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Foreword

On July 4, 1976, the United States of America cele-
brated its Bicentennial. This report summarizes the
progress made by the U.S. Geological Survey during
the last year of the Bicentennial in collecting, ana-
lyzing, and publishing information about the Nation’s
mineral, water, and land resources and in supervising
mineral operations authorized by lease and permit
on the Federal lands.

As the Nation reflects on its first 200 years of his-
tory, the Geological Survey would like to call atten-
tion to the years ahead. Perhaps a quarter of a cen-

tury from now this country will mark the passage of

yet another milestone, namely the completion of the
building of a Second America.

What this means is that, if one were to add up the
resource production, construction, and consumption
that has taken place until now as the First America,
the equivalent accomplishment will likely be com-
pleted by the end of the 20th Century. Thus we shall
have to grow, mine, transport, build, manufacture,
and distribute as much in the way of material goods
as has been done in all previous American history. It
has taken us more than 400 years to build the First
America. We will build the Second in 25.

What exactly will this entail? To meet the needs
of an estimated population of 270 million people by
the year 2000, major urban areas will have to be ex-
panded. They are already increasing at the rate of
2,590 square kilometers (1,000 square miles) an-
nually, which is like adding a new Boston or Wash-
ington, D.C., each year. The areas coming under the
economic, planning, and development influence of
these metropolitan centers is expanding at 10 times
this rate—25,900 square kilometers (10,000 square
miles) a year—an area larger than the State of New
Hampshire. It is projected that the land areas ex-
pected to undergo development, coupled with those
needed for highways and surface mining, will amount
to more than 233,000 square kilometers (90,000
square miles) during this time period—nearly equiva-
lent to the State of Wyoming.

Building this Second America will require prodi-
gious amounts of resources, including energy, mate-
rials, water, and land. Just to maintain the present
levels of consumption of oil and gas, for example,
will require about 150 billion barrels of oil and more
than 500 trillion cubic feet of gas—substantially more
than we have produced and used throughout our
history.

The task of finding and producing the increased
volume of materials that will be needed in the next
quarter of a century will be a formidable assign-
ment. Some of these materials will be purchased
from sources abroad, but most of them will have to
come from our own soil. The Nation will have to
produce them within the context of rising costs and
increasing difficulty in finding and extracting the
necessary materials with minimal damage to the
environment. If the Second America is not built in-
telligently, the Nation could do as much environ-
mental damage as was done in building the First
America; however, we are much closer to the limits
of tolerance than ever before, and the risk of such
environmental damage is much more serious than in
the past.

To build and sustain the Second America, and do
it right, will be a challenge to all—politicians, scien-
tists, engineers, economists, businessmen, the labor
force, and the public at large.

The Geological Survey is ready to do its part in
meeting the challenge of the future. For the past 98
years the Agency has been accumulating the data
necessary to assess and inventory the Nation’s miner-
al and energy resources. During the years ahead,
efforts will continue to improve these estimates, fill in
the gaps in the data banks, and pinpoint new poten-
tial sources and deposits. New thrusts will be made in
mapping, assessing water resources, conservation,
and in providing other earth-science data for public
use. . .

To understand how the Geological Survey will re-

spond to the challenge of the future, it is useful to

look at the national trends which currently influence
the direction and content of the Survey’s activities.

Some of these are:

® Continued population and urban growth, increas-
ing the human use of the land and water, increas-
ing the natural hazard risk to the population, and
increasing concern for land-use and zoning
information.

® Economic growth, increasing the demand for min-
erals and fuels.

e Continued withdrawal of public lands from mineral
entry, resulting in an increasing need for areal
resource appraisal.

® Growth in the development and use of toxic and
hazardous materials (including nuclear energy),
increasing problems of waste disposal.



® The opening up and exploration of new domains
and frontiers, such as the subsea, the arctic, the
deep crust, and other planets.

® Deterioration of environmental quality and in-
creased public interest in environmental protec-
tion.

The Geological Survey’s primary missions have not
been affected very much by these trends because of
the way the 1879 Organic Act, under which the Survey
operates, was written. Broadly read, the Act is as
descriptive of the Survey’s principal missions now as
it was in the 1800’s. Many of the secondary missions
of the Geological Survey, however, have been influ-
enced by these national trends. Some examples are:

® Growth of the Conservation Division’s lease-man-
agement activity and inception and growth of
its tract-evaluation function.

® Inception of the Environmental Impact Analysis
program and growth in environmental studies.

® Inception of a national land-use and land-cover
mapping and analysis program.

® Growth of natural hazard studies and inception of
research for developing a prediction capability
for these phenomena.

® Inception of automation in data storage and han-
dling.

® Increasing activities in the coastal zone and the
identification of this area as a critical one for
topographic mapping, land-use mapping, study-
ing the onshore impact of offshore activities,
and for water, estuarine, and geologic studies.

® Inception and growth of the Earth Resources Ob-
servation Systems (EROS) program, the EROS
Data Center and planetary, subsea, and antarctic
studies and exploration.

® Inception of wilderness and native-land mineral
resource evaluations.

® Growth in energy and mineral resource assess-
ments and new responsibilities for exploration
and environmental protection on the Federal
lands. '

These are some of the new programs and activities
that the Geological Survey has recently implemented
in response to national trends and issues. In addition
to creating new programs and influencing the sec-
ondary missions of the Geological Survey, national
trends have also changed the character of the or-
ganization in terms of its methods of operation. Some
examples include:

® A shift to carrying out an increasing percentage of
the operation through grants and contracts.

® Replacement of professionals by highly trained and
skilled technicians and subprofessionals.

e Establishment of basic research and factfinding
"studies that are more diverse and becoming
more multidisciplinary in character.

® The initiation of a shift to the metric system.

The reader will find that throughout this report all
measurements are in metric units followed by the
English-system equivalents in parentheses. The use of
this measurement system is part of an effort by the
Survey to help the Nation shift to the metric system,
as called for by Public Law 94-168. The impact of the
conversion on Geological Survey programs is illus-
trated by an essay in the ‘“Perspectives’” section en-
titled ‘“Metrication—What It Means to Mapping.”

Probably the most difficult problem and greatest
challenge that the Geological Survey will face in the
future is how to communicate its information more
effectively to the public, the States, other Federal
agencies, the Congress, and the Administration. One
way is through the publication of an annua! report.
This year’s report for fiscal year 1976 consists of five
parts:

® The Year in Review—a review of the major issues,
events, achievéements, and program accomplish-
ments of the Geological Survey.

® Perspectives—a series of short essays covering ac-
tivities related to national issues, interdivisional
programs and recent advances in the earth sci-
ences.

® Missions, Organizations, and Budget—a descrip-
tion of the major roles of the Geological Survey
and the organization and budget it takes to
carry out these missions.

e A description of significant activities and program
highlights for each of the eight operating divi-
sions and offices.

® A set of statistical tables and related information
which documents workloads, production, and
accomplishments.

Supplemented by Professional Paper 1000, “‘Geo-
logical Survey Research 1976,” the latest in a series
of annual reviews of technical results of the Geolog-
ical Survey’s research programs, this Annual Report
provides a comprehensive description of the activities
of the Federal Government’s largest earth-science
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Two new USGS facilities: Top, Mid-Continent Mapping Center in Rolla, Missouri; bottom, National Water Quality Laboratory
in Denver, Colorado.




The Year in Review

INTRODUCTION

During fiscal year 1976, the Geological Survey was
involved in many critical issues of national significance
such as the identification and assessment of potential
energy and mineral sources, appraisal of the magni-
tude and quality of water resources, the reduction of
hazards from earthquakes and other geologic proc-
esses, land-use mapping, and the supervision of
lease operations on the Federal lands. The Survey was
also involved in assessing the Nation’s geothermal po-
tential, in developing a reliable earthquake-prediction
capability, collecting and analyzing water data, and
producing topographic, geologic, and hydrologic
maps in support of energy and mineral programs.

Statistics for fiscal year 1976 indicate that 10,000
maps of all types were produced, that 3,400 reports
were approved for publication, and that 158,000
water-quality analyses were made. Additional ground-
and surface-water measurements were made at 33,820
stations throughout the United States. The Geological
Survey also supervised 2,557 leases on the public
lands covering 3.7 million hectares (9.1 million acres)
and collected $950,000,000 in royalties and rentals.
During fiscal year 1976 and the transition quarter, the
library acquired 142,000 new publications. In addi-
tion, more than 407,000 photographs and digital tapes
were ordered from the EROS Data Center, and
398,965 inquiries for data and information were
handled by the Public Inquiries Offices.

FACILITIES

The Geological Survey operates three major field
centers in Rolla, Mo., Menlo Park, Calif., and Denver,
Colo. During fiscal year 1976, the facilities at each of
these centers were expanded.

On May 19, 1976, a new center was dedicated at
Rolla. The $2 million facility was built on a 2.8-hectare
(7-acre) tract and provides a gross area of over 8,825
square meters (95,000 square feet).

The new center allows the consolidation under one
roof of a number of functions that were previously
performed in several separate facilities in the Rolla
area. The facility houses about 340 scientists, hydrol-

ogists, engineers, cartographers, technicians, and
administrative personnel from the Survey’s Adminis-
trative, Computer Center, Conservation, Topographic,
and Water Resources Divisions. The center will also
serve as a headquarters for about 110 field employees.
Additionally, the General Services Administration
maintains a small force at the center, and a Health
Unit affords emergency medical treatment and con-
ducts routine health services for all personnel.

In June 1976, construction was completed on the
Geological Survey’s National Water Quality Laboratory
in Denver. The new 4,600-square-meter (49,000-
square-foot) building will house 150 people and
bring together 5 water-quality analytical and research
laboratories that were previously scattered around the
Denver area. The facility will enhance the Survey’s
capability to handle the growing load of chemical
analyses of water, sediment, and related substances
from projects ranging from the analysis of water-
quality effects of mining to the measurement of pes-
ticide concentrations in the hydraulic environment.

Also in Denver, the Geological Survey Library and
several geology laboratories were moved into the
Stevenson Building adjacent to the Denver Federal
Center. Remodeling efforts were also begun in Build-
ing 85 at the Federal Center to ready 5,600 square
meters (60,000 square feet) of space for the Conserva-
tion Division.

Denver was also the scene of an unfortunate event
of major consequences. On Friday, March 19, 1976,
a fire occurred during the night in Building 25 at the
Denver Federal Center. This building houses the Cen-
tral Region Headquarters of the Geological Survey.
The areas burned included approximately 2,700 square
meters (29,000 square feet) on the second floor, in-
cluding one major Water Resources Division labora-
tory, five major Geologic Division laboratories, and
nine two-man geologic laboratories and supporting
office space. Heat, smoke, and water caused damage
to more than 11,600 square meters (125,000 square
feet) of the two-story building. The cost of re-
constructing the building was estimated at $4.5 mil-
lion, and the repair and replacement cost of equip-
ment totaled $2.4 million.



In California, the Geological Survey leased the 7,500-
square-meter (81,000-square-foot) Shell Building ad-
jacent to the main Survey complex in Menlo Park. The
building will house offices of the Geologic and Com-
puter Center Divisions. Occupancy began in Septem-
ber 1976.

ENERGY, MINERALS, AND GEOLOGY

The task of assessing and developing the energy
resources of the Nation’s lands continued to shape
and direct many of the activities of the Geological
Survey.

During 1976, the Geologic Division made available
- to the public 68,000 records of the Petroleum Data
System and 35,000 records of the Computerized Re-
source Information Base (CRIB) System and, in addi-
tion, either developed or expanded 14 other data
bases, including those for isotopic ages, geologic map
indexes, United Nations seabeds data, oil shale, geo-
thermal energy, and uranium and thorium. The first
phase of the National Coal Resource Data System, in-
volving regional coal-resource information, became
operational, with the capability of data manipulation
and retrieval.

The Geological Survey continued to produce gen-
eral reports on topics of broad national earth-science
interest. During fiscal year 1976, the Survey published,
among others, reports on the probablistic estimates of
maximum earthquake accelerations, on paleotectonic
investigations of the Pennsylvanian System, and on
landslide occurrence and landslide susceptibility.

A new map of the United States showing equal
lines of magnetic declination was published in August
1975. 1t is the first declination map issued since 1970.
Magnetic declination, also referred to as “variation of
the compass,” is the angle between true north and
magnetic north. Because the Earth’s magnetic field is
constantly changing, new measurements must be
made at regular intervals. From these measurements,
magnetic lines are depicted on periodically updated
maps which are used extensively by marine and air-
craft navigators, civil engineers, surveyors, cartog-
raphers, and earth scientists.

During fiscal year 1976, the first in a series of Geo-
logical Survey regional assessments that will inventory
the vast and largely unappraised mineral resources of
Alaska was completed and published as an introduc-
tory circular and 12 separate maps. The prototype
assessment area lies in the Nabesna quadrangle about
363 kilometers (225 miles) north of Anchorage and is
the first to be completed under the Geological Sur-
vey’s Alaska Mineral Resources Assessment program
authorized by Congress on July 1, 1974. The mabs
show the surface distribution of copper, lead, gold,

chromium, and cobalt and include three-dimensional
diagrams showing the relative distribution and con-
centrations of these and seven other metals, includ-
ing silver, nickel, and zinc. ‘

Similar regional assessments now underway in other
parts of Alaska are designed to produce a badly,
needed, rapid, yet accurate assessment of Alaska’%
mineral resources. In view of the growing mineral
shortages and the large role that Alaska is expect%
to have in supplying the Nation’s future mineral needs,
the assessment will play an important part in tl}e
planning of a viable long-range national minerals
policy. Assessment began this year on nine quadran-
gles covering 122,247 square kilometers (47,200
square miles) after the completion of five sheets dur-
ing fiscal year 1975. A total of 32 quadrangles will
have been assessed when the project is completed.

The first report for the Minerals for Energy Produc-
tion program was released as Professional Paper 1006.
This program responds to the need to know what non-
fuel minerals will be required to assure that U.S.
energy-material production goals can be met. This
initial report is in two parts: (1) Assessment of de-
mand for nonfuel minerals, 1975-80; and (2) evalua-
tion of available supplies of those materials that will
be stressed. The report states that present production
rates of most of these materials are considerably be-
low estimates of the anticipated need for meeting
energy goals by 1990.

In August 1975, the Geological Survey published,
as Circular 726, the first comprehensive assessment of
geothermal resources of the Nation. The report shows
that huge quantities of heat exist in ““hot spots” in
the Western States and in some geologically favorable
zones of the Gulf coast. The assessment was made
with the support of the Energy Research and Develop-
ment Administration.

Although there are numerous locations where geo-
thermal systems exist, for most of them very little is
known about exact size, temperature, and especially
how much heat can be recovered. While geothermal
energy is not a panacea, it is an extremely important
alternative energy source, and the study shows that
the potential is large enough to justify both explora-
tion and technological research and development.

As part of a small international cooperative pro-
gram, a team of Geological Survey scientists, working
with their counterparts in the Saudi Arabia Directorate
General of Mineral Resources announced in May 1976
that a mine in western Saudi Arabia is now believed to
have been the principal producer of King Solomon’s
gold. Although many mines scattered throughout the
region may have contributed gold to King Solomon’s
treasuries, the principal producer and most likely
candidate to be the fabled Biblical Ophir is the Mahd



adh Dhahab (Cradle of Gold) mine, located about
midway between Mecca and Madinah.

A joint Department of the Interior and ‘Department
of State program that provides on-the-spot informa-
tion about the availability of mineral resources was
begun during the fiscal year. The key new element
was the establishment of a Geological Survey/Bureau
of Mines training program for State Department per-
sonnel that will help people on foreign assignments
acquire resources information overseas. The early suc-
cess of the program has already encouraged the De-
partment of State to expand it.

In February 1976, it was announced that the U.S.
Geological Survey would represent the United States
on the Executive Committee of the recently estab-
lished World Coal Reserves and Resources Service of
the International Energy Agency. The Service, estab-
lished last November, will act as a central clearing
house for the collection and distribution of compu-
terized data on world reserves and resources of coal
for determining the location, amount, quality, min-
ability, and usability of coal resources throughout the
world. The Service will also provide basic information
from which nations can plan fossil-energy production
and consumption, the interplay of energy sources,
future commitments, gas and oil conversion from coal,
and location of industrial complexes.

The International Energy Agency is a group of in-
dustrial Nations—Belgium, West Germany, ltaly, the
United Kingdom, and the United States—joined in an
effort to reduce the impact of oil-price increases
through a variety of measures, including research on
alternate energy sources, especially coal. Members of
the Agency belong to the Organization for Economic
Cooperation and Development. Implementing agree-
ments establishing the World Coal Reserves and Re-
sources Service were signed in Paris on November 20,
1975, by the U.S. Ambassador to the Organization for
Economic Cooperation and Development. Through
the U.S. Geological Survey and the Bureau of Mines,
the United States will provide the computer capabil-
ity for the Service and, with Britain’s National Coal
Board, will jointly run the Service for member nations.

Interest in coal increased this year because of re-
cent legislation and because of the pressing need to
develop this valuable and abundant resource. The De-
partment of the Interior has lifted its moratorium and
resumed its Coal Leasing program. The Geological
Survey has been assigned the lead role in preparing
three environmental impact statements on proposed
coal development and is involved in four similar state-
ments being directed by the Bureau of Land Manage-
ment. In addition, because of the strong interest in
coal at the State government level, a special Coal
Committee comprised of State geologists was formed

to provide inputs to the Geological Survey and to
review environmental impact statements, resource as-
sessments, and work plans. As part of a Federal-
State Cooperative program, several State geological
surveys provide data directly to the Coal Data System
through contracted efforts.

During the summer of 1976, two Viking spacecraft
landed on the surface of the planet Mars. The site-se-
lection team, comprised of employees from the Geo-
logical Survey’s Flagstaff, Ariz., operation, played a key
role in-the success of this venture.

As the Nation’s major civilian mapping agency, the
Geological Survey has prepared more than 100 maps
of Mars, Mercury, Venus, and the Moon in support of
manned and unmanned exploration efforts by the
United States and the Soviet Union. Preliminary geo-
logic mapping of the Moon has been completed, and
the work on mapping of Mars is nearing completion.
About 40 percent of Mercury has been mapped from
Mariner-10 data, and preliminary mapping of Venus is
underway. Such mapping of the planets not only aids
in the selection of future landing sites but also serves
to summarize our present knowledge of astrogeology.
The staff at the Flagstaff Computation Center also pro-
vided computer support for the Viking mission and
assisted in making cartographic digital-image en-
hancements of the photographs sent back to the Earth.

i.EASE MANAGEMENT AND EVALUATION

On June 11, 1976, the Secretary of the Interior
signed new Geological and Geophysical Regulations.
These regulations will provide additional data for the
Government, make it available to the public in a
timely manner, and help to control the geological and
geophysical exploration procedures. Also issued were
Outer Continental Shelf Orders (the basic guidelines
or regulations under which lessees carry out their
activities) for the Gulf of Alaska and the Atlantic
Ocean. '

In November 1975, the Geological Survev an-
nounced that final approval had been granted for the
first of two deep stratigraphic test wells to be drilled
in Federal waters on the mid-Atlantic Outer Conti-
nental Shelf. Drilling began on December 14, 1975,
and was completed in March 1976. The well was
drilled to a depth of 4,890 meters (16,043 feet), 146
kilometers (91 miles) seaward from the New Jersey
shoreline in 91 meters (298 feet) of water. The area is
known as the Baltimore Canyon.

A second well, in the Georges Bank area, was
approved in March 1976. This area lies about 120
kilometers (75 miles) seaward from Cape Cod, Mass.,
in about 43 meters (140 feet) of water.



These Atlantic Outer Continental Shelf tests will
provide useful geologic information to participating
companies and to the Federal Government as an aid
in evaluating tracts to be offered in the mid-Atlantic
lease sale. The data from the first well were made
available to the public through Open-File Report 76—
774 on November 1, 1976.

Final Revised Coal Mining Operating Regulations

were issued on May 17, 1976. These regulations were.

issued to ensure that coal mining would be carried
out in an environmentally acceptable manner.

NATIONAL PETROLEUM RESERVE OF
ALASKA

In April 1976, the Naval Petroleum Reserves Act
(Public Law 94-258) was passed by Congress. This act
transferred jurisdiction of the National Petroleum Re-
serve in Alaska, formerly Naval Petroleum Reserve
Number 4, from the Department of the Navy to the
Department of the Interior and required continua-
tion of an exploratory drilling program begun by
the Navy. On April 22, 1976, the responsibility for
carrying out the provisions of this Act was assigned
to the Geological Survey. Assumption of the respon-
sibilities will take place on June 1, 1977.

The National Petroleum Reserve in Alaska encom-
passes some 95,830 square kilometers (37,000 square
miles) of Alaska, or an area roughly the size of In-
diana. The Geological Survey’s major responsibilities
consist of management of the following programs:

1. The evaluation and assessment of the petroleum
resources of the reserve.

2. Exploration, development for production, and op-
eration of the South Barrow gas field, or such
other fields as may be necessary, to supply gas
at reasonable and equitable rates to the village
of Barrow and other nearby communities and

installations of the Department of Defense and :

other agencies.
3. Restoration of certain areas within the reserve that
have been disturbed by previous petroleum ex:

ploration activities to an envnronmentally ac-.

ceptable state.

A planning group for the National Petroleum Re-
serve in Alaska has been established to provide for
continuation of the Navy plan to collect more than
16,000 kilometers (10,000 miles) of seismic data and
to drill 26 wells, to study and plan for the evaluation
and assessment of the petroleum reserves, and to
continue service from the South Barrow gas field. Ad-
ditional efforts are underway for the review and prep-
aration of environmental impact statements covering
the activities associated with drilling and overall
management of the reserve.

GEOLOGIC HAZARDS

The Geological Survey is engaged in major efforts

to delineate the hazards associated with earthquakes,
volcanic eruptions, landslides, mudflows, ground sub-
sidence, and floods.
“The Survey’s Reactor Hazards Research program
has delineated reverse faults in Virginia and Georgia,
the presence of which suggests that movement has
occurred in recent geologic time. Investigations are
continuing on the history and nature of the move-
ment to provide a basis for assessing the safety and
environmental problems in siting important engineer-
ing structures, such as nuclear facilities.

Two reports were produced in fiscal year 1976 re-
lated to land subsidence, or the sinking of the land
surface. The reports, produced in cooperation with
the California Department of Water Resources and
the U.S. Army Corps of Engineers, indicate that sub-
sidence is taking place in several parts of the Nation
and could become more prevalent in the future.

The reports note that at least 11,100 square kilo-
meters (4,300 square miles) of economically important
farmland in the San Jacquin Valley of California has
subsided more than 3 meters (1 foot) since the 1920’s
and that an area around Baytown, Tex., has suffered
from tidal flooding because the land surface has sub-
sided more than 2.4 meters (8 feet) since 1920; it
could subside another meter (3.28 feet) by 1980.

Most of the Nation’s subsidence problems are
caused by large withdrawals of ground water and pe-
troleum. Certainly, one can expect subsidence prob-
lems to multiply during the coming decades as more
underground water, oil, gas, and other mineral re-
sources are withdrawn to meet the Nation’s growing
needs.

In February 1976, the Geological Survey announced
that a recent land uplift of as much as 25 centi-
meters (12 inches) had been discovered astride a large
section of California’s San Andreas fault, about 64
kilometers (40 miles) north of Los Angeles.

The land swelling, the shape of a huge kidney, has
a 193-kilometer (120-mile) axis oriented roughly east-
west and extending from the Pacific Ocean into the
Mojave Desert. This uplift is receiving close attention
from the Survey’s earthquake specialists because
similar swelling has occurred before some earth-
quakes in California and elsewhere. Such uplifts, how-
ever, have also occurred without subsequent earth-
quakes.

Centered north of Los Angeles, near Palmdale in

‘the western Mojave Desert, the swelling apparently

began about 1960 near the junction of the San
Andreas and Garlock faults. Since then, it has grown
east-southeastward to include an area of about 12,000
square kilometers (4,500 square miles). The signifi-



cance of the rapid uplift is not fully understood. Con-
cern, however, is warranted because it occurs astride
a sector of the San Andreas fault that has remained
“locked” since a great earthquake in 1857. Thus, con-
siderable strain is building up in this area.

Since the initial identification of the uplift, and re-
cognition that it could be a precursor to a significant
earthquake event, the Survey’s efforts to monitor geo-
detic changes in the area and to evaluate the phe-
nomenon have been expanded to include installation
of additional instruments (seismographs, tiltmeters,
strainmeters, creepmeters, magnetometers, and
others). The National Science Foundation and the
Geological Survey have provided funds to begin the
new studies.

Responsible State and local officials in the affected
area have been notified of the potential for a hazard
and are being kept abreast of current developments.

Disastrous earthquakes during 1975 and 1976 in
China, Guatemala, the Soviet Union, and the Philip-
pines increased public concern about the possibility of
a similar event occurring here in the United States.

On November 7, 1975, the Geological Survey pro-
posed a specific Federal plan for the issuance of earth-
quake predictions and warnings for consideration by
Federal, State, and local agencies. Even though there
is no operational capability for reliable earthquake
prediction at the present time, such a capability is
developing.

In the proposed plan, the U.S. Geological Survey
has the responsibility for issuing the prediction, in-
cluding advice and instructions as to defensive meas-
ures to be taken.

A major eruption of Mauna Loa Volcano on the Is-
land of Hawaii before July 1978 has also been pre-
dicted by Survey scientists on the basis of an analysis
of the volcano’s past eruptive history. This eruption,
which is likely to occur along Mauna Loa’s northeast
rift zone, could destroy parts of the city of Hilo, 48
kilometers (30 miles) to the east, depending upon the
volume of extruded lava and the duration of volcanic
activity. The volcano’s summit eruption on July 5 and
6, 1975, is regarded as a precursor to, first, another
small summit eruption and, second, a much larger,
potentially dangerous flank eruption. The location of
the predicted flank outbreak is based largely on the
occurrence. along the northeast rift in July 1975 of
thousands of small earthquakes inferred to be asso-
ciated with the injection of large amounts of magma
(molten rock) into the rift zone.

SURVEYING AND MAPPING

The Geological Survey is responsible for carrying
out the National Mapping program. In addition to
producing and distributing topographic maps of the

United States, the organization is also responsible for
handling all cartographic data, for providing simpli-
fied public access to the data, for defining Federal
mapping standards, and for developing a digital carto-
graphic base for the country.

In fiscal year 1976 and the transition quarter, the
Topographic Division produced 291 intermediate-
scale products, including 1:100,000-scale quadrangle
maps and 1:50,000- and 1:100,000-scale county maps.
The switch to this intermediate-scale product is also
a step toward the eventual shift from the English to
the metric system of measurement since these maps
are metric in scale. This effort was in response to the
immediate requirements of the Bureau of Land Man-
agement, the Soil Conservation Service, and several
States, but the maps will meet the needs of other or-
ganizations as well.

Another notable accomplishment was the acquisi-
tion and installation of advanced eauipment that will
simultaneously produce an orthophoto, a contour
plot, and a digital terrain model. This new equipment
provides improved orthophoto production canabilitv
and allows the economical preparation of digital ter-
rain information, which previously has been an ex-
pensive and time-consuming process.

A new 50-State map produced during the Bicen-
tennial fiscal year is the first detailed Survey map of
the United States to show Alaska and Hawaii in their
proper size and geographic position relative to the
other 50 States. Not shown on the five-color, 39-bv-
58-inch, 1:6,000,000-scale—one centimeter equals 60
kilometers (1 inch equals approximately 95 miles)—
map is the string of uninhabited islands and reefs in
the Hawaiian chain which stretches northwestward
for about 1,930 kilometers (1,200 miles) from the
main inhabited Hawaiian Islands to Midway Island.

To improve the Geological Survey’s capability to
systematically review and revise out-of-date maps, a
new inspection and review procedure was also
adopted and implemented during the fiscal year.

To facilitate the collection, reproduction, and sale
of space and aircraft imagery and photography, the
Geological Survey operates the EROS Data Center
near Sioux Falls, S. Dak. This facility also serves as
the data center for the Topographic Division’s Na-
tional Cartographic Information Center. In December
1975, NCIC announced that, in addition to the 6 mil-
lion frames of data held at the EROS Data Center,
information on more than 7 million aerial photo-
graphs is being added to the files as a result of an
agreement with the Department of Agriculture.

Under the agreement, two agencies of the Depart-
ment of Agriculture—the Soil Conservation Service
and the Agricultural Stabilization and Conservation
Service—are supplying the Survey’s National Carto-
graphic Information Center with descriptions—such
as location, date, area covered, scale, and film char-
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acteristics—of their aerial photographs, which cover
most of the United States. The agencies will also
supply information on their plans for collecting new
photographs. /

The addition of this information contributes sub-
stantially towards the goal of the Survey’s National
Cartographic Information Center of providing com-
plete centralized information and access to carto-
graphic data in the form of maps, aerial photographs,
space imagery, and geodetic control. Efforts will also
continue to provide access to other data held by
Federal, State, and private organizations.

WATER RESOURCES

The Geological Survey has the principal responsi-
bility for appraising the source, quantity, quality, and
movement of the Nation’s water resources. In addi-
tion, it is the lead agency for coordinating the activi-
ties of all Federal agencies in the acquisition of cer-
tain water data on streams, lakes, reservoirs, estuaries,
and ground water.

In September 1975, the Survey announced that the
first part of a new water-quality monitoring network
designed to provide a balanced yearly picture of
water quality in U.S. streams on a national and re-
gional scale was in operation. Known as the National
Stream  Quality/Quantity  Accounting  Network
(NASQAN), the network now consists of 345 stations
that measure 46 physical, chemical, and biological

‘water-quality characteristics, including temperature,

specific conductance, and a variety of bacteria, dis-
solved minerals, trace elements, nutrients, and or-
ganic and biological constituents. Measurements are
made either continuously, daily, monthly, or quar-
terly, and the network will be expanded to 525
stations.

The primary objectives of NASQAN are to account
for the quantity and quality of water moving within
and from the United States, to depict a real variability
of water quality, to detect changes in stream quality,
and to lay the groundwork for future assessments of
changes in stream quality.

The Water Resources Division also announced that
more than 150 million streamflow, water-quality, and
ground-water measurements collected at more than
100,000 sites across the country are now available
through the National Water Data Storage and Re-
trieval System (WATSTORE). The WATSTORE system
contains several data files in which water data are
grouped and stored by common characteristics and
data-collection frequencies. Currently, files are main-
tained for the storage of: (1) surface-water, quality-
of-water, and ground-water data measured on a con-
tinuous or daily basis, (2) annual peak values for
streamflow stations, (3) chemical analyses for surface-

and ground-water sites, and (4) geological and inven-
tory data for ground-water sites.

LAND INFORMATION AND ANALYSIS

The Geological Survey continued its efforts to in-
terpret and display land-resource information in ways
that are readily accessible and understandable to a
wide range of earth-science data users. During fiscal
year 1976, a consolidation of several multidisciplinary
land-resource and environmental programs known as
the Land Information and Analysis Office completed
five urban area study projects located in the Balti-
more-Washington area, .the Connecticut Valley, the
greater Pittsburgh area, the Tucson-Phoenix area, and
the San Francisco Bay region. An evaluation of the
San Francisco Bay region study by the consulting
firm A. D. Little indicated that the study has sig-
nificant value in advancing the region’s receptivity to
earth-science data in the planning process.

As part of the Resource and Land Information (RALI)
program, the survey released two reports, a “Guide to
State Programs for the Reclamation of Surface Mined
Areas” (Circular 731) and a “Directory of U.S. Geologi-
cal Survey Program Activities in the Coastal Areas,
1974-76"" (Bulietin 1428).

Under the Geography program, 1:250,000-scale
land-use and land-cover maps completed for 1,170,-
000 square kilometers (450,000 square miles), includ-
ing the entire States of Kansas, Florida, and Pennsyl-
vania. This brings the total area mapped to 1,950,000
squaré kilometers (750,000 square miles) since the
nationwide program began in fiscal year 1973. Work
was also expanded in the area of Landsat digital im-
agery land use and land-use change, and in the search
for semiautomated techniques to detect land-cover
change.

The Earth Resources Observation Systems program
published “ERTS-1, a New Window on Our Planet”
(Professional Paper 929). The book consists of 85 case
histories on the use and application of ERTS-1 (now
Landsat—1) data to earth-resource mapping, monitor-
ing, and inventory.

In October 1975, the 1st William T. Pecora Me-
morial Symposium was held at the EROS Data Center
in Sioux Falls, S. Dak. The symposium was named for
the late Director of the Geological Survey and Under
Secretary of the Department of the Interior. Dr. Pe-
cora played a lead role in the establishment of the
EROS program in 1966. The meeting focused on the
use of satellite imagery and other remotely sensed
data in exploring for new mineral and fuel deposits.

In the Environmental Impact Analysis program, the
Survey held the lead or joint-lead responsibility for
the preparation of 20 environmental impact state-
ments during fiscal year 1976. They also participated



in a nonlead capacity in the preparation of 15 other
impact statements and reviewed 2,812 additional im-
pact statements and related documents to assist other
agencies in areas of Geological Survey jurisdiction and
expertise.

ADMINISTRATION AND TECHNICAL
SUPPORT

For Geological Survey employees in the Washing-
ton area, May 1976 marked the completion of a 1-
year experiment with an alternative work schedule
called “Flexitime.” This particular working-hour ar-
rangement allows employees to start their workday
any time betwen 7:00 am. and 9:00 a.m. and quit
8"2 hours later. The experiment proved so successful
that it has since been adopted as a permanent policy
for Survey employees throughout the United States.
The use of Flexitime, which gives workers more con-
trol over the structure of their lives, resulted in not
only noticeable increases in employee job satisfac-
tion but a 20 percent decrease in short-term absences,
a substantial reduction in traffic congestion and tardi-
ness, and, in some cases, longer hours for service to
the public. In an evaluation of the experiment, em-
ployees cited decreases in commuting time, greater
ability to schedule personal activities, and a new ab-
sence of anxiety about getting to work “on time” as
the most important benefits of the new system. Super-
visors noted decreases in overtime usage, better utili-
zation of specialized equipment over a longer operat-
ing day, and effective use of “quiet time” at the be-
ginning and end of the day. The Survey is now the
largest Federal organization using Flexitime, and its
approach is being used as a model for dozens of
other similar experiments now underway in both the
public and private sectors.

To expand the computational capability of the com-
puters operated by the Geological Survey, an agree-
ment was signed in August 1975 for three compatible
time-sharing computers. The three systems will be
placed at the major Geological Survey offices in Res-
ton, Va,, Denver, Colo., and Menlo Park, Calif. Bench-
mark testing, technical evaluation, and cost evalua-
tion of equipment proposed by vendors were com-
pleted during fiscal year 1976. A contract was awarded
to the Honeywell Corporation on August 10, 1976,
and installation is scheduled for the three locations in
fiscal year 1977,

The technical and scientific information collected
by the Geological Survey has to be made available to
the general public in the most effective, efficient, and
timely manner possible. Three major improvements in
this public service were realized during fiscal year
1976: (1) The revision of Government Printing Office
procedures for the sale of out-of-print books, which

enabled the Eastern Region’s Branch of Distribution
to receive and fill 5,867 orders for a total of 23,561
out-of-print books that would otherwise not have
been available; (2) the use of commercial typesetting
and printing contracts to cut down on lengthy delays

“involved in printing publications; and (3) the addition

of a new five-color press, which has significantly in-
creased the Survey’s ability to react quickly to the
public demand for printed maps.

Approximately 5 years ago the Geological Survey
began a program for increasing minority participation
in the earth sciences. Currently there are 21 active
projects underway with an annual budget of $450,000.
The projects are directed to a few major objectives:

® To help establish earth-science programs, or
strengthen existing earth-science departments, at
colleges with substantial minority enroliments.

e To help young minority people who aspire to
careers in the earth-sciences to realize their am-
bitions by providing study-related employment
opportunities for them in the Survey during the
summer months and the opportunity for full-
time employment upon graduation.

e To stimulate interest in the earth sciences and earth-
science careers among younger children of mi-
nority groups.

In addition to the assistance programs, the Geologi-
cal Survey also built an exhibits trailer containing
rocks, minerals, instruments, maps, and other para-
phernalia of the earth-science profession. From 1972
to 1974, the trailer toured some 27 States, visiting
more than 152 minority colleges and secondary
schools, and received more than 110,000 visitors. In
1975 the trailer was placed in Rock Creek Park in
Washington, D.C., where it now serves as a field lab-
oratory for college students and for the District’s pub-
lic schools.

One of the most successful Geological Survey pro-
grams to help advance minority participation in the
earth sciences is the joint geology program carried
out in cooperation with Howard University in Wash-
ington, D.C. After discussions in 1971 with officials
of the university, it was decided to re-establish a
geology department at Howard. Initially the Geologi-
cal Survey provided an acting chairman for the de-
partment along with three part-time instructors, lab-
oratory equipment, teaching aids, and an assortment
of rocks, minerals, fossils, and maps.

In 1972-73, seven courses in geology were offered,
and by the fall of 1973 six geology majors had been
enrolled. This past year the department had 30 ma-
jors enrolled and had acquired a permanent chair-
man and two full-time faculty members. The Geologi-
cal Survey still provides some part-time teaching, but
by and large the Howard University Geology Depart-
ment is now self-sustaining.






Perspectives

Role of Earth Sciences in

Federal Coal Development in the West

By William R. Keefer

INTRODUCTION

Beneath the prairies and tablelands of the Rocky
Mountains and Northern Great Plains lie some of the
most valuable natural resources in the United States.
Their worth, in terms of present market values, ex-
ceeds $1 million an acre over extensive areas. These
statements, of course, refer to the vast deposits of
coal and lignite (figs. 1 and 2) which make up some
two-thirds of the country’s estimated total coal re-
sources of nearly 4 trillion tons (Averitt, 1975, p. 14).
Largely by-passed in favor of coals from the eastern
and central parts of the United States in earlier years,
western coal is now considered by many energy
experts to be the key to the current national effort
to gain a greater measure of energy self-sufficiency.

But the sudden burst of interest in western coal
has met vigorous opposition. As the realization of
the magnitude of the proposals being made for new
mining, processing, and utilization of coal began to
grow in the early 1970’s, citizens—not only from the
affected regions but from across the entire country—
commenced to worry seriously about the potential
environmental, social, economic, and political prob-
lems. Searching questions arose that demanded im-
mediate attention and study. Did the United States in
fact need that much additional coal to solve its pro-
jected energy shortages? What were the alternatives?
Should coal from mines in the West be converted in-
to electrical power at mine-mouth generating plants,
or should it be shipped to powerplants closer to the
large power markets? Could the arid and semiarid
regions of the West be satisfactorily restored after
surface mining? Would the influx of new people into
sparsely inhabited areas significantly change prevail-

WThe Wilderness Act of 1964 directs the USGS to help in the
mineral surveys of national wilderness and primitive areas.

ing life styles and social and economic structures?
Were local governments capable of providing the
necessary new community services? What would be
the effects on air and water quality, on wildlife
habitats, and on recreational and scenic values?
Should water—already in short supply for traditional
uses—be diverted for industrial purposes? These and
many other complex and highly controversial matters
were identified, debated, and, in some instances,
referred to the courts for legal action. Policymakers
and decisionmakers thus faced, and continue to face,
formidable tasks in providing satisfactory answers
and solutions. In many cases, such tasks have been
severely hampered by a general lack of information
upon which to base solid conclusions.

Much of the hard questioning has been aimed at
the Federal Government, which owns a substantial
share of the western coal lands and whose surface-
and resource-management agencies exert a strong
influence over coal development. In response to
public pressures, and to conform to the requirements
of the National Environmental Policy Act of 1969,
the Federal Government has redoubled efforts in
recent years to promote policies and programs that
seek to strike a proper balance between resource
development, land-use planning, and environmental
protection. Accordingly, extensive investigations, such
as the Southwest Energy Study and the Northern
Great Plains Resources Program, were undertaken
during the early 1970's, and numerous legislative acts
and other regulations have been imposed to achieve
this broad objective. An important milestone in Fed-
eral coal policy was marked in 1971 by a decision to
suspend all Federal coal leasing, except in special
circumstances, to allow for a period of time in which
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FIGURE 1.—Index map showing major coal-bearing areas (stippled) in the Rocky Mountains and Northern Great Plains.




FIGURE 2.—The Wyodak-Anderson coal bed exposed in the south pit of Wyodak mine, about 8 kilometers (5 miles) east of
Gillette, Wyo. This deposit, which is the principal strippable coal in the eastern Powder River Basin, is 27 meters (90 feet)
thick and overlain by less than 15 meters (50 feet) of overburden at this locality.

to study the status of existing leases and to determine
whether additional leases would indeed be needed
to spur new production. At the time of that decision,
leases and pending preference rights lease applica-
tions, which are a prelude to actual mining opera-
tions, existed for lands that contained an estimated
16 and 11 billion tons of federally owned coal, re-
spectively. It was not until early 1976 that new
policies were formulated, including specific require-
ments to speed the development or relinquishment
of deposits already under lease and calling for tightly
controlled procedures for the granting of new leases
(see below).

The Department of the Interior plays a dominant
role in surface- and resource-management activities
on the public lands. Within Interior, the U.S. Geo-
logical Survey is the principal agency that gathers
data on the physical characteristics of the land and
on the nature of its water and mineral resources. In
addition, the Survey is charged with responsibilities
for approving, controlling, and monitoring all mining
and reclamation on federally owned coal lands. The
full range of the professional and technical capabili-
ties of the agency—in geology, hydrology, geochem-
istry, geophysics, mining engineering, topography,
and geography—are currently being brought to bear
on the many decisions that have to be made, in the

public interest, about the orderly management and
development of these resources and on the proper
treatment of compex environmental problems in-
herent in increased coal exploitation and utilization.

PRINCIPAL ELEMENTS OF THE FEDERAL
COAL LEASING PROGRAM

The current leasing policy of the Department of
the Interior was outlined by a press release issued on
January 26, 1976. It includes six major elements:

Energy Mineral Activity Recommendation System
(EMARS).—This program, designed by the Bureau of
Land Management as the chief surface-management
agency of the Department of the Interior, calls for a
careful analysis to determine the need for coal and
to minimize environmental impacts through (1) de-
velopment of land-use plans that identify and
inventory not only mineral resources but also other
values such as agriculture, wildlife, recreation, and
water resources; (2) nomination of specific tracts,
either for leasing or for nonleasing, by State and local
governments, industry, environmental groups, and
the public at large and comparison of these nomina-
tions with information contained in the land-use
plans; (3) analysis of the environmental effects of the
proposed lease offering and, if deemed necessary,

11
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issuance of an order for the preparation of an en-
vironmental impact statement; and (4) determination
of the economic value of the coal deposit(s) being
considered for lease. As will be noted, EMARS in-
corporates much of what is listed in the following
five policy elements and thus depends heavily upon
geologic, hydrologic, coal-resource, and related earth-
science data from the U.S. Geological Survey.

Competitive leasing.—All future lease offerings are
subject to competitive bidding based on fair market
values as determined by Survey coal-resource spe-
cialists. The new surface-management and leasing
procedures for federally owned coal are detailed in
the Federal Register of May 17, 1976 (Vol. 41, No. 96,
p. 20252-20261). '

Regulation of surface mining and reclamation.—
New regulations, adopted by the Department of the
Interior on May 17, 1976 (Federal Register, Vol. 41,
No. 96, p. 20261-20273), provide strict standards to
be enforced by mining supervisors of the U.S. Geo-
logical Survey for all coal-mining ‘activities on Federal
lands. Included in the new regulations are require-
ments for coal-mine operators to minimize, control,
or prevent adverse environmental effects—such as
soil erosion, pollution of surface or ground water,
and disruption of the normal flow of surface and
ground water—and to restore the land to useful
purposes after surface mining.

Regional Environmental Impact Statements (EIS).—
Situations in which Federal actions concerning coal
development involve the granting of individual leases
at widely separated localities, but which nevertheless
combine to produce a cumulative effect within a
defined geographical area, require that regional en-
vironmental impact statements be prepared according
to the provisions and guidelines set forth in the
National Environmental Policy Act of 1969 (see dis-
cussion below). Nine such regional statements have
been or are being prepared, principally by personnel
of the U.S. Geological Survey and the Bureau of Land
Management, for areas of planned or proposed de-
velopment in North Dakota, Montana, Wyoming,
Utah, Colorado, and New Mexico. '

Diligent Development.—Requirements for actual
performance in mining operations and schedules for
payment of royalities are designed to foster develop-
ment of Federal coal in a timely fashion, but only of
those coals that can be produced in an environment-
ally safe and economically sound manner. Specific
consideration must therefore be given by the U.S.
Geological Survey staff to the quality and quantity of
coal resources and to environmental conditions in
order to evaluate the potential for mining in existing
and future lease tracts. This procedure is aimed par-

ticularly toward processing existing preference right
leases and toward eliminating speculation in the leas-
ing of federally owned coal.

Adherence to “Commercial Quantities”’ Criteria.—
Determination of “commercial quantities” is based
on whether a given coal deposit is judged by resource
specialists to be of such character and size that a
prudent person would be justified in the expenditure
of his time and money with a reasonable prospect of
profitability in developing a mine. This definition is
being applied in the processing of existing preference
right lease applications to determine whether a given
lease should be granted or denied.

Coal Leasing Amendments Act

Recently (August 1976), legislative action termed
the “Federal Coal Leasing Amendments Act of 1976
(for purposes of amending the Mineral Leasing Act
of 1920) directs the Secretary of the Interior to ini-
tiate a comprehensive exploratory program within
the U.S. Geological Survey to obtain sufficient infor-
mation for evaluating the extent, location, and de-
velopment potential of the known recoverable coal
resources of Federal coal lands. Further, the act calls
for such data as are necessary to estimate the amounts
of coal that are recoverable by deep-mining opera-
tions and by surface-mining operations, respectively,
within a given lease tract and requires that these
data be made an integral part of a comprehensive
land-use plan for the area in question.

Compliance with NEPA

One of the most far-reaching influences on the
conduct of Federal coal development in the West is

' that embodied in the National Environmental Policy

Act (NEPA) passed in 1969. This act requires that an
environmental impact statement be prepared for all
situations in which a major Federal action is being
proposed. As mentioned previously, it has already
been determined that proposals involving the de-
ve‘Iopment of several individual but scattered coal
lease tracts within a defined geographic area consti-
tute a major Federal action and therefore require
the preparation of a regional environmental impact
statement. Among its many provisions, the act directs
Federal agencies to adopt procedures which will in-
sure that presently unquantified environmental values
are given appropriate consideration in decision-
making along with economic and technical considera-
tions. A report detailing the characteristics and
conditions of the existing environment is therefore
specifically required, together with an analysis of the
environmental impacts of the proposed action as



well as evaluations of the impacts related to suggested
alternative courses of action. All these items require
basic and interpretive earth-science-data inputs from
the U.S. Geological Survey.

Adherence to air quality standards

Air quality standards established by the Environ-
mental Protection Agency place a maximum limit on
the amount of sulfur dioxide fumes—0.52 gram
per million joules (1.2 pounds per million British
thermal units)—that can be emitted during coal
combustion. Although western coals commonly con-
tain less than 1 percent sulfur, their heat value is
also low enough to become a critical factor in many
cases. Strict adherence to Environmental Protection
Agency standards therefore requires obtaining spe-
cific data on coal quality—data such as are now being
obtained in U.S. Geological Survey and U.S. Bureau
of Mines laboratories—for all deposits being con-
sidered for development.

EARTH-SCIENCE DATA REQUIREMENTS

AND THE ROLE OF THE U.S. GEOLOGICAL

SURVEY

Knowledge and understanding of coal resources,
and of the physical environment in which these
resources are located, form the cornerstone for all
phases of the Federal coal-leasing and coal-develop-
ment process. Because coal is a layered sedimentary
rock occurring only in certain geologic formations,
geologists usually know where to find it and can
estimate roughly about how much is present. These
kinds of general information, obtained during
many decades of geologic mapping and coal-resource
and related studies by U.S. Geological Survey and
other geologists throughout the sedimentary basins
of the West, in former years met most of the needs
for data about coal-bearing public lands. At present
this accumulated body of general knowledge is of
considerable value, especially in the making of broad,
basinwide resource appraisals. But the new coal pro-
grams clearly depend upon more detailed information
than is now available for most of the principal coal
fields of the West if these programs are to achieve
orderly and optimum development of federally
owned coal resources with an acceptable environ-
mental impact and are to assure a fair monetary
return to the public.

Currently, U.S. Geological Survey geologists are
engaged in a wide range of investigations designed
to upgrade the existing coal-resource data bases. The

bulk of the work in progress involves detailed geo-
logic mapping and stratigraphic studies of coal beds
and related rocks and limited drilling in selected
areas within most of the major western coal basins.
The resulting maps and other reports show the dis-
tribution, thickness, and other characteristics of coal
beds, and the information can be used for compre-
hensive coal-resource evaluations at specific sites
and for determinations of fair market value for com-
petitive leasing purposes (for example, see Bowers,
1973; Fassett, 1966; Kent, 1976; and Roehler, 1976).
To a lesser extent, broad regional compilations and
syntheses of data are also being pursued to establish
regional stratigraphic and structural relations and
coal depositional patterns that can be applied to
predict coal occurrences in areas yet to be explored
in detail (fig. 3). These kinds of data are especially
useful in preparing regional land-use plans, in pro-
viding a basis for the initial selection of tracts for
future leasing, and in identifying critical information
gaps that need to be filled by new mapping and
drilling. Additional activities are directed toward im-
proving methods for identifying and delineating coal
beds through use of seismic, magnetic, sonar, and
borehole techniques. Another important program
element is a computerized coal-resource information
system (National Coal Reserve Data System) which
is being maintained for updating and manipulation
of data.

Coal quality is another vital factor in resource
evaluation and environmental impact assessment.
Physical and chemical properties of coal may vary
markedly from one bed to another within the same
area and from place to place within the same bed.
Rank, heat value, sulfur content, and proportions of
moisture and ash determine, in large measure, the
overall value and best uses of coal. In addition, the
amounts and distribution of minor constituents, some
of which may be harmful to human and animal
health and some of which may have economic po-
tential as by-products, must also be thoroughly
studied and evaluated. Considerable efforts are cur-
rently being made by U.S. Geological Survey geo-
logists and geochemists to obtain and analyze
representative samples of coal from all the western
coal fields. Many data have already been accumu-
lated and published (for example, see Swanson and
others, 1976, p. 337-479), and investigations are con-
tinuing across a broad front.

Water is a critical commodity in the arid and semi-
arid regions of the West. In fact, water availability—
rather than coal availability—may be the most criti-
cal factor in determining the kind and size of the
development that eventually takes place in some
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FIGURE 3.—Diagram showing distribution of coal beds (solid
lines, but dashed where correlations are uncertain) within
several hundred square miles of the Powder River Basin in
northeastern Wyoming. Information is based chiefly on in-
terpretation of drill data (sections A, B, C, and so on are drill
holes) by N. M. Denson and ). H. Dover, U.S. Geological
Survey. The present land surface is shown by the uneven
profile at the top of each section panel.

areas. Concerns over water supplies, as well as the
potential disruption and pollution effects of surface
mining on existing surface- and ground-water sys-
tems, have resulted in Federal programs calling for
the extensive collection of baseline hydrologic data
throughout the western coal areas. Information on
depth and movement of shallow ground water and
on patterns of weathering, erosion, and sediment

yield is also required by regulations controlling the
mining of federally owned coal.

Studies of the quality and quantity of surface and
ground water in the Western United States have
long been a traditional part of the basic program of
the U.S. Geological Survey. The large body of ac-
cumulated hydrelogic data is now being applied
toward (1) evaluating water availability to meet the
water needs for coal mining and processing, for
energy conversion plants, and for surface-mine
reclamation; (2) assessing potential effects of surface
mining on existing hydrologic conditions; and (3)
monitoring changes in hydrologic conditions as min-
ing and reclamation proceed. New and/or expanded
hydrologic investigations, tailored to specific require-
ments in the new Federal coal programs, have also
been initiated. One of the most significant of these
is an evaluation of the potential of the Madison
Limestone aquifer in the Powder River Basin of north-
eastern Wyoming and southeastern Montana to
supply water for coal-slurry pipelines and other
industrial uses.

The overriding goals of Federal coal policies and
programs are to produce adequate supplies of coal
and to avoid significant damage to the existing en-
vironment. To achieve these goals, and to assist in
the preparation of required environmental analysis
reports and impact statements and in the enforce-
ment of Federal mining regulations, it has become
necessary to establish a baseline of existing environ-
mental conditions in each of the principal coal-
bearing areas of the West. Such baseline data are
needed for predicting the changes in the environ-
ment that will be caused by future mining and
associated activities and are also needed then for
monitoring those changes through close observations
and quantitative measurements as they take place.
Because potential environmental problems vary con-
siderably from one area to another, both in kind and
in degree, it is just as important to pursue broad
regional investigations to assess the cumulative
effects of long-term, large-scale development on an
entire region as it is to determine impacts at specific
local sites.

The preparation of a comprehensive environ-
mental baseline involves the acquisition of large
amounts of integrated geologic, hydrologic, geo-
chemical, and engineering data, a task for which the
U.S. Geological Survey is well suited in view of the
multidisciplinary aspects of its professional and tech-
nical staff. Currently, Survey earth scientists are
engaged in mapping and related studies of land
forms, landscape characteristics, and active geologic
processes in selected areas of the western coal fields.
Interpretations of these data are being used to pre-



dict how future mining, reclamation, and industrial
activities may be affected by alteration or disturbance
of the present landscape, and, conversely, how the
landscape may react to these modifications. One
such area being investigated is in the eastern Powder
River Basin of Wyoming (fig. 1), for which preliminary
results have been published (Keefer and Hadley,
1976). Additional studies are directed toward identi-
fying geologic hazards, determining surface- and
ground-water conditions, measuring erosion rates
and sediment yields (fig. 4), and evaluating factors
that bear on reclamation potential, all of which con-

tribute to advance understanding of potential en-
vironmental problems.

Knowledge of the distribution and concentration
of chemical elements in the natural environment is
likewise of prime importance in efforts to predict,
measure, and interpret changes in existing environ-
mental conditions as coal exploitation and related
industrialization take place. Redistribution of ele-
ments in landscape materials resulting from these
activities, for example, could be detrimental, or in
some instances beneficial, to future uses of the
affected land and to the quality of ground and sur-

FIGURE 4.—A recently developed rainfall simulator is used by the Geological Survey to determine runoff and erosion rates from
various types of terrain. The simulator is shown here in operation on badlands of the Cretaceous Fruitland Formation in New
Mexico, a possible coal surface mining site. About 3.8 centimeters (172 inches) of “rainfall” in 45 minutes is applied to an
area of approximately 325 square meters (3,500 square feet). Outflow from the area is trapped in the small pond (center fore-
ground) and then released and measured through a calibrated flume (left side of the pond). Water samples are then obtained
periodically (the boxes are filled with containers for this purpose) to determine the concentration of sediment in the runoff
from the test area.
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face water. Geochemical studies and sampling
programs are being conducted by U.S. Geological
Survey personnel in several of the coal-bearing re-
gions of the West with current emphasis on the
Northern Great Plains (U.S. Geological Survey, 1976).
Soils, plants, rocks (including coal), and surface and
ground water are being analyzed to determine their
geochemical properties, both locally and regionally,
as a basis for establishing baselines in advance of the
large-scale modifications that are now anticipated
from mining and related activities. Concentrations
of trace metals, such as arsenic, mercury, and se-
lenium, and other potentially harmful elements
receive special attention because they can cause
environmental problems if not detected and treated
accordingly. In addition to baseline geochemical
studies, sampling and analytical programs are also
being undertaken near some of the existing coal-fired
electrical generating plants to determine what effects,
if any, stack emissions may have on the natural
materials of the surrounding landscapes (see, for
example, Connor and others, 1976, p. 56).

All the U.S. Geological Survey earth-science data-
gathering programs discussed above focus directly on
the agency’s decisionmaking responsibilities in coal-
resource management and mining regulation. Specific
responsibilities include classifying federally owned
coal lands, defining knowrn coal-resource areas,

delineating logical mining units, assessing nomina-
tions for competitive coal leasing, determining fair
market value for purposes of evaluating competitive
bids and establishing royalty payments, and approving
and supervising all mining and reclamation activities
on federally owned coal lands. The needs for earth-
science data are clearly evident in all phases of these
activities, but perhaps the needs are best exemplified
by the duties imposed on the Survey’s mining super-
visors for enforcing the many provisions embodied
in the Federal coal-mining regulations. Proper and
effective discharge of these responsibilities involves
not only detailed knowledge of coal resources and
mining and reclamation practices, but of the whole
range of environmental matters as well.

SUMMARY

U.S. Geological Survey scientists, engineers, and
technicians bring a unique, integrated team approach
to the acquisition and interpretation of basic land,
water, mineral resource, and environmental data and
to the application of these data for the sound man-
agement of federally owned coal resources and for
the solution of complex environmental problems in-
herent in increased coal production and utilization.
The multidisciplinary aspect of the Survey’s earth-
science data-gathering activities can be summarized
as shown in the following table:

Some principal elements in the Federal coal-leasing
and coal-development system that require ea-th-science data

Regulation
of

Coal- Era‘é'r:?:l- Lease mining
Major supporting .disciglines in resource Land-use impact tract - and
the U.S. Geological Survey evaluation planning analysis selection  reclamation

Geology oo ___ X X X X X
Hydrology - ___________ —— X X X X
Geochemistry ______________ X ——- X X X
Geophysics .o ______ e X —— _— —— —
Mining Engineering _________ —— — _— X X
Topography ______________ X X X X X
Geography ___ . __________ _— X _— A ——

X, important data input from the discipline indicated.

Earth science plays a vital role in each step of the
decisionmaking process from the initial coal-resource
assessment for the selection of lease tracts to the
final approval and supervision of actual mining
operations. Much of the current U.S. Geological
Survey involvement in western coal development is
but an expansion or modification of scientific, tech-
nological, and management activities that have
formed an integral part of the agency’s basic program
for many years. But the coal regions of the West

cover vast areas, and only a cursory inventory of
data indicates that existing knowledge is as yet in-
adequate for many of the tasks and decisions that
lie ahead. However, new Federal coal programs, and
the correspondingly enlarged responsibilities of the
U.S. Geological Survey, have had the immediate
effects of sharply focusing attention on the urgency
for more extensive earth-science data-gathering
activities and of emphasizing a greater need to direct
them in the most timely, efficient, and coordinated
manner.
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How Much Water in a 12-ounce Can?
A Perspective on Water-Use Information

By I. C. James lI, J. C. Kammerer, and C. R. Murray

A pint a day,
is all I say,
to keep my whistle wet.
But so much more,
I have to pour,
before my table’s set!

B. L. Anon.

WATER USE AND ITS VARIATIONS

The 12-ounce can

On a hot afternoon after mowing the lawn, or
after returning home from a round of golf, or when
just resting from your daily toil, have you ever gone
to the refrigerator to satisfy your thirst with a 12-
ounce (355-milliliter) can of your favorite beverage?
You want to relax and reflect on the activities of the
day, but your act of consuming the contents of that
12-ounce can is the cuimination of a long chain of
processes requiring energy, materials, water, labor,
and management. Let us consider your effect as a
consumer on the water resources of the Nation and
try to answer the question, “How much water is in
a 12-ounce can?” Twelve ounces, of course—three-
eights of a quart, or, in the metric system, 0.355 liter
(0.000355 cubic meter). But wait a minute; let's re-
phrase the question to “How much water did it take
to manufacture the 12-ounce can?” Doesn't it take
water to clean the can before it is filled, water to
produce the steel or aluminum used in the can, water
to mine the coal that is used in converting iron ore

to metallic iron in making steel used in the can, and
water for cooling in the thermal electric plants that
supply these industries with electric energy?

Let us use that can from which you were about to
pour your 12-ounce drink as an example for explor-
ing the ramifications of one of our simple daily water-
consumption decisions. The fabrication of metal cans
requires a small quantity of water for a variety of
in-plant purposes such as cooling and washing. In
1968 nationwide water withdrawals for this industry
totaled 7 billion liters (7.4 billion quarts). The aver-
age in-plant water use per can is about 0.2 liter of
water withdrawn. This small direct use of water is
an obvious consequence of your consumption of a
beverage in a 12-ounce can. But what of the indirect
uses of water necessary to sustain the industries that
directly supply the can manufacturers with goods and
services?

Using 1967 data, it is estimated that supporting
industries directly supplying the metal-can fabrica-
tion industry withdraw about 23 liters (24.3 quarts) of
water per can produced. Each of these supporting
industries in turn must purchase goods and services
from still other industries. As those purchases “ripple
out” through our economy, additional economic sec-
tors become involved. The accumulated water with-
drawals for all the indirect suppliers total 40 liters
(42.3 quarts) per can, thus increasing water with-
drawals by both direct and indirect suppliers to about
63 liters (66.6 quarts) per can.

You might question the need for this type of in-
formation; certainly, your individual decision to
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Powerplant and cooling towers.

ELECTRIC POWERPLANT NEAR HAYDEN, COLO.

consume the contents of one can has little impact on
water use. In the aggregate, however, the water-use
decisions of a large group of individuals, or national
policy decisions on water use that affect many in-
dividuals, may have a considerable impact. Also, the
accumulated indirect effects of an industrial water
use are often more significant than the direct water
use in that industry, as in the example where an addi-
tional 63 liters (66.6 quarts) per can is withdrawn by
direct and indirect suppliers to a can manufacturer.

Estimates of indirect water-use effects are made
by utilizing a technique known as input-output
analysis. For this type of analysis, a table is con-
structed to show the value of direct input from each
economic sector in the United States that goes into
a unit value of output for all the other economic
sectors. By applying mathematical procedures to the
information in the table, a new table can be con-
structed to show total direct and indirect inputs from
each economic sector for a unit value of output in
each of the other economic sectors. Multiplying
these values by the average water use per unit value
of output in all of the economic sectors gives the
water use for a unit value of output from any par-
ticular economic sector. Figure 5 shows in simplified
form how this concept may be developed and ap-
plied to the water use required to produce one
12-ounce can.

As the total amount of water used by both direct
and indirect suppliers for the production of a 12-
ounce can was found to be about 63 liters (66.6

quarts), many times the direct use, so may indirect
water use for the support of production in other eco-
nomic sectors be estimated, using similar methods.
For example, an estimate can be made of the amount
of water used for the production and shipment of $10
billion worth of grain, as can an assessment of water-
use effects of national legislation concerning high-
ways, housing, energy, and environmental measures.
Possibly too often the prescribed solution to a na-
tional problem has been proposed without a
thorough evaluation of the impacts of that solution.
Would a legislative ban on nonreturnable containers
alleviate solid-waste disposal problems? And how
would that ban affect costs, energy use, water use,
and mineral use? Because almost all regulations have
negative as well as positive effects, it is desirable
that all effects be expressed in specific numbers, if
possible, and then debated before a legal or policy
commitment is made so that water-use changes can
be estimated.

A beverage can may be made entirely of aluminum,
or it may be bimetallic, having a steel bottom and
steel sides and an aluminum top. The steel industry
and the aluminum industry differ from each other
in their requirements for water, energy, minerals,
and other economic inputs. The aluminum-reduc-
tion industries (converting ore to metal), for instance,
require a relatively large amount of electric energy;
therefore, traditionally, aluminum-reduction plants
have been located in areas where hydroelectric
power is plentiful and relatively inexpensive. The

Cooling-water discharge.



CAN FABRICATION
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FIGURE 5.—Water withdrawals by direct and indirect suppliers for the fabrication of a 12-ounce beverage can. (1 liter equals
approximately 1 quart.)

production of one aluminum can requires the
equivalent of 10 cubic meters (about 11 short tons)
of water going through turbines in a 15-meter (50-
foot) high dam. This also is a water use, but the water
is not withdrawn from the river; therefore, the
quantity and the quality of the water are not per-
ceptibly affected.

Water for steel: wide variations

The largest indirect water use in the example of
the 12-ounce can is in the iron and steel industry. A
more detailed look at this industry illustrates some
interesting water-use facts that must be considered
in producing water-use information.

Steel-industry data have often been used to show
the wide range in water use that occurs within a
single industry. Inasmuch as more than 95 percent
of gross water use in steel plants is for cooling, com-
parisons of quantities used for cooling are very
significant. Data (gross use, including reuse) compiled
by Walling and Otts (1967, p. 364) for 25 integrated
steel plants and steel-processing plants showed
ranges of 14 to 409 cubic meters (3,750 to 108,000
gallons) required to produce 907 kilograms (1 short
ton) of ingot steel. As these authors pointed out,
some factors that affect cooling-water requirements
are the age and condition of a plant, procedures of
operation, and quality of cooling water. Costs of
water withdrawal also significantly affect the amount
withdrawn. Russell and Vaughan (1976) estimated

that a change in the price of water from $0.0044 to
$0.01 per cubic meter would reduce water with-
drawals by more than 80 percent; further price
increases, however, would have little additional
effect. The quantity of water actually consumed
would remain about the same or increase slightly
with price increases.

Water uses in the home and per capita use

Household uses of water also vary greatly in mag-
nitude. Household uses are internationally expressed
in terms of liters (1 liter equals 1.0567 quarts) per
day per person, and depend upon such character-
istics as climate, accessibility (connected or not
connected to a public water-supply system), water
quality, water pressure, cost, outdoor needs (lawn,
garden, pool), and whether or not the water supply
is metered. Although a person needs less than 2
liters (2.1 quarts) of water a day (from liquid and solid
foods) to survive, in the United States, the actual
daily household use (indoor and outdoor) ranges
from less than 40 liters (42.3 quarts) per capita in some
homes without plumbing to several hundred liters
per capita in affluent homes with watered lawns.
Lawn watering and toilet flushing are the two largest
household uses of water. Table 1 shows a hypo-
thetical example of average daily water use in the
future by a family of four (assuming that family has
two bathrooms, a garbage-disposal unit, a dish-
washer, an automatic laundry, and two automobiles).
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TABLE 1.—Anticipated daily domestic uses of water by a family of four. (Adapted from

Reid, 1965, p. 18.)
Average daily use
Liters Liters Gallons Gallons
per day per day per day per day
Family use of water per family per capita per family per capita
Drinking and water used in kitchen ________ 30 7.6 8 2
Dishwasher (3 loads per day) —_________ 57 14 15 3.75
Toilet (16 flushes per day) _ . __.___ 363 91 96 24
Bathing (4 baths or showers per day) _______ 303 76 80 20
Laundering (6 loads per week) ____________ 129 32 34 8.5
Automobile washing (2 carwashes per month)_ 38 9.5 10 2.5
Lawn watering (180 hours per year) ________ 379 95 100 25
Garbage disposal unit (1 percent of all
other uses) _._______________________ 13 3 3 0.75
Total o 1,312 328.0 346 86.50

Daily per capita water use in the United States is-
sometimes expressed as a nationwide average for a
given year. The average daily per capita household
use for 1970 was about 280 liters (297 quarts) per
person for homes connected to public water-supply

systems; however, the total average daily per capita
use of freshwater for all withdrawal uses—for agri-
cultural irrigation, self-supplied rural homes (do-
mestic and livestock uses), self-supplied industries,
and public supplies—was nearly 6,000 liters (6,360
quarts) per capita for the same year (table 2).

TABLE 2.—Estimated daily per capita use of freshwater in the United States.

Gallons per Liters per
person per person per
day day
Water required for survival ______________ Less than %2 Less than 2
Average personal consumption of water Abou- 1 About 4

(liquids and water in foods).

National averages in 1970

Domestic uses of all kinds (indoor and
outdoor uses); home connected to public
water-supply system.

Public water systems, including public-supply
water for domestic, industrial, commercial,
and public (fire-fighting, parks, etc.) uses
and water-system losses (population® served
in 1970: 165,000,000).

Self-supplied industrial use (total population*®
in 1970: 205,900,000).

Combined public, rural, industrial, and irri-
gation uses (excluding hydroelectric
power).

Water for hydroelectric power

75 280
166 628
777 2,940
1,550 5,870

(If saline water use is added, per capita use
is 1,800 gallons, or 6,810 liters.)
13,600 51,500

1Includes Puerto Rico and Virgin Islands (U.S.).
Sources of data for 1970: Murray and Reeves, 1972;

WATER AS A COMMODITY:
HISTORY AND LEGAL CONCEPTS

One of the most significant trends in our water-use
picture is the change since colonial times, when water
was considered an essentially free resource, to the
present, when water has become a very expensive
commodity in some locations.

English common law regarded water as a common-
property resource for those who owned land along
streams (riparian owner) to use freely. The only large

but for domestic uses, Kammerer, 1976.

uses were for power in milling and manufacturing
processes, and those uses were not consumptive or
otherwise detrimental to water used by other riparian
owners. This doctrine was brought by the colonists to
the Eastern United States where it still strongly in-
fluences the water laws of the Eastern States. On the
other hand, water legislation in most of the Western
States was more influenced by Spanish law and cus-
tom, and it was generally adapted to meet the par-
ticular needs of miners, farmers, and ranchers in arid
regions. The appropriation doctrine which evolved as



a key element of western water law held that the per-
son who first diverted water and put it to a beneficial
use had a right to maintain that diversion and use.
Any subsequent upstream diverters could only op-
erate on the condition that prior rights were being
satisfied. This was a doctrine that recognized water
rights as real property, but it frequently did not pro-
vide for marketing arrangements, and the concept of
setting a price for water still had not been developed.
The idea of free water for those who would develop
and use it fit well with the concepts of westward ex-
pansion; the natural resources of the West were pre-
sumed to be available for those with the initiative to
exploit them.

As water needs of the public increased for such
purposes as fire protection, dust control, sanitation,
disease eradication, and domestic consumption, there
was a significant increase in the extent of water-sup-
ply systems, leading to a general transition from pri-
vate to public ownership of water companies. In the
West, the simple irrigation systems on individual
farms gave way to large irrigation districts that re-
quired the capital and efforts of many. User charges to
recover the capital costs and provide for operating
and maintenance costs became accepted, but the
mechanisms for pricing and marketing water rights
developed slowly.

As increases in water use deplete the easily de-
velopable supplies, more costly additional supplies
are being sought. As the costs of water go up, water
resources become more and more like other eco-
nomic commodities for which there are supplies, de-
mands, and a pricing and marketing structure to
balance the supplies and demands. The influences
and concepts of economists are being utilized in the
study of water use. More commonly, water is being
thought of as another input to a production process
for which substitutions can be made. In the case of
industry, treatment and recycling of water can sub-
stantially reduce withdrawals, but only with'the ex-
pense of additional capital investments and increased
energy and chemical costs. To be able to predict
water use, some knowledge of the options for substi-
tution that the factory, farm, or home manager has
available is necessary so that the impacts of their de-
cisions can be anticipated as the prices of water and
other commodities change.

These few examples of water use and its variations
and economic ramifications illustrate only some of
the complexity and importance of water-use informa-
tion. U.S. Geological Survey programs that define the
time and space availability of the Nation’s water sup-
plies provide information, which—when compared to
the water demands of industrial, agricultural, and
municipal users—provide an assessment of our abili-

ties to meet these current and future demands. How-
ever, studies and assessments of water use have not
achieved the detail or degree of accurracy that is now
found in water-supply information. Because water use
is substantially affected by variables—economics,
technology, and custom—much different than those
affecting water supply, the methods and techniques
for measuring and projecting water use must be de-
veloped from concepts and technical disciplines that
go beyond the natural and physical sciences. The U.S.
Geological Survey is cognizant of these needs and, in
cooperation with State and local governments, is de-
veloping programs to acquire water-use data that are
of the same order of accuracy as its water-supply data.

Simply stated, in the hydrologic cycle water moves
from the atmosphere to the land and sea and back
again into the atmosphere. Water use—both natural
and controlled—occurring during the land-sea part of
the hydrologic cycle includes (1) evapotranspiration
from irrigated, nonirrigated, and wild vegetation, (2)
evaporation from water surfaces, (3) withdrawal of
water from streams, lakes, reservoirs, and wells, (4)
dilution, assimilation, and transport of wastes, and
(5) occupancy of surface waters as a habitat (by fish,

_wildlife, and so forth), a transport route (navigation),

and a recreational facility.
For purposes of estimation and measurement, these
water uses are grouped into three principal categories:

1. Withdrawal (or “off-channel”’) uses, such as with-
drawal from a well or diversion from a stream,
for public supplies, irrigation, and industry;

2. Nonwithdrawal, such as for hydroelectric power,
navigation, recreation, preservation of wildlife
and sport fishing habitat, salinity control, waste
dilution, and transport;

3. Nonsupply uses (also sometimes referred to as
“water losses” or ‘“‘preemptive consumptive
use’’), such as evaporation from lakes and reser-
voirs and evapotranspiration from nonirrigated
food and fiber crops.

Withdrawal uses are the most measurable and
measured of the three categories of use, but they are
measured far less frequently and systematically than
water supplies (for example, the flow of water in
streams). Figure 6 compares a few of the national
water-use statistics for 1970 with respect to average
quantities withdrawn and the part of the withdrawals
that was consumed.

Nonwithdrawal uses (water uses that are not de-
pendent on diversion of water from ground- or sur-
face-water sources) may be categorized as flow uses
and onsite uses. Navigation, hydroelectric power,
sport fishing habitat, freshwater sweetening of saline
estuaries, and the disposition and dilution of waste-
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FIGURE 6.—Estimated water withdrawn and water consumed in
the United States in 1970. Totals above each bar are in
metric units; 1 cubic hectometer=1 million cubic meters=
264 million gallons. (Adapted from Murray and Reeves, 1972.)

water are commonly classified as flow uses; all these
uses are accomplished by free-flowing water moving
in a defined channel. Onsite uses are of two principal
types: (1) water use which occurs in a watercourse,
lake, reservoir, or other body of water, and (2) water
use resulting from improvement of natural conditions,
a use that is sometimes called “preservation use.”
Stream evaporation from an increased heat load is an
example of the first type of onsite use, and water lost
from improvements to swamps, wetlands, and fish
hatcheries are examples of the second type. Many of
the nonwithdrawal uses cannot be readily measured,
thus presenting a hydrologic challenge for more ac-
curate determination and for evaluation of their effect
on the quantity and quality of water resources for all
uses.

Perhaps surprisingly, more than 10 times as much
water is used consumptively—in the category, “non-
supply uses”—by the naturally occurring processes of
evaporation and transpiration in the growth of vege-
tation (forests, grasses, and nonirrigated crops) in the
United States than is supplied nationwide for all with-
drawal uses. The ““nonsupply” water returned to the

atmosphere by this natural process is also referred to
as a “consumptive and preemptive use,” or some-
times as “‘water losses”’; it is the remainder after run-
off (streamflow) has been subtracted from precipita-
tion. The sustained availability of large quantities of
this nonsupply water—most of which occurs as soil
moisture—constitutes a major natural resource. With-
out significant amounts of local soil moisture, com-
mercial agriculture, as well as public parks and resi-
dential lawns and gardens, would not be possible
unless there were major importation of water from
other locations. Another nonsupply use is the evapo-
ration of water from large water surfaces, such as
lakes, rivers, and snow and ice fields. An extremely
rough estimate of average nonsupply water use in the
conterminous United States is 16,000 cubic hectome-
ters per day (20 inches per year times 3 million square
miles), most of which is evapotranspiration from vege-
tation. Nace (1967, p. 4) has pointed out that actual
daily per capita water use for all purposes in an ad-
vanced society amounts to “many thousands of gal-
lons, drawn chiefly from soil moisture.”

SUPPLY VERSUS DEMAND (WATER USE)
IN 1970

In the general terms of average nationwide water
supply (based on streamflow), the United States has a
great abundance of water—more than 3 times as
much as was withdrawn in 1970 and 14 times as much
as was consumed during usage and therefore unavail-
able for reuse. Table 3 shows some supply-versus-
demand relationships for the aggregated eastern, cen-
tral, and western parts of the Nation as well as for all
the 48 conterminous States. What these data do not
reveal is the great time and space variability and
inequality of supply versus demand.

With réspect to variability of supply, table 4 shows
the wide variations in flow of 8 large streams during
the past 15 years. Even the range in long-term average
runoff per unit drainage area among these streams is
significant. For example, using the 30-year reference
period, 1941 to 1970, as a common time base for
making comparisons, the runoffs from the Delaware
River and Ohio River basins are more than 11 and 8
times, respectively, the runoff of the Missouri River
basin; this fact is obviously a natural consequence of
the drier climate of the Missouri River drainage area
in comparison with the more humid conditions that
prevail in the Eastern States.

The Southwestern United States is the only area of
the Nation where the amount of freshwater that is
consumed actually exceeds the average runoff. Mur-
ray and Reeves, describing water use in 1970 (1972,



TABLE 3.—Estimated water supply versus water demand—regional (eastern, central, and western) water use in the conterminous
United States in 1970. (Adapted from Murray and Reeves, 1972.)

The water we have . .

Average flow of streams in the 48 conter-

minous States

(Includes ground-water component of base The water we use . .

streamflow) Water withdrawn and water consumed
Population Withdrawals Water consumed
Area Stream discharge in 1970 in 1970
1,000 Cubic Thousand Cubic Cubic
square 1,000 hecto- cubic hecto- Billion hecto- Billion
kilo- square meters feet per Million meters gallons meters gallons
Region meters miles per day second people perday perday perday perday
31 Eastern States® (8 eastern regions) _.__ 2,713 1,047 2,800 1,100 144.7 770 200 45 12
10 Central States*® (parts east of Con-
tinental Divide; 5 central regions) ____ 2,980 1,150 640 260 27.1 240 o4 110 28
7 Western States (parts west of Con-
tinental Divide; 5 western regions)____ 2,132 823 1,100 460 30.3 370 100 170 45
48 States (conterminous United States) __ 7,825 3,020 4,500 1,800 202 1,400 360 320 85

1 Excludes some parts of Arkansas, lowa, Louisiana, Minnesota, and Missouri.
2Includes parts of an additional 5 States.
NOTE: Stream-discharge and water-use data rounded to 2 significant figures.

p. 13), stated “‘Both water withdrawals and consump- surface water, repeated withdrawals of the same sur-
tion in the Lower Colorado Region exceed the sup- face water, and mining of ground water.”

ply originating in the area; this is made possible Water use in 1970 is compared with average annual
by augmentation of the supply by inflow of water runoff in figure 7. The first number shown within each
from the Upper Colorado Region, importation of region is the percentage of average runoff withdrawn
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FIGURE 7.—Water withdrawn (used) in 1970 as a percentage (first number) of annual runoff (long-term average), and water con-
sumed in 1970 as a percentage (second number) of annual runoff, in each water-resource region in the conterminous United
States. (Adapted from Murray and Reeves, 1972, p. 17.)
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in 1970, and the second number is the percentage of
average runoff consumed in 1970. Average runoff is
the maximum amount of water that would be peren-
nially available if the maximum water-resource devel-
opment and management were accomplished. How-
ever, the actual dependable supply, even under those
circumstances, might be as little as one-third of the
average runoff in some parts of the Nation because of
wide variations in flow from season to season and
from year to year and because of topographic, geo-
logic, hydrologic, ecologic, and economic constraints
on reservoir construction.

WHAT ARE SOME OF OUR
INFORMATION NEEDS?

Water-use information is needed at all levels of
water-resource planning—from the designing of an
individual household’s self-supplied water system to
planning for the development of our largest river
basins. The analyses of the effects of potential legal or
policy water decisions also require water-use infor-
mation, whether the issue at hand is a temporary ban
on lawn watering or a national policy on nuclear-
powerplant siting.

The past few years have demonstrated how rapidly
radical changes can affect the directions of some sec-
tors of the U.S. economy and can affect the national
pattern of water use. The growth in energy demand
he 1 been mostly satisfied by increasing oil imports
during the 1960’s and early 1970’s. However, with the
realization of possible interruptions of oil imports and
their subsequent momentous increases in price, na-
tional attention has been focused on developing our
extensive reserves of coal as a less expensive, more
secure alternative to oil imports.

Most of this attention is now being directed toward
the development of surface-minable (strip-minable)
coal reserves in the water-short Western United
States. Surface-minable coal is the only energy re-
source that can be brought into production rapidly,
and it is usually less costly to produce than under-
ground coal. The semiarid Western States have 63
percent of the demonstrated reserve base of strip-
pable coal in the United States, and much of this has
a desirably low sulfur content. Figure 8 shows the
location of some of the principal western deposits of
coal, including those minable by surface methods.
Comparing this with the existing water uses in figure
7, it can be seen that the coal deposits occur in areas
in which the existing water use is high.

Direct water requirements for surface coal mining
are not large; the modest demands for sanitary and
dust-control purposes can usually be met locally. Irri-

l

/.- ~fMISSOURI

“\RIVER BASINS .
\ s~ ive
- SOUTH DAKOTA

IDAHO it~

. s

—_—— e

I
BASIN/ ¢= o
UPPER // \
COLORADO/ !
[RIVER . \ KANSAS
1
| e
— TN - OMA
ARIZONA N TEXAS

SOURCE: U.S. GEOLOGICAL SURVEY

2

WATER SUPPLY
(river system)

EXPLANATION

OIL-SHALE
DEPOSITS

COAL FIELDS

FIGURE 8.—Location of coal fields and oil-shale deposits in
upper Missouri River and upper Colorado River basins, West-
ern United States.

gation of spoils undergoing reclamation in arid areas
may require more water than is available on a mine
site but only in amounts that will not cause significant
water-use problems. In contrast to these relatively
modest water needs for mining and reclamation, the
conversion of coal to secondary forms of energy such
as gas, oil, or electricity for transportation, distribu-
tion, and consumption will constitute a significantly
large water use. These secondary industries will also
generate associated industrial and commercial growth
that will also increase the water use.

The preponderance of high-grade oil-shale deposits
are also located in the semiarid West (fig. 9). In addi-
tion to water used for processing and cooling in shale-
retorting operations, water is used for compacting the
spent shale material.

The very great demands that will be made on water
and environmental resources for energy conversion
are only “the tip of the iceberg” compared to the
ensuant demands that will be made for industrial,
residential, and commercial development. These in-
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FIGURE 9.—Principal reported oil-shale deposits in the conterminous United States

creased water-use needs cannot be met by the al-
ready overcommitted available water supply; rather,
they must come from a transfer of water rights from
one type of use to another.

This will often mean that water which up to now
has been used for agricultural purposes will subse-
quently be sold to industrial users. If the water was
used to irrigate hay and feed-grain crops, its loss
might considerably change the character of ranching
and, hence, change the ambience of the area. Most
water users, especially industrial users, have options
for using less water, but these options require higher
capital investments and operating costs. If a user can
legally buy water from other users, he will do so, but
if water transfers are not permitted, the costs of reduc-
ing water use will eventually be passed on to
consumers. To thoroughly evaluate the social, en-
vironmental, and economic effects of energy develop-
ment, detailed information on water-use options and
their costs must be developed for the energy-conver-
sion industries and for other major water users who
will be directly or indirectly involved in energy pro-
duction and development. Also to be considered are
industries that are purposely located near energy-
conversion industries in order to utilize products or
byproducts of energy-conversion processes.

. Solid-black areas in Colorado, Utah, and
Wyoming are known to contain high-grade deposits.

Detailed analyses of plant-level options for convert-
ing coal to gas, oil, and electricity and the effects of
these options on water use have been undertaken,
and some are near completion. Methods for project-
ing water use for secondary development resulting
from increased energy development and for relating
these water demands to supply capabilities and en-
vironmental resources are being studied.

HOW ARE WATER-USE INFORMATION
SYSTEMS DEVELOPED?

It is necessary for a planner or designer of a new
water-supply system to study other similar systems in
order to estimate water demands for the new system,
but, because this type of information is often scat-
tered throughout thousands of reports from towns,
cities, public-health agencies, and engineering firms,
it is not always easy to find. Aggregate water-use in-
formation for a region or an industry is even more
difficult to assemble because some companies are
hesitant to disclose information about their opera-
tions that might be useful to competitors.

The need for a more centralized source of water-
use information has led to the development of some



data-collection and data-reporting systems. These
have usually been based on periodic assessments
made by conducting many interviews and canvasses,
collecting data from secondary sources, and estimat-
ing to fill the gaps. The quality of water-use informa-
tion ranges from the accuracy obtained for metered
uses to the uncertainty of hydrologic estimates of irri-
gation conveyance losses. In fact, a major proportion
of existing water-use data consists of estimates that
are of such limited accuracy as to be useful only in
very general assessments of water problems.

The economic fact that consumers usually use less
of a commodity as it becomes more expensive, but
use more of it as their incomes increase, indicates that
information on income and water prices, as well as a
number of related items of information about house-
hold size, house-lot size, and property values, may be
helpful in estimating variations in water use. Equa-
tions can be developed to make these estimates, but
statistical analyses must be based on data that include
economic and demographic information as well as
water-use information.

For estimating the effects of changing prices and
technology on industrial water use, another type of
detailed analysis can be made on an industry-by-
industry basis for industries that use large amounts of
water. These plant-level analyses of the processes in-
volve detailed engineering-economic studies of how
existing plants are operated or how new plants should
be designed and operated in order for the company
operating the plant to maximize profits under current
prices and regulations. Existing plants often cannot
significantly change their rate of water-use without
extensive retrofitting. New plants, however, have a
much wider range of process technologies to choose
from for minimizing production costs under changed
economic conditions. For cooling purposes, one of
the largest uses of industrial water, a lower water use
can usually be achieved at a cost of increased water
consumption, and the converse is also usually true.
The recent increases in energy prices relative to water
costs may alter the historical trend toward less water-
intensive cooling systems. Plant-level analyses of the
total costs of various cooling systems can be used to
determine the directions that future changes in water
use will take.

SUMMARY AND CONCLUSIONS

We can estimate past and present water uses, but
total water needs for most withdrawal uses are chang-
ing; water use is responsive to prices, technology,
customs, and regulations. Although inventory systems
for estimating water use are good indicators of past

and present uses, such systems are not as accurate or
as frequently reported as we would like, and they do
not show us future water-use trends.

Providing more complete and accurate water-use
information will involve the work of many hydrolo-
gists, engineers, and economists. It will require more
detailed and complete water-use data and a wider
knowledge of local factors. Much of the information
can be collected by State or local agencies, and a
well planned, nationally consistent effort can produce
data that will serve many purposes. However, provid-
ing water-use information for all purposes will re-
quire additional comprehensive statistical-data and
engineering analyses of water-use options at the plant
level. These analyses can provide information on
changing conditions, and, with this knowledge, it will
be possible to construct computer models for regional
assessments of water use in relation to water supply.

For most of our Nation, the period of free and easily
developed water supplies has ended; in some areas,
water use is approaching or exceeding the available
supply. We are, however, not running out of water.
Much still remains to be done toward modifying the
occurrence of water to better fit regional demands,
and, more importantly, many options for modifying
water use and reuse remain to be explored. The de-
velopment of new water supplies will take more time
than the development of methods for better utiliz-
ing water through reuse, conservation, and new
technologies.

Sometime in the future, the manufacture of a 12-
ounce beverage can will have considerably different
water-use effects. We must prepare for these effects
if that 12-ounce can is to continue to be available to
us.
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The Federal- State Cooperative Water-Resource Program,
A Unique Partnership in Government

By J. S. Cragwall, Jr.

The Federal-State Cooperative water-resources pro-
gram of the U.S. Geological Survey is a unique, mu-
tually beneficial working partnership between the
U.S. Geological Survey on the one hand and public
agencies in all 50 States on the other. It began in
1895 and in the ensuing decades has produced water
data and reports that are used as a basis for national
and local decisionmaking and planning wherever
water-resources and water-quality problems exist. It
is a partnership in equity, funded primarily on a 50-50
basis, an arrangement that has stood well the test of
time.

ORIGIN AND DEVELOPMENT

From its inception in 1879, the U.S. Geological Sur-
vey has regarded cooperation on scientific matters,
both formal and informal, as essential. The first formal

. cooperative arrangement was with the State of Massa-

chusetts in 1884 for preparation of a topographic map
of the State. The Director of the Survey, Major Powell,
and the Board of Commissioners of the State of
Massachusetts agreed that the State would pay one-
half the expense of topographic fieldwork and the
Federal Survey one-half, the latter to engrave the
maps and give transfers of the plates to the State
Commissioners.

Cooperation that offered the advantage of pooling
severely limited resources toward gaining mutual ad-
vantages increased steadily and by 1895 included
water-resources investigations. The States and their
subdivisions offering more funds or other resources
than the Survey could match because of its limited
budget or because the Survey was anxious that the
work done contributed to the fulfillment of its na-
tional responsibilities. It was this condition that was
elaborated by Director Wolcott in the Survey’s annual
report of 1901.

One important point to be considered in all such work is
that the general plans and methods of the Federal Survey can-
not be set aside on account of State cooperation. At the pres-
ent time the funds available for cooperation are so limited
that its further extension is dependent upon increase of ap-
propriations by Congress. It is against the policy of the Survey
that work on important areas or subjects should be stopped in
order that cooperation with individual States may be extended.

The Director is willing to enter into a cooperative agreement
only when the interests of the country as a whole will be bene-
fited.

With that brief account of its roots, we turn our at-
tention to the Federal-State Cooperative program of
the Survey’s Water Resources Division.

Although cooperation was begun with Kansas in
1895 for stream gaging, appropriations earmarked
specifically for cooperative studies were first made to
the Survey by Congress in fiscal year 1906. Thus began
the partnership between the States and the Geologi-
cal Survey that continues to this day as the foundation
of the Water Resources Division’s program. Records
of the Division’s first cooperative ventures with State
and local agencies are vague. The agreements were
rather informal and varied a great deal from State to
State. In some instances most of the money was fur-
nished by the Survey; in others, by the State. In gen-
eral, however, because of the usefulness of the work
to them and the very small size of the Federal ap-
propriation, the States contributed more than half the
cost of the studies.

Beginning with fiscal year 1929, and in response to
the demands of State officials and engineering organi-
zations, Congress established the principle of 50-50
matching funds between the Survey and State and
local agencies. This principle recognizes a mutuality
of benefit from the partnership arrangement. On the
one hand, State willingness to participate is prima
facie evidence of value to the State. It should be
recognized, however, that in view of the rapid offer-
ings of cooperative funds by the States, it has been
the skills and impartiality of the Survey that have been
so eagerly sought by the States and local govern-
ments. Most water projects studied or undertaken are
under controversy among conflicting interests. Data
and studies produced by the Survey are accepted by
both sides in interstate, intrastate, State-local, and
international disputes. In these days of growing ten-
dencies toward adversary proceedings, it is important
to preserve those impartial services that tend to
broaden the base of acceptability and narrow the
scope of controversy.

On the other hand, information required to carry
out Federal-agency missions, interstate and interna-
tional compacts, Federal law and court decrees, con-
gressionally mandated studies, and regional and



national assessments and planning activities is patent-
ly in the Federal interest. All these various studies and
projects depend heavily on the data base acquired
through the cooperative program as well as through
special investigations made with Federal funds ap-
propriated for that purpose or transferred- from other
Federal agencies. For example, in 1976 the Survey
stream-gaging stations used for river forecasting by
the National Weather Service represented an outlay
of $5 million for work by the Geological Survey; of
this amount, the Federal-State Cooperative program
provided more than $2 million. As another example,
in 1976, Survey-funded stations providing data used
by the U.S. Army Corps of Engineers represented an
outlay of $6 million, of which $2 million was from the
cooperative program.

THE PROGRAM TODAY

The program has grown and has changed with time.
Today the program is a composite of activities cov-
ered by more than 500 cooperative agreements with
jurisdictions in all the States and several of the terri-
tories, wherever there are water problems. Through
this network of contacts with the ‘real” world of
water conservation, development, and use, the Sur-
vey’'s Water Resources Division has been able to
anticipate and to respond to changing priorities. Thus,
the work is diversified, problem oriented, and strong-
ly interdisciplinary. For example, the activities listed
in a recent sampling of a few State programs include:
collection of long-term multipurpose data (surface
water, ground water, and water quality); special inter-
pretive studies of the physical, chemical, and biologi-
cal characteristics of water resources; and appraisals
for environmental impact analysis, energy develop-
ment, coastal-zone management, subsurface waste
storage, waste utilization, land-use planning, flood-
plain management, and flood-warning systems.

The Federal-State contribution to the water-
resources mission of the Geological Survey can be
measured in terms of dollar support to the overall
effort of the Water Resources Division. From 1941 to
1976, a period for which reliable records are available,
57 cents of each dollar spent on data collection and
research by the Water Resources Division came from
the Federal-State cooperative program. Other meas-
ures are activity and output. For example, in 1976, of
the 8,000 stations comprising the basic streamflow
network, the cooperative program was the sole sup-
port for 2,600 stations and contributed to the support
for 2,500 others. Of about 1,200 active projects (areal,
topical, and research) underway, about 700 were in
the cooperative program, and of about 750 reports

published on water resources, about 500 came from
the cooperative program.

Administratively the cooperative program has sev-
eral distinctive characteristics. It is decentralized; the
work is done through 47 district offices, nearly one
for each State. Details of programs are negotiated at
State or local level by representatives of the Survey
with representatives of the cooperating agencies. Im-
plementation is under Survey direction and by Survey
staff, principally, but there is an accountability for
performance to the State partners. Mutual trust based
on years of satisfactory collaboration has minimized
the paperwork usually associated with cost-shared
programs, and to formalize the arrangement a simple
one-page standard cooperative agreement is used
with few exceptions.

Advantages from the administrative arrangement
accrue to both Federal and State sides. Most evident
is the cost-sharing that approximately doubles the
activity that might be afforded by each. Additionally,
what is in effect a pooling of manpower in the rela-
tively small field of hydrology provides advantages of
scale for recruiting, training, and career opportunity;
for supportive activities such as laboratories and re-
search; and for mobility to meet new needs where
and as they develop. Cost-sharing and decentraliza-
tion increase the responsiveness of the program to
grass-roots, real-world needs and provides early indi-
cation of emerging local problems that often merge
and become national problems. Unified management
provides common standards nationwide, uniformly re-
liable and comparable output, and assures the availa-
bility of that output to the public at large.

AN EVALUATION

The Nation’s ability to cope with new and chal-
lenging problems in water management rests largely
on data and surveys made over the preceding years in
the cooperative program. For example, flood-plain
management (including flood-plain zoning and flood
insurance) is a relatively new concept in the national
scene for abating flood damages. But the procedures
and data on which flood-plain management programs
depend have their origin in the Survey’s cooperative
programs with State and local agencies. As another
example, ground water—so important to the com-
munity, the farm, and the home—was investigated in
the early days almost entirely within the cooperative
program, when there was little recognition of ground
water as a national problem. Today, the potential for
pollution of ground water is receiving national atten-
tion, for, once contaminated, ground water may be
ruined as a resource and become instead a danger to
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health. The source of most knowledge of ground
water now being used by concerned national agen-
cies was first evolved as part of the cooperative pro-
gram. Similarly, environmental assessment, now part
of all national planning, uses water-resources informa-
tion from many of the reports that have stemmed
from the cooperative program.

The long reliance of State and local authorities
upon the U.S. Geological Survey for water facts and
water studies and for funds and staff to do the work
reflect the cooperators’ experience that the Survey
has been an effective supplier of data and services
and has at the same time maintained high scientific
and engineering standards. The Survey offers a core
of talent that is rooted in research—and so advances
the application of research to practice; it assures im-
partiality—if one party pays for the work, the adver-
sary party will credit the results; it offers continuity—
water information gains in value with length of rec-
ord; it offers transferability—lessons learned in a
study anywhere in the country are available for
another.

Perhaps the strongest point of all in evaluating the
existing Federal-State Cooperative program, and de-
termining whether any change is desirable, is the un-
certainty about what direction the future is taking.

This Nation—along with most other nations—is in the

midst of convulsive changes, the only certain factor
being the continuity of basic human needs on an
ascending scale. Water is one of the most valuable

resources, and to fail to have it assessed correctly
could result in failure to use it intelligently, with far-
reaching disastrous effects. Because the availability of
water of suitable quality is a fundamental limiting
factor in an expanding economy, a comprehensive
and forward-looking data-collection operation is im-
perative to the best planning for the future develop-
ment and use of the Nation’s water resources. The job
is too large to be supported at either Federal or State
level alone; on the other hand, the jointly planned
and funded cooperative program provides budget-
makers with the most convincing assurance that the
work is designed to meet both national and local
needs.

THE OUTLOOK

In looking ahead, the main purpose of the Federal-
State Cooperative program from the national point of
view will continue to be to provide facts needed to
maintain relevance to problems in advance of their
blossoming as national crises, to match resources to
the work to be done, and to assure availability of in-
formation nationally to all users. From the State and
local point of view, the objective will be to assure im-
partiality, skill, and continuity in the maintenance of
an adequate water-data base. The cooperative pro-
gram has successfully satisfied both objectives in the
past and should continue to do so in the future.

Prospects for Automated Mapping

By Morris M. Thompson and Madonna K. Elliott

Cartographers have been talking about the pros-
pects for complete automation of map production
ever since modern computers first displayed their
wondrous powers. There is relatively little realization
of these prospects today, however, because research
has usually been fragmented, and few developments
have proved to be cost effective. At the same time,
optical and mechanical improvements have upgraded
mapping equipment to the extent that, with the com-
puter plugged in at a few points, mapping produc-
tivity has steadily increased. For example, in 1965 it
look about 27 man-hours to complete 1 square mile

- of topographic mapping at the scale of 1:24,000; in

1975 the same work took only about 12 man-hours.
Even so, only some 36,000 of the 54,000 1:24,000-
scale general-purpose topographic maps it takes to
cover the 48 conterminous States have been pub-
lished, and a fourth of these need revision. The fact is
that current methods of producing and maintaining

cartographic information are not meeting all of to-
day’s needs, let alone the projected needs of the
future.

By all accounts, our Nation faces extensive short-
ages of natural resources before the turn of the cen-
tury. Consumption of resources is at an all-time high
and is steadily increasing to fulfill society’s expecta-
tions for a better quality of life. The land is pressured
relentlessly by population growth, urbanization and
suburbanization, new technology, and increased lei-
sure time for outdoor recreation.

Planners, decisionmakers, environmentalists, and
developers all face the need to analyze millions of
acres of land, often without a complete inventory of
the resources and physical features or of the interac-
tions of the environment and human activities. The
prerequisite for such an inventory is a cartographic
base of one kind or another. The demand today is not
only for conventional maps and charts in increased



FIGURE 10.—Autographic theme extraction of open water from space (Skylab) image data. Area shown is same as arga covered
by the Hartford, Conn., 1:250,000-scale quadrangle (1° X 2°). The prominent stream at left is the Hudson River; Long

Island Sound is at the bottom.

quantities, but for photomaps, slope maps, land-use
maps, county maps, regional maps, urban maps,
flood-insurance maps, and thematic maps (fig. 10) of
endless variety. The key to storing, updating, and
quickly retrieving this vast body of information is the
computer. When the data are digitized, that is, coded
in computer-readable form, they can be rapidly ma-
nipulated to produce maps of any desired content
and form, and they can be correlated with other geo-
graphically related information systems for total prob-
lem analyses.

Fortunately, automated mapping techniques are
now emerging from research laboratories to give new
hope of meeting the immense cartographic require-
ments of the days to come. The techniques are based
on powerful data-processing systems, on ingenious
inertial-guidance packages, on sophisticated use of
spacecraft, on highly selective remote sensors, and on
wide-ranging methods for processing and analyzing
imagery. Conventional map-production methods will
be changed radically, mainly to expedite the process.

In each major phase of the mapping operation the
prospect of automation is becoming reality. These
major phases can be set down in outline form:

1. Acquisition of geodetic data to tie the map to cor-
rect positions and elevations on the Earth’s
surface.

2. Acquisition of image data in the form of aerial
photography or other sensing systems to pro-
vide detailed map information.

3. Compilation of the map from the image data, in
proper relationship to the geodetic data.

4. Finishing the map by preparation of color-sepa-

rated printing plates from the manuscript ma-
terial for line maps, or completion of appropri-
ate cartographic requirements for image maps.

Let us now consider the outlook for automation in
each of these phases:

Ceodetic data
Ground surveys to establish horizontal position and

elevation have constituted one of the costliest and 31
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most time-consuming tasks of mapping. But now
even the modern electronic distance-measuring in-
struments are being rendered obsolete by new auto-
matic systems that provide continuous determination
of position, elevation, and azimuth through the use,
in a moving vehicle, of an inertial-navigation package
containing extremely accurate gyros, accelerometers,
and a computer. The Auto-Surveyor mounted in a
rough-terrain vehicle is one such system that the
Geological Survey is testing on mapping projects in
remote areas (fig. 11). Acceptable ground data are
being obtained from this system in a fraction of the
time normally required and regardless of most weath-
er changes. An airborne version is the Aerial Profiling
of Terrain System being developed primarily to obtain
stream-valley data for the Survey’s Water Resources
Division. Mounted in a light plane, the system in-

cludes an inertial-navigation package and also a laser
altimeter which is expected to result in very reliable
ground profiles useful to mapping. Manufacturers of
these inertial-guidance systems are becoming more
aware of the possible ground applications and are
producing more effective and affordable models. In a
few years a surveyor may hand-carry a small inertial
measuring system that will provide positions and ele-
vations accurate enough for property records.

Another type of advanced surveying system is par-
ticularly useful for establishing the locations of iso-
lated points in remote areas such as Antarctica. With
this system, it is now possible to determine the geo-
graphic coordinates and elevations of ground posi-
tions directly by observing Earth satellites with
ground-based wave analyzers (such as the Geoceiver)
or by laser ranging to satellite-borne retroflectors.

FIGURE 11.—Four-wheel-drive vehicle equipped with an inertial package for automated surveying. The system, which includes
gyroscopes, accelerometers, and small computer, provides a continuous record of the position and elevation of the vehicle
as it proceeeds along its course.



Image data

Since most map information is derived from aerial
photographs and other images obtained in either
digital or graphical form, the planning, taking, and
processing of the image data are crucial tasks in map-
making. Today’s high-resolution cameras and multi-
spectral sensors will be tomorrow’s imaging systems
in a high-flying aircraft or a cartographic satellite (fig.
12). The image will generally be in digital form and
fully manipulable by computers. Unseen pictures will

be formed digitally from the sensors’ records to show
selected data suitable for thematic maps. Already we
are able to computer-produce a stereopair of photo-
graphs from a single satellite image. The development
of powerful new techniques for image processing has
already led to a growing production of image maps.
On the increasingly popular satellite image maps,
cartographic detail is shown by images derived from
photographs or other sensors, instead of by the lines
and symbols of conventional line maps.

FIGURE 12.—Automated imaging system.

Cartographic compilation

A breakthrough in automating the laborious and
exacting compilation of topographic data occurred
this year. The Geological Survey acquired a fully auto-
mated photogrammetric machine (p. 80) in which
the photographs are automatically scanned and cor-
related to provide concurrently a contour drawing, a
digital terrain model (dense grid of elevations) re-
corded on magnetic tape, and an orthophotograph
(correctly positioned imagery). Here automation will
cut production time from weeks to days and reduce
the incidence of error. This and similar future systems
will provide a ready means of accomplishing relief
shading, slope mapping, production of a line or image
map at any desired scale, or solution of interdiscipli-
nary problems. This impressive new system, called
the Gestalt Photo Mapper I, is in operation at the
Survey’s Eastern Mapping Center in Reston, Va.

Map finishing

Even though the image maps are gaining wide ac-
ceptance, there will always be a need for the line
map. However, for the application of automated tech-
niques to the preparation of color-separated plates
for lithoprinting, the line map must bear new symbols
that are computer-compatible and that enable effi-

cient use of automated precision-plotting systems
now on the market. Duplication in drafting will be
eliminated by the current development of instruments
and techniques for digitizing map data in the course
of compilation. Given map data in digital form, the
system of the future will make press-ready reproduci-
bles at a variety of scales and with selected content.
It will also be possible to gain rapid access to map
data through local computer terminals.

The cogent question

Thus automation promises many things for car-
tography: speeding mapmaking, increasing product
quality and desirability, improving access to the in-
formation, and extending the usefulness of the data.
Right now, the installation of automated equipment
and techniquse entails large capital investments, as
much as a million dollars a unit, and the question is
frequently raised: ““Can we afford to automate?” In
view of the complete and up-to-date national carto-
graphic data base within our grasp—a new resource
that society will find indispensable as it seeks to man-
age the environment, a unique resource that will con-
tinually grow to supply the demand—the more cogent
question is: ““Can we affo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>