I. Geroyan, R.S. Sites, and
N.K. Gardner

Coal resource assessment in the Western United States—Factors for
consideration in the management of Federal lands
R.D. Hettinger, L. R H. Biewick, Karen Bryant, M.S. Ellis,
D.A. Ferderer, M.A. Kirschbaum, C.L. Molnia, L.N.R. Roberts,
S.B. Roberts, G.D. Stricker, and W.D. Watson

Forest planning and oil and gas resources—How they work together
Melody R. Holm and John S. Dersch

Interagency cooperation for mineral leasing and operations on Federal lands
Gary W. Horton

Vil

0Oil in California—Quality, availability, and environmental concens
Caroline M. Isaacs, Leigh C. Price, Larry A. Beyer, Kenneth J. Bird,
James R. Herring, Margaret A. Keller, Paul G. Lillis, Leslie B. Magoon,
David Z. Piper, Richard G. Stanley, and Marilyn A. Tennyson

Energy studies on Native American lands funded by U.S. Department of
Energy—Gas resources and sandstone reservoirs of the
Wind River Reservation, Wyoming
Ronald C. Johnson, Romeo M. Flores, and William R. Keefer

Energy resources on lands of Native Americans—Cooperative
investigations by the U.S. Geological Survey, U.S. Bureau of I~dian
Affairs, and Tribal governments
E.A. Merewether, Bruce D. Smith, and Stephen A. Manydeeds

Conventional energy resources from the Federal Outer Continental Shelf,
US.A.
Pulak K. Ray and George Carpenter

Energy resources and environmental issues in the U.S. Gulf Coast
C.J. Schenk, R.J. Viger, and R.M. Pollastro

Energy studies on Native American lands funded by U.S. Departmment of
Energy—Near-surface methane and hydrocarbon occurrence, Southern
Ute Indian Reservation, Colorado, and Jicarilla Apache Indiar
Reservation, New Mexico
Robert S. Zech, Jennie L. Ridgley, Kimberley I. Cunningham,

G. Michael Reimer, A. Curtis Huffman, Ir., Steven M. Condon, and
Bill S. Larson

Domestic Unconventional

Resource and climate implications of natural gas hydrates
William P. Dillon, James S. Booth, Timothy S. Collett, Keith A
Kvenvolden, Dwight F. Coleman, Myung W. Lee, William J. Wiaters, and
Kristen Fehlhaber

Low-permeability (tight) gas reservoirs—An environmentally ac-eptable
major source of energy for the 21st century?
B.E. Law, C.W. Spencer, RA. Crovelli, J.W. Schmoker, R.T. R ider,
W.M. Sutherland, and K.H. Frohne

Coalbed methane—From hazard to environmental concern and untapped
energy resource
Dudley D. Rice, Richard B. Wanty, Charles W. Byrer, and Dira W.
Kruger

World Energy

World petroleum resources
Charles D. Masters

International coal-related activities of the U.S. Geological Survey and their
environmental applications
John R. SanFilipo and Peter D. Warwick

Environmental Effects of
Natural Energy Occurrence

Atmospheric methane flux from coals
J.L. Clayton, J.S. Leventhal, and D.D. Rice

Is increasing atmospheric COj really a harbinger of global warming—
A perspective through geologic time
Charles W. Holmes



Methane budget and global change in coastal wetlands
Joel Leventhal

South Florida ecosystems studies—Geochemical history of ecosystem
conditions and variability
E.C. Spiker, A.L. Bates, L.P Gough, J.R. Herring, C.W. Holmes, RK.
Kotra, H.E. Lerch, W.H. Orem, and V.C. Weintraub

Springtime emission of methane from north temperate lakes
Robert G. Striegl and Catherine M. Michmerhuizen

Environmentai Effects of
Energy Extraction and Utilization

The effects of oil-field brines on aquifers—Tracing the movement of brines
using geochemical tools
Marvin M. Abbott

U.S. Bureau of Mines research into the environmental
effects of energy resource development
T.E. Ackman, R.F. Chaiken, A.G. Kim, S.J. Schatzel, D.E. Siskind, and
MA. Trevits

Acid rain
O.P. Bricker and K.C. Rice

Energy-related selenium and vanadium contamination in San Francisco
Bay, California—Effects on biological resources?
Cynthia L. Brown and Samuel N. Luoma

Hydrogeology and potential of intrinsic bioremediation at a
manufactured gas plant, Charleston, South Carolina
Bruce G. Campbell, Matthew D. Petkewich, James E. Landmeyer, and
Francis H. Chapelle

The effects of oil-field brines on aquifers—Brine disposal in the East Poplar
oil field, Fort Peck Indian Reservation, northeastern Montana
Steven D. Craigg and Joanna N. Thamke

Potential impact of oil and gas drilling operations on Carlsbad Caverns
National Park, New Mexico
Kimberley I. Cunningham, G. Michael Reimer, Harvey R. DuChene,
Edward J. LaRock, Sandra L. Szarzi, and Josh M. Been

State coal resources and extraction—Impacts on the economy and
environment
Heinz H. Damberger

Environmental aspects of carbonate use in energy generation
Jane R. Eggleston and Robert B. Finkelman

Multi-criterion decision analysis for comparing hydropower and
environmental impacts from operation of Glen Canyon Dam,
northernmost Arizona
Marshall Flug

Reclaiming the scars of energy’s past—Examples from the
National Park Service
Bruce Heise

Oil spills in Prince William Sound, Alaska
Keith A. Kvenvolden and Paul R. Carlson

Using geomorphology in mapping for oil spill planning
Robert Pavia and Jacqueline Michel

Red slime, oily films, and black rocks—Sensing the iron bacteria that make
neutral streams look acid
Eleanora I. Robbins, John E. Anderson, Melvin H. Podwysocki,
Harry M. Edenborn, Jane R. Eggleston, Douglas Grwitz,
Robert L. Kleinmann, Amold W. Norden, Margaret E. Passmore,
Byron J. Prugh, Jr., Mark R. Stanton, Palmer C. Sweet, and
Timothy M. Vandyke

Radionuclides—Energy resources and environmental hazards
R. Randall Schumann, Sigrid Asher-Bolinder, Warren I. Finch,
Linda C.S. Gundersen, James K. Otton, Douglass E. Owen,
Charles T. Pierson, G. Michael Reimer, and Robert A. Zielinski

The effects of oil-field brines on aquifers—Geophysical applications in oil
field environmental studies
Bruce D. Smith and Aldo T. Mazzella

Environmental impacts of oil and gas pipelines

H.G. Wilshire

USGS-Navajo Community Coiiege Cooperative Study

Environmental significance of New Mexico coal quality data
Stephanie Begay, Suzette Martin, and Steven C. Semken

PAPERS REPRESENTING
PANEL MEMBERS’ VIEWPOINTS

Fossil energy technologies for the 21st century
Thomas F. Bechtel

The outlook for the natural gas industry
Michael I. German

Application of geosciences to decision-making—TIt’s an idea worth trying
and long overdue
Richard L. Lawson

Geoscientists, fossil fuels, and climate change—A defector’s view
Jeremy Leggett

Ten reasons why natural gas prices will not rise
Dale M. Nesbitt

Global geologic and economic aspects of oil and gas resources
Nahum Schneidermann

The gas and oil industry in the year 2024—A question of the road not taken
Reginal W. Spiller

Vil
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What Has Driven the Mix in
U.S. Energy Demand—
Supply and Demand or Regulation?

Bonnie A. McGregor and Thomas S. Ahlbrandt,
U.S. Geological Survey, Reston, VA 22092 and
Denver, CO 80225

The Nation’s fossil energy consumption and production
have both more than doubled in the last 40 years reflecting
the Nation’s increasing need for energy resources (fig. 1).
The highest level of energy consumption in the United States
yet known occurred in 1993. Oil (40 percent), gas (25 per-
cent), and coal (23 percent) currently account for about 88
percent of this consumption, whereas nuclear accounts for 8
percent, hydroelectric <4 percent, and geothermal and all
other sources about 0.2 percent (EIA, 1994a). Domestic pro-
duction of energy has not met domestic consumption needs
for atleast 30 years, and the gap is increasing (fig. 1). Among
oil, gas, and coal, significant shifts in domestic energy con-
sumption and production have taken place during the past
two decades. Both coal and gas, on an energy equivalent
basis, individually exceeded oil in domestic production in
1993, with coal 31 percent, natural gas 29 percent, and oil 22
percent (EIA, 1994b) (fig. 2). Net imports of oil have risen
to their highest level in 15 years, and rose 15 percent from
1992 to 1993 alone (EIA, 1994b). Coal production has
nearly doubled from 1970 to present (from about 600 million
short tons to about 1 billion short tons produced annually).
Although domestic oil and gas production has generally
declined since 1970, natural gas production has increased

since the mid-1980’s. Natural gas is expected to r'ay an
increasing domestic role in response to both environmental
concerns and anticipated major contributions from ““wcoun-
ventional” (or continuous-type) natural gas accumu'ations.
Such continuous-type accumulations are not localiz>d into
individual fields; rather they are widespread anc' often
involve very large volumes which require a large nur-ber of
wells to develop. This paper provides a brief historical per-
spective particularly for the past two decades for these sig-
nificant energy shifts in a complex world of changing
supply, demand, policies, and regulations.

Some economists argue that industrialized societies
move to increasingly efficient energy resources in a cyclic
manner, moving from sources such as wood to coal tn oil to
natural gas and ultimately to unon-carbon-based energy
sources on a 100- to 200-year cycle (Nakicenovic, 1993).
Other economists argue for a much more complicated pro-
cess involving demand, supply, and regulations, and argue
that we actually may be moving to increased reliance on coal
resources (EIA, 1994b). Domestic supplies or reserves of oil,
gas, and coal, for example, are different, and their remaining
quantities are extensively debated. From figures 1 and 2, our
society clearly has demanded and will continue to d~mand
increasing quantities of energy if annual growth rates of real
gross domestic product (GDP) of 2.2 percent (EIA, 1994b)
are realized.

Due to factors such as extreme fluctuations in commod-
ity prices, particularly oil prices, wasteful oil and ge< field
practices, and perceived national needs, government regula-
tion of energy markets has been part of our history frym the
tun of the century. Although the United States began
importing oil in 1948, the 1973 oil embargo by the OPEC



nations strongly affected our Nation—which responded by
passing legislation designed to encourage new domestic oil
production by a two-ticred pricing of lower priced old oil and
higber priced new oil. The desire to gain bigher prices for
new oil resulted in record high levels of drilling in the late
1970’s and early 1980’s. Qil price deregulation during the
early 1980’s permitted world market forces to control oil
prices, and the United States has returned to a period of reli-
ance on OPEC oil at levels comparable to that of the early
1970’s (EIA, 1994a).

Regulations have also strongly impacted natural gas
supply, demand, and prices. Natural gas exploration and
development bave historically been secondary to oil devel-
opment due to high costs and complexity of transportation
and marketing of natural gas. These regulations resulted in
federally regulated interstate gas pipelines but essentially
unregulated intrastate pipelines. The natural gas supply
shortfalls in 1977 and 1978 resulted in The Natural Gas Pol-
icy Act of 1978, which was designed to deregulate natural
gas on a 10-year schedule, extend Federal regulation to all
pipelines, and give incentives to certain classes of resources
such as “unconventional” gas (NPC, 1992). Section 29 of the
1980 Windfall Profits Tax provided tax credits for produc-
tion of coalbed methane, low-permeability reservoirs, and
gas from Devonian shales. These tax credits were graduated
and substantial; for example, tax credit on coalbed methane
was 90 cents per MMBTU (million Btu) as compared to 52
cents per MMBTU for tight gas reservoirs by the end of
1992, when the credit was terminated. Drilling for such
“Section 29” gas wells was increased during the late 1980°s
and early 1990’s. Such wells that commenced drilling prior
to January 1, 1993, in a designated low-permeability or coal-
bed gas reservoir, qualified for the tax credit, which remains
in effect for that gas produced through the year 2003.

By contrast, coal resources are not supply-restricted
domestically, but their use has environmental consequences
that have strongly impacted coal development. The Power
Plant and Industrial Fuel Use Act of 1978 was developed in
response to perceived natural gas shortages. It probibited
switching from oil to gas and the use of oil and gas as pri-
mary fuel in newly built large power generation plants. Coal
use has soared in the last two decades, but the most signifi-
cant change in use reflects compliance with the Clean Air
Act Amendments of 1990 (CAAA 90), which have stringent
sulfur dioxide emission restrictions. Compliance has caused
a shift of production from east of the Mississippi to west of
the Mississippi, such that since 1988, Wyoming has been the
largest coal producing State (Coal Data, 1991). Many west-
ern States have substantial coal resources, particularly low
sulfur coal resources such as those in the Powder River Basin
of Wyoming. Compliance with CAAA 90 gives utilities
options to bring coal-fired generating units into compliance,
including use of low-sulfur coals or displacement of coal-
fired units with either natural gas or renewable fuels. Rela-
tively low costs of natural gas in the late 1980°s and early

1990’s have resulted in conversion to natura' gas and erosion
of coal’s 1990 share of 53 percent of the domestic electricity
generation (EIA, 1993). Clearly policy and regulations
imposed by CAAA 90 and other laws impact coal quality
issues and promote use of low-sulfur coal a~d natural gas.

A significant amount of the new natr=al gas resource
additions will come from “unconventional” accumulations,
also called continuous-type accumulations, such as low-per-
meability gas reservoirs and coalbed methzne. Since dereg-
ulation of the oil and gas industry in the 1980’s, policy
decisions have increasingly affected the energy industry,
particularly encouraging use of natural gas by tax incentives
such as Section 29 to produce “unconventional” hydrocar-
bon resources. However, there are associated costs. For
example, coalbed methane is currently a~ important and
growing natural gas resource, but on a per-l IMBTU basis, a
coalbed methane well generates 38 times tt = waste water of
that generated by production from a conventional onshore
gas well (Lawrence and others, 1993). Sirilarly, the elec-
tricity generated by alternative energy sources, such as wind-
mills near San Francisco, Calif., is th-ee times more
expensive than electricity produced by co~ventional fossil
fuel electric generators in California (Munl-, 1994).

The potential impacts of increased en~rgy use both for
coal and for natural gas will likely impact western Federal
lands substantially, as major “unconventiomal” and conven-
tional resources are known to exist in Wyor~ing, Utah, Mon-
tana, and New Mexico. For example, USG®, in cooperation
with DOE (U.S. Department of Energy), estimates an in-
place unconventional natural gas resource in the Green River
Basin in Wyoming at more than 10 time- larger than the
recent USGS/MMS (Minerals Management Service) esti-
mate of the entire recoverable conventinnal natural gas
resources in the United States (Law and Spencer, 1993);
however, the amount of recoverable resource is debated. The
National Petroleum Council (NPC, 1992) 1 as estimated that
most of the Nation’s natural gas resources by the year 2010
will come from such unconventional resources. In many
cases, these continuous-type resources are distributed over a
wide area, as opposed to conventional resources, which are
localized in distinct fields. The majority of conventional
undiscovered oil and natural gas resources will likely be
found on federally managed lands and waters (Dolton and
others, 1990), and thus the Federal Government and their
policies have increasingly played a significant role in energy
development.
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Energy Realities of the World—
A Projected Role for Fossil Fuels

Charles D. Masters, U.S. Geological Survey,
Reston, VA 22092

There is a lot of oil and gas in the world. Numerically,
we can consider that we have already discovered sufficient
resources (that is, we have Reserves—1,103 billion barrels of
oil and 5,136 trillion cubic feet of gas) for more than 50 years
of continuing substantial production. Of course, demand will
increase to challenge any arithmetic calculation, but we have
a lot of Undiscovered Resource potential to balance against
the demand increase. Specifically, we believe that the Ulri-
mate Resources of recoverable conventional oil in the world
are slightly in excess of 2 trillion barrels of which we have
consumed, to date, about 700 BB (billion barrels). And, for
gas, in a BTU sense, about an equal amount of resource
energy exists, of which we have only used less than 1/2 as
much as oil, or some 300 BBOE (billions of barrels of oil
equivalent).

In a resource sense, then, we have remaining about 3/4
of our oil and gas endowment (a little more of the remainder
being gas rather than oil), but these resources stand against
an increasingly energy-hungry world seemingly determined
to consume as much as it can as quickly as it can. This means
that the number of decades of dominant fossil fuel use ahead
of us may be less than the history of petroleum energy use
and discovery that is behind us. Though 3/4 of petroleum
resource production remains ahead of us, only about 1/3 of
Ultimate Resources remain Undiscovered, presenting us
now with a rather comprehensive understanding of resource
occurrence and quantity for these remaining years of
consumption.

Perhaps the most important realization from our studies
was the early recognition that, for oil, the Middle East is
unique; and that, for gas, only one other basin has compara-
ble resources—West Siberia Basin and the Kara Sea exten-
sion. This limiting expectation permits us to hypothesize that
the quantitative distribution of world petroleum is estab-
lished, though we must acknowledge a clearer perception for
oil resources than for gas. The gas data are much less com-
plete than those of oil because of the lesser market activity of
gas, and as such is somewhat short on Resource credits. We
do not concur with those, however, who would go on to say
that there is, perhaps, double the amount of recoverable con-
ventional gas resource relative to oil. Most commonly, num-
bers of this greater dimension also include so-called
Unconventional Resources of gas, which may be present in
large quantities but which are dispersed and difficult to
recover, leading to high costs and low rates of production.
Only a few of the unconventional resources are presently in
production, and that under subsidy in the United States, so
we believe the resource data to be most informative if the

conventional and unconventional resource values a-e kept
separate, until such time as the existing economic and deliv-
erability problems are resolved.

The World Energy Resources Program was established
about 15 years ago to address the obvious reality of in~reased
U.S. reliance on imported energy—first oil and then gas. The
understanding of world petroleum occurrence was also
sought, as a measure of economic well-being, so we were
obliged to initiate the study and evaluation of all pntential
petroleum basins—both large and small. Initially, we
focused our attention on aggregations of data by principal
countries, but we are now in the process of more specific rec-
ognition of individual basins; we have, in fact, rendered a
resource judgment on all basins on the basis of Reserves and
Undiscovered Resources. Clearly, only a very few basins,
such as the Middle East and West Siberia, are richly
endowed with oil and gas—and that fits well the statistical
expectation of the occurrence of geologic resources. The fact
that most of it is located in the Northern Hemisphere, how-
ever, requires explanation.

The richest oil zone occupies a latitudinal belt that
includes the Middle East, North Africa, Gulf of Mexi~o, and
Southeast Asia. Altogether, they account for 68 percent of
the world’s oil and gas. Geologically, this east-west zone
developed under the influence of an equatorial climate,
favorable to the development of source rock, of carbonate
reservoirs, and of salt seals—all important to the gerneration
and entrapment of petroleum. The surprising aspect o€ world

‘petroleum occurrence is the paucity of oil and gas fornd and

expected in the Southern Hemisphere relative to the northern
continents. Again, the answer would appear to relate to cli-
mate, the explanation being that the Northern Hem'sphere
has significant Paleozoic oil occurrences, the geology of
which was derived when the continents were in a more
southerly position in Paleozoic time. The Southern Hemi-
sphere, on the other hand, remained proximal to th= south
polar region until the northward continental movements
began in late Mesozoic time, thus positioning the northern
parts of Gondwana continents in the equatorial belt as
defined by the 30° latitudes. Only 4 percent of the world’s oil
and gas is found in the South Gondwana area, whe-eas 23
percent is located in the Boreal region to the north of the
equatorial geography.

This concept of a preferred location for oil and gas
resources is critical to our contention of having estahlished
the distribution of oil and gas resources. Clearly, data
development has been much less in areas of fewer
resources because incentive for more activity is lacking.
Some would say, not enough exploration has been accom-
plished to determine the essential minimal occurrence of
petroleum resources in the world. We might concur with
the resource expectation doubt raised by the limited explo-
ration in the Southern Hemisphere, were it not for the
Realms Hypothesis (Klemme and Ulmishek, 1991), which
yields a rationale for the geographic occurre~ce of



petroleum. Given the hypothesis, however, and our under-
standing of the geology, and its consistency with the cli-
matic limitations, we believe that the petroleum resource
occurrence as currently understood well represents the geo-
logic distribution of petrolenm resource futures.

The reality obtains then that most of the world’s oil is
in the Middle East and that by early in the 21st century,
say 2015, 50 percent of the world’s oil will come from
OPEC and mostly the Middle East. It is also true, though,
that the largest occurrences of unconventional oil—some
600 BB, an amount equal to the reserves of the Middle
East—are in the Western Hemisphere in Venezuela and
in Canada. Both resource occurrences are presently being
produced in modest quantities and will remain as such,
because of the general low prices of world oil, until such
time as a national security incentive encourages their
development.

Because the origin of big natural gas most commonly is
related to the same geologic elements that produce oil, the
distribution of the two resources is very similar. The largest
occurrences are reported in the FSU and in the Middle East,
just as for oil, with North America remaining in third place.
Together, the big three account for 75 percent of the esti-
mated Ultimate Resources of conventional natural gas. The
futures occurrence of natural gas is more restricted, in that
the United States has produced almost half of all the gas ever
produced, thus markedly reducing the futures potential in
this country. The United States used to produce more than 20
TCF (trillion cubic feet)/yr of natural gas but now produces
about 17 TCF/yr with steadily declining reserves and pro-
duction capability. Owing to the enormous exploration and
development activity in the United States, we are the only
maturely developed major petroleum region in the world and
are not likely, in any significant way, to reverse the reality of
declining production (Riva, 1994). We have not had a dis-
covery year in excess of 1 TCF for 30 years except for Prud-
hoe Bay, whose resources, for now, have no economic
market.

Given USGS concepts of resource distribution and
quantities, Bookout (1989) of Shell Qil Co. has presented a
plan, extending into the 21st century, of possible petroleum
supply and demand (fig. 1). In his view, petroleum produc-
tion peaks about 2020, and within that same time frame, con-
sidering a modest growth in coal production and non-fossil-
fuel energy, energy demand can be essentially met. From
about 2020, and out to 2100 and beyond, he considered that
technology and price will add an additional 450 BBOE to the
assessed resource values, and to some degree, tar sands and
oil shale will enter the market, but energy from conventional
petroleum resources will decline steadily such that, by 2100,
energy from coal will exceed that from all of the other fossil
fuels—unconventionals included. The energy gap between
supply and demand, for which we have no planned replace-
ment, will become reality before mid-century and will

continue to grow, by the end of the centurv, to a dimension
at least equal, at that time, to the dwindlin~ supply of fossil
fuels.

Such a projection, of course, does not define the future,
but it does point clearly at the arithmetic of resources as com-
pared to a Demand Scenario; and it challenges our ingenuity
to meet the needs of the future through energy resource
enhancement, the work of geologists and engineers, or per-
haps through demand reduction, a task for us all.
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Oil and Gas Resources of the Un‘ted States—
How Much Is Left and Where Is 112

Donald L. Gautier and Gordon L. Dolton,
U.S. Geological Survey, Denver, CC 80225

The U.S. Geological Survey (USGS), in cooperation
with the Minerals Management Service (M 1S), has recently
completed a study of the possible additions to oil and gas
reserves of the United States. The USGS has responsibility
for resource estimates onshore and in St~te waters; since
1982, the MMS has had responsibility for resource evalua-
tion in the Federal offshore. Although the USGS has been
responsible for evaluating resources of the United States for
more than one hundred years, the scope, detail, and degree of
documentation make this assessment the most comprehen-
sive and accessible such study ever attempted. Results and
documentation of the assessment of potential additions to
reserves have been compiled in digital forrat and are avail-
able in traditional hard copy summary putlications, as files
on CD-ROM, and as digital data accessible via the Internet.
Because the study was based upon a digital Geographic
Information System (GIS), the results of tt < study, the doc-
umentation, and much historical oil and gas information can
be accessed through the GIS. For any specified land area,















“Qil and gas reserves are expected to be depleted at
some point during the next century, while U.S. coal reserves
amount to a 250-year supply.” (National Coal Council,
1992);

“Coal is the world’s most abundant fossil fuel by far.
While accessible stocks of gas and oil will last S0 years or so.
at the rates we now exploit them, there is enough coal avail-
able for three centuries at least” (New Scientist, 1993).

Coal Resources—Current Interests

As just indicated, the total coal resources and the coal
reserves are generally acknowledged both to be large and to
be a significant source of energy for some time to come. If
one were to recalculate the total coal resources of the Nation,
the statement would remain valid, whether the new value
was similar to the previous ones or if it were two to three
times larger. The question then arises, what, if anything, do
we as a Nation want and need to know about our coal
resources?

Govemnments, including Federal, State, and local bod-
ies, require resource information in making policy decisions.
The Federal Government leases coal for production, and
Federal and State agencies regulate mining, environmental
protection, and reclamation. Local governments control land
use, support industrial development, provide much of the
infrastructure, and in many areas, survive on tax dollars from
coal. Industry makes business decisions based on a variety of
factors, and in the case of coal mining, one of these is the
presence of an adequate supply of economically recoverable
coal. Coal mining and utilization carry with them poten-
tially negative environmental impacts, which are of concern
to almost everybody. Because the amount of coal resources
on the national scale is large, interest on coal resources shifts
from the national to the regional or local scale. The program
at the U.S. Geological Survey that involves assessing the
Nation’s coal resources attempts to respond to the more
pressing of these regional concemns.

An example of increased regional studies is coopera-
tives between the U.S. Geological Survey and the geological
agencies in the coal producing States. These studies, initiated
in 1987, identify the current major constraints to the avail-
ability of coal resources for development and estimate the
amount of coal available for development under those condi-
tions. These studies are conducted within 7.5-minute quad-
rangles and the results can, hopefully, be extrapolated
throughout the region.

These investigations, and nearly all other current coal
resource efforts, make use of geographic information sys-
tems (GIS). Effective use of GIS requires all the pertinent
data as well as all map products to be in digital form, allow-
ing for updates of the resource information on a regular basis
and for “real time” display of the graphical information.
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At another scale, the most significant coal-producing
regions (basins), and the major coal-producing beds,
zones, or units will be mapped, resources calculatzd, and
potential areas for future production will be indicated.
Close coordination with the appropriate State geological
agencies in each of the major coal basins will be rquired
to conduct these studies. Factors that in the past were not
commonly determined in coal assessments have ir recent
years become critical with regards to potential coal utiliza-
tion. These factors are grouped under the label of “coal
quality” and include sulfur content, ash, rank of ccal, and
coal chemistry and mineralogy. These parameters will be
integrated into the basin-wide studies to whatever degree
the availability of data allows.

An additional aspect of coal assessment, irrespective
of scale, is the determination of federally owned coal
resources. These resources are part of our Nation’s energy
endowment, and accurate inventory will enable balance
between leasing and preservation of Federal lands under-
lain by coal.

Conclusions

The coal assessment program is designed to provide
data to answer local and regional questions and thereby
allows for more informed and, hopefully, better decisions
related to coal mining and utilization. Many of the issues
related to coal utilization, however, are not limited t~ local,
regional, or national scales; rather, they are global.

As the developing countries of the world make use of
the indigenous energy sources available to them, United
States experience with coal exploration, coal evaluation, and
coal utilization should be exported to them. The goal in
assisting the developing countries is to enable them to utilize
their resources efficiently and in as environmentally sound a
manner as technologically possible.
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Figure 1 (Gluskoter). United States coal production (in 2,000 Ib tons), 1900-1994.

Coal Quality—A Clean Air Act Perspective

Robert B. Finkelman, U.S. Geological Survey,
Reston, VA 22092

The 1990 Clean Air Act Amendments (CAAA) require
that the U.S. Environmental Protection Agency (EPA) assess
the impact to human health and the environment from emis-
sions into the atmosphere from a variety of stationary
sources. The CAAA cite 189 chemical substances as hazard-
ous air pollutants (HAPS), including about 14 trace elements
(antimony, arsenic, beryllium, cadmium, chromium, chlo-
rine, cobalt, fluorine, lead, manganese, mercury, nickel, sele-
nium, and radionuclides, such as uranium).

Coal-buming electric utility power plants are one of the
primary anthropogenic sources of these trace elements. The
EPA is using the U.S. Geological Survey’s (USGS) coal
quality data to evaluate the impact that switching from high-
sulfur to low-sulfur coals would have on HAPS emissions
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from coal-burning utility power plants and to help estimate
the HAPS emissions from all major coal-burning utility boil-
ers in the United States.

The USGS coal quality database contains information
on the properties and characteristics of coal that could influ-
ence its use. Among the characteristics con*ained in the coal
quality database are the concentrations of more than 60 trace
elements, including all the HAPS. This information is avail-
able for more than 7,400 coal samples, inc'uding coal from
all the major U.S. coal-bearing basins and from the 50 top
coal-producing beds. (See also Linda Bragg and others’ CD-
ROM, USGS Open-File Report 94-205.)

The concern of the CAAA is with the amount of each
hazardous air pollutant emitted into the atmrosphere by coal-
burning utility power plants. The amoun* of the element
emitted is a function of the concentration of the element in
the coal and the amount of coal burned, which is a function
of its heat value: To generate an equiv~lent amount of
energy, more coal having relatively low heat values has to be
burned than does coal having a higher heat value. Therefore,



Table 1 (Finkelman). Mean input loads for HAPS (g/10° Btu) and SO, (1b/10° Btu) for selected

coal regions.

[Data represent arithmetic mean values on an as-received basis. From Oman and Finkelman (in press)]

Appalachian  Eastern Interior San Juan Powder River Fort Union  Gulf Coast

No.samples 4,227 263 174 484 278 112
Btu/lb 12,781 11,438 9,604 8,085 6,348 6,466
SO, Ib 3.338 6.299 1.449 1.894 3.229 3.632
Grams:

As 1.264 0.790 0.121 0.274 0.835 0.344
Be 0.089 124 122 .040 065 153
Cd .003 .017 .007 .006 .009 .017
Co 252 281 158 117 177 366
Cr .604 672 304 368 456 1.121
Hg .007 .004 .003 .006 .010 .016
Mn 965 1.665 2414 2.788 5.802 11.306
Ni 593 1.119 288 288 327 .940
Pb .287 782 1.344 253 295 .705
Sb .050 055 071 029 .050 060
Se 124 115 .092 .052 057 398
U .058 098 124 069 133 .181

Table 2 (Finkelman). Probable modes of occurrence of selected trace elements in

coal (Finkelman, 1993).

Element Modes of occurrence
Antimony In pyrite and accessory sulfides.
Arsenic Solid solution in pyrite.
Beryllium Organic association.
Cadmium Solid solution.
Chromium Organic or clay association.
Cobalt In pyrite and accessory sulfides.
Lead Galena (PbS).
Manganese Siderite (Fe,MnCO5).
Mercury Solid solution in pyrite.
Nickel Unknown.
Selenium Organic association, also as PbSe in bituminous coal.
Uranium Organic association, also in zircon in bituminous coal.

one way to properly compare the potential HAPS yield of
coal would be on a grams per million Btu (g/ 10 Btu) basis;
this is referred to as input load. Table 1 contains information
on the input loads for the average composition of coal from
five major coal-producing regions. Note that these values
would be modified (generally reduced) by any coal-cleaning
procedure. Coal from the Appalachian basin and the Eastern
Interior region commonly is cleaned; coal from the other
three regions rarely is cleaned.

Another coal-quality parameter, the mode of occur-
rence of the element, may also influence the way that coal
mining companies and utilities respond to regulations that
may result from the CAAA. Information on the modes of
occurrence of the HAPS in coal will enable prediction of the
behavior of the elements during coal cleaning and coal
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combustion. This information will then allow the utilities to
select the pollution control options that will help them to
most efficiently meet the emission standards. Table 2 con-
tains information on the more common modes of occurrence
of the hazardous air pollutants.

REFERENCES

Finkelman, R.B., 1993, Trace and minor elements in coal, chapter
28 in Engel, M.H., and Macko, S.A., eds., Organic genchemis-
try: New York, Plenum Press, p. 593-607.

Oman, C.A., and Finkelman, R.B., in press, Hazardous a‘r pollut-
ants in major U.S. coal-producing areas: Eleventh Aunual In-
ternational Pittsburgh Coal Conference.



Natural Variations in Atmospheric CO, —
Does What We Know Hurt Us?

Eric T. Sundquist, U.S. Geological Survey,
Woods Hole, MA 02543

The climatic effects of anthropogenic carbon dioxide
first emerged as a prominent public policy concern during
the 1970’s (see, for example, National Research Council,
1977). The concern was motivated by scientific conclusions
and uncertainties that have remained remarkably unchanged
throughout the past two decades of intensified research.
Then, as now, a doubling of atmospheric CO, concentrations
was expected to increase global mean temperatures by a few
degrees during the next century. The primary sources of the
added CO, were—and still are—known to be the consump-
tion of fossil fuels and the destruction of forests. About half
of the CO, added to the atmosphere was—and still
is—known to be removed by the oceans and land plants. The
expectation of global warming is based on scientific under-
pinnings that have withstood decades of increased knowl-
edge, refined measurements, and vastly improved
computing technology.

On the other hand, fundamental uncertainties have also
persisted since the 1970’s. The uncertainty of global temper-
atures predicted for a doubling of atmospheric CO, remains
at almost the same level. Climatic effects still cannot be pre-
dicted for specific geographic regions. Biogeochemists have
argued for more than 20 years about the relative magnitude
of CO, uptake by the oceans and land plants. Given these
recalcitrant uncertainties, it is not unreasonable to ask
(somewhat pointedly, from a taxpayer’s perspective) what
we have gained from the last two decades of research on
interactions among CO,, the global carbon cycle, and
climate.

One conspicuous recent advance in our knowledge of
atmospheric CO, is our improved understanding of its nata-
ral variability over a broad spectrum of time scales.
Expanded and improved atmospheric monitoring has
revealed subtle interannual CO, concentration changes asso-
ciated with El Nifio—Southern Oscillation (ENSO) events.
Glacier-ice core analyses suggest that somewhat larger and
slower CO, variations may have occurred during the Middle
Ages. More strikingly, the study of ice cores has shown a
strong correlation between pronounced atmospheric CO,
and climate changes through the most recent glacial and
interglacial oscillations of the latest Pleistocene and
Holocene epochs. By inference from marine sediment
records that extend farther back in time, we believe that sim-
ilar CO, and climate oscillations have probably occurred in
concert for millions of years. Looking still deeper into the
geologic record, we see evidence for a connection between
much higher atmospheric CO; levels and the absence of
periods of continental glaciation 150 million years ago.
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These conclusions contrast sharply with the prevailing opin-
ion of 20 years ago, which held that atmosnheric CO, was
geochemically stable before human disturbance.

How does this new knowledge affect our ability to
address the public’s concern about the futur= climatic effects
of anthropogenic CO,? In one important way, it gives us
greater confidence in the probability of global warming
caused by an enhancement of the greenhouse effect. The
geologic record extracted from glacier ice and marine sedi-
ments suggests that past times of higher CO, levels were
times of relatively warm climate. This simple generalization
must still be tweaked and scrutinized because the evidence is
indirect. Nevertheless, the geologic record appears to offer
straightforward empirical support for a strong connection
between increasing atmospheric CO, levels and global
warming.

Does our new awareness of CO,’s n~tural variability
provide a basis for more authoritative preiction of future
atmospheric CO, and climate trends? It is tempting to
attribute a simple causal relationship to the geologic connec-
tions between CO, and climate. Geologists continue to
search for a “smoking gun” that would define climate’s sen-
sitivity to atmospheric CO,. Unfortunate'y, the search is
repeatedly frustrated by evidence for the sensitivity of CO,
to climate, and by consideration of the many other factors
that could have influenced past climates. Although the geo-
logic data seem to portend global warming, they also reveal
a complex tangle of interactions between climate and the
global carbon cycle that was barely conc=ivable 20 years
ago. In this new view, the carbon cycle and atmospheric CO,
are just as sensitive to climate change as c'imate is to CO,.
The global carbon cycle, atmospheric CO;, and the climate
system must be seen as components in a single interactive
system that is so complex that it exceeds the present capabil-
ities of our most sophisticated predictive models. This
important new insight means that some of our predictions
must now be viewed with greater uncertairty, not less.

How do these added uncertainties affect our predic-
tions? The record of past CO; and climate variations high-
lights two particular problems that were not widely
recognized 20 years ago. First, any future global warming is
likely to cause carbon-cycle and CO, resnonses far more
active and complex than the passive CO, untake modeled in
most current predictions. Thus, although carbon-cycle pro-
jections extending a few decades into the frture can be made
reliably from extrapolation of recent CC, uptake trends,
these trends become increasingly tenuous with increases in
the projected likelihood and magnitude of global warming.
Among the various current predictions, t“nse that predict
greater and sooner climatic effects must also bear the burden
of greater and more immediate uncertainties due to feed-
backs between climate and the carbon cycl-=.

Second, these feedbacks extend to time scales of thou-
sands of years and more. Figure 1 (from Sundquist, 1993)
illustrates the range of time scales required for the principal
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Figure 1 (Sundquist). Principal reservoirs and fluxes (arrows) in the global carbon cycle. Vertical placements relative to scale on left show

approximate time scales required for reservoirs and fluxes to affect atmospheric CO, (from Sundquist, 1993). Reservoirs: gigatons carbon.

Fluxes: gigatons carbon per year.

carbon reservoirs and fluxes to affect the atmosphere. All of
the natural fluxes illustrated in this figure are sensitive to cli-
mate change. Thus, anthropogenic CO, must be viewed as a
perturbation not only of the near-term atmosphere, but also
of the geologic carbon-climate system. For example, the
increase in atmospheric CO, concentrations since preindus-
trial times is comparable to the increase that occurred over
the several thousand years that marked the end of the last ice
age about 10,000 years ago. These significant perturbations
of the global atmosphere—while comparable in magni-
tude—differ greatly in mechanisms and time scales. The
central lesson of this comparison is that anthropogenic CO,
must be considered a “geologic” perturbation: it affects and
responds to fundamental Earth processes (particularly cli-
matic processes) on a grand scale, it can be expected to per-
sist for a period of time far beyond the range of typical
human planning, and it will leave a conspicuous legacy in
the strata of our time. Regrettably, our improved knowledge
of the past does not yet enable us to foresee this legacy with
much confidence.
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Atmospheric Methane and
Other Energy-Related Trace Gases—
Effects on Global Warming and Ozone

Ronald S. Oremland and Keith A. Kvenvolden,
U.S. Geological Survey, Menlo Park, CA 94025

Methane, the main component of natural gas, is an effi-
cient energy source projected to be of increased importance
to the energy budget of the United States over the next few
decades (Howell and others, 1993). Methane may have



additional value as an industrial feedstock for the production
of critical organic synthesis intermediates like ethylene
(Jiang and others, 1994), which would further enhance its
value as petroleum reserves dwindle. Methane is a much
cleaner burning fuel than oil and coal; however, release of
uncombusted methane to the atmosphere does have environ-
mental ramifications. Methane’s significance in the atmo-
sphere is twofold: its action as an absorber of reflected
infrared radiation from the Earth’s surface (as a “greenhouse
gas”) and its chemical reactions that influence the abundance
of ozone in the troposphere and stratosphere. On a molecular
basis, methane absorbs about 20-fold more infrared energy
than does carbon dioxide (CO,), and because of this feature
and its relatively high abundance, it is second to carbon diox-
ide in importance as an atmospheric greenhouse gas. The
sum of all the non-carbon dioxide greenhouse gases (for
example, methane, nitrous oxide, chlorofluorocarbons) is
estimated to be equal to the heat-trapping properties of the
carbon dioxide currently in the atmosphere, a factor that can
accelerate atmospheric warming predictions by a factor of
two (Dickenson and Cicerone, 1986). We briefly describe
herein what is known about methane and some other key
energy-related trace gases present in the atmosphere. For
more detail, see Cicerone and Oremland (1988).

The globally averaged concentration of methane in the
atmosphere is about 1.7 parts per million, and the total quan-
tity in the atmosphere (atmospheric burden) is roughly
4.8x10" grams. The major mechanism by which methane is
removed from the atmosphere is by an oxidative reaction
sequence initiated with hydroxyl radicals (“OH”). Hydroxyl
radicals are highly reactive, short-lived entities which occur
in the atmosphere from the photolysis of water vapor. From
measurements of the kinetics of this reaction, a residence
time of methane in the atmosphere of about 10 years can be
derived. Annual flux of methane to the atmosphere is calcu-
lated by dividing the atmospheric burden by the residence
time, which yields a value of about 500 x10'% g. Two factors
complicate these calculations, namely the amount of meth-
ane removed from the atmosphere by methane-oxidizing
bacteria in soil, and the increasing concentration of methane
in the atmosphere. The oxidizing factor is not well known,
perhaps accounting for between 1 and 10 percent of the total
consumed (referred to as a “sink”). With regard to increasing
methane concentrations, ice core data reveal that the concen-
tration of methane has doubled in the atmosphere over the
past 150 years. During the decade from 1978 to 1987, the
increase was determined to be about 1 percent per year
(Blake and Rowland, 1988). The amount of recent annual
increase is thus roughly comparable to that annually con-
sumed by soil bacteria. The rate of annual increase has less-
ened in recent years (Steele and others, 1992), perhaps
because the Mt. Pinatubo eruption decreased the abundance
of hydroxyl radicals, although a decrease of natural gas leak-
age from supply lines of the former Soviet Union may have
also contributed (Dlugokencky and others, 1994).
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We now review what is known abcut major sources of
methane to the atmosphere, and an effort at quantification of
these source terms is given in table 1. Based on radiocarbon
content, 70-90 percent of atmospheric methane is derived
from carbon that has been recently in equilibrium with the
atmosphere, indicating that biological sources, rather than
the radiocarbon-free geologic sources (for example, natural
gas accumulations), are responsible for most of this methane.
The majority of this radiocarbon-rich methane is directly
attributable to the activities of the anaerchic methane-gener-
ating bacteria present in animal gastrointestinal systems
(including ruminants and termites), in natural wetlands, and
in rice paddies. Human food production activity has been the
major source of the methane increase over the past cen-
tury—particularly biomass burning to clear new land for
crops, domestic livestock herd raising, and rice production.
Recovery and distribution of natural ga~ and the mining of
coal account for only about 15 percent of the budget. None-
theless, greater future use of both natural gas and coal will
likely increase this relative proportion as well as the absolute
quantity of methane derived from these nonrelated sources.
The contribution of methane from natural surface gas seeps
to the global budget has not been estimated, although gas
seeps are common (Oremland and others, 1987; Lorenson
and Kvenvolden, 1993).

Other factors contributing to future atmospheric meth-
ane increases may be related to feedback effects of global
warming releasing methane entrapped in polar permafrost
(Kvenvolden and others, 1993) and in gas hydrate (Kven-
volden, 1988), as well as diminished consumption of meth-
ane from the air by soil bacterial communities that serve as
sinks (Steudler and others, 1989). The magnitude of these
future hypothesized sources and dimini~hed sinks can only
be guessed at, which adds a distressing d~gree of uncertainty
to any predictions.

On the question of ozone, methan= is generally a net
producer of pollutant ozone in the tropnsphere, whereas in
the stratosphere it can actually help protect the integrity of
the ozone layer. In the troposphere where nitrogen oxides are
also abundant, especially in urban locations, the following
ozone-generating reaction occurs as initiated with energy
derived from sunlight (“hv”):

CH#40,42hv — > CH;0+H,0+20;, (1)

About 60x10'% g of methane annually escapes oxida-
tion in the troposphere and migrates up to the stratosphere.
Methane in the stratosphere can undergo reaction with
ozone-destroying chlorine atoms to form a temporary reser-
voir of inactive hydrochloric acid molecules:

@

Hence reaction 1 forms tropospheric ozone, an undesir-
able gas because of its ability to form smog and impair the
health of animals and plants. In contrast, reaction 2 is

CH4+C1 —————— CH:+HCl



environmentally beneficial because it tends to confer a
degree of protection to the stratospheric ozone layer. Other
halocarbon gases derived from human activities, such as
chlorofluorocarbons (CFCs), methyl halides (such as
CH3Br), halons, and hydrochlorofluorocarbons (HCFCs), all
contribute to the stratospheric abundance of chlorine and
bromine atoms, both of which destroy ozone as follows:

Cl+O3———— > C10+0, 3)
Br+O3— > BrO+0, @)
ClO+BrO——— > Cl+Br+0, 5)

Reaction 5 catalytically regenerates the ozone-destroying
halogen atoms, and may be an important factor in the forma-
tion of the stratospheric ozone “hole” over the Antarctic con-
tinent. Although these halocarbons are not strictly speaking
energy-related gases, their use is characteristic of an indus-
trial society reliant on abundant energy usage. Their future
employment will be regulated or ended by international
agreements like the Montreal Protocol and its addenda.
Some of these gases may be destroyed by soil bacteria,
although the global significance of these reactions is not
known.

Figure 1 qualitatively illustrates some of the gases, in
addition to methane, which contribute to global warming and
which are ozone-reactive. Hydrofluorocarbons (HFCs) have
been proposed to replace CFCs, but some of them, such as
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Figure 1 (Oremland and Kvenvolden). Some key atmospheric
trace gases which affect global warming and ozone chemistry. Ar-
rows indicate qualitatively the relative proportion of release from
the biosphere to uptake from the atmosphere by the biota.

Table 1 (Oremland and Kvenvolden). Annual methane release
rates for identified sources (modified from Cicerone and Oremland,
1988).

Identity Annual release (102 g CHy)
Animal intestinal tracts 80 (15 percent)
Wetlands 115 (21 percent)
Rice paddies 110 (20 percent)
Biomass burning 55 (10 percent)
Termites 40 (7 percent)
Landfills 40 (7 percent)
Oceans 10 (2 percent)
Freshwaters 5 (1 percent)
Methane hydrate destabilization 5 (1 percent)
Coal mining 35 (6 percent)
Gas drilling, venting, transmission 45 (8 percent)

TOTAL 540

HFC 134a (tetrafluorocthane), ultimately give rise in the
atmosphere to trifluoroacetate, a compound resistan* to
destruction, although evidence for biodegradation was
recently reported (Visscher and others, 1994). Nitrous ovide
(N,0) is another important gas to consider. It is formed f-om
the combustion of fossil fuels, as well as from agricultural
and natural sources, and functions both as a greenhouse gas
and as a stratospheric ozone-depleting agent. We cannot here
delve into details of the global cycles and potential envi-on-
mental hazards posed by all of these gases. The poin* is,
however, that a number of trace gases contribute to global
warming and (or) influence stratospheric ozone chemistry,
and that a number of these substances interact chemically
with each other. Hence, mention of these non-methane t-ace
gases is also relevant to the overall question of the envi-on-
mental effects of energy usage upon the environment.

REFERENCES

Blake, D.R., and Rowland, F.S., 1988, Continuing worldwid~ in-
crease in tropospheric methane, 1978 to 1987: Science, v. 239,
p. 66-68.

Cicerone, R.J., and Oremland, R.S., 1988, Biogeochemical aspects
of atmospheric methane: Global Biogeochemical Cycles, v. 2,
p. 299-327.

Dickenson, R.E., and Cicerone, R.J., 1986, Future global warming
from atmospheric trace gases: Nature, v. 319, p. 109-115.
Dlugokencky, E.J., Masaire, K.A., Lang, P.M,, Tans, P.P., Stzele,
L.P., and Nisbet, E.G., 1994, A dramatic increase in the growth
rate of atmospheric methane in the northern hemisphere dr+ing

1992: Geophysical Research Letters, v. 21, p. 45-48.

Howell, D.G., Cole, Frances, Fanelli, Michael, and Wiese, Ka‘ryn,
1993, An introduction to The Future of Natural Gas, in Howell,
D.G., ed., The future of energy gases: U.S. Geological Sutvey
Professional Paper 1570, p. 1-12.

Jiang, Y., Yentekakis, [.V., and Vayenas, C.G., 1994, Methane to
ethylene with 85 percent yield in a gas recycle electrocatalytic
reactor-separator: Science, v. 264, p. 1563-1566.



Lorenson, T.D., and Kvenvolden, K.A., 1993, A comparison of hy-
drocarbon gases from natural sources in the northwestern Unit-
ed States, in Howell, D.G., ed., The future of energy gases: U.S.
Geological Survey Professional Paper 1570, p. 453-470.

Kvenvolden, K.A., 1988, Methane hydrates and global climate:
Global Biogecchemical Cycles, v. 2, p. 221-229.

Kvenvolden, K.A., Collett, T.S., and Lorenson, T.D., 1993, Studies
of permafrost and gas hydrates as possible sources of atmo-
spheric methane at high latitudes, in Oremland, R.S., ed., Bio-
geochemistry of global change—Radiatively active trace
gases: New York, Chapman & Hall, p. 487-501.

Oremland, R.S., Miller, L.G., and Whiticar, M.J., 1987, Sources
and flux of natural gases from Mono Lake, California:
Geochimica et Cosmochimica Acta, v. 51, p. 2915-2929.

Steele, L.P., Dlugokencky, E.J., Land, P.M., Tans, P.P., Martin,
R.C,, and Masarie, 1992, Slowing down of the global accumu-
lation of atmospheric methane during the 1980s: Nature, v.
358, p. 313-316.

Steudler, P.A., Bowden, R.D., Melillo, J M., and Aber, J.D., 1989,
Influence of nitrogen fertilization on methane uptake in tem-
perate forest soils: Nature, v. 341, p. 314-316.

Visscher, P.T., Culbertson, C.W., and Oremland, R.S., 1994,
Degradation of trifluoroacetate in anoxic and oxic sediments:
Nature, v. 369, p. 729-731.

The Paradigm of Rapid Climate Change—
A Current Controversy

Joan Fitzpatrick, U.S. Geological Survey,
Denver, CO 80225

A new paradigm is currently emerging in the field of
paleoclimatology as a result of recent analyses on two ice
cores! recovered from the center of the Greenland ice sheet.
Evidence for changes in climate from full glacial to full
interglacial conditions over much shorter periods of time
than previously observed (320 years) has been reported in
the isotopic, electroconductivity, and net annual accamula-
tion records from these cores (GRIP Members, 1993; Taylor
and others, 1993; Alley and others, 1993). These rapid
changes were detectable for the first time due to the extraor-
dinary highly resolved record supplied by these cores. These
apparent rapid changes in climate have been reported in ice
from the last glacial (Weichselian) and the penultimate inter-
glacial (Eemian) and appear to have occurred frequently dur-
ing these times. Indeed, the proxy climate records for these
periods have an almost binary appearance and have been
characterized as “flickering between preferred states***”
(Taylor and others, 1993) in testimony to a fundamental

'The Greenland Ice Sheet Program Two (GISP2) and Greenland Ice-
Core Project (GRIP) cores were recovered over the period 1989-1993. The
drill sites are located near the summit of the Greenland ice sheet, approxi-
mately 30 km apart. The projects are sponsored respectively by the U.S. Na-
tional Science Foundation and the European Science Foundation.
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instability in the climate during these times. Another remark-
able characteristic of the climate signal i~ these cores is that
the instability so apparent in the older part of the record is
completely absent in ice from the current interglacial
(Holocene) in which we live (fig. 1). The implications of this
heretofore unrecognized behavior are profound.

As with the emergence of any new p~radigm, uncertain-
ties and opportunities for misinterpretation and over-inter-
pretation abound. Questions immediatc'y arise about the
relation between the quantity analyzed in the core and its
relation to the actual climate. Are alterna* interpretations of
the data possible? How regional (as oppo-ed to global) might
this signal be in scope? How reliable are the actual data and
what other processes besides a change in climate might give
rise to the observed signal? Are there date from other sources
which refute or corroborate the interpretation of these data?
Is this behavior compatible with our urderstanding of the
mechanisms which drive climate change or will new mecha-
nisms have to be proposed? These questions are now all
being asked as a period of intense scientific scrutiny begins.
This current period of intense scientific activity has been
compared with the period of time “just before plate tectonics
theory crystallized” (Bond, 1994) and thus can rightly be
considered as a major paradigm shift in the making. Under-
lying all of these questions is a fundamental, social question:
How can society respond to the possibility of a climate sys-
tem which can reorganize and change dr~stically in so short
a period of time? The coeval development of stable climate
and the rise of civilization after the clos= of the last glacial
period 11 to 12 thousand years ago has been remarked upon
by more than one researcher. Indeed, there are those who
believe that climate change acted as a forcing function on the
evolution of man during the last glacial enoch.

An important issue given an increas=d sense of urgency
by the new paradigm is the role anthropogenic inputs may
play in forcing the climate system and the extent to which
these inputs may be affecting feedback-control mechanisms
which provide climate stability. For example, although the
link between greenhouse gas concentrations and mean tem-
peratures has been clearly demonstrated from many different
types of paleoclimate indicators, unequivocal information
about the lead-lag relationship between these two climate-
related parameters has not yet been acquired. In light of the
new paradigm, the burning question changes from, “Will an
increased concentration of greenhouse gases in the atmo-
sphere cause the Earth’s atmosphere t¢ warm?” to, “Will
such an increase cause the climate to become unstable?”
Intervention and mitigation may be possible in the first,
simple scenario. It may not be possible in the second, much
more complex scenario.

The issue of causal mechanisms is of equal importance
in any consideration of a rapid climate change paradigm. The
only component of the global climate system which can
respond on a decadal to subdecadal tim-scale is the atmo-
sphere.  However, if the atmosphere is responding to
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Figure 1 (Fitzpatrick). Stable isotope (8180) record from the GRIP core from
Dansgaard and others, 1993. Values of 8'%0 are a proxy for atmospheric tempera-
ture at which the snow has formed. The data on the left are from the current climat-
ically quiet Holocene. The data on the right are from previous glacial (Weichselian,
between a and b) and interglacial (Eemian, between b and c) periods and show
more than twice the variability of the Holocene data. Some of the transitions from
full glacial to full interglacial temperatures are accomplished in less than 10 years.
Other evidence indicates that the transition out of the end of the last glacial into the
Holocene (at a) happened in 3 to 5 years. The two datasets are plotted on the same
horizontal scale and join at 1,500 meters.

phenomena originating elsewhere in the climate system
which are at or near a critical threshold value, major reorga-
nizations in the atmosphere may occur as a result of a seem-
ingly insignificant change in that component of the system.
The key to understanding lies in identifying the physical
parameters in the global climate system which operate with

critical thresholds and in being able to model their be“avior
and their effect on the rest of the system. Current General
Circulation Models (GCM’s) neither predict nor model the
type of major climatic changes hinted at in the Greenland ice
cores on a decadal to subdecadal scale. We are quite clearly
still missing some key pieces to the puzzle. In light of this



realization, finding answers to the question of anthropogenic
tinkering becomes even more urgent.
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Natural Radionuclides in Earth, Air, and
Water, and the Effect on Human Health

Linda C.S. Gundersen, U.S. Geological Survey,
Denver, CO 80225, and Zoltan Szabo,

U.S. Geological Survey, 810 Bear Tavern Road,
W. Trenton, NJ 08628

Introduction

Naturally radioactive elements, also known as radionu-
clides, are found throughout the ecosystem, in rocks, soils,
water, air, and biota. In turn, radionuclides are breathed in or
ingested by humans and animals. In sufficient quantities
radionuclides can pose a health threat and are implicated in
numerous types of cancers and birth defects. Radionuclides
are inherently unstable, and the most common radionuclides
in nature are formed by the radioactive decay of uranium-
238 and thorium-232. Decay of radionuclides produces
radioactivity in the form of gamma rays, alpha particles, and
beta particles. Figure 1 is a gamma-ray exposure map of the
United States produced from an aerial survey of the radioac-
tivity from uranium, thorium, and to a lesser extent, potas-
sium. This map shows the distribution of these elements in
surface soils and rocks. Also displayed are the radionuclide
decay series which are initiated by the decay of uranium-238
and thorium-232. Radionuclides have a half-life, defined as
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the period of time it takes for one-half of the initial quantity
of a radioactive element to decay. Each radionuclide has a
unique half-life, but shares chemical prcmerties with other
isotopes of the same element. The most common radioactive
progeny from uranium and thorium that ar= of environmental
concern are the isotopes of radium and redon. The distribu-
tion of these parent radionuclides, to sor*e extent, controls
the distribution of the radioactive progeny and allows for
prediction of the distribution of radionuclides in the environ-
ment using geologic and chemical models.

In soils and rocks, uranium and thorium occur as oxides
or form minerals such as uraninite and mcnazite. Rock types
which typically have uranium concentrat'nns greater than 2
parts per million (ppm) include carbonaceous black shales,
glauconite-bearing sandstones, loess, phosphatic sedimen-
tary rocks, granitic metamorphic and igneous rocks, and all
types of economic uranium deposits. As the rocks break
down to form soil, radionuclides are dispersed out of miner-
als and bond by electrostatic interactions with metal hydrox-
ides, organic compounds, and surfaces ¢€ clay particles in
the soil. Uranium and radium move relatively easily in the
soil environment whereas thorium is generally immobile.
Radium in soil and water is also taken up into several kinds
of plants.

Radon in Indoor Air

Radon gas in indoor air is thought to be the second lead-
ing cause of lung cancer in the United States. Radon-222 has
a half-life of 3.82 days and is produced by decay of uranium-
238. Radon-220 has a half life of 56 seconds, is produced
from the decay of thorium-232, and is generally less abun-
dant than radon-222. Radon emits alpha particles and pro-
duces several short-lived isotopes of pnlonium. It is the
polonium solids that are the principal health hazard associ-
ated with radon. As radon is inhaled and d~cays, polonium is
deposited in the lung. Polonium also adh=res to particles in
the air and can be inhaled directly. Alpha radiation produced
by polonium damages the cells lining the lung.

Radon forms from radium in the rocks and soils and
moves into pore spaces and fractures where it is available
to migrate freely. However, the distance radon can travel
is limited by its short half-life of a few days. Radon
enters a building when a pressure difference exists
between the soil (high pressure) and the building (low
pressure) by moving through cracks, wall and pipe joins,
sump holes, drains, and porous building material. Recent
studies of the distribution of radon potential in the United
States were conducted by the U.S. Geological Survey in
cooperation with the Environmental F-otection Agency
(Gundersen and others, 1992). These stdies evaluate the
sources of radon in rocks and soils using geologic mod-
els, soil permeability, uranium concertration data, and
indoor radon data. Rocks and soils that are the source of









Water Quality Degradation Associated With
Natural Energy Sources

Yousif K. Kharaka and Richard B. Wanty,
U.S. Geological Survey, Menlo Park, CA 94025,
and Denver, CO 80225

For 150 years, fossil fuels—coal, oil, and natural
gas—supplemented more recently by fissionable nuclear
fuel, have been the main sources of energy supply for the
world’s industrial societies. Extraction and utilization of
increasing amounts of energy, however, have caused
major local, regional, and global-scale environmental dam-
age, including air and surface-water pollution, acid rain,
global climate change, catastrophic nuclear reactor fail-
ures (as at Chernobyl in 1986), and marine oil spills.
Water quality degradation attributable to energy utiliza-
tion is documented in large increases in contaminant con-
centrations in rivers and lakes of developed countries, over
time. For example, average sulfate concentrations, the
best index of regional contamination from energy sources,
have increased in the Mississippi River at New Orleans,
La., from about 25 to 55 mg/L (milligrams per liter)
between 1905 and 1990,

For oil and natural gas, which supplied 66 percent of
the primary energy consumption in 1991, contamination
hazards stem mainly from the large amounts of saline forma-
tion water produced during drilling and petroleum produc-
tion. We estimate that in 1993, about 25 billion and 0.3
billion bbl (barrels) of formation water were produced with
2.5 billion bbl of domestic crude oil and 18 TCFG (trillion
cubic feet of gas), respectively. This is three times the vol-
ume of water produced in 1970, and the increase resulted,
even though petroleum production has declined, because the
volume of produced water relative to petroleum increases
with time, reaching 98 percent of total fluids during the later
stages of field production.

The volume of wastes generated from about 26,000
wells drilled for oil and gas in 1993, including drilling mud,
circulated cement, rock cuttings, completion fluids and pro-
duced water, is estimated at 0.13 billion to 1.0 billion bbl.
Local water, soil, and air contamination from drilling opera-
tions is inevitable because wastes are generally stored in
unlined pits. Since 1859, approximately 3.5 million wells
have been drilled for all oil and gas operations, but currently
less than 1 million wells are producers. Improperly sealed
abandoned wells can develop casing leaks that may act as
conduits for fluid flow between aquifers; this flow has
resulted in contamination of underground sources of drink-
ing water.

Contamination potential of produced water depends on
its chemical composition and method of disposal. Kharaka
and Thordsen (1992) discussed the geochemistry of subsur-
face waters, showing that the salinity and chemical
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composition of produced water, which are controlle1 by the
origin of water and water-mineral interactions, vary greatly
for different sedimentary basins (table 1, fig. 1). Water salin-
ities range from about 3,000 to more than 350,000 mg/L dis-
solved solids and generally increase with depth, but this
increase is reversed at greater depths in basins that are dom-
inated by shales and siltstones and that lack evaporites (fig.
1). Chloride and sodium generally constitute 70-90 percent
of anions and cations, and calcium concentrations can reach
50,000 mg/L. Concentrations of strontium, barium, iron,
manganese, boron, and ammonia are generally highe- in sub-
surface water than in ocean water. The values for sulfate,
bicarbonate, and magnesium are generally lower than in
ocean water, and decrease with increasing subsurface tem-
peratures, whereas those of lithium, potassium, rubidium,
and cesium increase with increasing subsurface tempera-
tures. Dissolved organic species, including mono- and dicar-
boxylic acid anions, phenols, benzene, and toluene, can
reach a total of about 10,000 mg/L. Metals in oil-field
waters, with the exception of iron and manganese, generally
amount to less than 100 pg/L; but metal-rich brines exist, as
in the central Mississippi Salt Dome basin, where m~asured
values (in mg/L) are as much as 100 for lead, 250 for zinc,
500 for iron, and 200 for manganese. Uranium concentra-
tions are low in these strongly reducing waters, but hazard-
ous values of radium-226, radium-228, and radon-222 have
recently been found in wastes from several States.

About 65 percent of produced water is cnrrently
injected into producing oil zones for enhanced re~overy,
deep well injection into aquifers with water salinities
exceeding 10,000 mg/L. accounts for about 30 percent. The
remaining waste is discharged into surface waters, in~luding
coastal waterways, bayous, estuaries, streams, lakes, and
evaporation and percolation sumps. Produced water and
drilling wastes from offshore operations, which amonnted to
about 1.0 billion bbl in 1990, are typically dischargeto the
ocean. Preliminary studies on the fate of contamirants in
these wastes have indicated that because of rapid dilution,
biodegradation, and evaporation of volatile components,
these wastes, which included 200,000 bbl of oil, are consid-
ered to have no significant adverse effects on the marine eco-
system.

Prior to the regulations instituted in the 1970’s, petro-
leum wastes were often discharged into rivers, streams, and
unlined evaporation ponds, causing documented contamina-
tion, sometimes major, of soil and surface and ground waters
in all the producing States. Since 1980, Congress has
exempted “drilling fluids, produced water and other wastes
associated with the exploration, development, or production
of crude oil or natural gas or geothermal energy” from the
stringent requirements of the hazardous waste manasement
provision of the Resource Conservation and Recovery Act of
1976. Thus, Class 1I disposal wells, used for petcoleum
wastes, have less stringent completion, monitorirg, and
abandonment requirements and consequently greater



Table 1 (Kharaka and Wanty). Chemical composition (ing/L) of produced formation waters from petroleum fields located in Central
Valley, Calif.; North Slope, Alaska; Coastal Texas; and central Mississippi Salt Dome Basin.

[Depth is depth below ground level of mid-point of perforation. Temp. is measured subsurface temperature. Production zones are those used by oil companies. TDS is calculated
total dissolved solids. HCOs; is field-titrated alkalinity and includes organic and inorganic species]

Area Central Valley, CA North Slope, AK Coastal Texas Central Mississippi
Field Grimes Wheeler Barrow Prudhoe Chocolate East Reedy West
Ridge Bay Bayou Midway Creek Nancy

Sample # 81-NSV-15 75-WR-5 78-AK-52 78-AK-54 76-GG-7 77-GG-73 84-MS-11 84-MS-1

Well name GOU4#2 21-28 S. Barrow § Arco 13 Angle #3 Taylor E-2 W.M. Geiger W.L.West

Production Forbes Tejon Barrow Sadlerochit Upper Lower Rodessa Smackover
zone Sandstone Group Weiting Frio

Depth (m) 2,074 2,691 728 2,820 3,444 3,662 3,486 4,428

Temp. (°C) 65 117 16 94 118 128 102 118

TDS 18,600 44,300 22,100 21,900 73,300 36,000 320,000 275,000

Li 0.32 1.95 21 4.0 9.9 4.2 35 74

Na 6,830 7,450 7,980 7,600 26,500 13,250 61,700 54,800

K 355 135 3.0 86 400 72 990 6,500

Mg 72 27 67 20 220 48 3,050 3,350

Ca 182 5,550 119 182 2,000 330 46,600 33,900

Sr 14.3 187 16.1 20.2 365 23 1,920 1,670

Ba 6.4 12 175 3.8 290 13 60 48

Fe 0.58 2.8 55 63 102 1.6 465 0.47

NH, 34 32 19 17 29 13.5 34 119

F 2.0 1.6 15 0.8 73 15 115

Cl 11,000 21,450 11,800 10,600 42,700 21,000 198,000 170,000

Br 44 80 62 54 52 45 2,020 2,080

I 30 46 28 19 16 45 17 80

HCO;4 359 2,210 1,710 2,930 455 1,180 206 197

SO, <0.5 50 0 - 69 2.7 42 64 161

H,S 0.07 0.11 <0.1 <0.1 1.2 0.04 <0.02 514

Si0, 31 46 11 62 87 132 28 34

B e 600 42 158 35 35 59 341

pH 7.6 6.9 7.2 6.5 59 6.4 5.0R 5.48

potential for contaminating underground sources of drinking
water than those for hazardous wastes.

Coal is the most abundant fossil fuel, underlying 13
percent of the United States land area and with demonstrated
reserve base that can meet all our energy requirements for
more than 1,000 years. Coal was the dominant source of
energy before 1950; currently it supplies about 25 percent of
the total energy. Water quality in pristine coal beds varies
greatly between coal provinces, depending on geologic,
hydrologic, and climatic conditions. Water salinities vary
from about 100 to more than 50,000 mg/L; they generally
range from 500 to 4,000 mg/L and are higher in coals from
the Western United States. The waters are generally sodium-
sulfate-bicarbonate type with minor chloride, calcium, and
magnesium; dissolved organic constituents may be harm-
fully high. Coal seams and adjacent beds are drained prior to
mining; the volume of water generated is variable, reaching
approximately 10 million bbl per year in some mines in the
Appalachian region. This water is used for reclamation,
transportation of coal as slurry, and other mine operations;
some water is released to surface water, causing stream pol-
lution. The main environmental concerns of coal production,
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however, are the acid mine drainage and sediment erosion
and deposition that have resulted in major regional degrada-
tion of streams, especially in the Appalactian region. Acid
mine drainage, caused by percolation of oxygenated water
into pyritic coal-mine spoils, is characterized by low pH val-
ues (less than 4) and high concentrations of sulfate (more
than 1,000 mg/L), iron (1-100 mg/L), manganese (more than
1 mg/L), and other toxic metals including alminum, copper,
lead, and zinc. Because of lower precipitation, lower sulfur
content of coal, and the presence of carbcmate minerals in
soil, acid mine drainage is not a major issve in the Westem
United States, but saline water drainage is an issue of local
concern.

Power from nuclear fission currently supplies close to
10 percent of the energy mix, and known uranium supplies
can last for hundreds of years using stand~+d reactors, and
much longer in breeder reactors. Most of the United States
uranium reserves are hosted in sandstones v-here water salin-
ities are relatively low and dissolved uranium concentrations
are very low. However, potentially harmfil concentrations
of radium, radon, and hydrogen sulfide may be present. Only
minor volumes of water are recovered f-om surface and
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Figure 1 (Kharaka and Wanty). Salinity distribution of forma-
tion water with depth of reservoir rocks from several petroliferous
basins in North America. Note the different trends and the reversal
of salinity with depth in California and south Louisiana.

subsurface mining, but escape of dissolved uranium and
radium from uranium mine tailings is potentially hazardous.
The main environmental risks, which have precluded the
commissioning of new nuclear power plants in this country
since the mid 1970’s, are the possibility of catastrophic reac-
tor failures and uncertainties relating to safe management of
radioactive wastes from reactors for thousands of years.

Geothermal energy, which is used primarily for gener-
ating electrical power, currently plays only a small role in the
total energy mix. The resource base, however, is buge, espe-
cially if geopressured, hot dry rock and magmatic systems
are included. Currently about 70 percent of geothermal
power generation is from the vapor-dominated system at
Geyser, California, but future increases will be from water-
dominated systems. Air pollution from vented gases is the
main environmental concern of geothermal energy produc-
tion because all the produced water is reinjected into the pro-
ducing rock formations to maintain system pressure. Air-
quality degradation is minor because only modest amounts
of these produced gases are released—primarily carbon
dioxide, methane, and ammonia—while hydrogen sulfide is

generally recovered as sulfur prior to gas venting. Thermal
water production generally results in the drying up cf natural
thermal springs and mineral seeps associated with these sys-
tems resulting in an alteration of surface-water qual‘ty (usu-
ally improvement).

Exploration for and production of energy sources, dis-
rupting the natural hydrologic cycle, have caused major con-
tamination of surface and ground waters. This contamination
will continue in the future unless more stringent stattes reg-
ulating the disposal of the wastes from these sorrces are
enacted. In order to keep disposal costs affordable while
minimizing environmental degradation, the new regulations
need to be based on a more comprehensive understanding of
the nature of the contaminants and their interactions and fate
in the geosphere.
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Our Future Energy Use—Environmenta!
Concerns Beyond the Year 2000

Peter J. McCabe, U.S. Geological Survey,
Denver, CO 80225

Historically, most predictions about the nature of future
energy production, consumption, and use have proven to be
incorrect, and there seems little reason to believe thet we can
more accurately predict the future now than in the past.
However, as in the past, the demand for various forms of
energy will almost certainly vary through time. Although
many reserves have been depleted, this country still has a
wealth of coal, natural gas, and oil that could suply the
Nation’s energy needs for many decades to come—it we are
willing to pay the fiscal and environmental costs of develop-
ment. The alternatives are to import an increasing pe-centage
of our energy, develop alternate energy sources, or to regu-
late energy consumption—all of which have their ovn costs.
Critical factors will be the ability of various energy sources
to meet the evolving energy demand, the develorment of
new technologies, and political or societal requirements. The
evolving energy mix will undoubtedly raise new environ-
mental concemns: though some energy sources are arguably
more environmentally friendly, we cannot harness any
energy source without influencing the environment.
Although the supply mix for future energy consumption is
unclear, the range of possible environmental and societal
concerns for the future is perhaps less uncertain.



The impact of energy development on land manage-
ment is likely to be an area of increasing environmental
concern in the future. Energy exploration and production
have a visual impact on a landscape, they influence ecosys-
tems, and they conflict with many other types of land use
such as recreation and farming. Because the average size of
oil and gas discoveries has decreased over time, the number
of wells that must be drilled to maintain production at current
levels will increase substantially (National Petroleum Coun-
cil, 1992). Many of the onshore sedimentary basins in which
this exploration presumably will take place lie below Federal
lands in the Western States, and increased energy develop-
ment could have a profound effect on the landscape in this
region. Coal production in the Western States has increased
more than four-fold since 1975, and if this trend continues,
increasing conflict is likely with the ecologic and recre-
ational needs of National Parks, Monuments, and Wilder-
ness Areas, even though the final visual impact of coal
mining has decreased considerably over the last 20 years
with improved reclamation efforts. If oil and gas imports
continue to rise, there is likely to be additional pressure to
allow exploration for fossil fuels in some of the Nation’s
most fragile ecosystems such as the Arctic National Wildlife
Refuge (ANWR) in Alaska and on the continental shelf off-
shore California. Significant development of alternate
energy sources such as wind and solar energy farms will also
influence large tracts of land and have considerable visual
impact and effect on ecosystems (fig. 1).

Substantial advancement has been made in some
regards over the last 20 years in ameliorating the impact of
energy use on the atmosphere. The amount of local air pol-
lution over many cities has decreased because of regulations
of emissions and the development of more fuel efficient
vehicles. Passenger cars, for example, have an average fuel
efficiency of about 22 miles per gallon today compared to
about 13.5 miles per gallon in 1975. Controls on emissions
from smoke stacks, particularly of coal-fired electrical gen-
erating plants, and switching to lower sulfur fuels can also
cut down on the effects of acid rain. While undoubtedly pres-
sure to reduce these forms of atmospheric pollution will con-
tinue, the larger question of emission of global greenhouse
gases remains. The use of fossil fuels has obviously resulted
in a significant increase in greenhouse gases in the atmo-
sphere, but the effects of this increase are less clear (Jiger
and Ferguson, 1991). If a marked change in global climate
does indeed occur, there will be pressure to rapidly change
the energy mix to reduce greenhouse gas emissions. Carbon
dioxide—one of the major greenhouse gases—remains in
the atmosphere for many decades; consequently, drastic
reductions in emissions of the gas would be required to ame-
liorate any pronounced climate change. How quickly a
change to alternate fuels could take place is a matter of ques-
tion: History shows that several decades were required for
coal, oil, natural gas, and nuclear energy to become signifi-
cant components of the total energy mix. By contrast, the
dramatic change in energy use after the 1974 oil embargo
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suggests that technological change can be rapid in certain
political climates.

As water becomes an ever more valuable resource, the
effects of energy production and utilization on water
resources are likely to be of increasing concern. In the future,
especially in the Western States, the need fcr water in many
aspects of energy production will increasingly conflict with
the growing need for water for other purpores. The costs of
brine disposal will increase as more unconventional
resources such as coalbed methane are developed. The
decline in oil production from existing domestic fields and
the closure of older coal mines will heighter the concern for
long-term effects on aquifers after operators have abandoned
these sites; in some cases the potential fo- environmental
problems is increased after energy extraction ceases. For
example, acid mine drainage can increase markedly after a
coal mine is abandoned. During mining operations, water is
pumped out of the mine; but when mines are abandoned,
ground water rebounds and water is able to flush into solu-
tion products of pyrite oxidation that occuwrred during the
active life of the mine (Younger, 1994).

Over the last 20 years concern about the global environ-
ment has been increasing; and this concem is likely to con-
tinue to grow, because the world population is forecast to
increase by almost 50 percent over the next 30 years (World
Resource Institute, 1992). If the additional energy use
required to support such a population comes from fossil
fuels, global emission of greenhouse gases v-ill rise substan-
tially even if the per capita consumption of energy does not
rise. Increased industrialization in the Third World would
accelerate the trend. Alternatively, it can be argued that
increased use of fossil fuels in many coun‘ries could have
benefits for the environment, as one of the major sources of
fuel for people in developing countries is firzwood from for-
ests and woodlands—a major factor in deforestation and
desertification.

Geologists will play a vital role in determining the
future availability of many energy sources and in reducing
the environmental impact of almost all energy uses. By
anticipating possible environmental concerr<. we may be in
a better position to provide the scientific t=sis for policy-
makers to avoid or mitigate the impact of future energy pro-
duction on the environment.
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Figure 2 (Turk) (facing page). Clean air is critical to maintain
spectacular vistas, such as that of Big Agnes Mtn. (A, and back-
ground of B). Clean air is also critical to the health of wilderness
streams and lakes such as Seven Lakes (B). Both photos from the
Mt. Zirkel Wilderness Area, Colorado, which has the most acidic
snow in the Rocky Mountains.
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How Can Geoscientists Help Policy Makers
Assess the Impact of Energy Extraction on
Marine Ecosystems?

H.A. Karl, R.L. Bernknopf, U.S. Geological
Survey, Menlo Park, CA 94025, D.R. Soller,
U.S. Geological Survey, Reston, VA 22092, and
P.S. Chavez, Jr., U.S. Geological Survey,
Flagstaff, AZ 86001

Concerns about possible environmental damage to the
world’s oceans were expressed more than 30 years ago. With
recent improvements in mapping and monitoring technol-
ogy, the effects of anthropogenic stress on marine ecosys-
tems are beginning to be understood by scientists and other
consumers of marine information products. The oceans are
increasingly used as a source of inorganic resources, food,
recreation, and as a repository for waste products. To assure
that human activities do not interfere with or preclude other
activities, policy makers must have the best scientific infor-
mation possible to guide them in making wise choices con-
cerning the use of the marine environment for the long-term
good. In accord with the focus of the 1995 McKelvey Forum
on the application of geoscience to decision-making, we nei-
ther recount other studies nor do a literature review on the
impact of oil production and other forms of energy extrac-
tion and related pollution on marine ecosystems; rather, we
present, explore, and suggest new techniques to use and
value marine geoscience information that are appropriate for
quantitative risk assessment to help formulate public policy
in the 21st century.

The impact of energy extraction on marine ecosystems
is not limited to the site of production, but has potentially far
reaching effects in regard to the disposal of byproducts and
waste products generated during production, processing, and
consumption of energy products, as well as mishaps that
could occur during their transportation. Areas available for
energy extraction and waste disposal, and transportation cor-
ridors are being increasingly limited and restricted in the
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marine environment, principally owing to the fear of damage
to fragile ecosystems. For example, about 17,000 km? (an
area larger than Connecticut and Rhode Island combined) of
the contiguous central California coastal ocean is protected
by three national marine sanctuaries—Cordell Bank, (GGulf of
the Farallones, and Monterey Bay—that stretch over 210 km
from Bodega Bay north of San Francisco to Cambriz south
of Monterey.

USGS has been conducting studies offshore the San
Francisco Bay area where the environmental and eco'ngical
concerns of the Gulf of the Farallones National Marine Sanc-
tuary must be reconciled with the human, economic, and
industrial demands of a major urban population center. It is
here that we are developing techniques to quantify the net
benefits of various types of marine information to snciety.
We want to establish a societal value for seafloor maps sim-
ilar to that done for geologic maps for various land-use
issues (see Bernknopf and others, 1993). Evaluation ¢f soci-
ety’s willingness to pay for seafloor maps is a way to dem-
onstrate the relevance of the earth science information. By
integrating scientific information with other facto-s that
influence policy decisions, we can identify the applicability
and utility of the research results.

Our Gulf of the Farallones National Marine Sarctuary
case study is an application to evaluate environmental man-
agement and environmental regulation issues to help deter-
mine the highest and best use of the seafloor. Currertly we
are aware of approximately 50,000 barrels and other contain-
ers of radioactive waste that were disposed of on the seafloor
west of the Farallon Islands between 1946 and 197. The
barrels were to be dumped at three specific sites, but for var-
ious reasons dumping was not confined to those sites and the
barrels litter a 1,200 km? area (called the Farallon Island
Radioactive Waste Dump) of seafloor so that the exact loca-
tion of most of the barrels is unknown. We have su-veyed
about 15 percent of the dumpsite area with a sidescan sonar
system at two different swath widths (1 km and 5 km) and
have developed techniques for detecting the steel barrels
(Karl and others, 1994; Chavez and Karl, in press). Tt = Gulf
of the Farallones and adjacent waters are a major fi<hery.
The impact that the barrels have on the marine ecosy:tem is
unknown. Anecdotal fear of radiation contamination I as had
an adverse impact on the commercial fisheries marke:* in the
past. The first step to quantifying the value of the sonar maps
to society is to use these data to develop a probability distri-
bution of the barrels over the FIRWD. The model will be
used to compare the statistical accuracy of sonar data of dif-
ferent swath width (different resolution). This inforation
can be used by agencies such as NOAA (National Oceanic
and Atmospheric Administration) to examine the cost effec-
tiveness of remotely sensed data of different resoluticn.

Following this first activity we have proposed t» com-
bine physical data and models and economic data and mod-
els in a GIS (Geographic Information System) to evaluate
the role of USGS in offshore environmental policy



decisions. Some of the environmental policy issues that will
be addressed include:

1. What physical information is important in managing
a marine sanctuary?

2. Are bottom conditions part of the development of an
offshore environmental policy?

3. Should we develop an oceans mass balance model
(current, temperature, other physical variables) to evaluate
offshore environmental risks, similar to terrestrial mass bal-
ance models?

4. Should the role of the Government be to provide
site-specific or regional protocols for future rule-making off-
shore?

5. Whois responsible for identifying and verifying off-
shore dumpsites for radioactive and other toxic wastes?

6. What effects do sanctuaries and dumpsites have on
decisions regarding utilization of the EEZ (Exclusive Eco-
nomic Zone) for harvesting renewable resources, extraction
of nonrenewable resources, and recreation?

7. How do we assign a value to endangered species in
environmentally threatened areas offshore?

REFERENCES

Bemknopf, R.L., Brookshire, D.S., Soller, D.R., McKee, M.J., Sut-
ter, J.F., Matti, J.C., and Campbell, R.H., 1993, Societal value
of geologic maps: U.S. Geological Survey Circular 1111, 53 p.

Chavez, P.S., Jr., and Karl, H A, in press, Detection of barrels on
the seafloor using spatial variability analysis on sidescan sonar
images: Journal of Marine Geodesy, Special Issue.

Karl, H.A., Schwab, W.C., Wright, A. St.C., Drake, D.E., Chin,
J.L., Danforth, W.W_, and Ueber, E., 1994, Acoustic mapping
as an environmental management tool, [—Detection of barrels
of low-level radioactive waste, Gulf of the Farallones National
Marine Sanctuary, California: Ocean & Coastal Management,
v. 22, p. 201-227.

Consequences of Energy Use on
Water Quality

Mary Jo Baedecker, William Back, and
Charles A. Cravotta, ll,
U.S. Geological Survey, Reston, VA 22092

Practices for the production, distribution, and use of
energy have had a significant impact on the quality of sur-
face and ground water throughout much of the United States.
For example, coal mining can affect water quality by the
generation of acidic drainage from overburden and coal;
improperly managed brines from oil and gas fields can
increase the concentrations of total dissolved solids and toxic
metals in fresh water; petroleum and petroleum-derived
products from pipeline breaks, spills, and leaking storage
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tanks can contaminate streams and aquifer:: acidic leachate
from waste rock and tailings piles can mobilize radionu-
clides and other metals; and hydroelectric power dams can
affect upstream and downstream water quality and riparian
ecology. The scientific problems associated with the deteri-
oration of water quality and the policy and management ini-
tiatives to resolve these problems differ among the various
energy sources.

Environmental research related to energy use includes
studies to understand (1) the fate and behavior of products
such as crude oil, coal, and byproducts such as tailings, in
various hydrogeologic environments; (2) the effects of
geochemical reactions, some of which are microbially medi-
ated, on mineral stability and consequently on the inorganic
chemistry of water; (3) the rates at whic™ the controlling
reactions occur; and (4) the integration of chemical reactions
and microbial and physical processes into £ ow and transport
models in order to determine the concentretion of solutes at
certain locations for times in the future.

Changes in Water Quality

Changes in the chemical composition of fresh water
presented here resulted from production or use of coal, petro-
leum products, and uranium. A major environmental prob-
lem that affects the quality of surface anc' ground water is
acidic drainage from the mining of coal and uranium. The
oxidation of sulfide minerals, predominant'y pyrite, in over-
burden or tailings exposed from a mining operation produces
acidic water that enhances the dissolution and mobilization
of other metals. Upon exposure to oxygen and water, pyrite
oxidizes and initially forms soluble ferrous iron, protons and
sulfate (Kleinmann and others, 1981; Nordstrom, 1982). The
chemical reaction that describes the comp'ete oxidation of
pyrite is written as:

FCSZ+3 7502+3 5H20 — Fe(OH) 3+2804=+4H+

These acidic weathering reactions are prevalent in the unsat-
urated zone and can form other iron-bearng minerals that
temporarily store acid and sulfate, until wet conditions
release the contaminants. The resulting lov’ pH of the water
and the increase in metal concentrations f-om these oxida-
tion-reduction reactions often harm organi-ms in the stream
and riparian zone. Not all acidic water is th~ result of human
activities. Also, not all mining results in acidic water. For
example, carbonate rocks adjacent to cozl seams can dis-
solve to generate bicarbonate that has a neu‘ralizing effect on
acid generation. Innovative mining method- and engineering
practices have been developed to take acvantage of these
reactions to minimize the effects on water quality.

The effect of coal mining on water quality is variable
and depends on the composition of the coa' and overburden,
and the extent of mineral weathering alon< the flowpath of
the water. At coal mining sites investigatec in Pennsylvania,



the quality of water from surface mines reflects the compo-
sition and reactions associated with the minerals in the over-
burden that remains as mine spoil or backfill, whereas in
underground mines the water quality reflects the composi-
tion and controlling reactions in the exposed coal pillars and
surrounding rock (Cravotta, 1994). Surface mining and
underground mining can generate very different chemical
types of water.

One of the environmental effects of the generation of
acidic water in tailings piles is the discharge of acidic leak-
age into aquifers and streams. At a site in Ontario, pyrite was
oxidized in uranium tailings, and the acidic water infiltrated
to the subsurface, with some of it discharging to a stream
(Dubrovsky and others, 1984). The movement of H*, AI**,
heavy metals, uranium, and 21°Pb through the tailin gs plle
was retarded by geochemical processes, while Fe<*
SO4 traveled at about the average linear ground-water
velocity. Leachate from tailings piles is often controlled by
treatment with lime and barium chloride, the latter added for
precipitation of 22°Ra (radium). Much attention with respect
to the environmental impact of uranium milling has focused
on radium because it is a bone-seeking radionuclide and has
a restrictive drinking water standard. Deposition of uranium
mill tailings in anaerobic environments has been shown to
have the potential for the release of 22Ra to contacting
waters by microbial processes (L.anda and others, 1991).
226Ra may also be a concern in water collecting in pits at
abandoned surface uranium mines, as well as in water dis-
charged from active, underground uranium mines
(Longsworth, 1994).

The production and use of natural gas, petroleum, and
petroleum products can affect (1) the inorganic composition
of fresh water because of mixing with brines from gas and oil
wells or test holes and (2) the organic composition of water
because of contact with a nonaqueous phase liquid, such as
gasoline or crude oil. Many processes such as microbially
enhanced degradation, sorption, and photooxidation can
occur when organic compounds are transferred to the aque-
ous phase. These processes affect the chemistry of the water,
and the mineralogy and hydraulic conductivity of the aquifer
matrix.

The most soluble components of petroleumn products
are benzene, toluene, ethylbenzene, and the xylenes
(BTEX); these volatile compounds are among the 25 most
frequently reported contaminants at hazardous waste sites.
The compounds BTEX can migrate from source areas and
become inaccessible for cleanup from aquifers. However,
these compounds are known to be biodegraded by a number
of aerobic and anaerobic pathways, which makes their
removal more feasible than that of other contaminants such
as chlorinated solvents. Other components of petroleum
products, such as aliphatic hydrocarbons, may come in con-
tact with water by a spill or leaking tank. Because these
hydrocarbons are relatively insoluble, they do not migrate
far but remain close to the source area. At a site in Minnesota
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where a pipeline carrying crude oil ruptured, a long-term
study indicated that the movement of the contaminan* plume
was stabilized by biodegradation of the soluble components
of the crude oil (Baedecker and others, 1993). The move-
ment of BTEX at concentrations above Federal standards for
drinking water was restricted to an area of less than 200 m
downgradient of the source, although the grounrd-water
velocity was high enough to have carried the contaminants
much farther. However, there is so much crude oil in the sub-
surface that the plume will remain for a long time, an as the
biogeochemical processes change, the plume alco may
change.

Societal Needs and Expectations

People are concerned about water quality becanse it is
aresource worthy of preservation and because the de-line in
water quality can affect the health of humans and tt< well-
being of the biota. Advances in the scientific knowl~dge of
the behavior of contaminants in the environment have shown
that it is more effective to prevent and control contamrination
than to clean up the results of poor disposal practices or acci-
dental discharges. For organic contaminants, cleanup in sub-
surface environments where oxygen is limited is slower than
in surface water where photooxidation and volatilization of
organic contaminants can be significant removal mecha-
nisms. Biotic and abiotic processes can degrade orgaric con-
taminants to other compounds, including CO, and CHy,
which are end products of reactions involving car-on. In
contrast, the result of any process does not change t'= mass
of a metal, but can change its chemical speciation and mobil-
ity. Major advances have been made to improve water qual-
ity by preventing the mixing of contaminated water with
fresh water and by using remediation techniques to isnlate or
attenuate contaminants. Still, the quality of water for the
future is uncertain because human activities cont™ue to
cause contamination of water and because the proces-es that
determine whether contaminants can be removed from
hydrologic environments are not clearly understood.
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A Little Learning is a Dangerous Thing—
But How Do We Apply Our Geoscience
Knowledge to the Regulatory Process?

Lorraine H. Filipek and James K. Otton,
U.S. Geological Survey, Denver, CO 80225

One primary focus of this year’s McKelvey Forum is
the USGS Energy Program—the types of information we
collect and research we conduct in order to identify the qual-
ity as well as the quantity of fossil fuels. We are building the
scientific knowledge and databases that allow policy makers
and regulators to know the different kinds of fuel resources
this Nation has, their distribution, the environmental conse-
quences of their extraction and utilization, and the scientific
uncertainties that exist within the limitations of the available
scientific data. This information is needed to help the Nation
develop policy conceming the use of these resources. In
order to be as effective as possible in the regulatory process,
regulators need to know about the kinds of information we
have, and USGS scientists need to know more about the
kinds of information that will be most useful for the regula-
tory process and how and when to supply it to the regulators.

This Forum is part of our information-transfer process.
In this final oral presentation, we give examples of how the
USGS has contributed scientific information to the regula-
tory process and mention some of the issues that are likely to
be important in the next few years. We concentrate on two
clements of the energy environmental program structure:
environmental effects of natural energy occurrence and
impacts of energy extraction.

Natural Occurrence—The Background Problem

The “background” level—the amount of a substance
present naturally—is a concept of great health and monetary
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importance when it comes to land-use plarning, regulating
industrial discharges, or cleaning up “contamination.” In
many places, background levels of natural’;* occurring sub-
stances such as hydrocarbons, trace metals, or radionuclides
may exceed regulated levels or levels from manmade
sources. In some cases, natural levels can present health haz-
ards. For example, epidemic numbers of people in certain
areas of what was once Yugoslavia have died from kidney
failure. The USGS discovered that the ground water used by
these people for drinking water contained high concentra-
tions of organic compounds that leached naturally from lig-
nite coalfields. Now, treatment of the ground water will
significantly reduce deaths by kidney failure.

In other cases, health data are inconclusive on haz-
ardous levels of elements and compounds. In these cases,
an overly conservative approach can be extremely costly.
For example, radon in air is a known healh risk; however,
radon in water has no known health risks, other than the
potential to degas minor amounts of radon into the air. In
spite of this, as part of the Safe Drinking Water Act, EPA
is required to set regulatory limits for levels of radon in
drinking water. Presently discussed minimum contami-
nant levels (MCL’s) are on the order of 300 picocu-
ries/liter. When nuclear energy was cor<idered a major
potential source of energy, the USGS conducted research
on the geochemistry of uranium-bearing rocks. Radon is a
daughter product of the natural radioactive decay of ura-
ninm and thorium, so we also studied radon. This
research indicates that the proposed MCL is 10-100 times
less than typical ground-water background levels in crys-
talline-rock aquifers. Thus, many water districts will be
forced to spend large sums to treat natural ground water to
obtain levels of radon in compliance with the proposed
standard.

Our research on uranium geology h~s allowed us to
help in another arena—that of indoor radon pollution.
Considerable geographic variability exists in the concen-
trations of radon emitted naturally from soils. This vari-
ability is related to the soils’ varying rediochemical and
physical propertics. The USGS, several State agencies,
and other interested groups have developed techniques for
mapping geologic radon potential and tave mapped the
entire United States at varying levels of detail. These maps
are designed to focus attention towards areas of higher
radon potential, to show areas where recommended modi-
fications to building codes to lower rad n entry in new
housing should be applied, and to encourage sampling of
existing housing. As such these geology-based maps con-
tribute to the policy goal of reducing human exposure to
indoor radon.

A substantial number of legal battles have been
fought over whether existing contaminatinn in a particular
area is due to human activity or is a natural result of geo-
logic circumstances. Data the USGS collects during
assessment and research studies lave commonly



determined sources of contamination in certain localities.
The utility of background information has prompted State
regulatory agencies to work with us both in developing
improved data-collection requirements for permitting, and
in requiring technical specifications based on known prob-
lems in specific geologic environments.

For example, the New Mexico Oil Conservation
Division has used our studies on the molecular and isoto-
pic composition and origin of natural gases in the San
Juan Basin both to remediate and to prevent contamination
of shallow aquifers by natural gas, mainly methane. The
San Juan Basin has been an area of considerable oil and
gas development and production since the 1950’s. Most
recently, active development of coalbed methane from the
Upper Cretaceous Fruitland Formation has taken place
within the basin, which has coincided with reports of natu-
ral gas in water. Our studies have shown that some of the
contamination has resulted from vertical migration of nat-
ural gas behind the casing of wells producing from this
formation and from devices installed to prevent corrosion
of casing in gas wells. However, some of the gas in the
shallow aquifers was formed naturally in-place by anaero-
bic microorganisms. As a result of our studies, remedial
action was taken for several wells in the New Mexico
part of the basin, and standards were developed for future
well completions to protect the shallow aquifer.

Energy Extraction—What to Do With the Waste?

Waste management is arguably the most significant
environmental issue related to energy (or any other indus-
try!). It is the heart of most environmental regulation includ-
ing RCRA, CERCLA, the Clean Air and Water Acts, and the
Safe Drinking Water Act. Sulfur, acid, salt, trace elements,
naturally occurring radioactive materials (NORM), and
gases, including carbon dioxide, can be released into the
environment during energy extraction and utilization. We
are developing methods to predict waste characteristics, to
determine the geologic factors that contribute to the suitabil-
ity and durability of potential waste repositorics, to map
existing waste contamination, and to develop effective reme-
diation strategies.

For example, coal extraction wastes can produce
environmental problems. Acid mine drainage (AMD)
caused by coal mining activities has been cited as one of
the main reaons for the Surface Mining Control and Rec-
lamation Act of 1977. However, initial regulations devel-
oped by the Office of Surface Mining (OSM) under the
Act were based on a limited amount of information. As a
consequence, AMD continues to be a serious problem
associated with coal mining in the Eastern United States.
Ve are currently working with OSM, U.S. Bureau of
“Mines, the National Mined Lands Reclamation Center, and
State regulatory agencies in an informal consortium to
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improve the coal-mine permitting process in the App-la-
chian area. We are developing conceptual geologic mod-
els of coal and overburden and are testing geophysical
techniques to develop innovative and cost-effective AMD
prediction methods. We are combining our knowledge of
local geologic and geochemical variability in coal-form-
ing environments with statistical methodology to deter-
mine the minimum number of samples necessary to
adequately characterize a prospective site. We are also
forming partnerships with the U.S. Bureau of Mines,
based on our complementary expertise, to develop rew
and improved technologies, such as anaerobic bioreactors,
to treat AMD.

Oil and gas drilling operations may produce brine
wastewaters that contain NORM. Louisiana, Arkansas, and
Mississippi have developed regulations to control soil con-
tamination from NORM in the wastewaters, and other
States are considering regulations. EPA is conducting pre-
regulatory studies of the issue. The USGS is investigating
the extent of NORM and related trace-metal contamination
associated with oil and gas production by evaluating avail-
able published data sets, evaluating soil surveys for evi-
dence of salt scarring, and assisting States in radiometric
site characterization. These studies should assist Federal
and State authorities in developing appropriate regulations
for new drilling and in identifying and reclaiming s'tes
contaminated from past activities, assist companies in
evaluating environmental liabilities associated with prop-
erty acquisition, and provide cost-effective means for site
characterization.

The Future—Toward Sustainable Energy
Development and Use

One parting thought: According to legend, the oracl= at
Delphi wamed, “A little learning is a dangerus
thing***Drink deep or taste not the Pythian spring.” If we
approach a problem in ignorance, we will make poor deci-
sions. Major roles of the USGS are to generate data in order
to increase our understanding of geologic areas of pul'%i¢
concern, to transform the data into useful information, and
then to communicate that information effectively to the pb-
lic and, in particular, to the writers of regulations. Relevant
information is the basis for sustainable, environmentally
acceptable energy development and use. We applaud flexi-
bility in national regulations that allow State/local authori-
ties to take into account local conditions but that offer
guidelines sufficient to protect the environment uniforrty
across the country. We want to work even more closely with
policy makers at the national level to provide them the infor-
mation they need to develop appropriate flexibility in ervi-
ronmental regulations related to energy commodities, and
with regulators at the State/local level to develop strategies
for regulatory compliance that are based on science. We ask
your help in becoming more effective.
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Information Transfer

Easy Access to Coal Quality Information:
COALQUAL—The New USGS Coal Quality
CD-ROM Database

Linda J. Bragg, Charles L. Oman,
Susan ). Tewalt, and Robert B. Finkelman,
U.S. Geological Survey, Reston, VA 22092

A new CD-ROM (Compact Disc-Read Only Memory)
was produced to satisfy a demand for access to the USGS’s
(U.S. Geological Survey) USCHEM (USgeoCHEMical)
database by coal mining companies, utilities, State agencies,
environmental organizatious, researchers, and others. In
addition, the USGS’s coal quality data were adopted by the
U.S. Environmental Protection Agency (EPA) to address the
effects of the 1990 Clean Air Act Amendments (CAAA).
That recognition of the USGS data created an additional
demand for public access to the database.

A subset of data, representing the 50 most productive
U.S. coal beds during 1990, was selected for the EPA by
USGS personnel from the coal quality information contained
in the USGS’s National Coal Resources Data System
(NCRDS) to fulfill this requirement. The EPA is obligated to
assess the impact of 189 chemical substances from a wide
variety of stationary sources, including emissions from elec-
tric utility steam generating plants. The limitations in time
and money, plus the lack of appropriate analytical methods,
have severely curtailed field testing activities. Therefore, the
EPA has sought out existing databases that coutain fuel anal-
ysis information.

To meet this need the USGS has released a CD-ROM
(Bragg and others, 1994) that contains compreheusive infor-
mation representing approximately 7,400 full-bed U.S. coal
samples compiled from the 13,035 full-bed and benched coal
and rock samples that compose the USCHEM database. For
some localities, data are represented by one sample obtained
either by chanuel or core (Swanson and Huffman, 1976;
Stanton, 1989). In other localities, because the ouly available
data were either bench or interval samples, a composite sam-
ple was calculated. A composite sample entailed calculating
values from the weighted averages of interval (bench) sam-
ples taken sequentially to represent the bed thickness.
(Weighted averages are calculated by normalizing the data to
the total “bed thickness” using the individual sample thick-
nesses.) Up to 136 parameters are available for each sample
record. These parameters include (1) geologic, stratigraphic,
and geographic data; (2) ultimate and proximate data; (3)
forms of sulfur; (4) grindability and free-swelling indices;
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(5) ash fusion temperatures; (6) calorifi~ values; (7) ash
oxides; and (8) concentrations of 63 major, minor, and trace
elements. The chemical data are presentec on a whole-coal,
as-received basis, except for the oxides, w*ich are presented
on an ash-basis. ASTM (American Society for Testing and
Materials) standards were used to test for parameter groups
2-6 through agreemeuts with the USBM (U.S. Bureau of
Mines) testing lab and commercial labs: USGS methods
were used for parameter groups 7 and 8 (Swanson and Huff-
man, 1976; Golightly and Simon, 1989).

Table 1, sample distribution by coal province, coal
region, and State, shows a comparison of tI' =~ number of sam-
ples in the USCHEM database and the number of samples in
the COALQUAL database after restricting the samples in
USCHEM to those representing full-bed coal samples. Fig-
ure 1 shows the geographical distribution. In addition to the
database, technical information and publi-ations pertaining
to the data, sampling techniques, and analytical methods are
also included on the CD-ROM. (Sec Finkelman and others,
1994; Golightly and Simoun, 1989; Swanson and Huffman,
1976; USGS, 1976; and Wood and others, 1983.)

The USGS CD-ROM Open-File Report (Bragg and
others, 1994) has been produced in accordance with the ISO
9660 CD-ROM Standard and is, therefore. compatible with
any computing platform that has appropriate CD-ROM
driver software installed. However, the access software
(called GSSEARCH) used to retrieve data on the disc cur-
reutly executes only under DOS on IBM or compatible per-
sonal computers. A dBase file coalqual.dbf is included on
the CD-ROM which may be downloaded to a IBM compati-
ble PC and accessed by a variety of databases that can import
dBase (version 3.0 or higher) files. Datz may be selected
through the use of GSSEARCH and output in a variety of
formats, including dBase, flat ASCII, de'imited ASCII, or
fixed-field for use on other computing pla‘forms.

The CD-ROM provides easy access to data represent-
ing full-bed coal samples and is available to the public
through the USGS. Much of the data war obtained prior to
1982, and as a consequence, many of the coal samples were
obtained from areas that are now mined out or where coal
mining has subsequently ceased. On the average, only 100
analyses are being added to the USCHE1 database anou-
ally. The CD-ROM will enable the user to look at regional
projections of coal quality variation; how=ver, care must be
exercised when looking at areas in detail. Care must also be
taken in using data for elements where mcre than 10 percent
of the non-zero data were qualified in th~ USCHEM data-
base (this information is found in the he'n files and in the
techinfo documentation on the CD-ROM). Non-zero



Table 1 (Bragg and others). Samples in USCHEM and COALQUAL databases from coal-bearing areas.

[, no sample]
Province ! Region? Total Number of State Number of Number of
number of samples after samples samples after
samples compositing (USCHEM) compositing
(USCHEM) (COALQUAL) (COALQUAL)
Alaska Peninsula 13 8 Alaska 13 8
Central Alaska 259 49 Alaska 259 49
Cook Inlet-Susitna 98 30 Alaska 98 30
Northern Alaska 296 18 Alaska 296 78
Seward Peninsula 6 1 Alaska 6 1
Eastern Atlantic Coast 67 2 Maryland 1 —
Massachusetts 5 1
North Carolina 55 —
Virginia 6 1
Central Appalachian 2,198 1,777 Kentucky 910 780
Tennessee 49 48
Virginia 579 492
West Virginia 660 457
Northern Appalachian 2,627 1,636 Maryland 74 59
Ohio 805 660
Pennsylvania 1,521 757
West Virginia 227 160
Pennsylvania anthracite 72 52 Pennsylvania T2 52
Rhode Island 18 12 Massachusetts 7 3
meta-anthracite. Rhode Island 11 9
Southern Appalachian 1,062 987 Alabama 1,013 9
Georgia 39 37
Tennessee 10 10
Gulf Mississippi 67 23 Arkansas 8 11
Kentucky 1 3
Mississippi 31 9
Missouri 5 —
Tennessee 3 —
Texas 197 118 Arkansas 69 45
Louisiana 1 1
Texas 127 72
Interior Eastern 826 298 Illinois 133 16
Indiana 378 157
Kentucky 315 125
Northern 10 3 Michigan 10 3
Western 445 329 Arkansas 30 28
Iowa 145 118
Kansas 45 30
Missouri 123 91
Nebraska 17 —
Oklahoma 85 56
Northern Fort Union 414 300 Montana 141 95
Great Plains. North Dakota 273 205
North Central 12 7 Montana 12 7
Powder River 1,666 612 Montana 730 251
Wyoming 936 361
Rocky Mountain Denver 123 42 Colorado 123 42
Green River 1,117 416 Colorado 516 151
Wyoming 601 265
Hams Fork 47 29 Idaho 6 —
Wyoming 41 29
Raton Mesa 96 40 Colorado 61 28
New Mexico 35 12
San Juan River 337 193 Colorado 44 21
New Mexico 293 172
Southwestern Utah 63 42 Utah 63 42
Tertiary lake beds 12 7 Idaho 3 —
Montana 9 7
Uinta 614 253 Colorado 191 122
Utah 423 131
Wind River 44 42 Wyoming 4 42
No data entered No data entered 229 46 Arizona 40 11
California 1 —
Colorado 17 8
Idaho 49 3
Missouri 10 —
Montana 1 —
Nevada 14 2
New Mexico 15 7
Texas 1 1
Washington 80 14
Wyoming 1 —
TOTAL SAMPLES 13,035 7432

ISource: Wood and others (1983, p. 16).
Modified from Wood and others (1983, p. 15); Appalachian region is split into Northern, Central, and Southern Appalachian.
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qualified data are values which are greater than (G) or less
than (L) the detection limit for the element. Qualified data
having qualifiers of B (not analyzed for), N (not detected),
and H (interference) are treated as zero qualified data or
NULL values. All the chemistry data have been vali-
dated—the data in the database have been corrected to the
analytical data sheets. By the end of 1995, the geologic,
stratigraphic, and geographic data should be completely val-
idated (sent to the collectors where possible or checked
against publications) and corrected in the database, at which
time a new version of the CD-ROM is anticipated. The
USGS will continue maintaining the USCHEM and
COALQUAL databases and adding data as acquired.
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CD-ROM Publication of the
1995 National Assessment of Oil and Gas
Resources of the United States

Ken Takahashi and Donald L. Gautier,
U.S. Geological Survey, Denver, CO 80225

The results of the 1995 National Assessment of Oil and
Gas Resources of the United States are presented in an inter-
active CD-ROM. The application of new digital

technologies to the publication of data and the presentation
of findings from this major program of the U.S. Geological
Survey has resulted in a unique product that presents the
complex procedures and findings in a form that is clear and
understandable to the lay person. At the same time t-e use of
digital technology preserves and makes available the data
and maps used in the assessment in a digital form useful to
the scientific community, The interactive nature of the
National Assessment CD-ROM allows the user tc browse
through the documents and presentations, choosing items of
interest in user-selectable order. Using digital techniques to
present the findings and methodology provides the opportu-
nity to illustrate and present complex concepts and relation-
ships in graphic images or animations that are easy to
understand.

Knowledge of oil and gas resources is necersary for
strategic planning, evaluating Federal lands, and deeloping
sound economic, energy, and environmental policies. The
U.S. Geological Survey (USGS), in collaboration with the
Minerals Management Service (MMS), is the only indepen-
dent body able to conduct such a study. The USGS National
Assessment is an unbiased and scientifically based estimate
of the quantity of oil and gas yet to be discovered and of the
past and future growth in hydrocarbon reserves. The
National Assessment describes the sources of oil and gas,
where they are, what technology may be needed to recover
them and at what price, and at what rate they can be with-
drawn. This more comprehensive view of the National
Assessment will provide a new understanding of U.S. oil and
gas resources.

Selection of CD-ROM as the medium for presenting the
results of the 1995 National Assessment of Oil and Gas
Resources was based on its characteristics and capabilities.
Currently CD-ROM’s are the only medium capable of hold-
ing the volume of data necessary to present the find'ugs and
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